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r Prerequisites

* Ansys LS-Dyna installed as part of Ansys 2020R2 package (or later release)
e LS-PrePost installed as part of Ansys 2020R2 package (or later release)
* LS-Run installed as part of Ansys 2020R2 package (or later release)
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r Tutorial #1

We will model a ball impacting a plate:

Pinned support

\

Pinned support

Plate

Dimensions: 200mm x 200mm x 0.1mm

Material: Steel
density RO = 7.83e-6 kg/mm3
Elastic Modulus E = 207 GPa
Poisson’s ratio PR = 0.3

Ball

Dimensions : radius = 25mm

Material: Steel
density RO = 7.83e-6 kg/mm3
Elastic Modulus E = 207 GPa
Poisson’s ratio PR = 0.3

Ball will be modeled as a Rigid Body

Boundary Conditions
Plate is pinned supported (UX=0, UY=0, UZ=0,
RX=free, RY=free, RZ=free) along all 4 outer edges

Initial Velocity
Ball Initial Velocity = 10mm/ms
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Units

LS-DYNA requires that the Units set used is consistent.
Definition of consistent units:
1 force unit = 1 mass unit * 1 acceleration unit
1 acceleration unit = 1 length unit / (1 time unit)*2
1 density unit = 1 mass unit / (1 length unit)*3
We will use the [kg-mm-ms-kN] units set in this tutorial.

Consistent set of units for Steel

A
I 1

Consistent set of units for Steel

kg m 5 N Pa J 7.83E+03 2.07E+11 15.65 9.806
kg cm s  1.0e-D2N 7.83E-03 2.07E+09 1.56E+03 9.81E+02
kg cm ms  1.0e+04 N 7.83E-03 2.07E+0D3 1.56 9.81E-04
ke cm us 1.0e+10N 7.83E-03 2.07E-03 1.56E-03 9.81E-10
ke mm ms kN GPa kN-mm 7.83E-06 2.07E+D2 15.65 9.81E-03
g cm 5 dyne dyne/cm? erg 7.83E+00 2.07E+12 1.56E+03 9.81E+02
g cm us 1.0e+07 N Mbar 1.0e+07 Ncm 7.83E+00 2.07E+00 1.56E-03 S9.B1E-10
g mm s 1.0e-06 N Pa 7.83E-03 2.07E+11 1.56E+04 9.81E+03
g mm ms N MPa MN-mm 7.83E-03 2.07E+0D5 15.65 9.81E-03
ton mm 5 N MPa MN-mm 7.83E-09 2.07E+05 1.56E+04 9.81E+03
Ibf-s%fin in 5 Ibf psi Ibf-in 7.33E-04 3.00E+07 6.16E+02 386
slug ft 5 Ibf psf Ibf-ft 1.52E+01 4.32E+09 51.33 32.17
kgf-s¥/mm  mm 3 kgf kgf/mm? kgf-mm 7.98E-10 2.11E+04 1.56E+04 9.81E+03
kg mm 5 mN 1.0e+03 Pa 7.83E-06 2.07E+DB 9.81E+03
g cm ms 1.0e+1 N 1.0e+05 Pa 7.83E+00 2.07E+06 9.81E-04
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r Launch LS-Prepost

1. Start > ANSYS 2020 R2 > LS-Prepost

AMSYS 2020 R2 s
3.1 3D Energy Density Lab 2020 R2
D ACP 2020 R2
@] Advanced Scattering Surface Editor...

m Animate 2020 R2

E LS-Prepost 4.7.7

O =¥ 15-Run 1.0.100838 (Beta)

S O H » € B &G A
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Steps

L E——

» 1 Create Geometry and Mesh We will create geometry/FE mesh of a Plate and a Ball
2 Boundary Conditions
3 Material Properties
4 Section/Element Properties
5 Assign Material and Section Properties to Parts
6 Contact
7 Initial Velocity

