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2.1. BSEIREEAR
Jobs  Help

BB ACT StartPage

! Install Extension...

Build Binary Extension...
View ACT Console
=¥ Open App Builder

R AR IRAVE A,

[F1  view Log File

ve =i kbench LS-DYNA
2 & Engineering Data v o
& ANSYS LS-DYNAJR{T [ I\ tenions Manager - 8
7\ 4 Model

Loaded Extensions Type Version

S 5 @ setwp 0 AdditiveWizard Binary 2021.1

Et%l Eﬁégﬂj E*Ei;& 6 |§F Solution = ANSYSMation Binary 2021.1

7 Q Results = AgwaloadMapping Binary 20211

’ %}:I/I:\IF:I;E% /:EE1/ EE‘%E%; EIJ Ls- 0 BladeInterference Binary 20211
= BoltTools Binary 2021.1

DropTestPlugin Binary 0.1

)_M—JL/L&E%/n I_Jr_ 2\ %J—E O | Ensight Binary | 2020.1
Ensight Forte Binary 2020.1

%%I ExternalStudyImporter Binary 20211

= MechanicalDropTest l Binary 2.0

[} MotionLoads Binary 2,2

= Offshore Binary 20211

|:| optiSLang 21.1.0.801 Binary 21.1

= VariableLoad Binary 1.z
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FE~
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Write Input

File..

Wizard
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ook

Drop Test ACT

Target Rotation (X} 0 deg

Drop Rotation (X) ‘ 25 deg

Drop Rotation (Y) 1] deg

Drop Rotation (Z) 0 deg

Define By Drop Height -

Drop Height 1 m
Help

Target Rotation (X) orients the automatically generated
Target geometry about the global X axis. The Target
geometry is created on entering a non-zero value into this
input field.

The arientation of the geometry to be dropped is specified
using the Drop Rotation {X), Drop Rotation (), and Drop
Rotation (Z) input fields. Drop rotations are about the center
of mass of the dropped geometry and are applied
instantaneously to allow immediate visual inspection.

Impact conditions can be defined by either Drop Height or

Impact Velocity.

Drop Height reflects the height from which the
indarnnas aravitatinnal arca

object is
dArannad whara it 1 aratinn

Exit Wizard Next
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BAHREEMPRILS-DYNAD S , AN T E=ANMEREF
BHiEERERS
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KelE— " EETERYHRINIEEE , FtRFEREEX) = 0
EEESHRAG LA IR E T |, FTLABGE e (X) = -25°

TR, B EH RIS Me

REEESE= 1K

a7 "RERS FEEER

B Next,

=X~ Nhn EE

Wizard

Drop Test ANSYS gla)
Target Rotation (X) 0 deg
Drop Rotation (4 [ -29] deg
Drop Rotation () 0 deg
Drop Rotation (Z) 0 deg
Define By Drop Height v
DCrop Height 1 m

Help

Target Rotation (X) orients the automatically generated
Target geometry about the global X axis. The Target
geometry is created on entering a non-zero value into this
input field.

The orientation of the geometry to be dropped is specified
using the Drop Rotation (X). Drop Rotation (). and Drop
Rotation (Z) input fields. Drop rotations are about the center
of mass of the dropped geometry and are applied
instantaneously to allow immediate visual inspection.

Impact conditions can be defined by either Drop Height or
Impact Velocity.

Drop Height reflects the height from which the object is

Arannad whara it undarnnae aravtatinnal arcalaratinn

Exit Wizard Bac
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Wizard
2.2. BERIERERISE | B
Drop Test
Frictional Behaviar Frictional v

R T/ e
ERERL=01

RIS, MERSHIERER
BFinish

Help

vV V VYV VY

Frictional Behavior is used to create a global body interaction defining
contact between the dropped geometry and the Target geometry.

After clicking Finish:

The global body interaction is added to the analysis.

A Standard Earth Gravity boundary condition scoped to all
bodies is added to the analysis.

The mesh is generated.

Acheck is performed to ensure that there are no initial
penetrations between the dropped geometry and the Target
geometry.

Three result objects are added to the the analysis.

