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Main Menu > Preprocessor > Create > Rectangle >By 2 Corners
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3.
Main Menu > Preprocessor > Create > Areas > Circle 3-18
[ERCircle
A S0lid Cirele
@ P damlas
A By 2 Corners A Partial Annulus
A By Centr & Cornr A By End Foints
By Dimensions By Dimensions

3-17 3-18
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34 3-19

34

CYL4 XCENTER YCENTER RADI THETA1l RAD2 THETA2 DEPTH
Main Menu > Preprocessor > Create > Circle > Solid Circle

Main Menu > Preprocessor > Create > Circle > Annulus

Main Menu > Preprocessor > Create > Circle > Partial Annulus

CYL5 XEDGE1 YEDGEl XEDGE2 YEDGE2 DEPTH
Main Menu > Preprocessor > Create> Circle>By End Points

PCIRC RADI RAD2 THETAl THETA2
Main Menu > Preprocessor > Create> Circle>By Dimensions

Main Menu > Preprocessor > Create > Areas > Polygon 3-20

=
A2 Triangle
21 Square
2 Pentagon
2 Hexagon
2 Septagon
2 Dctagon
By Imsecribed Ead
By Circumscr Ead
By Side Length
2 By Vertices

3-19 3-20
5.
AFILLET NA1 NA2 RAD
Main Menu > Preprocessor> Create > Areas > Area Fillet
3-21 a 321 b
6.
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() EZPIARZCH (b) I FATERY A B

3-21

ADRAG NL1 NL2 NL3 NL4 NL5 NL6 NLP1 NLP2 NLP3 NLP4 NLP5 NLP6

Main Menu > Preprocessor > Operator > Extrude Sweep > Along Lines

NL1~NL6 NLP1~NLP6

HLFi

3-22

AROTAT NL1 NL2 NL3 NL4 NL5 NL6 PAX1 PAX2 ARC NSEG

Main Menu > Preprocessor > Operator > Extrude Sweep > About Axis

PAX1 PAX2
NL1 NL6
NSEG 3-23
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PAXZ
ARC
&
_—-
HLi
PANL b
HSGH
3-23
3.2.4
Main Menu > Preprocessor > Create > Volumes 3-24
Arbitrary Block
Cylinder Prism Sphere Cone Torus
1.
Main Menu > Preprocessor > Create > Volumes > Aribitrary 3-25
Arbitrary
g
Arbitrary
Block
Cylinder
Frism i
o B
Cone ﬁ I]l.!'ﬂ'llgh Efs
E Torus ﬁ B]’ Areas
3-24 3-25
3-25
1

V P1 P2 P3 P4 PS5 P6 P7 P8

Main Menu > Preprocessor > Create > Arbitrary > Through KPs

P1 P8 Volume
3-26
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PS
PS5 P8 S5
| 1)
4]
| "
2
)— — 4+ — AN P4
/ P
2 P3 P2 P3 P2 P3
V,1,2,3,4,5,6,7,8 V,1,2,3,4,5,6,3,4 V,1,2,3,4,5,5,5,5
V.8,7.3,4,5,6,2, 1 V,2,3,6,6,1,4,5.5 V,1,2,3.4.5
V.5.8.4,1,6.7.3.2 V,2,3,6,1,4,5 V,1,4,3,2,5,5,5,8
V.3.2,1,4.3.6,5,4 V,1,43,2,5
3-26

2

VA Al A2 A3 A4 A5 A6 A7 A8 A9 AIl0

Main Menu > Preprocessor > Create > Arbitrary > By Arears

Main Menu > Preprocessor > Create > Volume by Areas

Main Menu > Preprocessor > Geom Repair > Create Vlume

VAl VAIOQ 4
8
2.
Main Menu > Preprocessor > Create > Volumes > Block 3-27
3 3-5

3-5

BLC4 XCORNER YCORNER WIDTH HEIGHT DEPTH
Main Menu> Preprocessor > Create > Volume > Block >By 2 Corners & Z

BLCS XCENTER YCENTER WIDTH HEIGHT DEPTH
Main Menu>> Preprocessor > Create > Volume > Block>By Centr  Cornr  Z

BLOCK X1 X2 Y1 Y2 Z1 72
Main Menu > Preprocessor > Create > Volume > Block > By Dimensions

Main Menu > Preprocessor > Create > Volume > Cylinder 3-28
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o

2 Solid Cylinder

= m A Hollow Cylinder
Z By 2 Cormers & T A Partial Cylinder
& By Centr,Cornr, I A By End Pis & T
By Dimensions E By Dimensions
3-27 3-28
3-6
3-6

CYL4 XCENTER YCENTER RADI THETA1 RAD2 THETA2 DEPTH
Main Menu>> Preprocessor > Create > Volume > Cylinder > Solid Cylinder
Main Menu > Preprocessor > Create > Volume > Cylinder >Hollow Cylinder
Main Menu > Preprocessor > Create > Volume > Cylinder > Partial Cylinder

CYLS XEDGE1 YEDGE1 XEDGE2 YEDGE2 DEPTH
Main Menu > Preprocessor > Create > Volume > Cylinder >By End Points

CYLINDER RAD1 RAD2 Z1 72 THETAl1 THETA2
Main Menu > Preprocessor > Create > Volume > Cylinder > By Dimensions

4.
Main Menu > Preprocessor > Create > Volume > Prism 3-29

Main Menu > Preprocessor > Create > Volume > Sphere 3-30

= 20

2 Triangular

# Square

1 Pentagonal

& Hexagonal

# Septagonal

1 Detagonal =

By Inscribed Rad #150lid Sphere

By Circum=zer Ead #1 Hollow Sphere

By Side Length # By End Points

& By Vertices By lhimensions
3-29 3-30

3-7 “ By Dimensions’
331 a 331 b



38 ANSYS

3-7

SPH4 XCENTER YCENTER RAD1 RAD2
Main Menu>> Preprocessor > Create > Volume > Sphere >Solid Sphere
Main Menu > Preprocessor > Create > Volume > Sphere > Hollow Sphere

SPH5 XEDGE1 YEDGE1 XEDGE2 YEDGE2
Main Menu > Preprocessor > Create > Volume > Sphere >By End Points

SPHERE RAD1 RAD2 THETA1 THETA2
Main Menu > Preprocessor > Create > Volume > Sphere >By Dimensions

mCreate Sphere by Dimensions

[SPHERE] Create Sphere by Dimensions
RAD1 Outer radius

3
RADZ Optional inner radius 2]
4

THETAl Starting angle (degrees) S
THETA2 Ending angle (degrees) 120
0K | Apply | Cancel I Help |
(a) 7 L DERAER S5 (b) ZOERR
3-31
6.
Main Menu > Preprocessor > Create > Volume > Cone = m
3.32 2 By Picking

“ By PiCking" El By Dimensions

3-32

“ By Dimensions’

7.
TORUS RADI RAD2 RAD3 THETA1 THETA2
Main Menu > Preprocessor > Create > Volume > Torus
3-33 a
333 b
8.
1

VDRAG NA1 NA2 NA3 NA4 NA5 NA6 NLP1 NLP2 NLP3 NLP4 NLP5 NLP6
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mCreate Torus by Dimensions

[TORUS] Create Torus by Dimensions
RADl  Outer radius

RAD2 Optional inner radius
RADMAT Major radius of torus

THETAl Starting angle (degrees)

1T

THETAZ Ending angle (degrees)

o | horly | Cancel | Help |
(a) TR SHL (b) RIFRAZR
3-33

Main Menu>>Operate>Extrude Sweep > Along Lines

Volume NAL1 NA6 NL1 NL6
3-34

HLFi

VROTAT NAl NA2 NA3 NA4 NA5 NA6 PAX1 PAX2 ARC NSEG

Main Menu>>Operate>Extrude Sweep > About Axis

NA1 NA6 PAX1 PAX2 ARC
NSEG 3-35

Hai

3-35

FAXE

EAxl
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3.3 ANSYS

3.3.1

ANSYS Primitive

2D 3D 3-36

3-36 2-D 3D

3-D Z
3-D Z

3.3.2

CAD
2

Intersect
Add
Subtract Booleans 3.37
Divide 1. ADD
Glue
Overlap
Fartition A2 oo A3

E Settings 2. GLUE
Show Degeneracy

Main Menu > Preprrocessor > Modeling-Operate >

3-38 Al

3-39
3-37
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41

3.

AL

3-38 ¢

Al

3-39 ¢

OVERLAP

340 ¢
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4. SUBTRACT

3-41

Al

341 *

5. DIVIDE

3_42 “ ”

342
6. INTERSECT
3-43 ¢
7. PARTITION
L1 L2 4 L3 L4 L5 Lo

L6

L1

L2

3-43

3-44
L3

3-43 a
b

L4 12

L1

L5
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(‘<

(2) RS (b) 23 HAH3E () FIFIHAZE
343 ¢
&
\ \
12
L1
” L6
344 ¢
3.4
3.4.1
Main Menu > Preprrocessor > Modeling > Move Modify 345 a

“ Move Modify’

Volumes 3-45 b

Move Volumes
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E Move / Modify
Eeypoints
A Lines
Areas
A Yolumes
Hodes
Rotate Node CS
Elements

Reverse Hormals

@

345 ¢

3-46 a
3-46 b

I\ Xove Volumes

[VGEN] Move Volumes
X X-offset in active CS [
U Y-offset in active CS
1z Z-offset in active CS
0K Apply I Cancel I Help I

(®)

3-45 a

Volumes

Transfer Coord

B
A Keypoints
A Lines
A Areas
A Yolumes
A Hodes

(@)

3.4.2

Main Menu > Preprrocessor > Modeling > Copy

= opy]
A Eeypoints
A Lines
A Areas
A Yolumes
A Line Hesh
A Area Besh
Hodes
Elements

(a) EHIET

m Transfer Volumes

[VTRAN] Coordinate System Transfer of Volumes
KCNTO No. of coordinate sys - |

= volumes are to be transferred to
KINC  Keypoint increment I
Volumes and mesh b2
Copied -

HOELEM Items to be transferred

IMOVE Existing volumes will be

0K Apply I Cancel I Help I

(b)

3-47 a

[\ Copy Volumes

[VGEN] Copy Volumes
ITIME  Fumber of copies -

- including original

” X-offset in active CS
0" Y-offset in active CS
)74 Z-offset in active CS

1]

KINC  Keypoint increment

NOELEW Ttems to be copied

Volumes and mesh hd

0K Apply | Cancel [ Help |

(b) E il Xt EHE

3-47
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45

Volumes

3-47 b

3.4.3

Main Menu > Preprrocessor > Modeling > Reflect 3-48 a

m Reflect Volumes

[VSYMM] Reflect Volumes
Neomp FPlane of symmetry

(SRReflect KINC  Keypoint increment

A Keypoints

; NOELEW Items to be reflected [Volumes and mesh v

; i‘;nes THOVE D Exixting woluwes Will be [copied =]

eas

A Yolumes

A Hodes oK horly | Cancel | Hip |

Elements

(a) Befgake i (b) BER A XHEHE
3-48
Volumes

3-48 b

3.4.4

Main Menu>> Preprrocessor > Modeling > Delete

ANSYS ©

3.5

ANSYS CAD
IGES Initial Graphics Exchange Specification
ASCII

CAD ANSYS IGES

IGES
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Utility Menu>>File>Import > IGES

OK
IGES

3.6 1

ANSYS “ examplé’

Main Menu > Preprocessor > Create > Block > By Dimensions
3-49 “x1=0 =3 yl=0 y2=1 z1=0 2=3 OK

ml:reate Block by Dimensions il

[BLOCE] Create Block by Dimenzions

¥1, %2 Y-coordinates || |

T1,¥2 Y-coordinates I I

Z1,Z2 I-coordinates | |

0K Apply Cancel | Help |

3-49

Utility Menu>WorkPlane>Offset WP by Increments

“ XY Z Offsets’ “2.251.250.7% Apply “ XY YZ 7ZX Angles’
90 OK 3-50

Main Menu > Preprocessor > Create > Cylinder > Solid Cylinder
“ Radius’ “0.75 2" “ Depth’ “-1.5 OK 3-51
4
Main Menu > Preprocessor > Copy > Volume “ ”

Apply 347 b “ D7
OK

“0

1.5
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Al &1 IREE AP NAN E

A
Snaps
X.Y.Z Difsets .
I—/Zl L B T (E PR R

S R SEER AR s 3 A AR PR E S |
ovz]

30
BgcRHE R~ |

Degrees

XY.YZ.2ZX Angles

M AR T PR

|

GlobalX= 0
Y= 0
Z= 0

™ Dynamic Mode

i
A
3-50
5
* Pick " Unpick
WP X =
¥ =
Globhal ¥ =
v =
7 =
WP & Ii
WP ¥ Ii
Radius |7
Depth Ii
OK | Apply |
Reset | Cancel |
Help |

3-51
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Main Menu > Preprocessor > Operate > Subtract Volumes
Apply OK

() (©)

3-52
6
Utility Menu>WorkPlane > Align WP with> Global Cartesian
2.
1
Utility Menu>WorkPlane > Display Working Plane toggle on
3 “XYZ 3
WX WY W7
2
Main Menu > Preprocessor > Modeling-Create > Volumes-Block > By 2 corners &
zZ 3-53 “WPX=0 WPY =1 Width =
1.5 Height = 1.75 Depth = 0.75 OK 352 b
Toolbar SAVE DB
3
Utility Menu>WorkPlane > Offset WP to>Keypoints
OK 352 ¢
Toolbar SAVE DB
4
Main Menu > Preprocessor > Modeling-Create > Volumes-Cylinder > Partial Cylin-
der 3-54 “WPX=0WPY =0
Rad—1 = 0 Theta—1 =0 Rad—2 = 1.5 Theta—2 = 90 Depth = —0.75 OK

3-55 a
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=
 Pick  Unpick
V51 ck by 2 Cormars s -
& Pick " Unpick ¥ -
WP % = Global ¥ -
a = Y =
Global ¥ = Z =
S WP X Ii
2= WP ¥ |7
WP % |— Rad-1 |7
up ¥ | Theta—1 [
Width Ii Rad-2
Height Ii Theta-2
Depth Ii Depth
OK | Apply | oK | Apply
Reset Cancel | Reset | Cancel
Help Help I
353 3.54

3-55
Toolbar SAVE DB
5
Main Menu > Preprocessor > Modeling-Create > Volume-Cylinder > Solid Cylin-
der 3-51 “WP X =0WPY = 0 Radius = 1 Depth =
-0.1875" Apply “WP X = 0WPY = 0 Radius = 0.85 Depth =

-2 OK 355 b
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6 w om

Main Menu > Preprocessor > Modeling-Operate > Subtract > Volumes

cT Apply c
Apply
Apply OK
355 ¢
Toolbar SAVE DB

7

Main Menu > Preprocessor > Numbering Ctrls > Merge Items 3-56

Label “ Keypoints’ OK
5

[HUMMEG] Merge Coinecident or Equiwalently Defined Ttems
Label Type of item to be merge

TOLEE  Range of coincidence |
GIOLER Solid modal tolerance |

ACTION Merge 1tems or select?
(o Merze 1tems

™ Select wio merge

SWITCH FRetain lowest/highest? ILD'l'I'est b aE d

0K | Apply | Cancel | Help |

3-56
3.
1
Main Menu > Preprocessor > Modeling- Create > Keypoints > KP between
KPs OK 34
RATI = 0.5 OK
2
Main Menu > Preprocessor > Modeling- Create > Areas- Arbitrary > Through
KPs
OK 3
3

Main Menu > Preprocessor > Modeling- Operate > Extrude > Areas- Along
Normal OK 3-57 DIST = —0.15
OK



51

3 ANSYS
4
[VOFFST] Extrude Area along Hormal
HAREA Ares to be extruded 1
DIST Length of extrusion
KTHC  Eeypoint increment
OE Apply Cancel Help
3-57
Toolbar SAVE _ DB
Utility Menu>WorkPlane > Display Working Plane toggle off
3-58 a
3-58
Main Menu > Preprocessor > Modeling-Reflect > Volumes “
All 348 b Y-Z plane OK
Toolbar SAVE _ DB

Main Menu > Preprocessor > Modeling-Operate > Booleans-Glue > Volumes

All 3-58 b
Toolbar

SAVE _ DB
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4.2

MP

JUf K A2

ANSYS
ANSYS
ANSYS
CAD ANSYS
ANSYS
4-1

K5y ot

TYPE
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3
Free Meshing Mapped Meshing
4.3
4.3.1
ANSYS 2-D

3-D

ET ITYPE Ename KOP1 KOP2 KOP3 KOP4 KOP5 KOP6 INOPR

Main Menu > Preprocessor > Element Type>Add Edit Delete

Element Type 4-2 a Add 4-2 b
Library of Element Types
Mass Beam Solid
21
2
2
Apply OK
“ Element Types’ Option Delete Option

Delete
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m Element Types EI

Defined Element Types:

[NONE DEFINED

ibrary of Element Types

Library of Element Types

Link
Beam
Pipe
Solid
Shell
Constraint

Hyperelastic
Mooney—Rivlin | [3D mass 21
Element type reference number Ili

1)¢ Apply Cancel Help

Close Help

4.3.2

R NSET Rl R2 R3 R4 RS RO

Main Menu > Preprocessor > Real Constants>Add Edit Delete

“ Real Constants’ 43 a Add Ele-
ment Type for Real Constants
43 b OK 4

I\Real Constant Set Humber 1, for SHELL63
- Element Type Reference No. 1
[ELencnt Tyve.... E|E|g| Real Constant Set No

™

¢

[\\Real Constants

Defined Real Constant Sets Choose element type:
NONE DEFINED Type 1 SHELLG3 Shell thickness at node I TK()

at node J TK()
at node K TK(K)
at node L TKQL)
Elastic foundation stiffness EFS
Element X-axis rotation  THETA
Bending mom of inertia ratio RUI

Dist from mid surf to top CTOP

Dist from mid surf to bot CBOT

Add. .. Added mass/unit area ADISUA

0K Apply I Cancel I Help |

T

Close Help 0K Cancel
(a) (b) ©

4-3
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4.3.3

ANSYS

Main Menu > Preprocessor > Material Props>Material Models

4-4 a

Isotropic’

[i\\Define Material Nodel Behavior

Materisl Edit Favorite Help
Materisl Models Defined
@ NMaterial Model Humber 1 =

Define Matenal Model Behavior

CEX

Material Models Available

(&) Favorites -l
(8 Structural

(8 Thernsl

(& CFD

(83 Electromagnetics

(@ Acoustics

(&) Fluids

(@ Piezoslectrics

(8 Piezoresistivity

kil Jid|

“ Structural > Linear > Elastic >

44 b

I\Linear Isotropic Properties for Nater... [X|

Linear Isotropic Material Properties for Material Number 1

T1

—

EX
PRXY

Add Tenperature|Delete Temperature | Graph

oK | Cancel I Help l

(@

4.3.4

4-4

KATT MAT REAL TYPE ESYS

Main Menu > Preprocessor > Define > All Keypoints
Main Menu > Preprocessor > Define > Picked KPs

®
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4.4

4.4.1

LATT MAT REAL TYPE -- KB KE SECNUM

Main Menu > Preprocessor > Define > All Lines
Main Menu > Preprocessor > Define > Picked Lines

AATT MAT REAL TYPE ESYS

Main Menu > Preprocessor > Define > All Areas
Main Menu > Preprocessor > Define > Picked Areas

VATT MAT REAL TYPE ESYS

Main Menu > Preprocessor > Define> All Volumes
Main Menu > Preprocessor > Define>Picked Volumes

45

Main Menu>> Preprocessor > MeshTool

4-5

KeyPoints

Global Volumes Areas Lines
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Element Attributes:
TR I_l/_ e
Global v Set

I™ Smart Size
SRE R4 o o
Fine 3 Coarse
Size Controls:

Global Set Clear

I: Areas Set ﬂ,
& ﬂ'*ﬁ‘i“rﬁu Lines Set Clear

B |

Loyer St | _Clu|
Keypts Set Clear

= 3 Mesh: [ volumes -
dicasbiclia Shape: & Tet Hex
ety R — | = C

| wpmimisgms =t wen | _ces

Refine at: | Elements %

%%éﬂ]'ﬂ: I_“ Refine

Close | Help ]
4-5
Set Meshing Attributes 4-6
“ Element type number’
4-6 I
“ SHELL163" “ None
defined’
2.
SmartSizing
Smart Size o
“ 10’1 “ 1"
3.
Lines Set

4.7
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m Neshing Attraibutes

Default Attributes for Meshing

[TYFE] Element type number

MAT]  Materisl number [Fome defined =]
[REAL] EReal constant set mumber mﬁ
[ES¥S] FElement coordinate sys ’__D—_?

[SECHIM] Section number W

0K Cancel I Help

46

mEIEIent Sizes on Picked Lines

[LESIZE] Element =zizesz on picked lines

SIZE Element edge length |

HDIY Ho. of element divizions

(HOIV iz used only 1f STZE 1= blank or zeral

KYNIIV SIZE, HDIV can be changed o o=

SPACE  Spacing ratio |

SHGSTZ Divizion are [degreesz] I

[ usze AWGSIZ only if number of divisions (HIIV) and
element edge length (SIZE) are blank or zera)

34 | Apply | Cancel | Help |

4-7
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4.
“ Mesh’
“ Tet’ “ Hex’ “ Tet”
“ Free’ “ Map’
“ Sweep’
5.
Mesh
“ Clear”
4.4.2
Smart Size

4.4.3

S 4

(N

4-8
N3
N
N4 —— c | N2 O D 0
N SRS
la | b D 0N QQ

4-8
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S MSHKEY 1

LCCAT NLI1 NL2

Main Menu > Preprocessor > Meshing > Mesh > Areas > Mapped > Concatenate > Lines
Main Menu > Preprocessor > Meshing > Mesh > Volumes > Mapped > Concatenate > Lines

IGES

4-9

ACCAT NAI NA2

Main Menu > Preprocessor > Meshing > Mesh > Volumes > Mapped > Concatenate > Areas

IGES
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4.4.4
1.
N
N
N
Sweep
N
% 13 ”
N
N
2.
4-1
ANSYS “ grid’
1
Main Menu > Preprocessor > Create > Block > By Dimensions
3 “x1=0 x2=4 y1=0 Y2=2 z1=0 2=
2 OK
2
Utility Menu > WorkPlane > Offset WP by Increments
“ XY Z Offsets’ “110 OK
3
Main Menu > Preprocessor > Create > Cylinder > Solid Cylinder
“WPX “WPY “0" " Radiug’ “0.4 " Depth’ A OK
4
Utility Menu>>WorkPlane > Offset WP by Increments “XYZ
Offsets’ “2-17r OK “ XY YZ ZX Angled “0-9C0 OK
5

Main Menu > Preprocessor > Create > Cylinder > Solid Cylinder
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“WPX “WPY “0"  “ Radiug’ “0.4 " Depth’ A OK

6
Utility Menu>WorkPlane > Align WP with > Global Cartesian

7
Main Menu>>Preprocessor > Modeling-Operate > Subtract > Volumes

- Avply o Apply
Apply OK 4-10 a
4-10

1

Main Menu > Preprocessor > Element Type > Add Edit Delete
Add Structural “ Solid’ “ Brick 8node 45 OK
CLOSE

2

Utility Menu > WorkPlane >Offset WP by Increments
“ XY ZOffsets’ “200 OK “ XY YZ ZX Angles’ “00 90 OK

3

Main Menu > Preprocessor > Modeling-Operate > Divide > Volu by WorkPlane
OK

4

Utility Menu>WorkPlane > Align WP with >Global Cartesian
4-10 b

5
Main Menu > Preprocessor > MeshTool Size Control

Lines Set OK

“ NDIV” 10 OK

6

MeshTool Mesh  “ Volumes” Shape “ Hex Wedge”

“ Sweep’ Sweep OK 4-10 ¢
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4.5
ANSYS
4.5.1
S
N
ANSYS
4-11 a

(d (e)

4-11

NREFINE NN1 NN2 NINC LEVEL DEPTH POST RETAIN

Main Menu > Preprocessor > Meshing-Modify Mesh>Refine At > Nodes
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4-11 b

EREFINE NE1 NE2 NINC LEVEL DEPTH POST RETAIN

Main Menu > Preprocessor > Meshing-Modify Mesh>Refine At> Elements
4-11 ¢

KREFINE NP1 NP2 NINC LEVEL DEPTH POST RETAIN

Main Menu > Preprocessor > Meshing-Modify Mesh>Refine At> Keypoints
4-11 d

LREFINE NL1 NL2 NINC LEVEL DEPTH POST RETAIN

Main Menu > Preprocessor > Meshing-Modify Mesh>Refine At> Lines
4-11 e

AREFINE NAl1 NA2 NINC LEVEL DEPTH POST RETAIN

Main Menu > Preprocessor > Meshing-Modify Mesh>Refine At> Areas
4-12 a
LEVEL=1
LEVEL=5 4-12 b

4-12
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4.5.2
1.
“ LEVEL” “ LEVEL” 1~5
1
12 5 19
234 131418
“ LEVEL” “ RETAIN
2.
“ DEPTH’
0
4-13 a 1
4-13 b 2 4-13

413

“ POST"
“ OFF” 4-13
“ Clean & Smooth’ 4-14 a
“ Smooth’ 4-14 b
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“ RETAIN

“ OFF’

4.5.3

ANSYS

4.5.4

4-14

“ ONH

“ RETAIN

“ LESIZE’

“ LEVEL'
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[7G 72 7 N 74

e ANSYS LS-DYNA

4.6

4.6.1

N NODE X Y Z THXY THYZ THZX

Main Menu > Preprocessor > Create > Nodes > In Active CS
Main Menu > Preprocessor > Create > Nodes >On Working Plane

NKPT NODE NPT

Main Menu> Preprocessor > Create > Nodes >On Keypoint

“ NPT
“ALL
3

MOVE NODE KClI X1 Y1 ZI KC2 X2 Y2 Z2

Main Menu > Preprocessor> Move Modify >To Intersect
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FILL NODEl NODE2 NFILL NSTRT NINC ITIME

Main Menu > Preprocessor> Creat > Nodes > Fill between Nds

INC SPACE

NGEN ITIME INC NODEl NODE2 NINC DX DY DZ SPACE

Main Menu > Preprocessor > Modeling > Copy > Nodes > Copy

NSCALE INC NODE1 NODE2 NINC RX RY RZ

Main Menu > Preprocessor > Copy > Scale & Copy

Main Menu > Preprocessor>Move  Modify>Scale & Move
Main Menu > Preprocessor > Operate > Scale > Scale & Copy
Main Menu > Preprocessor >Operate > Scale > Scale & Mov

NSYM Ncomp INC NODE1 NODE2 NINC

Main Menu > Preprocessor > Modeling > Reflect > Nodes

CENTER NODE NODE!I NODE2 NODE3 RADIUS

Main Menu > Preprocessor > Create>Nodes> At Curvature Ctr



70 ANSYS
2.
NLIST NODE1 NODE2 NINC Lcoord SORT1I SORT2 SORT3
Utility Menu>List> Nodes
Utility Menu>> List >Picked Entities > Nodes
NDELE NODElI NODE2 NINC
Main Menu > Preprocessor > Delete > Nodes
3.
NMODIF NODE X Y Z THXY THYZ THZX
Main Menu > Preprocessor > Create > Nodes > By Angles
Main Menu > Preprocessor >Move  Modify > By Angles
Main Menu > Preprocessor >Move  Modify > Set of Nodes
Main Menu > Preprocessor>Move Modify > Single Node
4.
NDIST NDI ND2
Main Menu > Preprocessor > Modeling-Check Geom >ND distances
3
5.
ANSYS CAD
ANSYS ASCII
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4.6.2

NRRANG NMIN NMAX NINC

Main Menu > Preprocessor > Create > Nodes >Read Node File

NREAD Fname Ext Dir

Main Menu > Preprocessor > Create > Nodes >Read Node File

ANSYS

NWRITE Fname Ext Dir KAPPND

Main Menu > Preprocessor > Create > Nodes > Write Node File

ETJKLMNOP

Main Menu > Preprocessor > Create > Elements > Auto Numbered-Thru Nodes
Main Menu > Preprocessor > Create > Elements > User Numbered-Thru Nodes

8
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8 20 “ EMORE'

EGEN ITIME NINC IEL1 IEL2 IEINC MINC TINC RINC CINC SINC DX DY DZ

Main Menu > Preprocessor > Modeling > Copy > Auto Numbered

ESYM -- NINC IEL1 IEL2 IEINC

Main Menu > Preprocessor > Modeling > Reflect > Auto Numbered

ELIST IEL1 IEL2 INC NNKEY RKEY

Utility Menu> List > Elements
Utility Menu> List>Picked Entities> Elements

EDELE IEL1 IEL2 INC

Main Menu > Preprocessor > Delete > Elements

ANSYS

ERRANG EMIN EMAX EINC
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4.7

4.8

Main Menu > Preprocessor > Create > Elements>Read Element File

2
EREAD Fname Ext Dir
Main Menu > Preprocessor > Create > Elements > Read Element File
ANSYS
3
EWRITE Fname Ext Dir KAPPND Format
Main Menu > Preprocessor > Create > Elements > Write Element File
Clear
Clear
Main Menu> Preprocessor > Meshing > Clear 5 Clear
Eeypoints
415 o
A Lines
Volumes A hreas
A Yolumes
4-15
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“ example’

SUME Toolbar RESUME “ File’
ANSYS “ Undo’

1
Main Menu > Preprocessor > Material Props > Structural-Linear-Elastic-Isotrop-
ic “ Young s Modulus EX" “ 30e6’ OK
Toolbar SAVE DB
2 MeshTool
Main Menu > Preprocessor > MeshTool
Smart Sizing “ on’

“ g “ o
MeshTool “ Vol-

umes “ Tet" “ Free’ MESH Pick All

OK MeshTool 4-16

4-16 Toolbar
SAVE _DB

1.
2.
3.
4.
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ANSYS
ANSYS

ANSYS

5.1

boundary condition external force

DOF
1 DOF DOF constraint
2 Force
3 Surface load
4 Body load

fluences

5 Interia loads
6 Coupled-field loads

5.2
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5.2.1
1
3
0
D NODE Lab VALUE VALUE2 NEND NINC Lab2 Lab3 Lab4 Lab5 Lab6
Main Menu>> Preprocessor > Loads>> Define Loads> Apply > Structural > Displacement > On Nodes
Main Menu> Solution> Define Loads> Apply > Structural > Displacement > On Nodes
OK Apply U
ROT on Nodes 5-1
[D] Apply Displacements (U, ROT) on Hodes
Lab2 I0F= to be constrained
Apply as |constant value -
If Conztant walue then:
VALUE Displacement walne Ii
0K Apply Cancel | Help J
5-1
2

DSYM Lab Normal KCN

Main Menu> Preprocessor > Loads> Define Loads> Apply > Structural > Displacement > Symmetry
B.C. >On Nodes

Main Menu> Solution> Define Loads> Apply > Structural > Displacement > Symmetry B.C. > On
Nodes

Apply SYMM on Nodes 5-2
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mﬁpply SYEN on Hodes

[DSYM]  Apply Symmetry Condition on A1l Selected Hodes
Horml Symm surface 1=z mormal to

ECH Coordinate system no,

5-2

DSYM Lab Normal KCN

Main Menu> Preprocessor > Loads> Define Loads> Apply > Structural > Displacement > Antisymm
B.C.>0On Nodes

Main Menu> Solution > Define Loads> Apply > Structural > Displacement > Antisymm B.C. > On
Nodes

5.2.2

5-3 a
53 b

@ Avply E
E F0n Teypeiats

Displacement ﬂ On Nodes
Force/Homent A On Hode Components
Pressure E] From Reactions
Temperature E] From Bag Analy
(a) (b)
5-3

Main Menu> Preprocessor> Loads>Define Loads> Apply > Structural >Force Moment>On Nodes
Main Menu> Solution> Define Loads> Apply > Structural > Force Moment >On Nodes

Apply F M
on Nodes 5-4
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5.2.3

5.3

5.3.1

mﬁpply F/H on Hodes

[F] Apply ForeefMoment on Hodes

Lah Direction of forcefmom F¥ -

Apply as ]Constant value _TJ

If Constant walue then:
VALUE  Force/moment walue I

(] 4 Apply Cancel

Help I

54

KD KPOI Lab VALUE VALUE2 KEXPND Lab2 Lab3 Lab4 Lab5 Lab6

Main Menu> Preprocessor> Loads> Define Loads> Apply > Structural >Displacement > On

Keypoints

Main Menu> Solution> Define Loads> Apply> Structural >Displacement > On Keypoints

5-1

KPOI VALUE
KEXPND

5-5

Labl ~ Lab6
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5-5
FK KPOI Lab VALUEl1 VALUE2

Main Menu > Preprocessor > Loads > Define Loads > Apply > Structural > Force Moment > On
Keypoints

Main Menu>> Solution> Define Loads> Apply > Structural >Force Moment>On Keypoints

Keypoint Force KPOI VALUE

Constant valus
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5.3.2

Lab

LINE
5-7 a

DL LINE AREA Lab Valuel value2

Main Menu> Preprocessor > Loads> Define Loads> Apply > Structural > Displacement> On Lines
Main Menu> Solution> Define Loads> Apply > Structural > Displacement > On Lines

Main Menu> Preprocessor > Loads> Define Loads> Apply > Structural > Displacement > Symmetry
B.C.>O0On Lines

Main Menu> Solution > Define Loads> Apply > Structural > Displacement > Symmetry B.C. > On
Lines

Main Menu>> Preprocessor> Loads> Define Loads> Apply > Structural > Displacement > Antisymm
B.C.>O0On Lines

Main Menu> Solution > Define Loads> Apply > Structural > Displacement > Antisymm B.C. > On

Lines

Displacement LINE AREA
Lab=SYMM Lab=ASYM Value
5-1 5-5

SFL LINE Lab VALI VALJ VAL2I VAL2J

Main Menu>> Preprocessor > Loads>>Define Loads> Apply > Structural > Pressure>On Lines
Main Menu> Solution> Define Loads> Apply > Structural > Pressure>On Lines

2-D
VALI VALJ VALI1I VAL2I

57 b

“ Apply PRES on lines as
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AT 4

[SFL] Apply PRES on lines as a

If Constant value then:

VALUE Load PRES value

60 If Constant value then:
» Optional PRES values at end J of line
(Leave blank for uniform PRES )
Value

1 A DAL T ERL2
ZRL2k J- K HE i A
SFL,2,PRES,20,60

20

oK Apply ] Cancel Help

(a) (b)

5-7

5.3.3

1.
DA AREA Lab Valuel Value2
Main Menu> Preprocessor> Loads> Define Loads> Apply > Structural > Displacement > On Areas
Main Menu> Solution> Define Loads> Apply > Structural > Displacement > On Areas
Main Menu>> Preprocessor> Loads> Define Loads> Apply > Structural > Displacement > Symmetry
B.C.>O0On Areas
Main Menu> Solution > Define Loads> Apply > Structural > Displacement > Symmetry B.C. > On
Areas
Main Menu> Preprocessor > Loads> Define Loads> Apply > Structural > Displacement > Antisymm
B.C.>0On Areas
Main Menu> Solution > Define Loads > Apply > Structural > Displacement > Antisymm B.C. > On
Areas

2.