8 Analysis Time and Output Controls

9 Submit Analysis in LS-Run

10 Postprocess results in LS-Prepost |



Create Plate

www.padtinc.com

1. Mesh > ShapeM > Entity: 4N Shel
2. Enterx, vy, z values for P1, P2, P3, P4 as shown G
3. Enter NxNo and NyNo as show Shape Mesher x
4. Target Name: Plate T Entitlan Shel | &V
AutoM Curve
[
6. Accept ]| e2 | -100,100,0 SolidM  surf
7. Done O/ ez 100,100,0 %
O | 001000 BloddM Solid
P4 LU, ﬁ
N){ND.I\A 5EI| = | 1| MLineM  GeoTal
nyNo.[  sofi[ 1] |If 1R iy
2DMesh Mesh
A e
- p3 TetraM Model
(-100, 100, 0) Y4 (100, 100, 0) EE I
@ > @ Blankm ETEIUI
Note: A ﬁ gﬂ
P1, P2, P3, P4 coordinates ouke
when creating 4N Shell TargetName | s plate]|| 1B S
> EleGen
% Target Part ID ,
Start Element ID 1
emen ol
Start Node ID P
v
- Create Reject || Accept EleEdit u—‘ﬁ
g )y g : F@ Favorl
m We Make Innovation Work (-100, -100, 0) (100, -100, 0) r::urbs




Create Plate

1. Shell Plate will be created
B

2463.05 FPS
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Create Ball

1. Mesh > ShapeM > Entity: Sphere Solid\ T . %@M R
2. Radius: 25 S e g
3 Density.5 m%here5mh ™ & U
Y S iy e A SRR D B |
- X=U, y=U, 2= - Densty] —> 5|5 1] Sﬁ 5&;
5. Target Name: Ball P
Center[Position] . %
6. Create X . ; BlodM  Sold
of o a7l £ B
Diractl Direct? MLineM  GeoTol
*

ol la] o] 1

2DMesh
20| N[ Y| N~
dz | U| dz | U| TetraM El
o
Eﬁ EleTo
BulkF i:tj

Target Name A gl £

Target Part ID

n M5
Start Element ID 2501 y 4 i

§
Start Node ID 2602 ||| NedEdit &

ﬁ MdChk

Create Reject || Accept L ﬁfﬁ

Faworl
Done fﬁ’

Murbs
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Create Ball

1. Ball mesh will be shown:
O3

T

[

Entity: Sphere Solid ~

Radius 25 = 1
Density 5= 1
Center[Position]
X ¥ z
L of of 2]
Directl Direct2

Target Name Ball
Target Part ID 2
Start Element ID 2501
Start Node ID 2602

Crezte | Reject | Accept

Done

128.25 FPS
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Create Ball

1. Rejecr\(ﬂe’d like to change Mesh Density)
[E>

Eg.; Shape Mesher

k Ve Paw Paw P4 P, Paw v, Pa P

?g Parale AR A A0ard el A 2 YN Entity: Sphere Solid ~
m =

I Radius 5=l 1
Density sIE 1
Center[Position]

x ¥ z
[ of of ]

Directl | Direct2

Target Name Ball

Target Part ID 2
Start Element ID 2501

. Node 1D 2602
- .

Create Reject Accept

X Y

135.06 FPS
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Create Ball

1. Change Density to 10 17l
KRk \ Shape Mesher ||| shapeM RefGeo
3. ACCGpt Entity: Sphere Solid Aﬁ [;L::
4. Done M 25| 1] & <
Dens'rt'_r| A | = | 1 | SolidM  Surf
Center[Position] . %
% v 7 BlockM Solid
I Y 72 Y -
Directl Direct2 NE;; Geotd
'3

oy R

o el | Ao
dz | EI| dr | EI| TetraM I
oo
Eg EleTal
BulkF i;tl

Target Name =h
Target Part ID E'fGE” Iﬂss
Start Element ID / Qfl
Start Node ID N:gt —
\Create Reject || Accept EleEdit Eﬁ’;
i—ﬁ Faworl
bone Murbs
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Create Ball

1. Ball mesh will be created:
T
?gm e Paw aw Fab P, Faw RavFav e
?g 7 ey l]/ P l‘]/ I‘T/ Py Cﬁ
¥}

X Y

2403.85 FPS
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Save Eile Misc. View Geometry FEM  Application  Settings  Help
Mew o

i
Open ¥
Remember to Save regularly, because LS-Prepost may close or freeze . . Em
unexpectedly. Recent > i;gm
2. File > Save As > Save Keyword As... Save >
3. “Save Keyword” popup window will appear save As 21 | Save Keyrard = Clrl=ShiftS
4 BrOWSE to desired fOIder Update Chrl«U Save Active Keyword As... Ctrl+Shift+K
i ; i ] : Run LS-DYNA Save Project As... Ctrl+Shift+R
5. Specify name. Give it .k extension _ Save Post.db As..
6. Hit “Save” Print.. ctri+P Save Reduced D3plot Files As..  Ctrl+Shift+D
Movie... CtrleM Save Geom As... Ctrl+Shift+G
Exit Ctrl+X Save Keyword and Project As...