Exit Wizard Back x
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TELEBF At TR,

Front housing,
lens & keypad

% LCD assembly
-5'~_: and frame

PWB and g
populations

Chassis with g
vib, jack & speaker =

S: Shell element
H: Hexahedral element
T: Tetrahedron element
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|LSDYNA Pre @ipart v % Constraints v & Time History ~ ® % @ & = & & g @

Qutline !
|Filter: Name hd
| 2] P el 8l

....... .~ @ Lower Housing\Solid o

B @ Screw 1\Solid

B @ Screw 2\Solid

B @@ Screw 3\Solid

- @@ Screw 4\50lid

- @ Ground\Solid

------- w @ Case\Volumenkdrper

- @ Soundsystem\Volumenkdrper
-5k Coordinate Systems

48 Connections

% Mesh

....... AP Rigid Body Additional Nodes
- Workbench LS-DYNA (B5) -

111

Details of "Rigid Body Additional Nodes” a

=l Geometry

Screw body

2 faces of PCBA/Housing

Scoping Method | Geometry Selection
Geometry 1 Body
=/ Nodes

P

Scoping Method | Geometry Selection
Geometry 2 Faces m

ItEabERANMNZERE | B MREIKREEIZRIgid Body Additional Nodes
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N G-KEY, 0.9mm compression (2/158&)
T
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Time (3]
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&8

NIEZ/NF10%,

X THREMISIX RV FL | NER SRR E R R EIIRRE.

Cases

A Tull model
_B simpliied model

Resultant Foree (M)

14 G-KEY, eompression [2/15/06)

12

o
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T
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Y
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|
T
0.0 (A ] [R H

Z-displacement (mm}

R BLHCAR

T
0.2

A=
\"4

Cases

A full model
_B_simplified
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*SECTION_ALE1D (3) ALE
TEANSYS LS-DYNARR{4eRa] *SECTION_ALE2D (2) ALE
FRETTiREY |, EEALEETT., *SECTION_BEAM (14) BEAM
Beam&jT. SEATBELT ( &€ ) *SECTION_BEAM_AISC (7) BEAM
B35 . Shellfjg, SolidEcE: *SECTION_DISCRETE (SS5##+a4) BEAM

IE1202 &5 TRE!

XA FRIZELS-DYNARIF 3k
i, WA TR TR AR
AN: )

*SECTION_POINT_SOURCE
*SECTION_POINT_SOURCE_MIXTURE

*SECTION_SEATBELT (1) SHELL
*SECTION_SHELL (47) SHELL
*SECTION_SOLID (42) SOLID

*SECTION_SPH SPH
*SECTION_TSHELL (6) SHELL
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FEANSYS LS-DYNARGEIERIAG | BE RER LSRR ETT, Y

ERCERES | EBNFINER—F | WRERSMITRRE. BrBRNnEERT | flan:

> BHILTERFEELK,

>  fmRpkseFaskd, ANSYS LS-DYNAFH — I~ R RFHEFEHFN T FIBAH T IRIFaH4F R,

ST ARRETTAE , BAERIRE AL SESEIAREUEX:

2D %
Thin shells: Type 1-11, 16-17 and 23-24.
3D & Thick shells: Type 1, 2 and 3 (3D).
Hexahedral: Type 1, 2, 3
Pentahedron: Type 15
Four noded tetrahedron: Type 4 & 10
Ten noded tetrahedron: Type 16 & 17 1D Byt
Beams: Type 1-6, 9 and 11-12.
Springs
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FEANSYS LS-DYNARGE 1Rt | 83 R A LKA TT, Y
L ERIEFZSARENETTRE., 2Am , BEREREPDEHI R, BSsiEIFIE iRt 2altt.

AR

3D Hjg:

Hexahedral: Type 1, 2, 3

Pentahedron: Type 15 , i@ 97£*CONTROL_SOLID - {sEFHESORTE &I L.