SFA AREA LKEY Lab VALUEl VALUE2

Main Menu> Preprocessor> Loads>Define Loads> Apply > Structural > Pressure>On Areas
Main Menu> Solution> Define Loads> Apply > Structural >Pressure>On Areas
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3-D
AREA LKEY AREA LKEY
VALUE

5.4

5.4.1

Main Menu>> Solution > Analysis Type 3
“ New Analysis’
New Analysis

m Hew Analysis

[ANTYFE] Type of analysis

" Modal

" Harmonic
[ Transient
" Spectrum
(" Eigen Buckling

" Substructuring/CHS

oK I Canecel | Help I

5-8

ANSYS
3 5-9 Solution Controls

m Solution Controls ‘

(]

Basic 1 |8’ n Options | MWemlinesr | Advanced L |
Analysis Options — | = Hrite Itens to Results File —
‘ |Small Displacement Statie - & A1 solution items

| | Caleulate prestress effects (" Basic quantities
(7 User zelacted

Hodal DOF

Time Control

Tine at and of loadstep [0
Automatic time stepplng!?rog Chosen ¥|

& Humber of substeps

Frequency:

(" Time increment

Wnibar A maiztepe {0
= —
Max no. of substeps |0 ‘ \

Min no of substeps |0

[#rite Tast substep anly =]

0K Cancel Help

5-9
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5.4.2
5-1 5-10 E=30e6 100 500
=i | e
il | e 30
5-10
ANSYS “ load’
1.
1
Main Menu > Preprocessor > Create > Rectangle > By Dimensions 5-11

x1=0 xX2=15 yl= -5 y2=5 OK

ml:reate Bectangle by Dimensions il

[EECTHZ] Create Rectangle by Dimensions
¥1, %2 Y-coordinates |

Yi. Y2 Y-coordinatss

0K | Apply | Cancel | Help |

5-11
2
Main Menu > Preprocessor > Create > Circle > Solid Circle 5-12
WP x=0 WP y=0 Radius=2 OK
3
Main Menu > Preprocessor > Operate > Subtract > Areas Apple
OK

Toolbar SAVE DB
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2. Ji1Selid Circular Ared xf
1 @ Pick  Unpick
Main Menu > Preprocessor > Element Type > WP X -
Add Edit Delete Add Y -
Structural “ Solid’ “ Quad 4node 42" Global ¥ =
OK CLOSE o
2 %=
Main Menu > Preprocessor > Material Props > i Je |7
Structural-Linear-Elastic-Isotropic 1 * Young s R |
Modulus EX’ “ 30e6" OK S |
3 oK | Apply |
Main Menu > Preprocessor > MeshTool Reset | Cancel |
Size Control Lines &I
Set OK
SIZE 1 OK 12
4
MeshTool Mesh “ Areas’ Shape “ Quad’” “ Free’ Mesh
OK
3.
1
Main Menu > Solution > loads-Apple > Structural-Displacement > Symmetry B.C.
-On lines OK
2
Main Menu > Solution > loads-Apple > Structural-Pressure >On lines
100 OK
3
Main Menu > Solution > loads-Apple > Structural-Pressure > On lines
500 OK
4
Utility Menu > Select > everything
5
Main Menu > Solution > Solve-Current LS
4.

5-13

Main Menu > General Postproc > Plot Results
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@ ey
- Em—
RS . . Yy T 85.139 —— 265.979 — 446.813 — 627.659 — 808. 495 5

5.5 3

5-2
1.
1
Main Menu > Solution > Loads-Apply > Structural-Displacement > Symmetry
B.C.-On Areas 8 OK
2 UuyY=0
Main Menu > Solution> Loads-Apply > Structural-Displacement > on Lines
picking menu “ count” 6 OK uy
OK
3
Main Menu > Solution > Loads-Apply > Structural-Pressure > On Areas
“ s OK “1000" Apply
4
Utility Menu > PlotCtrls > Symbols “ Show pres and convect as”
“ Arrows’ OK 5-14 a

5-14
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Main Menu > Solution > Loads>Apply > Structural-Pressure > On Areas
“ 1875 OK 5000 OK
5-14 b
2.
Main Menu>Solution > Solve-Current LS
OK
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POST26

6.1 POSTI

POST1

6-1

6.1.1

6-2

6

POST1

Deformed Shape

Plot Deformed Shape

[PLIISF] Flet Deformed Shape
KUND  Tiens to be plotted

Apply

ANSY S

ANSYS

I Cancel

POST1

Plot Results

m Plot Deformed Shape

" Bef shape ondy :
f® Def + undeformad

[~ Def + undef sdge

Help

6-2

Sr1o: nesures

E Deformed Shape
Contonr Flot
Yector Flot
Plot Fath Item
Concrete Flot
ThinFilm

6-1
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6.1.2

6.1.3

Plot Results

Contour Plot “ K
6-3 Contour Nodal Solution Data

3

[\ Contour Nodal Solution Data
[PLNSOL] Contour Nodal Solution Data

Item,Comp Item to be contoured

N

KUND Items to be plotted

Fact Optional scale factor

[/EFACET] Interpolation Nodes

[AVPRIN] Eff WU for EQV strain

0K Apply

Stress
Strain-total
Strain-mechtthrm
Energy

Strain ener dens
Strain-elastic
Strain-thermal
Strain-plastic

(" Def shape only

Qe
P IDeE + ndeE sige f N TN AT R |

1
(¢ 1 Corner only

(" 2 Corner + midside

" 4 A11 applicable

—

Cancel Help

Us|
Rotation  ROTX
RO

+ | |Translation

N2 F I FE

R

OK

6-3

“ load’

Main Menu>>General Postproc>Path Operations > Define Path >By Nodes

OK

“ Pl”
“ P211
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2.

WA Co e r—
Menu > General Postproc > Path Operations > Recall Path Il B
Recall Path 6-4

Main Menu > General Postproc > Path Operations am
>Map onto Path Lab=P1-seqv
Apply Lab= Pl1-sl Apply

Lab=P1-$2 Apply o | el o
Lab= P1-s3 OK
3. 6-4

Main Menu > General Postproc > Path Opera-

tions >Plot Path Item-On Graph Plot of Path Items on Graph
6-5 OK 6-6

MPlut of Path Items on Graph

[FLFATH] FPath Flot on Graph
Labl-B6 Fath items to be gzraphed

0K Apply Cancel Help J

POET1
STEP=1
SUB =1
TIME=1
PATH PLOT
HOD1=116
HOD2=115 S e :
oinglint 466559 | |
P1-32
LR 285,652 ]

204,745 s L%

132,428 /’/ \\‘-.\

14i 921

BE.0gd

-16.88%

-99.789

-LE0. 696

e —
~PEL.E02 [ |
] L.a9t 1784 4.176 5.568 §. 95
NIl E0EE 3.48 4402 6264
DIST

6-6
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6.1.4

Utility Menu>PlotCtrls > Animate > Deformed Results 6-7 a

Animate Nodal Solution Data

OK

Animation data

Frame S5of 10
No. of frames to create ) Mo bt |
50
Time delay (seconds) 0.5 ﬂ _] _}I

Delay
[PLNSOL] Contour Nodal Solution Data

Item,Comp Item to be contoured

6-7 b

mAnilate Nodal Solution Data Animation Co... @

% Forward/Backward
" Forward Only

Strain ener dens Rotation  ROTX
Strain-elastic ROTY
Strain-thermal ROTZ v Start :
Strain-plastic -
Strein-creep v [Tru\slahon X
Next Previous
0K Cancel Help Close Help
(@) (b)

6.2 POST26

POST26

6.2.1

6-8 b
Nodal Data
6-9

Variables

Main Menu>TimeHist Postpro>Define Variables Defined Time-History Variables

6-8 a Add Add Time-History Variable
OK Define
OK Define Nodal Data
User-specified Label
“ Translation UX' OK
Main Menu > TimeHist PostPro > Graph Variables Graph Time-History

6-10 1st variable to graph OK
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I\ Defined Time-History Variables X A Tam el et ory iV araable
Currently Defined Speci fications:
rneloE yarz ekl

Variable Trpe Elem Node Item  Conp Name
1 TINE TINE

b

Element results

C
-
-
K
&

. by seq no.
Reaction forces
Gap Force data

Solution summary

Add. Edit. Delete
oK Cancel | Help
Cloze Help

(@) (b)

6-8

f\Define Hodal Data

[¥SOL] Define Nodal DOF warisble

FVAR Ref rumber of varisble 3
HODE  Hode number 58

Fane User-specified label

Ttem,Conp Data item
w
Z
Rotation  ROTX
ROTY
ROTZ
Translation 1%

oK Caneal Help

6-9

raph T —History Variables

[FLVAR] Graph Time-History Variables
HVARl 1zt wariazble to graph

HVARZ  2nd wariable
HVARS  3rd wariable
HViR4  4th wariable
HVARS  Sth wariable
HYARE  Bth wariable
HYART  Tth wariable
HYARE  Sth wariable
HYARS  9th wariable

HYARIOD 10th wariable

LT

118 | fpply ! Cancel | Help |

6-10
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6.3 4
3
1.
1 von Mises
Main Menu>>General Postproc > Plot Results > Contour Plot-Nodal Solu
6-3 “ Stress’ “ von Mises’ OK
2
Utility Menu>PlotCtrls > Animate > Deformed Results 6-7 a
“ Stress’ “ von Mises’ OK 6-7 b
MediaPlayer “ >"
2.
Toolbar “ QUIT 6-11 * Save Every-
thing” OK

Fl\Exit from ANSYS 1 x|
= Exit from ANSYS —

" Save GeotLd+Solu
{~ Save Everything

(" Buit - Ho Sawel

0K | Caneal Help

6-11 ANSYS

. ANSYS
POST1
POST1
POST26

R VS N S



7.1 7.2
7.1
7-1
1.
1 1 40 15 0 8 0 360
2 100 000 200
50 50 0 300 100 30
3 300 4500
4 2 500 10 0 360
2 3
5 1 4 100
200 300 1
2,
1 3
20 15 8 40 0 360
2 200 ~30 0 40
3 30 20 15 0 45
3.
1 300 KBETW 68 70 300 RATI 0.5
4500 0 =900
2 200 300 1 25 15 0 360
3 28 0 0
400 360
4 1
5 5
6 ~28 00 ~120 0 0
28 0 0 700 360 400 360

7 0 0 360

0900
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8 8

4.

1 24 0 18 0090

2 010 —10 10 -8 0 100 -8 0 90
270

3 50 —120 0 360
7.2

7-2

| | 020 —20 20 0 35
1 20 0 0 35 90 270
P 2 150 0 40 0 360
! 1 2
3 00 10 2
=200 ~30 30 0 10 2
2
1 20 0 25 00 30
72 3 ~550 —20 20 =5 0
2
3 3
4 1500 3 60 —55 0 360
3
5 23 20 0 4 120 -500 180
5 60 550 360 4 5
6 0 —40 0 6 60 ~550 360
7 120 50 180 360 7 6
7 3
3.
| 4
4000
2 3 1505
34
4 75 83 107 94 95 66 78

5 28 —20 18 090 0



6 400 360
7 0
350
4.
7.3
45
8 7-3
=2.1e5 Mpa =7.8e—6 kg mm’
Y =500 rad sec

Main Menu > Preprocessor > Modeling-Create >

7-3
Areas >Rectangle > By Dimensions x1
=130 xX2=140 y1=0 y2=130 Apply x1=140 x2=190 y1 =40 y2=060
Apply 7-4x1=190 x2=200 yl=15 y2=95 OK
7-4 a
\_________J
r B —

(a) (b) (©

7-4
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2
Main Menu > Preprocessor > Modeling-Operate > Booleans-Add > Areas
Pick All
3 6
Main Menu > Preprocessor > Modeling-Create > Lines-Line Fillet 14
7 Apply 6 Apply 7 16 Apply
6 Apply 5 13 Apply 6 Apply
5 15 Apply 6 OK 7-4 b
4
Utility Menu > PlotCtrls > Numbering ON NUM
“ Colors & Numbers'
5
Main Menu > Preprocessor > Create > Arcs > By End KPs & Rad 12 11
Apply 10 Apply 10 Apply 9
10 Apply 11 Apply 10 OK
6
Main Menu > Preprocessor > Modeling-Create > Areas-Arbitrary >By Lines
7

Main Menu > Preprocessor > Modeling-Operate > Booleans-Add > Areas
Pick All 7-4 ¢

2.

1

Main Menu > Preprocessor > Create > Keypoints-In Active CS NPT 100
Apply NPT 200 Y 200 OK

2 22.5

Main Menu > Preprocessor > Operate-Extrude > Areas- About Axis
Apply 50 51 OK 22.5 OK
7-5 22.5 OK 7-6 a

mSIEEp Areas about Azxis

x|

[VEOTAT] Sweep Areas about Axis

ARC Mre length 1in degrees

HaEG Ha.

of wolume segments

0E Apply Cancel Help

7-5



3
Utility Menu >WorkPlane >Offset WP to >Keypoints 14 16
OK Utility Menu > WorkPlane >Offset WP by Increments XY YZ ZX
Angles “0 —90 (" Apply
4
Main Menu > Preprocessor > Create > Cylinder-By Dimensions
RAD1 0.45 71 72 “1 -2 OK
5
Main Menu > Preprocessor > Operate > Booleans-Subtract > Volumes
Apply OK 7-6 b

(@) (b) ©

7-6
3.
1
Utility Menu > WorkPlane > Align WP With > Global Cartesian
Wheel. db
2 XY
Main Menu > Preprocessor > Reflect > Volumes X =Y plane
OK 7-6 ¢
3
Utility Menu >WorkPlane >Offset WP by Increments XY YZ ZX Angles
“0 -9 O Apply XY YZ ZX Angles “2.500 Apply
4
Utility Menu > WorkPlane > Local Coordinate Systems > Create Local CS> At
WP Origin 7-7 KCN 11 KCS Cylindrical 1
5 8

Main Menu > Preprocessor > Copy > Volumes Pick All 7-8
ITIME 8 DY 45 OK



ml:reate Local CS at ¥F Origin
[CSKFLA] Create Local Coord System at Yorking Plane Origin
_I‘If]i Bef number of new coord sys ||11
KCE Type of coordinate system ICartesia:n 0 ﬂ
Following used only for elliptical and toroidal systems
FARl First parameter |1
FARZ Second parameter |1
(1):4 | Apply | Cancel | Help |
7-7

m[:opy Yolumes l‘

[VGEN] Copy Volumes

ITIME  Humber of coples — I:_Z

- including original

Ix Y-offset in active O3 |

jI T-offzet in active CS I

Iz I-offzet in active C3 I

KINC Keypoint increment |

HOELEM Items to be copied |‘.-’olumes ETETEY j

OE Apply I Cancel | Help |
7-8
7-9 a




1
Main Menu > Preprocessor > Element Type > Add Edit Delete
Add “ Structural’ “ Solid” “ Brick 8node 45"
OK Solid95 OK CLOSE
2
Main Menu > Preprocessor > Material Props > Structural-Linear-Elastic-Isotropic
1 “ Young s Modulus EX 2.1e5 0.3 7.8e-6 OK
3
Utility Menu > WorkPlane > Offset WP to 13
Utility Menu > WorkPlane > Offset WP by Increments XY
YZ 7ZX Angles “090 (O OK
4
Main Menu > Preprocessor > Modeling-Operate > Divide > Volu by WorkPlane
OK
5
Utility Menu > WorkPlane > Offset WP to 18
Menu > Preprocessor > Modeling-Operate >Divide> Volu by WorkPlane
OK 79 b
6
Main Menu > Preprocessor > MeshTool Size
Controls  Global Set “ SIZE' 6 OK
7
Main Menu > Preprocessor > MeshTool “ Element
Attributes’ Set TYPE 1 MAT 1 OK
8
Main Menu > Preprocessor >MeshTool Mesh
Volumes  Shape Hex Map Mesh OK