Save and Exit Save Solution 4s...

Save Keywaord File

File Marme:
|C:'1Llser5". \Desktop\tmp T01_ImpactBalOonPlate | Browse
Cutput Version: |V971_R10 w | [JLongFmt [JI10Fmt | Advanced ...

Save Renumber Dffset Cancel

» ThisPC » Desktop » trmp

e Mame

=55 ]
We Make Innovation Work | | T01_ImpactBallOnPlate.k
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Steps

e ——

1 Create Geometry and Mesh

» 2 Boundary Conditions We will create a pinned support Boundary Condition for outer
edges of the Plate.
3 Material Properties
4 Section/Element Properties
5 Assign Material and Section Properties to Parts
6 Contact
7 Initial Velocity

8 Analysis Time and Output Controls

9 Submit Analysis in LS-Run

10 Postprocess results in LS-Prepost |



r Boundary Conditions

1. Model > CreEnt > Boundary > Spc
2. Switch radio button from “Show” to
3. Uncheck boxes: RX, RY, RZ
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”Create” 

\ *
- Aitbag [ Oshol ®@cre OMod ODel
- Application
: Label: |None

= Boundary

HE. Spc

- Prescribed Motion(BPM)
- SpC Symmetry Plane

- Constrained

)
- Damping
- Database
- Define

- Element
- Initial

- Integration
- Load

- Rigidwrall

- Section

- Set Data

(@) Set () Mode
Auto Merge Convert Node TR

cylindrical 5 2
Sym plane Al Fe[111111] =

X RX RY RZ
0O o O
[Birth 0.0
Death 1.0E+20

c| |
Al MNone Rewv AList
Apply Cancel Write
Done

SelPart

)

Keywrd

&
=
MSelect
A
e
Subsys
@
e

Groups

3

Views

<

PtColor
e
]
Appear

Annotat

=2

splitw

3%

Explod

RefGeo
Curve
&

Surf

v

Salid

r»

GeaTol




r Boundary Conditions

In Sel. Nodes dialog window select:

a) ByEdge

b) Prop

2. Hover mouse pointer over on

edges

3. LMB (Left Mouse Button) clic

4. This should select and highlight all nodes along
this edge

5. Repeat Steps 2 — 4 for the rest of the outer edges

6. All nodes of the outer edges should be
highlighted as shown.
7. “Sel. Nodes(200)” should show (200) meaning

there are ZOWcted.

Adjzcent | (_)ByMods
Araz Prox Ot Attach D ByElem
Paby L Add D ByPart
S=l1 Frin @ GEI
- (_JRm By GPart
Sphe Plzn Save D BySubsys
S i | Qoo
[[Jusbel selection [ ]30Suf | |Encre | Deselect g o
ByPath
[#]Prop []Adap P.ng Whale ¢ Bysegm
Active EvCurve
Reverss BySarf

@rek Qb @i e | QBrhete AHIAHA IS
Attach Oy
ol e QM o | 0P

ORm
P P Save OB\,rSMbS\,-s
3Ny () BySetiGr
[Lzbel selecion [ |3DSuf | | Enti= Deselect ga‘f&'ge
ByPath
Whole
Bpop [Jacep angs ] Opysegm

Active ByCurve
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r Boundary Conditions

1. If you selected wrong nodes accidentally: O = on [ Qo AFIDAHIISS
a) Hover mouse pointer over that region ST @a [ gw | OB

Selt Fi

il __ 1IN

Sphe () Plan CEn Save EY:_

b) RMB click o[ Jree o ésﬁs
. [Jusbel sslection [ ]30Suf | |Entee | Desshct :::?:

c) This should unselect all wrong nodes o Dt wels_~] [t ] G,

d) Two nodes that we need were also
unselected

e) Select them back with LMB
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r Boundary Conditions

1. Apply
2. Done

- Airbag

- Application

- Boundary

¢ - Prescribed Motion{BFM)
\ . - 5pc Symmetry Plane
[+ Constrained

- Confact

[

588

() Show (®

None

(®) Set

Auto Merge

Cre (O Mod () Del

(1 Node
Convert NodeTR

cylndrical sz

Sym plane Al Feef[111111]  ~
X Y Zz RX RY RZ
0 o O
[ Birth 0.0
Death 1.0E+20
co |

\ Al Mone Rev AList
Apphy Cancel Write
MNSet 1 (111000) (sub:1
A
Done

We Make Innovation Work
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Each outer edge is fixed in X, Y, Z while is free to rotate in RX, RY, RZ.