Four noded tetrahedron: Type 4 & 10
Ten noded tetrahedron: Type 16

2D g5y
Thin shells: Type 2.
Thick shells: Type 1

1D Ejt:
Beams: Type 1.
Springs
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*SECTION SOLID_(TITLE) (8)

ELFORM AET

TILE
1 SECD
[ o e -

EQ.O: 1 point corotational for *MAT_MODIFIED_HONEY-
COMB (see Remark 3)

EQ.1: constant stress solid element: default element type.
By specifying hourglass type 10 with this element, a
Cosserat Point Element is invoked, see *CON-
TROL_HOURGLASS

EQ.2: 8 point hexahedron (see Remark 4)

EQ.3: Fully integrated quadratic 8 node element with nodal
rotations

EQ.4: S/R quadratic tetrahedron element with nodal

rotations

EQ.6:
EQ.7:
EQ.8:
EQ.9:

EQ.10:
EQ.11:
EQ.12:
EQ.13:
EQ.14:
EQ.15:
EQ.16:

EQ.17:
EQ.18:

LS-DYNAE B/ NEARE TR ( Element formulation )

BERENEREE-2, -1,1, 2, REBNHL

1 point Eulerian
1 point Eulerian ambient
Acoustic

1 point corotational for *MAT_MODIFIED_HONEY-
COMB (see Remark 3)

1 point tetrahedron (see Remark 1)

1 point ALE multi-material element

1 point integration with single material and void

1 point nodal pressure tetrahedron (see Remark 14)
8 point acoustic

2 point pentahedron element (see Remark 1)

4 or 5 point 10-noded tetrahedron (see Remark 13).
By specifying hourglass type 10 with this element, a
Cosserat Point Element is invoked; see *CONTROL_-
HOURGLASS.

10-noded composite tetrahedron (see Remark 13)

8 point enhanced strain solid element for linear
statics only (see Remark 4)

chiam |

A=
v
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+ LS-DYNAE BRI EEETTZER ( Element formulation )

*SECTION_SOLID (TITLE) (8)

ELFORM AET
10 v 0 v
1 point corotational for *MAT_MODIFIED_HONEY-

COMB (see Remark 3)

EQ.1: constant stress solid element: default element type.
By specifying hourglass type 10 with this element, a
Cosserat Point Element is invoked, see *CON-
TROL_HOURGLASS

EQ.2: 8 point hexahedron (see Remark 4)

EQ.3: Fully integrated quadratic 8 node element with nodal
sotation

EQ.4: S/R quadratic tetrahedron element with nodal

rotations

WRRIRAEE4, 10, 13, 16, 17, &ERARIA4, 10.

EQ.6: 1 point Eulerian

EQ.7: 1 point Eulerian ambient

EQ.8: Acoustic

EQ.9: 1 point corotational for *MAT_MODIFIED_HONEY-
COMB (see Remark 3)

EQ.10: 1 point tetrahedron (see Remark 1)

EQ.11: 1 point ALE multi-material element

EQ.12: 1 point integration with single material and void

EQ.13: 1 point nodal pressure tetrahedron (see Remark 14)

EQ.14: 8 point acoustic

EQ.15: 2 point pentahedron element (see Remark 1)

EQ.16: 4 or 5 point 10-noded tetrahedron (see Remark 13).
By specifying hourglass type 10 with this element, a
Cosserat Point Element is invoked; see *CONTROL_-
HOURGLASS.

EQ.17:  10-noded composite tetrahedron (see Remark 13)

EQ.18: 8 point enhanced strain solid element for linear

statics only (see Remark 4)

A=
v
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« LS-DYNAZERBBEIshellEB5t3EEY ( Element formulation )

*SECTION_SHELL (TITLE) (6)

me
= J[10000000__ |2 I v Jo ML

2n 2 hE} i HLoC MAREA  IDOF EDGSET
[ooooso _oorooom _[[ooro fosroanoo ][0 [[o0 oo C
EQ.1: Hughes-Liu

| EQ.2: Belytschko-Tsay |
EQ.3: BCIZ triangular shell
EQ.4: CO triangular shell
EQ.5: Belytschko-Tsay membrane
EQ.6: Selectively reduced Hughes-Liu
EQ.7: Selectively reduced, co-rotational Hughes-Liu
EQ.8: Belytschko-Leviathan shell
EQ.9: Fully integrated Belytschko-Tsay membrane
EQ.10:  Belytschko-Wong-Chiang

EQ.11:
EQ.12:
EQ.13:
EQ.14:

EQ.15:

Fast (co-rotational) Hughes-Liu

Plane stress (xy-plane)

Plane strain (xy-plane)

Axisymmetric solid (xy-plane, y-axis of symmetry) -
area weighted (see Remark 10)

Axisymmetric solid (xy-plane, y-axis of symmetry) -
volume weighted

EQ.16:  Fully integrated shell element (very fast

mRRIREA216

e FRYIA2

EQ.-16: Fully integrated shell element modified for higher
accuracy. See Remén'k 13.