7-10 a

7-10
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9
Main Menu > Preprocessor > MeshTool Size
Controls  Global Set SIZE 5 OK
10
Main Menu > Preprocessor >MeshTool Element
Attributes Set TYPE 2 MAT 1 OK
11
Main Menu>>Preprocessor >MeshTool Mesh
“ Volumes’ Shape “ Tet" “ Fred Mesh OK
7-10 b
12
Main Menu > Preprocessor > Meshing-Modify Mesh >Change Tets
OK 7-11
5

[TCHG] Tet Change
Change degenerate 20 node tetrahedrom to 10 node tetrahedrom

ELEM] to ELEMZ Change From Igs to OF v|

ETTFEZ  TYFE number for ELEMZ WET AVATL TTEER.
USER SPECIFIED

1 SOLID4S

3 SOLIDGS

Imm AVATL TYPE#

0K | Cancel | Help |

7-11
13 Solid95
Utility Menu > Select > Entities Ele-
ments By Attributes  Elem type num “ Min Max In¢ 2 OK
Utility Menu > Plot > Elements 7-10 ¢
5.
1
Main Menu > Solution > Loads-Apply > Structural-
Displacement > Symmetry B.C.-On Areas 7-12
OK
712 2

Main Menu > Solution > Loads-Apply > Structural-
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Displacement > on Keypoints 1 OK uy
0 OK
3
Main Menu> Solution > Loads-Apply > Structural-Other > Angular Velocity
“ OMEGY" 500 OK
Main Menu > Solution > Analysis Type-Sol' n Control

’ . “ I v
Sol' n Options Pre-Condition CG 7-13 OK
m Solution Controls |§|
Basic ] anEs 8 Sel'm DPUOT\S] Honlinear ] Advanced HL ]
Equation Solvers Restart Control
(* Frogram chosen solver Humber of restart ﬁ'i
" Bpees dizact filez to write
" Pre-Condition CG Frequency
H R Write last substep only :]
(e 1 . r—i

[ Tterative

.....
(" Frontal direct

oK B Help
7-13
4
Main Menu> Solution > Solve-Current LS status window
OK
6.
1
Main Menu>General Postproc>> Plot Results
7-14 a
2
Utility Menu >WorkPlane > Align WP With > Global Cartesian
3
Utility Menu >WorkPlane >Offset WP by Increments XY YZ ZX Angles
“0 —-90 (" Apply XY YZ ZX Angles “22.500
Apply
4

Utility Menu > WorkPlane > Local Coordinate Systems > Create Local CS> At
WP Origin KCN 11 KCS  Cylindrical 1



102

ANSYS

7-15

Symm

7.4

DY"

‘ ' =
.‘»
(a)

7-14

11

zZ

Utility Menu > Plotctr] > Style Expansion > User-Specified Expansion

NREPEAT
OK

16 TYPE *“ Local Polar’

22.5 7-14 b

Fi\Ezponsion by values o

[/EXPAND] 1=t Expansion of Symmetry

PATTERN “ Alternate

=

FREFEAT Ho of repetitions I i

(Uze zern or blank to suppress expansion)
TYPE Type of expansion Cartesian =
PATTERN  Repeat Pattern Hormal Repeat =
DX, DY, IZ

Increments I | |

i5mall number (00001) is required for continmons expansion)

[/EXPAND] Znd Expansion of Symmetry
FREFEAT  Ho. of repetitions

Cartesian |
Hormal Repeat e

(Uze zers or blank to suppress expansion)
TYFE Type of expansion

FATTER¥  Repeat Fattern

D, I%, 07 Incraments I | |

(Small nunber (00001} is required for continueus expansion]

[/EXPAND] 3rd Expansion of Symmetry

NEEPEAT Mo, of repetitions I i

(Uze zers or blank to suppress expansien)
TYPE Type of sxpansien Cartesian 'l
PATTERN  Repeat Fattern Hormal Repeat s
X, DY, 12

Increments I | |

(Small nunber [00001) is required for continuous expansion)

o oty | Cucel |

Help |

7-15
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N
7-16
D =2.1e5 Mpa =7.8¢—6 kg mm’
N Z =100 Mpa
. |
_ _ _ R b B
|
' |
7-16
ANSYS “ c-rod’
1.
1
Main Menu > Preprocessor > Modeling- Create > Areas- Circle > By Dimen-
sions RADI = 25 RAD2 =35 THETAl = 0 THETA2 = 180
Apply THETAL = 45 OK
2
Main Menu > Preprocessor > Modeling- Create > Areas- Rectangle > By
Dimensions Xl =-8X2=8Y1=30 Y2 =45 Apply
Xl = —-45X2=-30 Yl =0 Y2 =8 OK
3
Utility Menu > WorkPlane > Offset WP to > XYZ Locations 165
OK
4
Utility Menu > WorkPlane > Change Active CS to > Working Plane
5
Main Menu > Preprocessor > Modeling- Create > Areas- Circle > By Dimen-
sions RAD1 = 10 RAD2 = 20 THETAl = 0 THETA2 = 180
Apply THETA2 = 135 OK
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Main Menu > Preprocessor > Modeling- Operate > Booleans- Overlap > Areas
Apply OK 7-17

o

7-17
2.
1
Utility Menu > WorkPlane > Change Active CS to > Global Cartesian
2
Main Menu > Preprocessor > Modeling- Create > Keypoints > In Active CS
X=64 Y=13 Apply X=83 Y=10 Apply
X=100 Y=8 Apply X=120 Y=7 OK
3
Utility Menu > WorkPlane > Change Active CS to > Global Cylindrical
4
Main Menu > Preprocessor > Modeling- Create > Lines- Splines > With Options >
Spline thru KPs 530 31 32 33 21 OK B-Spline
XVl =1 YVI =135 XV6 =1 YV6 = 45 7-18 OK
[ESFLIN] Generate a Spline
Start tangent Xv1, YVL, Z¥1 I1 ]135 |
Ending tangent %VE, TVE, TVR |1 ]45| |
O Apply Cancel | Help I
7-18
5 1 18
Main Menu > Preprocessor > Modeling- Create > Lines- Lines > Straight
Line OK 7-19
Y L5 33

7-19
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6 61725
Main Menu > Preprocessor > Modeling- Create > Areas- Arbitrary > By
Lines 61725 OK 7-20
30 21 3% us
g %
7-20
7
Main Menu > Preprocessor > Modeling- Create > Lines- Line Fillet 36
40 Apply RAD = 6 Apply 40 31
Apply 30 39 OK 7-21 a
8
Main Menu > Preprocessor > Modeling- Create > Areas- Arbitrary > By
Lines 12 10 13 Apply 17 15 19 Apply 23
21 24 OK 721 a

(@) (b)
7-21
9
Main Menu > Preprocessor > Modeling- Operate > Add > Areas Pick All
7-21 b
3.
1
Main Menu > Preprocessor > Element Type > Add Edit Delete
Add Not Solved Mesh Facet200 OK Option
K1 “ QUAD 8-NODE’ OK CLOSE
2

Main Menu>> Preprocessor > Material Props > Structural-Linear-Elastic-Isotrop-
ic 1 * Young s Modulus EX” 2.1e5 0.3
7.8e-6 OK
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3
Main Menu > Preprocessor > MeshTool Size
Controls “ Global' Set “ SIZE® 5 OK
4
Main Menu > Preprocessor >MeshTool Element
Attributes Set TYPE 1 MAT 1 OK
5
Main Menu > Preprocessor >MeshTool Mesh
“ Areas’ Shape “ Quad’ “ Free' Mesh
OK 7-22 a

L2
Ry

oy
s, JORERER
AT e

(a) (b)

7-22
6
Main Menu>> Preprocessor > Element Type > Add Edit Delete
Add Solid95
7
Main Menu > Preprocessor > Modeling-Operate > Extrude > Element Ext Opts
VAL1L 3 OK
8
Main Menu > Preprocessor > Modeling-Operate > Extrude > Areas-Along Normal
OK DIST 15 OK
722 b
4.
1
Main Menu > Solution > Loads-Apply > Structural-Displacement > Symmetry
B.C.-On Areas OK
2

Main Menu > Solution > Loads-Apply > Structural-Displacement > on Key-
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points 43 OK uz 0 OK
3
Main Menu> Solution > Loads-Apply > Structural-Pressure > Areas
OK 100 OK
4
Main Menu> Solution > Solve-Current LS status window
OK
5.
1

Main Menu>>General Postproc>> Plot Results
7-23 a

T 150

20 P1-82

P1-S5Y

-60
=y P1-5X

° 13.424 26.848 40.272 53.696 67.12 80.544
.12 20.136 33.56 a6.984 60.408 73.832 87.251

(a) (b)

7-23
2
Main Menu > General Postproc > Path Operations > Define Path > By Nodes
OK “PI’ OK
3
Main Menu > General Postproc > Path Operations > Map onto Path Lab=
Pl-seqv Apply Lab= Pl-sx X Apply
Lab= Pl-sy Y Apply Lab= Pl-sz Z
OK
4

Main Menu > General Postproc>Path Operations > Plot Path Item-On Graph
Pl-seqv Apply Pl-sx Apply Pl-sy Apply
Pl-sz OK 7-23 b
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7.5
POST26
FULL — 724
A3
7-1 7-2
7-1 A3
Pa kg m’
2ell 0.3 7.8e3 0.02
7-2
2e-4 2e-8 0.01 0.02

724 -

7-25

6 [iR)/s

7-25
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1.
1 SHELL63 2 BEAM4
2.
1 0.02
2 AREA  2e4 1772 =2e-8 IYY = 2e-8
TKZ=0.01 TKY=0.02
3.
EX=2ell NUXY=0.3 DENS=7.8e3
4.
x1=0 x2=2 yl=0 y2=1 Z DZ=
-1 0.1
2 2 5 8
5.
1
Main Menu > Solution > Analysis Type > New Analysis 7-26 a
“ New Analysis’ Transient OK 7-26 b
OK
x|
[ANTYPE] Type of analysis
At |
f et & pat ]
@ Transient € Reduced
C Spectrun " Mode Superpos’n
{ i i [LWEM] Use Lunped mass spprox? ¥
Sty
(a) (b)
7-26
2
Main Menu > Solution > Loads-Apply > Structural-Displacement > On
Keypoints OK DOFS to be constrained
All DOF OK
3
Main Menu > Preprocessor > Loads > Load Step Opts-Time Frequenc> Damping
Damping Specifications Mass matrix multiplier 5 OK
4
Main Menu > Preprocessor > Loads > Load Step Opts-Output Ctrls >DB Results
File Item to be controlled All items File write frequency
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Every substep 7-27 OK

Bl Controls for Database lni ts Fi J

[OUTRES]1 Controls for Database and Results File Writing

[tem Item to be controlled All items :J
FREQ File write frequency

" Reset

" Mone

T At time points

™ Last substep
* Every substep
" Ewery Nth substp

Value of N

{Uze negative N for equally spaced data?

Cname Component name — |911 entities :J

— for which ahove setting is to be applied

O Apply Cancel Help

7-27
5
Main Menu > Preprocessor > Loads > Load Step Opts-Time Frequenc > Time -
Time Step Time at end of load step 1 Time step size 0.2
Stepped or ramped b.c ramped Automatic time stepping  on Minimum time
step size 0.05 Maximum time step size 0.5 7-28 OK
Main Menu > Preprocessor > Loads > Loads-Apply > Structure-Pressure > On
Areas Pick All pressure value 10 000 OK
Main menu> Preprocessor > Loads>Write LS File Load step
file number n 1 7-29 OK
6
Main Menu > Preprocessor > Loads > Load Step Opts-Time Frequenc > Time-
Time Step Time at end of load step 2 OK
Main menu> Preprocessor > Loads > Write LS File Load step
file number n 2 OK
7

Main Menu > Preprocessor > Loads > Loads-Apply > Structure-Pressure > On
Areas Pick All pressure value 5000 OK
Main Menu > Preprocessor > Loads > Load Step Opts-Time Frequenc > Time-
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7-28

-'l'rild.- Load Step File

7-29
Time Step Time at end of load step 4 Stepped or ramped b.c
Stepped OK
Main menu > Preprocessor > Loads > Write LS File Load step
file number n 3 OK
8

Main Menu > Preprocessor > Loads > Loads-Apply > Structure-Pressure > On
Areas Apply PRES on Areas Pick All Apply PRES on Areas
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pressure value 0 OK
Main Menu > Preprocessor > Loads > Load Step Opts-Time Frequenc > Time -
Time Step Time - Time Step Options Time at end of load step 6
OK
Main menu>> Preprocessor > Loads>Write LS File Write Load Step File
Load step file number n 4 OK
9
Main Menu>>Solution>Solve-From LS File Slove Load Step Files Start-
ing LS file number 1 Ending LS file number 4 7-30 OK
=
[LESOLVE] Solve by Reading Data from Load Step <LS> Files
LEMIN Starting L§ file number ’—
LEMAX Ending L§ file nunmber ’7
LSINC File number increment ’1—
OK Cancel Help
7-30
Solution is done Close
6. POST26
Main Menu > TimeHist Postpro > Define Variables Defined Time-History
Variables Add Add Time-History Variable
Nodal DOF Result OK Define Nodal Data
146 OK Define Nodal Data user-specified label uUZ146
“ Translation UZ' OK
Utility Menu > PlotCtrls > Style > Graph > Modify Grid Grid Modifications
for Graph Plots type of grid X and Y lines Display grid
7-31 OK
BlGrid Modifications for Graph Plots x|
[LAGRID] Type of grid Ix and ¥ lines :J
[-GTHK] Thickness of grid ISingle j

[/GROPT1.CGRID Display grid — v On

— superimposed on filled curves

OK Apply Cancel ] Help

7-31
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Main Menu > TimeHist PostPro > Graph Variables Graph Time-History
Variables 1st Variable to graph 2 OK
7-32
[mlo*+=2)

1.3

1.6

1.4

L&

VAL i

-B

0. uzldn
3
-1
7-32 146 UZ
7.6
0.1m
0.1m 7-33
ST M RS BT
TR A I 2 2% A
7-33
1.
1 SHELLI1S81 2 SOLID45 3 BEAMSS
2.

1 0.02
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=
Main Menu > Preprocessor > Sections > ID |17
Common Sectns ID Name I_
“ Sub-Type’ “ Offset To' Sub-Type e =
“R0.2°N 8 Offset To [centroid  ~]
7-34 Dffset |u7
4. OffsetZ Ini
EX = 2ell NUXY =0.3
DENS=7.8e3 0
5.
x1=0 x2=4 y1=0 y2=3 : Iilz
2 x1=0 x2=4 yl=-0.5 y2=0 ’ Iﬂi
z1=0 22=0.5
3 xI=0 x2=4 yl=—-0.5 y2=0 ok | apply |
z1=—-0.5 2=0 Close | Preview |
4 x=0y=-52=0 x=4y=-5 Help | Meshview |
z=0 x=5y=-52=0
5 7-34
6 0 -0.10 090 0
7 00 -0.3
8 4
9 0.1 7-35 a
(a) (b)
7-35
6.
1 y -5
100
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7.

7-35 b
7.7
7-36 a 7-36 b
1 =7.1el0 Pa =2780 kg m® =0.3
2 =7.1el0 Pa =45kg m’ =0.3
(a) (b)
7-36

1.

1 =0.33 =0.08

2 x =1.2 y =1.2

3 z =1.1

4

2.

1

1 SHELL63 2 SHELLI1
2
=7.1el0 =2780 =0.3 2 =7.1el0

45 0.3

3

1 =0.004 2

7-37 a OK 7-37 b
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ANSYS

Ii\Real Constant Set Number 2, for SHELLSI XM, KA 00254 o

Element Type Reference No. 2

Fumber of layers (16 max)

Layer Symmetry Key

L

LSYn

Added mass/unit area ADMSUA

Cancel

I

mReal Constant Set Number 2, for SHELL91

Layer number 1 WAT, THETA ,17 h
K@), TKA) ,W h
TKE), TKL) Ioi h

Layer number 2 MAT, THETA 2 ]

TK(K), TK(L) Ioi IE—

Layer number 3 WAT, THETA ,17 h
K@), TK) ,W h
TK®K), TKL) ,07 h

K1y | 0K Cancel | Help

11

Regions

TOLER
DOF1
DOFz
DOF3
DOF4
DOFS
DOFE

Toler.