Steps

e ——

1 Create Geometry and Mesh

2 Boundary Conditions
» 3 Material Properties We will create Elastic material property for the Plate, and Rigid
material property for the Ball
4 Section/Element Properties
5 Assign Material and Section Properties to Parts
6 Contact
7 Initial Velocity

8 Analysis Time and Output Controls

9 Submit Analysis in LS-Run

10 Postprocess results in LS-Prepost |



Keyword Edit Keyword Search @J U
Keywrd Curve

r Material Properties vyl.2 18

Edit:| MAT_ELASTIC v| Edit

. Model > Keywrd o — | @
. : L Dlsdes efBy CreEnt  Surf
. Switch radio button from “Model” to “All” ——— T ot || B Gy

PartD  Solid

1
2
3. Expand [MAT] il =
4

~000-ADD_COHESIVE

. Double click on [001-ELASTIC] - 000-ADD_DAMAGE DIEM Display GeoTo

- 000-ADD_DAMAGE_GISSMO :;L’J Gé
- 0DD-ADD_DAMAGE_GISSMO_STOCHASTIC Refchk | 55
Fenum
000-ADD_ERQSION E | &8
- 0D0-ADD_FATIGUE Renum |l
Qe
- 000-ADD_GEMERALIZED_DAMAGE {3 p—
< 0D0-ADD_INELASTICITY Secton U
- 000-ADD_PERMEABILITY o ?gﬂl
- ‘ “E
000-ADD_PORE_AIR MSelect P-ﬂ
- 000-ADD_THERMAL_EXPANSION 2 (8 =
-
000-MOMNLOCAL Subsys ME
| 000-ELASTIC_PERI ] M3
N 000-ELASTIC_PERI_LAMINATE 2 '
u o Groups 'Q?
001-ELASTIC — Mdchk
- 001_FLUID-ELASTIC_FLUID 1)
Views ~
- 002-0ORTHOTROPIC_ELASTIC or
Favor1l
- DD2_AMIS-AMISOTROPIC_ELASTIC G
- 002_SUNIL-COMPOSITE_FAILURE_SUNIL Pt;o'm
< 0D3-PLASTIC_KINEMATIC e
e 004-ELASTIC_PLASTIC_THERMAL g
- 0D5-50IL_AND_FOAM
006-VISCOELASTIC Annotat
- 007-BLATZ-KO_RUBBER v =z
{ > Splitwy
Material arrange ﬁ
GroupBy Sort List Explod
Al v | Type | v
L
Load From MatDB Light
A
Model Check Keyword Del ResForm e
Reflect
We Make Innovation Work = ColopseAl i:*ﬁ
www.padtinc.com i
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r Material Properties

Click “NewlD"——
2. TITLE: Steel

Keyword Input Form

3. Type values for RO, E, PR as shown
a) Density RO = 7.83e-6 kg/mm3
b) Elastic Modulus E =207 GPa
c) Poisson’s ratio PR =0.3

Accept

5. Done

MewlD MatDB RefBy Pick Add Accept Delete Default Deone

[JUse *Parameter [ Comment (Subsys: 1 TO1_PADT_LS-DYNA_BallOnPlate.k) Setting
*MAT_ELASTIC_(TITLE) (001} (1)
TITLE
\‘| Steel ‘

1 MID RO E ER DA DB NOT USED

! h yr;?.ssue-m || 207.00000 || 0.3000000 || 0.0 || 0.0 || 0.0 |
COMMENT:

Total Card: 1 Smallest [D: 1 Largest ID: 1 Total deleted card: 0

1 Steel

We Make Innovation Work
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r Material Properties

1. Under [MAT] scroll down to [020-RIGID] S
g o0 S e [020_R|G|D] Keyword Edit  Keyword Search
Edit:| MAT_RIGID V| Ede
O Model @ Al RefBy
— Count
............. 018-POWER_LAW_PLASTICITY "

------------- 019-5TRAIM_RATE_DEPEMDEMNT_PLASTICITY

g 020-RIGID

------------- 021-ORTHOTROPIC_THERMAL
------------- 022-COMPOSITE_DAMAGE

We Make Innovation Work
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r Material Properties