EQ.17:  Fully integrated DKT, triangular shell element. See
Remark 9.

EQ.18:  Fully integrated linear DK quadrilateral/triangular
shell

EQ.20:  Fully integrated linear assumed strain CO shell. See
Remark 2.

EQ.21:  Fully integrated linear assumed strain CO shell (5
DOF)

EQ.22:  Linear shear panel element. 3 DOF per node. See
Remark 3.

EQ.23:  8-node quadratic quadrilateral shell (see IRQUAD in
*CONTROL_SHELL)

EQ.24:  6-node quadratic triangular shell

EQ.25:  Belytschko-Tsay shell with thickness stretch

EQ.26:  Fully integrated shell with thickness stretch

EQ.27:  CO triangular shell with thickness stretch

EQ.29: Cohesive shell element for edge-to-edge connection

of shells. See Remark 12.

EQ.-29:

EQ.41:

EQ.42:

EQ.43:

EQ.44:

EQ.46:

EQ.47:

EQ.52:
EQ.54:

EQ.55:

EQ.98:
EQ.99:

EQ.101:
EQ.102:
EQ.103:
EQ.104:
EQ.105:
EQ.201:

GE.1000:

A=

Cohesive shell element for edge-to-edge connection
of shells (more suitable for pure shear). See Remark
12.

Mesh-free (EFG) shell local approach (more suitable
for crashworthiness analysis).

Mesh-free (EFG) shell global approach (more suitable

for metal forming analysis).

Mesh-free (EFG) plane strain formulation (xy-plane)
Mesh-free (EFG) axisymmetric solid formulation (xy-
plane, y-axis of symmetry)

Cohesive element for two-dimensional plane strain,
plane stress, and area-weighted axisymmetric prob-
lems (use with type 14 shells). See Remark 15.

Cohesive element for two-dimensional volume-
weighted axisymmetric problems (use with type 15
shells). See Remark 15.

Plane strain (xy-plane) XFEM, base element type 13

Shell XFEM, base element type defined by BASELM
(default 2)

8-node singular plane
element. See Remark 11.

strain  (xy-plane) finite

Interpolation shell

Simplified linear element for time-domain vibration
studies. See Remark 4.

User defined shell
User defined shell
User defined shell
User defined shell
User defined shell

Isogeometric shells with NURBS.
See *ELEMENT_SHELL_NURBS_PATCH.

Generalized  shell
defined).
See *DEFINE_ELEMENT_GENERALIZED SHELL.

element formulation (user

i | ZE2A
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AlE
« LS-DYNAERBKT-shell 53R ( Element formulation ) v

"SECTION_TSHELL (TITLE) (0)

—
=
m

SECID ELFORM SHR NIP ICOMP TSHEAR

QR

ml
0
rel
(=]
3

I—EQ.1: one point reduced integration (default),
EQ.2: selective reduced 2 x 2 in plane integration.

EQ.3: assumed strain 2x 2 in plane integration, see remark
below.

EQ.5: assumed strain reduced integration with brick materials
EQ.6: assumed strain reduced integration with shell materials

EQ.7: assumed strain 2 x 2 in plane integration.

WRRIREE 1
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3-layer hex elements shell elements 1-layer tetra elements

EoBFT

¢ BNEE—SRER L. SEMMRHRE  REX.