()

7-38

E!Constraint Equations Conmecting Adjacent Regions

One Region and Selected Elements of Second Region

Tolerance about elements

I0F to

IOF to

IOF to

IOF to

IOF to

IOF to

to move & node to surface

{1):4 | Cancel Help |

[CEINTF] Constraint Equations Comnecting Selected Nodes of

use

use

use

use

(b)

7-37

Main Menu > Preprocessor > Coupling ~ Ceqn > Adjacent
OK

L"”_IT_I_I_ITﬂ

7-38
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Main Menu>> Solution > Analysis Type-New Analysis New Analysis

Modal OK
Main Menu> Solution > Analysis Options “ Subspace’
Number of modes to extract 5 7-39 OK

7-39

Main Menu>Solution > Load Step Opts-ExpansionPass >Expand Modes
number of modes to expand 5 7-40 OK

7-40
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5
4.
Main Menu> General Postproc> Results Summary
7.8
7-41
1.25 28e6 0.9 0.3 1000
450 70 0.25
uﬂ \|
]
9
7-41
1.
pipe
2.
1  PLANESS Option
3.
1.25
4.
1 8
7-3
7-3
1 2 3 4 5 6 8
5 6 12 12 6 6 5
0 0 0 0.25 0.25 1 0.25
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2
1 1258 2 2345 3 8567
3
0.125
4
Main Menu>Solution> Apply > Convection>On Nodes 4
10 1 450
5
Main Menu > Solution > Apply > Convection >On Nodes
678 0.25 70
5.
7-42
FISI.QTB 191.949 252.41 m
7-42
6.
Main Menu > Preprocessor > Element Type > Switch Elem
Type Thermal to Structural 7-43
=
[ETEHG] Switch Element Types Depending on Analysis
Change element type
0K | Cancel | Help |
7-43
7.
28¢e6 0.3 0.9e-5

8.
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159 Y
2
410 1000
3
Main Menu > Solution > Load > Setting > Reference Temp
70 7-44 OK
e Temperature
7-44
Utility Menu > Select > Everything
4

Main Menu > Solution > Apply > Temperature > From Thermal Anslysis
pipe.rth 7-45 OK

7-45

7-46
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bind

i

e
z1154 33080 44965 56871 88776
27107 39012 50918 G2E23 74729
7-46
7.9 FLOTRAN

ANSYS FLOTRAN

FLUID141
0.03mx0.03m 9.8m ¢ 193 K
1.0135e5 Pa 320 K
280 K
1.
1 FLUID141
2.
1
X1=0 X2=0.03 Y1=0 Y2=0.03
2
25
3
Utility Menu >Select > Entities Nodes  Exterior
7-47 OK
Main Menu > Preprocessor > Loads > Loads-Apply > Fluid CFD-Velocity > On
Nodes Pick All Vx=0 Vy=0 OK
4

Main Menu > Preprocessor > Loads > Loads-Apply > Thermal-Temperature > On
Nodes OK “ 3207
7-48 280°
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7-47

7-48
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3.
1
Main Menu > Preprocessor > FLOTRAN Set Up > Solution Options
Adiabatic or thermal “ Thermal’ OK
2
Main Menu > Preprocessor > FLOTRAN Set Up > ExecutionCtrl
EXEC 200 50 7-49 OK
5
[FLDATAZ], ITER  Iteration Control
EXEC Global iterations |h0
OVER . rfl file overwrite freg IU
AFPE rfl file append fregq |U
[FLDATAS], TERM  Termination Criteria
Vi Velocity component IDDI—
L'} Velocity component 0. 01
VI Velocity component 0. 01
FRES FPreszure IW
TEMF Temperature IW
ENFE Turbulent kinetic enerzy 0. 01
EHDS Turbulent dissipation 0. 01
Hote: Termination check iz ignored for a DOF
1f 1tz termination criterion 1s negative
[FLDATAS], OUTF  Output Options
SIMF  Output summary frequency Ilﬂi
{1):4 | Cancel | Help |
7-49
4.
Main Menu > Preprocessor >FLOTRAN Set Up >Fluid Properties
Density Viscosity Conductivity  Specific Heat “ AIR-SI"
“ Allow density variations ” “on’ 7-50 OK
OK
5. FLOTRAN

Main Menu > Preprocessor > FLOTRAN Set Up > Flow Environment > Gravity
Accel in Y direction  9.81 7-51 OK
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7-50

F\Gravi ty Specification

7-51

Main Menu > Preprocessor > FLOTRAN Set Up > CFD SOLVER Contr > PRES
Solver CFD “ TDMA' 7-52 a OK
“ No. Of TDMA sweep for pressure’ 100 7-52 b OK
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5
[FLDATAIS], METH, PRES Pressure Rk
Pressure solver
o 4
(" Sparse Direct [FLDATA19], TDMA, PRES
" PBCGM No. of TDMA sweeps for pressure 100
o cancal | Help o Ganeell| Wy |
(a) (b)
7-52
2
Main Menu > Solution>Run FLOTRAN
7.
1
7-53 a
a1 1
(AVG) (AVG)
&0 a0y
- — EE—
= e — T == N e e
284.444 293.333 302.222 311.111 N
(@) (b)
7-53
2
7-53 b
3
Utility Menu > Plot Controls > Device Options
wireframe “ On’ 7-54 OK
Main Menu > General PostProc>Plot Result > Vector Plot > Predefined
Velocity OK 7-55 a
4
0.000 5 0.000 1 0.000 05

Utility Menu >Plot >Elements

Main Menu > General PostProc > Plot Result>Flow Trace >Defi Trace Pt

56 OK
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7-54

Main Menu > General PostProc > Plot Result > Flow Trace > Plot Flow Trace

21

L
208

103015

I e vy
.670E-03 . 00134 . 00201 .00268
002345 5

.001675

(a)

o
001005

.335E-03

7-55

7-55 b

21:
280 e —
320 > —_—
i\
A Y
/|
o
et
oy et
N\ o ol
B x
I P
280 288.889 315.556
284.444 1 3
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8 ANSYS LS-DYNA

8.1 ANSYS LS-DYNA
8.1.1
1976—1986 J.0O.Hallquist
DYNA3D
1986 DYNA Public Domain
1987  Hallquist LSTC DYNA LS-DYNA
DYNA 1990 LS-DYNA 900
970
1996 ANSYS LSTC ANSYS LS-DYNAS.3 ANSYS
DYNA3D
ANSYS LS-DYNA
ANSYS
8.1.2
ANSYS LS-DYNA
140 40 Lagrange

Euler

ALE

ANSYS LS-DYNA 8-1
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8.1.3

ANSYS LS-DYNA
ALE

1.
ANSYS LS-DYNA

2.
140

3.

16
4.

40

5. ALE
Lagrange
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131

8.2 ANSYS LS-DYNA

8.2.1

ANSYS LS-DYNA LS-DYNA
ANSYS PREP7 POST1 POST26
LS-DYNA ANSYS

8-1
Jobname.DB
ANSYS/LS-DYNA Jobname.K
Jobname RST d3plot
Jobname.HIS d3thdt
[ ANSYSJ54bHPOST1,POST26 ]
8-1 ANSYS LS-DYNA
8.2.2
ANSYS LS-DYNA
1. PREP7
1 Preference

Main Menu > Preference
Structural  LS-DYNA Explicit

Bl Preferences for GUL Filtering

8-2

8-2 Preference for GUI Filtering

o

immmm

Preference
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ANSYS

2
ANSYS LS-DYNA

ANSYS LS-DYNA

3
ANSYS LS-DYNA ANSYS
4
5
ANSYS LS-DYNA
2.
1
ANSYS LS-DYNA
2
3
LS-DYNA
3.
POST1 POST26
LSTC LS-TAURUS
8.2.3
ANSYS LS-DYNA ANSYS
ANSYS LS-DYNA
8-2 ANSYS 8-3 LS-DYNA
ANSYS LS-DYNA
ANSYS
8-2 ANSYS
Jobname. DB
Jobname.RST
Jobname. HIS
Jobname.OUT ASCII
Jobname. LOG ASCII
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8-3 LS-DYNA
Jobname. K ASCII

D3DUMP

D3PLOT

D3THDT
8.2.4

ANSYS LS-DYNA LS
DYNA Jobname. K LS-DYNA
ANSYS POST1 POST26 LS-DYNA
LS-TAURUS
ANSYS LS-DYNA ANSYS

ANSYS LS-DYNA

1. ANSYS LS-DYNA
2. ANSYS LS-DYNA



DYNA ANSYS
9.1
ANSYS LS-DYNA 7 9-1
9-1
LINK160 ANSYS  LINKS
BEAMI61 ANSYS  BEAM4
SHELL163 ANSYS  SHELLISI
SOLIDI64 ANSYS  SOLID45
COMBI165 ANSYS  COMBINI4
MASS166 ANSYS  MASS21
LINK167 ANSYS  LINKI0
ANSYS
1
ANSYS
HYPERS56 HYPERSS HYPER74 VISCO106
VISCO108 SOLID164
2
ANSYS SHELL43
SHELL63 ANSYS
LS-DYNA SHELL163 11
3
4
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9.1.1

CPU

ANSYS

9.1.2

9-1

9-1

10%

DYNA ASCII GLSTAT MATSUM

9.2

ANSYS

o
OSSR

SNt
g‘\m

0.5

ANSYS LS-
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1
Main Menu > Preprocessor > Element Type > Add Edit Delete 92 a
Element Types Add Library of Element Types
SHELL163 92 b OK

Element dypes Library of Element Types

LS-DYNA Explicit 3D Link 168

NONE DEFINED
Not Solved 3D Beam 161
2D Solid 162
Thin Shell 163
3D Solid 164

9-2

Element Types Option 9-3
SHELL 163 element type options

ShiEIE 6 el ErEnT P pLDNS

9-3

3
ANSYS
Main Menu > Preprocessor > Real
Constants Add
SHELL163 9-4
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- Real Copstant:Set:Mumber 1 for T N SHELL] 63,

9.4
9.3 SOLID164
SOLID164 ANSYS LS-DYNA 8
6 5 9-5
z
X
9-5
KEYOPT 1 9-2
9-2
KEYOPT 1
1
2 2X2X2

9.4 SHELL163

SHELL163 4 3 9-6
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SHELL163 11 KEYOPT 1
4
3
2~5
2 9-6
3
1 4
4 9-3
9-3 4
KEYOPT 1
) Belytschko-Tsay
10 Belytschko-Wong-Chiang Belytschko-Tsay 14
8 Belytschko-Leriathan Belytschko-Tsay 25
1 Hughes-Liu Belytschko-Tsay 250 %

Fast Co-Rota-
11 Belytschko-T's 150 %
tional Hughes-Liu clytsehio- sy S0%

X .~ Tas
6 S R Hughes Liu 2X2 Belytschko-Tsay 20
7 S R co-rotational Hug- 2X2 Belytschko-Tsay 8.8
hes-Liu
2
9-4
9-4
KEYOPT 1
5 Belytschko-Tsay
9 Belytschko- 2X2 Belytschko-Tsay
Tsay
33
3 9-5
95 3
KEYOPT 1
. Mindlin-Reissner
4 G

Kirchhoff Co
3 BCIZ
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9.5

1 BEAMI161

9-7
9-6

9-6

KEYOPT 1

1 Hughes-Liu

Belytschko-Schwer

2 LINK160
Belytschko-Schwer
9-8

9-7 9-8

3 LINKI167

9-9
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9.6
1 COMBI165
1 2
9-10 a
9-10 a
9-10 b KEYOPT 1
Cv
v
k
z I
|
LH*—-__
Y ——a——
X
(@) (b)
9-10
2 MASSI66
X 2 9-11
z
. vl
‘ Y
o
1
— i >y
/ T
by
9-11
9.7

ANSYS LS-DYNA
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ANSYS LS-DYNA
ANSYS LS-DYNA

14
=2.1GPa =7.8¢-6 kg mm’ =0.3 =0.005
Gpa =0.001 Gpa
=10 mm s
1. Preference
Main Menu > Preference Structural  LS-DYNA Explic-
it
2.
1 14
Main Menu > Preprocessor > Modeling-Create > Volume > Cylinde > By
Dimensions RADI=0 RAD2=1 Z1=0 Z2=10 THETA1=0 THETA2=90
OK 9-12 a
(a) (b)
9-12
2
Main Menu>> Preprocessor > Element Type > Add Edit Delete
Add LS-DYNA Explicit “ 3D Solid 164" OK Op-
tions
3

Main Menu > Preprocessor >Material Props > Define MAT Model
Add Define Model for Material Number 1 Available
Material Models “ Plasticity’ “ Bilinear Isotrop’ OK
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DENS=7.8e-6 EX=2.1 NUXY =0.3 Yield stress=0.005 Tangent Modulus =
0.001 OK CLOSE

4
Main Menu>Preprocessor >MeshTool Mesh
“ Volumes’ Shape “ Hex’ “ Sweep’ Mesh
OK 9-12 b
3.
1
Main Menu> Solution > Constraints >On Areas 7Z=0
OK Uz 0 OK
2
Main Menu> Solution > Constraints >On Areas Y=0 X=0
OK
3
Utility Menu > Select > Entities
Utility Menu>>Select>Comp Assembly > Create Component
“ new’ OK
4

Main Menu > Solution > Initial Velocity >w Axial Rotate
uz “ -10 OK
Utility Menu > Select > Everything

5
Main Menu > Solution > Time Controls > Solution Time
2
6
Main Menu > Solution > Output Controls> File Output Freq>Number of Steps
rst 20 his 50
7
Main Menu > Solution > Solve
4.
1
Main Menu > General Postproc > Read Results
2

9-13 Z
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NODAL 30LUTION

STEP=1

SUE =22
TIME=Z

Uz [AVE)
DI =. 6234068
SMN =-.6234

-.6Z34

- 554134

L3-DYNAL user input

9-13

4548

87

-. 346333

-.Z078
—. 277067

—.1l38533

AN

MAY 18 2009
16:38: 58

=]
-.069267
]
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DYNA

LS-DYNA
30
10-1

ANSYS

ANSYS LS-DYNA
k

10-1
1 Isotropic
Linear Elastic 2 Orthotropic
Anisotropic
7 Blatz-Ko
Nonlinear Elastic 27 Mooney-Rivlin
6 Viscoelastic
BilinearKinematic
3 Bilinear Isotropic
Plastic Kinematic
18 PowerlLaw Plasticity
19 Strain Rate Dependent Plasticity
Plasticity 64 Rate Sensitive PowerlLaw Plasticity
36 3 Barlat ~ Lian
33 Barlat Lege  Brem
24 Piecewise Linear Plasticity
37 Transversely Anisotropic Elastic Plastic
10 Elastic-plastic Hydrodynamic
53 closed Cell Foam
57 Low Density Foam
Foam 62 Viscous Foam
63 Crushable Foam
26 Honeycomb
Composite Damage 2
Concrete 72




10 145
15 Temp. & strain rate dependent plasticity
9 Null materials
Equation of State 65 Zerilli-Armstrong
51 Bamman
20 Rigid bodies
71 Cables
1 Fluid
ANSYS

Main Menu > Preprocessor > Material Prop > Define MAT Model
a Add
10-1 b OK

= Material Models

Material Model HAT numbex
| NONE DEFINED

ExplicitiDynamics Material Models:

Linear Elastic

Orthotropic
Anisotropic

10-1

10-2 a
10-2 b

10-1
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DefineMaterialModel

|
|
|
DefineMaterialiModel
|
|
|
I
Help
10-2
10.2
3
10.2.1
10.2.2
9
5 EXX EZZ NUXY NUXZ GXY
G+ Cra
10.2.3 &’/E/‘q‘ fai/g;
c- o G /%
21 (& /ie c{s
21 Css Css

10-3 10-3
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10.3
3
10.3.1 Blatz-Ko
Piola-Kirchoff -
10-1
_1
S, =G +C,y— VI, 10-1
S; Piola-kirchoff G \% Y Cj;
_ 5[]
10.3.2 Mooney-Rivlin
Ciw Cop 7 10-2
i L1
W:C]O 1173 +C01 1273 +C F +D 1371 2
3
C
C=="+Cy 10-2
D_Cm S5y=2 +Cy 11y-5
B 2 1-2y
11 12 13 - y
Mooney-Rivlin Cio Coy
10.3.3
10-3
N O T
S; =2|¢ ¢~ 5 dr 10-3
0 T
¢ t =Got G()_Goo e*ﬂz p:Kll’lV
Gy Go K
B
10.4

ANSYS LS-DYNA 11
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3
10.4.1
3 BISO
BKIN HYDRO
26 max
20,
10.4.2
5 Plastic Kinematic

Rate Sensitive

PowerLaw

1.

Piecewise Linear

Cowper-Symonds

C P Cowper-Symonds

00

Ep

Cowper-Symonds

n

Rate Dependent

Cowper-Symonds
1

€ P
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10-4
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3. Piecewise Linear
Cowper-Symonds
10-6
, 1
o= 1+ &0 soh g e 10-6
o0 e C P Cowper Symonds
fi €
o E.. C P Load Curve ID 1
Load Curve ID 2
Load Curve ID 1
cC P 0 Load Curve ID 2 C
P
4. Rate Dependent
10-7
o,=0p € it E,lefff 10-7
1
. 2 ./ ./ z e
oo %H::‘§€U€U €ﬁ[ E, =
Elan
EE k.
LCID 1
LCID 2 LCID 3
LCID 4 Von Mises
5. PowerLaw
Ramburgh-Osgood
Oy = ke €" 10-8
€ I3 k m n
10.4.3
3 Transversely Anisotropic
Elastic Plastic 3 Barlat  Lian 3-Parameter Barlat
Barlat Lege  Brem Barlat Anisotropic Plasticity

1.