Click “NewlD"—

Keyword Input Form

2 TITLE. ngld MNewlD MatDB RefBy Pick Add Accept Delete Default Done
[JUse *Parameter [ ] Comment (Subsys: 1 TO1_PADT_LS-DYMNA_BallOnPlate.k) Setting
*MAT_RIGID_(TITLE) {(020) (1)
TITLE
| Rigid |
1 MDD RO E ER N COUPLE M ALIAS
3. Type values for RO, E, PR as shown tB——y| 782006 || 207.00000 03000000 o o v | |
. 2 CMO COon1 COonN2
a) Density RO = 7.83e-6 kg/mm3 0 o T |
b) Elastic Modulus E = 207 GPa 3 LCOORAL A2 A3 Vi V2 V3

c) Poisson’s ratio PR =0.3
4. Accept

| 0.0

|| 0.0

[o:

|| 0.0

[o:

|| 0.0

COMMEMT:

5. Done |

Total Card: 1 Smallest ID: 2 Largest ID: 2 Total deleted card: ©

Note:
Rigid material property will be assigned to the

Ball.

Components for which deformation is negligible and stress is unimportant may be modeled as rigid bodies.
The elastic constants defined here are used for contact stiffness calculations. Thus, the constants should be reasonable.
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Steps

e ——

1 Create Geometry and Mesh

2 Boundary Conditions
3 Material Properties
» 4 Section/Element Properties We will create SHELL section property for the Plate, and SOLID
section property for the Ball
5 Assign Material and Section Properties to Parts
6 Contact
7 Initial Velocity

8 Analysis Time and Output Controls

9 Submit Analysis in LS-Run

10 Postprocess results in LS-Prepost |



Keyword Edit  Keyword Search

Edit:| SECTION_SHELL v | Edit

r Section Properties / Element Formulation

1. Expand [SECTION] OModel @Al RefBy

Mame Count
2. Double click on [SHELL] £-SECTION a
o ALEID
o ALEZD
BEAM
- BEAM_AISC
-~ DNSCRETE
- POINT_SOURCE
~-POINT_SOURCE_MIXTURE
- SPRING_DAMPER
o SEATBELT
‘**....
--5HELL_EFG
- SHELL_THERMAL
- SHELL_XFEM
- SOLID
-~ SOLID_EFG
- SOLID_PERI
--50LID_SPG
- SPH
- SPH_ELLIPSE
e SPH_INTERACTION
- SPH_USER
- TSHELL
[#--SENSOR
@-SET 1
£ >

Material arrange
GroupBy Sort List:
All Type All

Load From MatDB

Model Check Keywaord Del ResForm

We Make Innovation Work Expandall Collapseall
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Done




Section Properties / Element Formulation

Keyword Input Form

Click “NewID”

TITLE: Section Shell

Leave ELFORM = 2 (default, Belytschko-

Tsay element formulation)
Type 0.1 in [T1] field

Press Enter

T2, T3, T4 fields should auto update
with 0.1 value

Accept

Done

MewlD Draw RefBy Sort/T Add Accept Delete Default Done
[JUse *Parameter [ ] Comment (Subsys: 1 TO1_PADT_LS-DYMNA_BallOnPlate.k) Setting
*SECTION_SHELL_(TITLE} (1)
TITLE
»| Section Shell
1 SECID ELFORM SHRF NIF PROFT QR/IRID|® ICOMF SETYP
> o]z 1 oc Jo Wi
21 12 13 T4 NLOC MAREA IDOF EDGSET
—» 0.1000000 || 0.1000000 | 0.1000000 || 0.1000000 | 0.0 || 00 | 00 | o
Repeated Data by Button and List
Data Pt.
Replace Insert
Delete Help

Total Card: 1 Smallest ID: 1 Largest ID: 1 Total deleted card: ©

1 Section Shell

We Make Innovation Work
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Keyword Edit  Keyword Search

r Section Properties / Element Formulation

Edit:| SECTION_SOLID e | Edit
(O Model @ Al RefB
1. Expand [SECTION] —
2. Double click on [SOLlD] £-SECTION 1A