¢ BEUEEFEAMENR, XEESHRSEEGRESINEE  WTIFEMHREMBMHRRTNEE, EAAE
SHMRD REHRCPUIRS |, FEX/MEEIF , SERSIASHIRD REVEEMELL , CPUIRKZIA10%, FTRIN
NmEARERE  MEESEHR , XeJLARINTGRDE*CONTROL_SHELLEEE,

& WHOEUERFELENE94khzILS-PrePost ® BWiE R ERIH TR -
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Y -

BASTRIEL ML - - - TR Bk IE

Element# Deflection(mm) XX-stress(GPa) CPU(s)

Shell 2 2.472/-3.0% 0.207*/-3.7% 29/1.0
Solid 1 2.548/0.0% 0.215/0.0% 95/3.3
Tetrahedron 16 2.712 1 +6.4% 0.227 / +5.6% 1517/52.3

RGN AEXS FSLREELL |, MCPURYEIMERS Fshell 2,

BALL DROP TO LENS: deflection comparison

Z-displacement (mm)

3 ' ! ‘
0 05 1 1.5 z 25 3

Time (ms)

Stress (gpa)

BALL DROP TO LENS: stress comparison

A=
v

Cases

_A_abq-shell
q-hex

L _abgq-tet
A _dyna—shell
E_dyna-hex
_E_dyna-tet

Z

o
=

0.05+

A\

-0.05

25
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ANNE
. EAFTXIELiMiE2--- PWBHREXTE izt v

Compare element types in PWB (Printed Wiring Board)

A. 4-layer Hexahedral (type 1)

B. Thin shell (type 2)

C. Thick shell (type 1)

D. Tetrahedron 16 (10-node)

E. Tetrahedron 4 (4-node)

F. Tetrahedron 10 (4-node)

G. 1-layer full-integral-2 hexahedral
H. 1-layer full-integral-3 hexahedral

REUEA -

¢ WHEHRMSEEE15004TEERER, K/ ANAEBRRILEE10,96505%/NEHET, RFC25IRET(EHAD
CSP)#2288beam (3% %),
€ 3 mswrE, XRAM1500g8/0.5mskIEsxEina&, FAIF* BOUNDARY_PRESCRIBED_MOTION_SET#ta5t

i | 2EEA
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P, ERrT3eBYAEEE {i\ 34

- BypXdEbillif2---PWBHREREMiztMax principal strain at PWB center

JESD leading, Element Type Comparison

eeeeeeeeeee

~-solid
FAAN yas B_Thin shell

_C Thick Shell
D Tetra 16

_E Tetrag

_E _Tetra 10

G 1L Hex2

_H 1L Hex3

BRv/ S0 A
WA W

Deflection at PWB center Compare element types in PWB
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Kﬂ@%

— , b~ 3, ° . .

- BypXdEbillif2---PWBHREREMiztMax principal strain at PWB center
Element type 4-L Hex(A) Thin shell(B) Thick shell(C) Tetra 16(D) Tetra 4(E) Tetra 10(F) 1L-Hex 2(G) 1L-Hex3(H)
Max deflection (-) mm 0.876 0.865 0.841 0.911 0.861 0.426 1.288 0.7503
Max deflection (+) mm 0.807 0.787 0.775 0.840 0.800 0.408 1.146 0.6974
Max strain (x0.001) 1.065 1.180 1.170 1.174 1.183 0.916 1.236 1.186
CPU time (min) 35 11 25 35 9 22 61
Element type 4-L Hex(A) Thin shell(B) Thick shell(C) Tetra 16(D) Tetra 4(E) Tetra 10(F) 1L-Hex 2(G) 1L-Hex3(H)
Stiffness ‘/ l/ ‘/ a bit stiff ‘/ much stiff much soft a bit stiff
Strain low l/ ‘/ ‘./ \/ much low \/ ‘/
Phase ‘/ ‘/ ‘/ a bit behind ‘/ much ahead much behind a bit ahead
Damping \/ effect L/ \/ ‘/ ‘/ ‘/ ‘/
Efficiency 35 11 25 84 35 9 22 61

e | 2L
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«  EASTXILLMi 3--- gzt
Uniformed pressure § YMNLIDER PRESSURE: Element type test
Cases
I A Exact
0005 R\_u\&&‘ Bt
D_Tetra4
B | ‘T\%\‘m\q\ _E _Tetra 10
E | \ \
E -0.015 g
;?‘ -0.02 B
N Exact \
-0.025 =
| -0.03 L L ! L 1
0 2 4q 3 8 10
Time (ms)

ANTET SR Y SR 48 K

¢ <ERERIAARBGUIELE ARFHIBIIHFAR,

€® WHEHICH BT — I ERBEEYPASL, EAKIEEBIS,

OE R4 THRIOL O TR IR B,
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¢ BTIREEERXREIBENCPURE.