Hill
10-9
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10
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10-17
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k et €0 n
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10.5
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10.5.1
1.
10-18
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4 10-19
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2.
3.
E’ \%
\% 10-21
E\=E,V "
Vi=V,[1=-VI|mn 10-21
El Vz ny np
4.
10.5.2
10-22
Eaa - Eaau + B E - Eaau
Ep=Ep,t E— Ey,
E.=E,.+B E—E., 10-22
Gab - Eabu + B G- Ga/m
G/?L‘ - E/)cu + 18 G- Gh[u
ch = Ecuu + ﬁ G- quu
. E . 1=V
6:21+7 B =max min 1_7‘01 0 Vv
Vf Eaau aa Eh/m
bb E ccu cc Ga/m ab
G/)cu be Gc'a u ca
10.6
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SZ SIZ C2 a

10.7

10.7.1

Main Menu > Preprocessor > Material Prop > Define MAT Model
Other  Rigid 10-4 Define Nonlinear MAT Model

Define NonlinearMaisModel

No constraints u

LRTE LIRS

No constraints :

10-4

Define Nonlinear MAT Model
Translat | constrnt parm  Rotational 1 constrnt parm
8 10-2
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10-2
0 No Constraints 0 No Constraints
1 X displacement X 1 X rotation
2 Y displacement Y 2 Y rotation
3 7 displacement 7 3 7 rotation
4 Xand Y disps. X Y 4 X and Y rotate X Y
5 Y and Z disps. Y Z 5 Y and Z rotate
6 Z and X disps. Z X 6 Z and X rotate Z X
7 All disps. XYZ 7 All rotate XYZ
10.7.2
10-23
F=Kmax AL 0.0 10-23
AL K
10.8
6~10 GPa 100
m s
ANSYS LS-DYNA 3 Linear polynomial
Gruneisen Tabulated 10-1 b
13

~N O B W



11 PART

PART ANSYS LS-DYNA
PART PART
PART
11.1 PART
PART
PART
PART PART
4
11-1 a

3  PART 11-1 b

COMPONENTS
Set lof 1

_PART2 (Elems)
_PART3 (Elems)
_PART4  (Elems)

11.2 PART

PART PART

EDPART option

PART

PART

COMPONENTS
Set lof 1

_PART2  (Elems)
_PART3  (Elems)

PART

Main Menu > Preprocessor > LS-DYNA Options > Parts Options

11-2
Option
Create parts OK
PART
PART

PART
PART 3
PART 11-3
PART
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Parts Data Written fon LS-DYNA
The PART list has heen created.
LIST ALL SELECTED PARTS.
PARTS FOR ANSYS-/LS—DYHNA
HUSED=1: wused in any selected element
PART MAT TYPE REAL USED
1 1 1 1 1
2 2 2 i i
3 3 3 1 1
11-3 PART
Update parts OK
PART PART PART PART
PART PART
PART PART List parts
OK 11-3 PART
11.3 PART
PART PART

PART ANSYS
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11.3.1
PART
EDCRB Option NEQN PARTM PARTS
Main Menu > Preprocessor > Coupling Ceqn>Rigid Body CE
11-4 Rigid Body Constraints Rigid body equation options 3
“ADD" “ DELETE" * LIST" Equation
reference number
PART num-
ber Master ~ PART number Slave PART

Rigid Body Gonstraints

Rl 75 R LT
HELIR T RAS

NI APARTS;

S NI APART S

11-4

11.3.2
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EDIPART PART Option Cvect TM IRCS Ivect Vvect CID

Main Menu > Preprocessor >LS-DYNA Options > Inertia Options>Define Inertia
Main Menu>>Preprocessor > LLS-DYNA Options > Inertia Options>Delete Inertia
Main Menu> Preprocessor > LS-DYNA Options > Inertia Options > List Inertia

PartdnertiaDefiimtion

11-5 Part Inertia Definition
“ Select”
“ Definé’

11-6

11-6
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11.3.3

PART

EDLOAD Option Lab KEY Cname Parl Par2 PHASE LCID SCALE BTIME DTIME

Main Menu > Preprocessor > LLS-DYNA Options > Loading Options > Specify Loads
Main Menu > Solution>Loading Options > Specify Loads

11-7 PART
Load Labels

SpecifylioadsSorlISYNAEXplicT

RBFX RBFY RBFZ
RBUX RBUY RBUZ
RBMX RBMY RBMZ
RBVX RBVY RBVZ

RBOX RBOY RBOZ
RBRX RBRY RBRZ
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11.4 PART
PART
1.
11-8
11-8
2.
1 SHELL163 SOLID164
2
3 3 3
4
5
6 3
7
3. PART
1 Main Menu > Preprocessor > LS-DYNA Options > Parts Options Create
parts PART
2 PART 11-1 a
4. PART
1
2 Main Menu > Preprocessor > LS-DYNA Options > Parts Options Update
parts PART
3 PART
5. PART
PART 11-1 b
1. PART
2. PART
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ANSYS LS-DYNA

12.1

ANSYS
ANSYS LS-DYNA

12.1.1

" Segment

ANSYS LS-DYNA

2.
ANSYS LS-DYNA 3
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ANSYS LS-DYNA

12.1.2 ANSYS LS-DYNA

1.

PART PART

CM Cname Entity

Utility Menu > Select>Comp Assembly > Create Component

12-1

B (Create Component

ok Help

12-1

11
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2.
ANSYS LS-DYNA

EDCGEN Option Cont Targ FS FD DC VC VDC V1 V2 V3 V4 BTIME DTIME BOXIDI
BOXID2

Main Menu > Preprocessor > LLS-DYNA Options > Contact > Define Contact

12-2 Contact Parameter Definition$ Contact
Type OK
12-3 Contact Option§ "

ComaciParameterlIefimiions

Single Surface

Modes to Surface

Contaciiiptions

None defined Bl

ok | ewely | Cancel | elp |

12-3
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PART
OK
ANSYS LS-DYNA 21 12-1 o
3 ” 12_2
ASTS 13 _ ”
12-1
ingle Sur. - -
Single Surface Nodes to Surface Surface to Surface
General SS Single Surf NTS General STS General OSTS one-Way
. ASSC Automatic . .
Automatic ANTS Automatic ASTS Automatic
AG Auto General
Rigid RNTR Rigid ROTR Rigid
TDNS Tied TOSS Tied

Tied

Tied with Failure

TNTS Tied Fail

TSTS Tied Fail

ENTS Eroding

Eroding ESS Eroding

Edge SE Edge

Drawbead DRAWBEAD

Forming FNTS Forming FSTS FOSS

NTS ANTS FNTS ENTS
STS ASTS FSTS ESTS
12.2.1
12-1 ANSYS LS-DYNA 3
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12.2.2

NTS OSTS “ =

- TNTS - TSTS
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5.
3
12.3
ANSYS LS-DYNA e 12-1
pe=Fp+ Fs—Fp e P Va 12-1
Fy Fp DC Vi
12.3.1
12-1 Static Friction Coefficient Fyq
Dynamic Friction Coefficient Fp Exponential Decay
Coefficient ~ DC
Flim =VCX Acont 12-2
A ont ve=2 Viscous Friction Coeffi-
V3
cient oy
12-3
_ VDCgcril
=700 12-3
VDC Viscous Damping Coefficient 20 & =2mw

12.3.2
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12.3.3
3
N
N
N
V1 V2 V3 V4 4 12-2
12-2
ENTS ESS ESTS | RNTR ROTR
TSTS TNTS
%! B NFLF NFLF
SFLF
V2 o] T SFLF
n %L =1
NFLF SFLF
V3 NEN
MES
Ll
V4 NFLF
WAL
SFLE )

ANSYS LS-DYNA
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EDCLIST NUM

Main Menu > Preprocessor > LS-DYNA Options > Contact > List Entities

EDCONTACT

EDCONTACT SFSI RWPN [PCK SHTK PENO STCC ORIE CSPC PENCHK

Main Menu > Preprocessor > LLS-DYNA Options > Contact > Advanced Controls

Advanced Controls 12-4

12-4

12.5.1

Contact Stiffness Scale Factor SFSI
Contact Stiffness Option ~ PENO



12

169

ANSYS LS-DYNA

“ ”

0.1

Master Slave Min
Master Seg Stiff
Slave Node Value
Weighted Slave

Inverse Proport

4 5

12.5.2

Initial Penetration Check IPCK

No checking

Full Initial Chk

12.5.3
Small Penetration Check PENCHK
TNTS TSTS 3
Off
On
Check Multiplier =~ CSPC 4.0

Shortest Diag Ck

12.5.4

Automatic Reorientation ORIE

Auto Input Only

Manual and Auto PART

Do not Reorient

STS NTS OSTS

Penetration
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12.5.5
12-4
1 STS NTS STS NTS Shell Thickness Option SHTK
- - 3

No Thickness
No Rigid Body Thk
Rigid Body Thk

2SS SS Shell Thickness Change Opt ~ STCC

No Thickness
Include Thick

. ANSYS LS-DYNA

O S OSSN
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ANSYS LS-DYNA

ANSYS LS-DYNA

13.1
ANSYS LS-DYNA
ANSYS LS-DYNA
13.1.1
Utility Menu > Parameters > Array Parameters > Define Edit Array
Paraneter Add 13-1

Bl Array Parameters

NONE DEFINED

13-1
Add New Array Parameter 132
OK 13-1
Edit 13-3 Array
Parameter TIME 5 File

Apply
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Il Add New Array Parameter

13-2

13.1.2

12

EDLOAD Option Lab KEY Cname Parl Par2 PHASE LCID SCALE BTIME DTIME

Main Menu > Preprocessor > LS-DYNA Options > Loading Options > Specify Loads
Main Menu > Solution > Loading Options > Specify Loads

13-4 Specify Loads for LS-DYMA Explicit Load Options 3
Load Label
Component name or PART Number PART

PART Parameter name for time values
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Parameter name for data values Load curve ID

FX FY FZ
MX MY MZ
UX UY UZ
ROTX ROTY ROTZ
VX VY VZ
AX AY AZ
ACLX ACLY ACLZ
OMGX OMGY OMGZ
PRESS

ANSYS LS-DYNA

EDCURVE Option LCID Parl Par2
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Main Menu > Preprocessor > LS-DYNA Options > Loading Options>Curve Options
Main Menu > Solution > Loading Options>Curve Options

13-5 Plot Load Curve for LS-DYMA Options for Curves
Curve ID Number Parameter
name for abscissa vals Parameter name for ordinate vals

13-5

EDPL LDNUM

Main Menu > Preprocessor > LS-DYNA Options > Loading Options>Plot Load Curve
Main Menu > Solution > Loading Options>Plot Load Curve

13-6 Plot Load Curve for LS-DYMA
OK

-P'lul Load Curve for ILS-DTHA

13-6
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13.1.3
ANSYS LS-DYNA D
Main Menu > Preprocessor > LS-DYNA Options > Constraints > Apply
Main Menu>>Solution> Constraints > Apply
13-7 Apply 3 x
On Lines On Areas  On Nodes 2 i
ANSYS Sore s Flone.
Nl?n—RtV!f.'lr Bndx‘y —
Local C8 >
13-7
1.
Apply 4  Ratated Nodal

EDNROT Option CID Cname DOF1 DOF2 DOF3 DOF4 DOF5 DOF6

Main Menu > Preprocessor > 1.S-DYNA Options > Constraints > Apply > Rotated Nodal
Main Menu > Solution > Loading Options> Constraints > Apply > Rotated Nodal

13-8 Apply rotated nodal constraint
6 3
3 UX UY Uz ROTX ROTY ROTZ
2.

Apply 5 Symm Bndry Plane

Sliding symmetry
Cycle symmetry

13-9

EDBOUND Option Lab Cname XC YC ZC Cname2 COPT

Main Menu>>Preprocessor > LS-DYNA Options > Constraints > Apply > Symm Bndry Plane
Main Menu > Solution > Loading Options> Constraints > Apply > Symm Bndry Plane
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= wwrms]
ar

: W2, Cname25 540 1

13-9

13-10 Define Symmetry Boundary Plane

Sliding symmetry
Cname Cycle symmetry
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Cname 1 Cname?2 2 13-9

Boundary Plane

13-10
“XC YC zC Sliding symmetry
COPT Sliding symmetry
0 1
3.
Apply 6  Non-Refl Bndry
SOLID164

EDNB Option Cname AD AS

Main Menu > Preprocessor > LLS-DYNA Options > Constraints > Apply > Non-Refl Bndry
Main Menu > Solution> Loading Options > Constraints > Apply > Non-Refl Bndry

13.1.4
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EDVEL Option Cname VX VY VZ OMEGAX OMEGAY OMEGAZ XC YC ZC ANGX ANGY
ANGZ

Main Menu > Preprocessor > LLS-DYNA Options> Initial Velocity>>w Nodal Rotate
Main Menu > Solution > Loading Options> Initial Velocity>w Nodal Rotate
Main Menu > Preprocessor > LS-DYNA Options>> Initial Velocity>w Axial Rotate
Main Menu > Solution>Loading Options> Initial Velocity>w Axial Rotate

13-11 a Input Velocity
13-11 b Generate Velocity
Input Velocity
Generate Velocity
“ XC YC zZC “ ANGX ANGY ANGZ

(a) Input Velocity ¥HEHE (b) Generate Velocity % iEHE

13-11

13.1.5

ANSYS LS-DYNA

EDWELD Option NWELD N1 N2 SN SS EXPN EXPS

Main Menu > Preprocessor > LS-DYNA Options > Spotweld > Create Spotweld
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13-12 Create Spotweld between nodes

| exps

=

s, s

expn  exps

=1 4

DN

Ml Create Spotweld between nodes

13.2

13.2.1

TIME Time

Main Menu>> Solution > Time Controls > Solution Time
13-13 Solution Time for LS-DYNA Explicit

Bl Solution Time for LS-DYHA Explicit

13-13
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2.
ANSYS LS-DYNA “ st Lhis
POST26

EDRST NSTEP DT
EDHTIME NSTEP DT

Main Menu > Solution > Qutput Controls>File output Freq

13-14 Specify File Output Frequency

13-14

“ Lhis’

EDHIST Comp

Main Menu > Solution>Qutput Controls>Select Component

13-15 Select Component for Time History Output

onent for T

13-15

POST1
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EDINT SHELLIP BEAMIP

Main Menu > Solution>Qutput Controls>Integ Pt Storage

13-16 Specify Integration Point Storage

Il Specify Integration Point Storage

13-16
13.2.2
1.
ANSYS LS-DYNA ANSYS LSTC
“ st * Lhis “ d3plot” “ d3thdt’

ANSYS TAURUS

EDOPT Option -- Value

Main Menu > Solution>Qutput Controls>Output File Type

13-17 Specify Output File Types for LS-DYMA Solver
ANSYS “rst” " Lhis” TAURUS “ d3plot” * d3thdt” ANSYS and
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TAURUS
NSVS and TAURUS
13-17
2. ASCII
ANSYS LS-DYNA ASCII
EDOUT Option

Main Menu > Solution>Qutput Controls>ASCII output

13-18 ASCII Output Write All
files ASCII 13-1

Globhal data
Boundary Conds.
Wall force
Discrete elens
|Material energy

13-18

13-1  ASCII

GLSTAT
BNDOUT
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RWFORC

DEFORC

MATSUM

NCFORC

RCFORC

DEFGEO

SPCFORC

SWFORC

RBDOUT

GCEOUT

SLEOUT

JNTFORC

ELOUT

NODOUT

Write all Files ASCII

List file status

DEL OUTPUT CTRLS ASCII

13.2.3
ANSYS LS-DYNA
13-19 123 Ly 1o I3
A[min
At pin = Lin 13-1
c
_ E B
c= = 2. p 13-2
¢ E e B 1| 2 3
v
13-1 13-2
Iy : l2 I3

13-19



184 ANSYS

13-3
__AE
e 12 1- 2

1% 7 li 7 At s

v
EDCTS DTMS TSSFAC
Main Menu > Solution>>Time Controls>Time Step Ctrls

13-20 Specify Time Step Scaling for LS-DYNA Explicit

scaling time step size

13-20

5%

13.2.4

13-3

Mass
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EDCSC Key

Main Menu > Solution > Time Controls > Subcycling

13-21 Specify Subcycling Options for LS-DYNA Explicit

13-21

13.2.5

ANSYS LS-DYNA

EDBVIS QVCO LVCO

Main Menu > Preprocessor > Material Props>Bulk Viscosity
Main Menu > Solution>> Analysis Options >Bulk Viscosity

13-22 Bulk Viscosity Quadratic Viscosity Coefficient
1.5 Linear Viscosity Coefficient
0.06
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13-22

EDHGLS HGCO

Main Menu > Preprocessor > Material Props>Hourglass Ctrls > Global
Main Menu > Solution > Analysis Options >Hourglass Ctrls>Global

13-23 Hourglass Controls 0.1

13-23

0.15

13.2.6
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ANSYS LS-DYNA

EDADAPT PART Key

Main Menu > Solution > Analysis Options > Adaptive Meshing > Apply to Part

13-24 Apply Adapative Meshing to a Part Part ID Number
PART
PART PART SHELL163
PART Adaptivity is “ on’ OK

13-24

2.