- POINT_SOURCE

- POINT_SOURCE_MIXTURE

e SPRING_DAMPER

e SEATBELT

e GHEL L 1
--5HELL_EFG

e SHELL_ THERMAL

\\-------------SHELL_XFEM

- SOLID_EFG

- SOLID_PERI

~-SOLID_SPG

- SPH

- SPH_ELLIPSE

e GPH_IMTERACTION

o SPH_LISER

- TSHELL

[#--SENSOR

- SET 1 ’
. >

Material arrange
GroupBy Sort List:
All Type All

Load From MatDB

Model Check Keywaord Del ResForm

We Make Innovation Work Expandall Collapseall
www.padtinc.com

Done




r Section Properties / Element Formulation

\ 4

Click “NewID” NewlD || Draw RefBy | Add | Accept | Delete || Default = Done

[JUse *Parameter [ ] Comment (Subsys: 1 TO1_PADT_LS-DYMA_BallOnPlate.k) Setting

*SECTION_SOLID_(TITLE} (1)

TITLE ~
§ . » | Section Solid
2. TITLE: Section Solid [Sec
1 SECID ELFORM AET
3. Leave ELFORM = 1(default,constant— | [ T <o »
stress solid element formulation) Repeated Data by Button and List
4. Accept Data Pt
5 Done Replace Insert
: Delete Help

Repeated Data by Button and List

Total Card: 1 Smallest 1ID: 2 Largest ID: 2 Total deleted card: 0

We Make Innovation Work
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Steps

e ——

1 Create Geometry and Mesh

2 Boundary Conditions
3 Material Properties
4 Section/Element Properties

» 5 Assign Material and Section Properties to Parts We will assign created Material and Section properties to the Plate

and Ball
6 Contact
7 Initial Velocity
8 Analysis Time and Output Controls

9 Submit Analysis in LS-Run

10 Postprocess results in LS-Prepost |



r Assign Material and Section Properties to Parts

ik . Keyword Manager
1. Switch radio button from “All” to “Model” _
7 E q [PART] Keyword Edit Keyword Search
. Expan
Edit:| PART_PART V|l Edi
. Double click on [PART e ——
3 OUb EEIEQ [ ] ® Model () Al RefBy
Mame Count
- BOUMDARY 1
[+ ELEMEMT 4500
- MAT 2
- MODE 4o52
= PART 2
fil- SECTION 2
[+-5ET 1
Material arrange
GroupBy Sort List
Model Type Al
Load From MatDB
Model Check Keyword Del ResForm
Expandall Colapseall
Done

We Make Innovation Work
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o

oy

sB, 00,

Assign Material and Section Properties to Parts

[1 Plate] part should be pre-selected
TITLE: Plate

Press [*] next to [SEClD]\\kTHLE

“Link SECTION” popup window will
appear
Double click on [1 Section Shell]

Press [¢] next to [MID]
“Link MAT” popup window will appear
Double click on [1 Steel]

Keyword Input Form

Mewl!D Drraw RefBy Pick Add

[JUse *Parameter [ Comment (Subsys: 1 T0O1_PADT_L

*PART_(TITLE} (2)

Accept
A

Delete Default

5-DYMNA_BallOnPlate.k)

Done

Setting

—Lpate_

2P secBe MIpe

ADPOPT |®

N R O

K [ —T Lo

COMMENT:

Total Card: 2 Smallest ID: 1 Largest ID: 2 Total deleted card: 0

Accept

We Make Innovation Work
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PADT

2 Ball

Link MAT
\%ECTION MAT
Section Shell Steel
2 Section Solid 2 Rigid
Read MNewKwd MewEntity Read MewKwd MewEntity
Cancel Done Cancel Done




r ASS|gn Material and Section Properties to Parts

SWltCh to [2 Ba”] pa rt Diraw RefBy Pick Add Acffpt Delete Default Done h

[Jcomment (Subsys: 1 TO1_PADT_US-DYMNA_BallOnPlate.k) Setting

2. TITLE: Ball \ [] Use *Parameter
*PART_(TITLE) (2)
. Press [¢] next to [SECID]\1 TITLE

4. “Link SECTION” popup window will 2 D scomls] wplel  fosple HoDls|  GRAV  ADForrlel fubie

appear 2 lz—|2 E Lo I C |

w

5. Double click on [2 Section Solid]
COMPMEMT:
6. Press [¢] next to [MID]
7. “Link MAT” popup window will appear
8. Double click on [2 Rigid]
9 Accept Total Card: 2 Smallest ID: 1 Largest ID: 2 Total deleted card: ©
10. Done