¢ MRTHTATEEZMLNE , NEnEE =S, NREMTHMEETRL  WERER
e TERRE., BEE=ESRNPIREGRIZMANRAsolid T TEE. A REBRAITHL
TNE/ AERTYE. BRI UTES BENERRTT. NERRTREAESRINRATRE
§FRY, PUERSREN16F017{EAE10 T mET A,

¢ ER{ER10RUEARRTTHI2E NER Rt (2R BEIT). SRR , PEFLI0EE—MREHY
BT , SRR RIZ AT,
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ANSYS Drop Test Wizard
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5.1 BE B

AFEEREEEIER.

Details of "Solution Information”

=l Solution Information

Energy Summary
Update Interval |2.5s

Display Points | All

EEF , ShRESRBEER , (BRIE/EEHN
RERIHERIRBFE.

, WIRAENRERT W= S mv?itE

E S0 s 7 o i

——8—— Internal Energy Kinetic Energy ——#—— Hourglass Energy Contact Energy
1146
1634
1452
‘E 1210
E=3
EE‘GE
E 726
i1}
484
242
0
3103
1 1666, 4538 6664 8230 9996 11682 13328 14554 16667
Time Step

e , RIFREGFERIRTFE

FEIGERTIME |

, TRIEEELRE R R AR E—EL
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A
5.1 GeEFiE
AFEEREESIER.

il Total Energy Reference Energy Weork Done il Energy Error
20832
1872
1664
1456.
Details of "Solution Information® R ?1;.1.;
I Solution Information =
. . FRioa
ML el .Ml Energy Conservation j ]
g 822
Update Interval (255 w
Display Points | All 624,
416
208
-0.2467
1 1666 3332 4998 6664 8330 5356 11662 13328 14554 16667
Time Step

FEMR , BEEEHSRE B , SSEEE—EL
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5.2 [RE4EhY
AFREIREESIER.

calculation with mass scaling for minimum dt
added mass = 1.1001E-06
physical mass= 2.7340E-04
ratio = 4.0237E-03
T T

flush i/o buffers 02/13/20 14:50:53

1 t 0.0000E+00 dt 1.80E-07 write d3plot file 02/13/20 14:50:53
1 t 0.0000E+00 dt 1.80E-07 write intfor file 02/13/20 14:50:53
Cpu time per zone cycle.....cceeeee 0 nanoseconds
average cpu time per zone cycle.... 0 nanoseconds
average clock time per zone cycle.. 484 nanoseconds
estimated total cpu time = 2 sec ( 0 hrs 0 mins)
estimated cpu time to complete = 0 sec ( 0 hrs 0 mins)
estimated total clock time - 245 sec ( 0 hrs 4 mins)
estimated clock time to complete = 243 sec ( 0 hrs 4 mins)
added mass = 1.1001E-06
percentage increase = 4.0237E-01
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Kllly;“ﬁ.
5.3 {ERIETR
BFEEIRBESIER.

A

100.00 (mm)
]

I
25.00 75.00
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Kﬂ@%
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Effective Plastic Strain
2.914e-01
2.623e-01 ]
2.331e-01 _|
2.040e-01 _
1.749e-01 _
1.457e-01 _
1.166e-01 _
8.743e-02 _|
5.829e-02

2.914e-02 ]
0.000e+00 |
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5.5 REINE
AFREEREEE NI KR ZELAR FIEEREF KA.

Effective Stress (v-m)
1.020e+03
9.184e+02 ]
8.164e+02 _|
7.143e+02 _
6.123e+02 _
5.102e+02 _
4.082e+02 _|
3.061e+02 _|
2.041e+02

1.020e+02 :I
0.000e+00 |
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AN
5.5 {RBINEEE
AFREEREESE LR KINERELAR HIESEFXA.

0.2

0.15 _A Y-ace :
i i i ; ItanilAcceleration

o
-

Nodal Data (E+9)

________________________________

-0.1

_ sozga or 0.5 1 1.5 2 25 3
min=-6. e+ .
max=1.543e+08 Time (E-03)
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