EDCADAPT FREQ TOL OPT MAXLVL BTIME DTIME

Main Menu > Solution > Analysis Options > Adaptive Meshing > Global Settings

13-25 Adapative Meshing Global Settings for LS-DYNA Explicit
Time interval for refinement Error toler-
ance “ degrees’
Angle change checking option

“ incrementally’ “ From original’

Max number of refinements levels
1 2 4

3 16 Begin time of refinements levels

End time for adaptive meshing
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13-25

13.3

13.3.1

SOLVE

Main Menu > Solution > Solve

13-26 Solve Current Load Step OK

13-26

ANSYS LS-DYNA

“dy “ SAVE’
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LS-DYNA ‘K
ANSYS LS-DYNA LS-DYNA

LS-DYNA ANSYS

13.3.2

13-27

SCALE FACTOR for file size = i
new file size = 18350068
Use this scale factor on all restarts.

Input file: ex.k

on UNIX computerz note the following change:

ctrl-c interrupts ls—dyna and prompts for a sense switch.
type the desired sense switch: swl.. sw2.. etc. to continue
the execution. ls—dyna will respond as explained in the users manual

TESpPONsE

a restart file is written and ls—dyna terminates.

ls—dyna responds with time and cycle numbhers.

a restart file is written and ls—dyna continues calculations.
a plot state iz written and ls—dyna continues calculations.

notice oeex¥® potice OEEENNN® potice RN
%

13-27

13-27 Cul + C
ANSYS LS-DYNA
“ Cul+C 4

SYS LS-DYNA “ SW2" ANSYS LS-DYNA
“ SW3" ANSYS LSDYNA

“ SW4' ANSYS LS-DYNA

13.3.3

“ SWlu

AN-
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EDSTART RESTART MEMORY FSIZE Dumpfile

Main Menu > Solution > Analysis Options > Restart Option

13-28 Restart Options for LS-DYNA Explicit

of memory requested

Binary file scale factor
7 File name for dump files
13 d3dump * * M * * ” 1] 01" 1] 0411

Il Eestart Options for LS-DTHA Explicit

13-28
“ Restart Option’ 3
New Analysis 13-28

Simply Restart

Small Restart

13.4

ANSYS LS-DYNA Corst” f

Words
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POST1 POST26
ANSYS POST1 ANSYS LS-DYNA
POST26
1.
“ L hid “ EDHIST"
“ " POST26
FILE Fname Ext Dir
Main Menu> TimeHist Postpro> Settings> File
13-29 File Settings “ . hig’ “ EDHIST’
AN-
SYS
]
[NUMUAR]  Number of variables
[FILE] File containing data File Mame Directories
| F:rworkduve e, =
adptmp ‘”[..]
d3dumpBi
d3hsp
disk810@
ex.db
ex.dbb i
Drives ‘ [—£-1 j
Cancel Help
13-29
2.
ANSYS LS-DYNA ASCIIL
GLSTAT MATSUM SPCFORC
RCFORC SLEOUT

EDREAD NSTART Label NUM STEP1 STEP2

Main Menu > TimeHist Postpro > Read LSDYNA Data > GLSTAT file MATSUM file NODOUT

file RBDOUT file RCFORC file SLEOUT file SPCFORC file

13-30 Read data from GLSTAT file

Variable reference number
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2 30 From load step  To load step
the GISTAT file
13-30
13-2
13-2
GLSTAT MATSUM SPCFORC RCFORC SLEOUT
NSTART 2 X X

NSTART+ 1 Y Y

NSTART +2 X zZ Z

NSTART + 3 Y X —

NSTART + 4 Z —

NSTART +5 X Z — —
NSTART + 6 Y — — —
NSTART + 7 Z — — —

NSTART +8 — — —

NSTART +9 X — — — —
NSTART + 10 Y — — — —
NSTART+ 11 Z — — — —
NSTART + 12 — — — —

3.

STORE Lab NPTS

Main Menu> TimeHist Postpro>> Store Data

13-31

Store Data from the Results File

OK
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POST26
ANSYS

13-31

PLVAR NVARI NVAR2 NVAR3 NVAR4 NVARS NVAR6 NVAR7 NVARS NVAR9 NVARI0

Main Menu > TimeHist Postpro>Graph Variables

13-32 Graph Time-History Variables
13-2

fistory Yariables

13-32
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. ANSYS LS-DYNA ANSYS



DYNA

14

14.1

ANSYS LS-DYNA

ANSYS LS-DYNA

14-1 a

40 mm 2 mm

80 mm

14-1

Vi 7 77 T T

(b)

(a)

14-1

14-1

mm ms

0.0

0.304 8

0.304 8

ms

0.0

10.0

20.0

0.33

2.7¢-6 kg mm® =

68.9 GPa

1.0

0.006 89 GPa =

0.286 GPa

m=2.0

=1 S,=7.854 kN S,=4.534kN »n
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1.
1
Z 2 mm 14-1 a
2
Main Menu > Preprocessor > Element Type > Add Edit Delete
Add LS-DYNA Explicit Shell163 OK Options
“ S R Hughes’
3
Main Menu > Preprocessor >Material Props >Define MAT Model
Add Define Model for Material Number 1
Auvailable Material Models Plasticity Plastic Kinematic OK
DENS=2.7e-6 EX=68.9 NUXY =0.33 Yield stress=0.286 Tangent
Modulus=0.00689 beta=1.0 OK CLOSE
4
Main Menu > Preprocessor > MeshTool
Mesh  Areas  Shape Quad  Mapped Mesh
OK 14-1 b
2.
1
Main Menu > Preprocessor > LS-DYNA Option > Spotweld > Create Spotweld
OK Create Spotweld between nodes
14-2 4
i b G —
Naitea onsigséel 1y e spatat e
Normal force at failure ’W
Show fovos 5% Fall T
Nornal spotueld force ex ponent ’27
Shoar spotweld Force ox e —
- = = =
14-2
2
Main Menu > Preprocessor > LS-DYNA Option > Contact > Define Contact
Contact Parameter Definitions 14-3
3.
1

Il
o

Main Menu > Solution > Constraints > On Lines X
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M Contact Parameter Definitions

[futomatic C(ASSC)

14-3
OK UX UY UZ ROTX ROTY ROTZ
0 OK
2
Utility Menu>Parameters > Array Parameters > Define Edit
Add “ tim¢ “V Edit
3
Utility Menu > Select > Entities
Utility Menu > Select >Comp Assembly >Create Component
“ new’ OK
4
Main Menu > Solution > Loading Option >
Specily Loads ‘X
“ new’ “tmé *V 14-4
Utility Menu > Select > Everything
5
Main Menu > Solution > Time Controls >
Solution Time 8
6
Main Menu > Solution > Output Controls
>TFile Output Freq>Number of Steps 14-4
rst 40 his 40
7
Main Menu > Solution>Solve
4.
1

Main Menu > General Postproc > Read Results >
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2
14-5 a 145 b
(b)
145
3
14.2
DYNA
ANSYS LS-DYNA
=10.3e6 psi =2.5¢4 Ibf ¢ in =0.334
=5 000 psi =20 000 pst =201in =0.1in 5 Xy z
45
=30.0e6 psi =7.3¢4 Ibf ¢ in* =0.292
=100 in =0.11in
=386.4 in sec®
72 in 20 in =200 in sec
1.
1
Xy z 45°
2
3
Main Menu > Preprocessor > Element Type > Add Edit Delete
Add LS-DYNA Explicit SHELL163 OK Op-
tions “ S R CO-rotation’
4

Main Menu > Preprocessor > Real Constants

Add
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“ SHELL163"
5
Main Menu > Preprocessor > Material Props > Define MAT Model
Add Define Model for Material Number 1
Available Material Models Plasticity Bilinear Kinematic OK
14-6
14-6
2.
1
Utility Menu > Select Entities “ Elements” “ By
Attributes’ “ Material Num' “1" 1
“ Nodes” “ Attached to’ “ Elements’ OK 1
Utility Menu> Select >Comp Assembly > Creat Component
“ box’
“ table’
2
Main Menu > Preprocessor > LS-DYNA Option > Contact > Define Contact
- OK “ box’
“ table’
Utility Menu > Select Everything
3.
1
Main Menu> Solution >>initial v ‘=200
OK
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Utility Menu > Parameters > Array Parameters > Define Edit
Add “ time" “ accg’ Edit
0~10 386.4

Main Menu > Solution > Loading Option > Specify Loads
“ ACLY" “ box’ “ time" * accd” 14-7

14-7
Utility Menu> Select > Everything
4
Main Menu > Solution > Time Controls > Solution Time
1
5
Main Menu > Solution >Qutput Controls> File Output Freq>Number of Steps
rst 20 his 50
6
Main Menu > Solution> Solve
4.
14-8 a 14-8 b
14-8
14.3 -

ANSYS LS-DYNA
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201
1 —
4
80 mm 1 mm 50 mm
6.35 mm 14
=09 GPa =
7.83e-6 kg mm’ =0.3 4
=69 GPa =7.83e-6 kg mm’ =0.3 K
=0.598 n=0.216 S,.=S,,=0.0 4 10 Belytschko-Wong-Chiang
5
- 0.15
V4 S mm ms
6 ms
2
1 —
1.
Multiphysics LS-dyna “ punch’
2.
1
14 14-9 a

(@)

14-9

SHELL163

123
Main Menu > Preprocessor > Element Type > Add Edit Delete
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Add LS-DYNA Explicit SHELL163 OK Op-
tions 10 4
3
SHELL163
123
Main Menu>Preprocessor > Real Constants Add
NIP 5 1
4
Main Menu > Preprocessor >Material Props > Define MAT Model
Add Define Model for Material Number 1
Available Material Models Other Rigid OK
Translat | constrnt parm “ x and y disps’ Rotation-
a | constrnt parm “ All rotations’
23
“ All disps’
Main Menu > Preprocessor > Material Props>Define MAT Model
Add Define Model for Material Number 4 Available
Material Models Plasticity Power Law OK
5
149 b
6 part
Main Menu > Preprocessor > LS-DYNA Options > Parts Options
PART
3.
1
14 X
X Y Z
Main Menu> Solution > Constraints >On Lines
2
Utility Menu>> Select > Entities
Utility Menu>>Select >Comp Assembly > Create Component
“ new’ OK
3

part

Main Menu > Preprocessor > LS-DYNA Option > Contact > Define Contact
- STS OK
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4
Main Menu > Preprocessor > LS-DYNA Options > Contact > Advanced Controls
“ STS NTS Shell Thickness Option’ “ No Rigid Body Thk’ -
- “ SS Shell Thickness Change Opt” “ Include
Thick”
5
Utility Menu> Parameters> Array Parameters > Define Edit
Add “ time" “ V" Edit
Main Menu > Preprocessor > LS-DYNA Options > Loading Options > Curve
Options “ Add Curves’
Main Menu > Preprocessor > LS-DYNA Options > Loading Options > Plot Load
Curve
6
Main Menu > Solution > Loading Option > Specify Loads
“ RBVZ' partl “ time’ “V
Utility Menu > Select > Everything
7
Main Menu > Solution > Time Controls > Solution Time
6
8
Main Menu > Solution > Output Controls> File Output Freq>Number of Steps
rst 30 his 30
9
Main Menu > Solution > Solve
4.
1
14-10 a 14-10
b
2 “ punch.db’
2
1.
“ springback’
2.
1

SHELL163

SHELL181
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(b)

14-10

Main Menu > Preprocessor > Element Type > Switch Elem Type 14-11

Switch Elem Type Explic to Implic

CE =
[ETCHG] Switch Element Types Depending on Analysis
Change element type JExplic to THBise :J
0K Cancel Help
14-11
2
Main Menu > Preprocessor > Real constants 4  SHELLI181
1
3
Main Menu > Preprocessor > Loads > Other > Change Mat Props >Data Tables >
Delete 14-12 Delete Data Table TB
4
Main Menu > Preprocessor > LS-DYNA Options > Constraints > Delete > On
Nodes
5

Main Menu > Preprocessor > Checking Ctrls>Shape Checking 14-13

Shape Checking Controls Off
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3 Shape Checking

14-13

Main Menu > Preprocessor > modeling-Update Geom 14-14

Update nodes using results file displacements
“ punch.rst” * Load step’ “ Substep’ “ LAST"




206 ANSYS

Main Menu > Solution > Apply > Other > Import Stress
Import initial stresses from a result file

“ punch.rst’” “ Load step’ “ Substep’ “ LAST"

14-15

Main Menu > Preprocessor > Loads > Analysis Options
Static or Steady-State Analysis

M Static or Steady State Analysis

¥ On

Program chosen -

14-15

14-16

OFF

14-16
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6
4.
14-17
14-17
14.4 -
=30e6 psi
7.33e¢-4 1b fsec® in* =0.33 =420 rad sec
1 —
1.
Multiphysics LS-dyna “ blade’
2.
1
1000 2001 1
2
1 3 500 2

Main Menu > Preprocessor > Operate >Devide > Line into N Ln' s 2
2 3
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23 500
5 7
3
000.5 THZX =90
4 50 -51 6 7 6 70 —-12.51.5
19 20 0 —12.51.5
7~20 0.25
“ " 1 2 7911 13
15 17 19 8 10 12 14 16 18 20
4
Main Menu>>Preprocessor > Move Modify > Ketpoints > Set of KPs 1
00 —2 2 003 1 2100
67109 3 7 8 11 10 4
23 1 0.5 12 23 5~12
6 5 1 12 6 13~16
45 2 0.25 12 45 17~24
21 5 1 12 21 25~28
(b)
14-18
3.

Main Menu > Preprocessor > Element Type > Add Edit Delete
4 * SHELLI181"
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2
12 0.5 3 0.25 4 0.75
3
Main Menu > Preprocessor > Material Props>Define MAT Model
4
4
1 9 2 4 3
36 4 9
5
1~4 36 0100
Main Menu > Preprocessor> Numbering Ctrls>Merge Items
14-18 b
4.
1
2
Z 420rad sec
3
Main Menu > Solution > Analysis Type-New Analysis New Analysis
static OK OK
4
Main Menu> Preprocessor > Loads > Load Step Opts-Output Ctrls>DB Results
File Item to be controlled All items  File write frequency
Every substep OK
5
5.
14-19
1
Main Menu > General Postproc > Option for Output
“ shell’ “ top’ “ bottom” “ middle’
2
“ blade.db’
2
1.
“ bird’
2.
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280 8560 12841 1712
2140 5420 10701 14981 19261

14-19

SHELL163
Main Menu > Preprocessor > Element Type > Switch Elem Type
Implic to Explic

2
Main Menu > Preprocessor > Real constants
0.5 3 3 0.25 4
5

Main Menu > Solution>QOutput Controls>Integ Pt Storage
Specify Integration Point Storage

SHELL181

14-11

12

0.75

14-20

14-20
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Main Menu > Preprocessor > LS-DYNA Options
> Constraints > Delete >On Nodes

4
Main Menu > Preprocessor > Material Props > Define MAT Model
1 3 X Y
2
34
- 14-2
14-2 -
0.0 0.029 3 0.077 2 0.156 2 0.235 6 0.794 3
psi 60 120 80 020 90 260 115 000 124 940 170 030
5
assc
3.
1
Main Menu > Solution > Constraints > Read Disp 14-21 Send
displacements to a file ASCII
“ drelax’
2
“ drelax’
Main Menu > Solution > Analysis Options >Dynamic Relax 14-22

Specify Dynamic Relaxation for LS DYMA Explicit OK
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14-22
3
4
PART
14-23
10
9 coL 1
8
7
6
VALUE ¢
4
3
2
1
0 T T T T T T (xllo**_Z)
0 2 4 68 1 12141618223 246
_TIME(1)
14-23
5
Y 20.1~21.1
4.
1
Main Menu>> Solution > Time Controls > Solution Time
0.01
2

Main Menu > Solution >Output Controls> File Output Freq>Number of Steps
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rst 20 his 50

Main Menu> Solution>Solve
5.
1 POST1
14-24 a

14-24 b

STEP=1 STEP=1
SUB =1 SUB =22

SEQV (AVG) TINE=.010001
DMX =.003791 SEQV (AVG)
SHX =19102 DMX =34.557

SMX =38450

o 4245 8490 12735 16979 0 8544 17089 25633
2122 6367 10612 14857 19102 4272 12817 21361 29906 38450
(a) (b)

2 POST26
Main Menu > TimeHist Postpro> Settings > File “ . hig’
Main Menu > TimeHist Postpro > Define Variables 14-25 a
Defined Time-History Variable Add 14-25 b Add Time-His-
tory Variable OK
“ EDHIST"
3 14-25 a

Bl Add Time-History Variable x|

Ml Defined Time-History Variables x| .
Currently Defined Specifications: Type of variable
Variable Type  Elen  MNode  Item Comp  Name '+ Nodal DOF result
1 TIME TIME .
15 NSOL 561 v % U " Element results

16 NSOL 561 U ¥ uy ~ by seq no

" Reaction forces
" Gap Force data

" Solution summary

Add... Edit... De 1
| * ‘ elese | OK Cancel Help

() (®)

14-25

Main Menu > TimeHist Postpro > Graph Variables
1425 a 14-26
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0 uz

VALU
8 \
—161 10)'%

48 (x10%*-2)
T T y T T T T T ' T T 1
.08 ° 2477 4 7 56 70 72 7 .88 77 1.04

14-26 3

3 POST26

Main Menu > TimeHist Postpro>Read LSDYNA Data>GLSTAT file

Main Menu> TimeHist Postpro> Store Data
Main Menu > TimeHist Postpro>Graph Variables
14-27

(x10%*-2)
6 =

21 7 VELOC
VALU ]

Y VELOC

| (x10%%-2)

o ' 16 " " ag ' e T % T 96
08 24 4 56 72 88 1.04
TIME
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3.
4.
3 A-1
¥
A-1
U, V; 3
d = u;
F = Uz' Vi Uj
A.1.2
d P 0
A.1.3
R = Ri:l' R

7AY

Rﬂl(l'

T
Rmy

A-1
A-2

A-3
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A-1

u=u x vy =a;tarxtazy

v=v x y Tastasx T agy A-5
3 X Ni X Yj L Ym A_S
ui=ay tayx; tazy;
Luj=aptarx; T azy, A-6
Um — + Ao, + a3ym
vi=ag T asx; T agy;
vj:a4+a5;cj+a6yj A-7
Uy — Q4 + sy, + a6Ym
A-6 ap ar aj A-7 Qs as ag
6 ap az aj
|A,| | A, | | A
a1 = ay = azy= A-8
A AL T (A
I u xi Vi Iowy s
1 =z AV = |u, x5 LAy | = |1 u | Az | =
1 xnl ym u]]'l ‘I"l ynl 1 um y]]'l
|A| ijm A |A]=2A
(Al 1 BN T i T i
ap — “H A | Ui T uj U,
|A | 2A T Ym T Ym x] y]
_L — _ — + . — A 9
72A U; Tiym TmYj U; Tiym Tm)i Uy TN X;Ni B

1
- 2A a;u; + a;u; + AUy,

a; = TiVm — T 4; T Tnli T XiVm A — XY T XY

a, = i bu; t bju; + b,u, A-10
azy= i ciu; tciu T coy, A-11

bi = Vi = Ym b] = Ym — Vi bm =i~ Y G =Ty T X ¢ =X T Xy O —
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X — X
A9  A-10 A-11 A-5
u= Niui + N]u] + Nmum
v = Nz'vi + N]"Uj + N,,,‘Um A-12
No=3h @i tbatey =i jom vy
A-12 r
u
r="=N 4 A-13
v
N, 0N, 0 N, 0
N = d = u; v u;j v
0O N, O N 0 N,
Uy Uy T
A.3
A.3.1

(o
FLE
_ o | u
ry J_ 0 5 . A-14
7ol 1o o
Loy ox
A-13 A-14
9
ox
_ o _
e =|0 —=| N d=B d A-15
Ay
a9 0
)y ox
e = e, &, }’IyT B
88 0
x b; 0 b; 0 o, O
_ o 1 . . .
B_anN_ZAO ¢ 0 ¢ 0 ¢ A-16
o o C; bz Cj bj Cm bm
Gy arl

c = D € =D B d A-17
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1 n 0
c = o, o, TIVT D:E)ul 0 M
) 1*/1 1—
0 0 —&2
E
A.3.2
g
d = d, d, d; d, '
F = F, F, F; F, T A-18
F c
d’” &7
P
F, i
d " F = d{ dy di d; |F;\ = 2,dF; A-19
. 1
F, |
o, |
o,
, . 0.
Je T 5 dV = [ €, €, € Yo Ve Vo dVv
v v Tay
Ty
Ter |
:J ejo, tejo,+ +ylr, dV A-20
\%
A-19 A-20
A-15 A-17
F =% d A-21
A-21 k
k =| B D BV A-22
\%

A-21 A-22
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A-21 F d
A.3.3
M x y = r
P P R.
f fr M v
d *
d TR, = fu ' P A-23
A-23
;o = N
d” A-23
d " "R.= Ny d*""P=4d ""Ny,1TP
R.= Ny 'P A-24
Ny N M
1
W x vy z w w
R, A-24
R, :J N T wdv A-25
\%
2
P P Py
R, A-24
R. :JNTPA dA A-26
A
3
P, P. P,
R, A-24
R. :JNTPG dl A-27
[
A24 ~  A27
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A.3.4
1
U x y —uyg- wyy
v Xy =uvytwyx A-28
up Vo @o
2
3
3
1 2 3
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A.4
A.4.1
A2 i 6 i :
U, V; R, R;, 7
Ujgt+tUpt +Ue=P;,
Via+ Vot  + V=P, A-29
P,
2
3 1
i Py
Ug Uy, Uy Vi 6
Va
Vi ’
4
A-2
Uil 1 7 ix [AY
A.4.2
i u; v;
1 N
Uy vy Uy U3 UN UN

2N
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2N
u = uy V1 Uy U uN UN T
P = Plx Ply PZI PZy P\/f PNy !
1 = 1
x 2y N x y
K w =P A-30
K
A.4.3
3 7 6
3 k 6X6
N K 2N X2N
2N X2N
3 ko ros
Kgs R S
A-1
A1 3
rs 1 2 3 4 5 6
R S 2i—1 2i 25 -1 2j 2m —1 2m
3
3 10 1=10
13 j=13 16 m =16 k1
K9 19 R 46 K 3
A.4.4
A-30

3 6Xx1
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RC = Rl:x' Rly RZ.’I' R2y R3.1‘ R3y B
2N X1 N
P = P]x Ply PZI PZy PNJ PNy !
2N X1
A-1
A.4.5
A-30
A-30 iy
27 27
21

2N



B.1
B-1
mii +cuthku=p t
k
4] p(0)
B-1
u u u pt
B-1
k u
mitcutk u u=p t
MU+ CU+KU=P ¢
U U U P
M C K
Raphson
DYNA 0 Ly

MU ¢, =P t, —F™ ¢, +H ¢, —CU ¢,
P t, Fim t,
Fint 6, = EBTG,ZCLQ + Fcontact
0

H i,

B-1

B-2

Newton-
LS-

Lyt

B-4
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B.2

t?l
Ut, =M 'P1t, —F™¢, +H ¢, —CU g, B35
t71+1
U z,7+% =U z,l,% +U t, At, B-6
Ut,ygy =U<z, +U tyrd Aty 1 B-7
Az, +At,
At”*%:fﬂ
t,+1 t, Lyt
M
MU+ KU=0 B-8
¢
$TMSU + ¢ TK$U =0 B9
PIMp=1 ¢$"K¢p=0? w t,
Ut +o’Ut, =0 B-10
: _ U Lpri -U tyn—1
Uzt = SA7 B-11
- U t,+ -2U t, +U t,-
Ui, = . e B-12
At U ¢,
Ut,yg — 2-0M*> U t, +U ¢, , =0 B-13
Ut =A"
AP— 2= A2 A+1=0 B-14
n—>00 U, PYSS| PYES|
At
Aty =—2- B-15
wmax
wmax
2
At<At = B-16
MU ¢, =P ¢, —F™ ¢, +H ¢, —CU 1, H t,
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LS-DYNA
F™ ¢ = >B',d0
0
> IBTsdV 5AL B e
Xy Ty X3 8
8
Xl o= Db Eq L at B-17
k=1
1
b &9 ¢ -y 1+§& 1+ny 1+G8
1
-3 L+ &E+ mnp+ §E+ &mén + bl + 586+ &bt
Equg F=12 8
B-1
B-1
1 2 3 4 5 6 7 8
£ -1 1 1 -1 -1 1 1 -1
7 -1 -1 1 1 -1 -1 1 1
¢ -1 -1 -1 -1 1 1 1 1
B-17
v &g o =g ST Aler Algr alge Dleg+ Mlgg+ Mg+ Iieg ot o
B-18
>=~1 111111 1T
A= & & & & & & & &'= -1 11 -1 -1 11 —-11
A= 1 M2 3 M4 s Mg M 773T_ -1 -1 11 -1 -1 1 1"
AM=C & ¢ ot 6 G & ' -1 -1 -1 -1 111 17
L= &m & &y Eamy Esms Eeme Ermr Ssms |
=1 -11 -1 1 -1 1 —-1T°
I, = 7]1?1 772@’2 773§3 774§4 7]5@5 7]6?6 777@’7 778§8T
=11 -1 -1 -1 -1 1 1"
Iy = 08 56 038 Géh §s&s Ceés 0167 Usés '
=1 -1 -1 1 -1 11 —-1°"
Iy= &l &mb &1 &muls &7s8s Eemele E1m787 Esmsls |
=-11 -111 -11 —-1"
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> Al A2 A3 Fl Fz F3 F4 >
Ay Ay Aj
ror,r,; I, B2
r, L,
I L
B-2
oy  _Oxp - 9;
n=3 2750, 87 oz,
B-17
or; ok Ent ., .
811_; o, xf i=123
Ot O L g
8232 r=1 81‘2
. 8
o & L Sk 123
axv, o1 8753
% a—ysk iﬁk T: -1 % a;’sk aisﬁk B-19
81'1 8¢k 81,3 ag 877 ag
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AT+TTX0+TIX0+T5 X0 2F ¢ B-20

1

o
Il
B
Il

Yy
Il

[e)

2X2X2  3X3X3
18 127 LS-

B-4 H ¢,



ANSYS GUI
13 A tXt"
ANSYS
File>Read Input From C-1 Read File
OK

Read File

Fead input from Directories;

ﬁ e hanzpe-workinghduwe)

; ) Cancel |
6.db A~ =y et
c-rod. adpl = = Ansys-working
cod BCS = # duvisi Help |
c-rod.db
c-rod. dbb
cerod.err
c-od ezay
c-rod. full N

Lizt Files of Type: Dirives:

[ &1l Files [+ > == vl Mework.. |

Optional line number or label
[ Copy input to databaze log

C-1
PREP7
wprot 0 45 0
wprot 0 0 45 3
wprot 45 0 0
BLOCK —-10 10 =10 10 —10 10
VDELE 1

ADELE 4 1
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ET 1 SHELL163
ET 2 SHELL163

R 1
RMODIF 11 0.1
RMODIF 1 7 0

MPMOD 1 33

UIMP 1 DENS  2.5e-4
UIMP 1 EX  10.3e6
UIMP 1 NUXY 0.334
TB BKIN 1

TBDAT 1 5000

TBDAT 2 20000

type 1

mat 1

real 1

lsel s 112

lesize all 4 1
MSHAPE 0 2D
MSHKEY 1

asel s 13

asela 56
amesh all

ESEL S MAT 1
NSLE S

CM box NODE
ESEL S MAT 2
NSLE S

CM table NODE

EDCGEN ANTS BOX TABLE 0 0 0 0 0

SOLU

EDVE VELO BOX 0 —200 0 0 0 0

* DIM time ARRAY 3
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* DIM accg ARRAY 3

Time 2 1 1 =1.0

TIME 311 =10

ACCG 2 11 =386.4

ACCG 311 =386.4

EDLOAD ADD ACLY 0 BOX TIME ACCG 0

“oudy
GUI
ANSYS
C.2 K
K ANSYS LS-DYNA ANSYS
K K LS-DYNA
ANSYS K LS-DYNA
ANSYS
K
S ANSYS LS-DYNA LS-DYNA ANSYS  GUI
LS-DYNA GUI
K
& ANSYS LS-DYNA K
S K

K

$S88855 8355555335538 555553555355555335533555553555335555533553558588

$ SECTION DEFINITIONS 3
$
* SECTION _ SHELL
1 2 1.0000 2.0 0.0 0.0 0
1.00 1.00 1.00 1.00 0.00
$

$
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PSS 8885555555588 85535555555555555555555555555555555885588888
$ MATERIAL DEFINITIONS 5
PSS 88555555555888555555555555885555PPEE853333355555555558888
$
* MAT _RIGID
10.783E-05 69.0 0.300000 0.0 0.0 0.0

1.00 4.00 7.00
$
ERERRERREEEERERERRERREREERRRREREEEEERERRERREEEEERERRERREREERREEERREREE RN
$ PARTS DEFINITIONS 3

EEEREEREREREEEEEERERREREREEREREEEEEREEEREEEREEEEEEEEEREREEEEEEREEEEE
$

$
* PART _ INERTIA
Part 1 for Mat 1 and Elem Type 1

1 1 1 0 0 0 0
0.000E+ 00 0.000E+00 0.510E+ 02 0.500E + 02 0
0.100E+ 03 0.000E+ 00 0.000E+ 00 0.100E+ 03 0.000E+ 00 0.100E+ 03
0.000E+ 00 0.000E+ 00 0.000E+ 00 0.000E + 00 0.000E+ 00 0.000E + 00

$
* PART
Part 2 for Mat 2 and Elem Type 2

2 2 2 0 0 0 0
$
$ RIGID BOUNDRIES $
SRRERRRRERERRERERREREREELERRRAERERAERERRRERERRERERRRRERRERERRRRERRR R
$
* DEFINE _ CURVE

1 0 1.000 1.000 0.000 0.000

0.000000000000E + 00 — 0.000000000000E + 00
1.000000000000E + 00 — 5.000000000000E + 00
§.000000000000E + 00 — 5.000000000000E + 00

* BOUNDARY _ PRESCRIBED _ MOTION _ RIGID

1 3 0 1 1.000 0 0.000 0.000
$
b2
PSS 855555555558883335555555555555555555555333355555555888888
$ BOUNDARY DEFINITIONS $
PSS 8885555555558585355555555555555555555853333355555555888888
$

*» SET _ NODE _ LIST
1 0.000 0.000 0.000 0.000
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1879 1964 1965 1966 1967 1968 1969
1971 1972 1973 1974 1975 1976 1977
1979 1980 1981 1982 1983 1984 1985
1987 1988 1989 1990 1991 1992 1993
1995 1996 1997 1998 1999 2000 2001
2003 2004
* BOUNDARY _ SPC_ SET
1 0 0 1 0 1 0
K LS-DYNA
ANSYS K DOS
K
K ANSYS
“ Isdyna** i=jobname.k memory=25000000 p= ane3flds
“oxn LS-DYNA 960 “ i=jobname.k’
K “ memory = 25000000"
d3dump * *” B
“rst” Y L his’

1970
1978
1986
1994
2002

LS-DYNA

r=d3dump * *”

25000000 “ r



D.1 ANSYS
Primary Secondary
ANSYS
Primary
ANSYS
ANSYS LS-DYNA dt
1
dt
2
dt
Mew=—2—  BIS W
wmax
LS-DYNA

D.2
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L M t
_M
o P L3
L
v v="
t
_L
aa=3
ML
f f:Ma:[T
; . Ma M
pooa B pmemEsfeiEe
D.2.1 kg-m-s
kg m s
p=kg m’ v=m s a=m & g=98lm¢ f=kgm¢
=N p=c=E=N m’=Pa
D.2.2 kg-mm-s
kg mm s
o= kg mm? v =mm S a=mm § 2=9 810 mm ¢
f=kg mm =10 3N=mN p=0=E=mN mm’=10° Pa=
kPa
D.2.3 kg-mm-ms
kg mm ms
o =kg mm’ v = mm ms a =mm ms g=9.81x10"3
mm ms’ f=kg mm ms’*=10> N=kN p=0c=E=kN
mm?’ = 10’ Pa= GPa
D.2.4 T-mm-s
T mm S
‘():Tmm3 v=mm s a=mm ¢ 2=9810 mm ¢ f=

T mm =N p=0=E=N mm’=10° Pa=MPa
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D.2.5 T-mm-ms

pZTmm3 v = mm ms

/=T mm ms*=10° N=MN
mm? = 10"? Pa=10° MPa

mim 1’1’152

D.2.6 10° kg-mm-s
X 100 10° kg
p=10% kg mm? v=mm S

F=10° kg Xmm s>=kN

D.2.7 g-mm-ms

g=9.81x10"3
p=c=E=10°N

a — mm ms

a —mm S2

p=0=kN mm’=10° Pa= GPa

2=9810 mm &

g mm ms
p=g mm’ v =mm ms a =mm ms” 2=9.81X10 *mm
ms’ f=g mm ms’ =N p=0=E=N mm’>=10° Pa=
MPa
D-1
D-1
kg m s kg m® N Pa 9.81m &
kg mm s kg mm?® mN KPa 9 810 mm
kg mm ms kg mm’ kN GPa 9.81%10 3 mm ms
T mm s T mm?® N MPa 9 810 mm ¢
T mm ms T mm® MN 10° MPa 9.81x 1073 mm ms?
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