Link MAT
SECTION MAT

1 Section Shell 1 Steel
Section Solid ™~ rigid

We Make Innovation Work Read NewKwd NewEntity Read NewKwd NewEntity
www.padtinc.com
Cancel Done Cancel Done




Steps

e ——

1 Create Geometry and Mesh

2 Boundary Conditions
3 Material Properties
4 Section/Element Properties
5 Assign Material and Section Properties to Parts
» 6 Contact We will define contact between the Ball and Plate
7 Initial Velocity
8 Analysis Time and Output Controls

9 Submit Analysis in LS-Run

10 Postprocess results in LS-Prepost |



r Contact

1. Switch radio button from “Model” to “All”_|

2. Expand [CONTACT]

3. Scroll down and double click on

[AUTOMATIC_SURFACE_TO_SURFACE]

We Make Innovation Work
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Keyword Manager

W'ﬂ: Keyword Search

Keyword Manager

Keyword Edit  Keyword Search

Edit:| CONTACT v| Edi Edit:| CONTACT_AUTOMATIC_SURFACE_TO_S | Edit
m@ Al RefBy OModel @ Al RefBy
Mame Count Mame Count
- COMSTRAIMED A e AUTOMATIC_SINGLE_SURFACE_TIEBREAK_BEAM_C
O ([ T2 T | B [ I S AUTOMATIC_SINGLE_SURFACE_MORTAR
------------ AIRBAG _SIMNGLE_SURFACE | e AUTOMATIC _SINGLE_SURFACE_SMOOTH
------------ AUTOMATIC_BEAMS TO SURFACE || ] e AUTOMATIC_SIMNGLE_SURFACE_TIED
------------ AUTOMATIC_GEMERAL AUTOMATIC_SURFACE_TO_SURFACE
------ ALFe A C GEMERGC_EDGEONLY || B AUTOMATIC _SURFACE_TO _SURFACE_COMPOSITE
------------ AUTOMATIC_GEMERAL_IMTERIOR | ] e AUTOMATIC_SURFACE_TO _SURFACE_MORTAR
------------ AUTOMATIC_GEMERAL_TIEBREAE. ||| e AUTOMATIC _SURFACE_TO _SURFACE_MORTAR_TIE
------------ AUTOMATIC_GEMERAL_TIEBREAK_BEAM_OFFSET | || B AUTOMATIC _SURFACE_TO _SURFACE_MORTAR_TIE
- AUTOMATIC_NODES_TO_SURFACE | || = AUTOMATIC_SURFACE_TO_SURFACE_ORTHO_FRIC
------------ AUTOMATIC_MODES TO _SURFACE_SMOOTH | || B AUTOMATIC _SURFACE_TO _SURFACE_SMOOTH
< > < >
Material arrange Material arrange
GroupBy Sort List GroupBy Sort List
All Type All Al Type Al
Load From MatDB Load From MatDB
Model Check Keyword Del ResForm Model Check Keyword Del ResForm
ExpandAl Collapseal ExpandAl Collapseall
Daone Dane




r Contact

|
—» NewlD

Cllck ”NewID” Draw Pick Add Accept Delete Default Done
2. TITLE: Contact Ba” to Plate I [JUse *Parameter [ Comment (5ubsg,rs:'lTm_PADT_LS"DYNA_BEIIOHPIate.k) Setting
*CONTACT_AUTOMATIC_SURFACE_TO_SURFACE_(ID/TITLE/MPP)_(THERMAL} (1]
TITLE P
|1 K ContactBal o Plate
3. SSTYP:3 —_—— —
4. MSTYP: 3 2 IGHORE  BCRET CECRT  MS2TRK INITITR  PARMAX — UNUSED  CRARMS
0 200 3 2 1.0005 q
3 LNUSED CHRSEGS  HEMSE REABLE
' 0 0 D
5. Press [o] next to [SS|D] 4—55iire MSID/e|  SSTYP MSTYP SBOXID|»| MBOXID|® SPR MPR
. 2 . 2 3 v||3 || 0 0 0 vl v
6. “Link PART” popup window will appear | | | ” |
. £S5 ED bc vC VDC PENCHK BT Dr
7. Double click on [2 Ba”] | 0.0 || 0.0 [ 0.0 || 0.0 [ 0.0 I v 0.0 || {-000e+20 v
Total Card: 1 Srallest ID: 1 Largest ID: 1 Total deleted card: O
8. Press [¢] next to [MSID 5
9. “Link PART” popup window will appear |
10. Double click on [1 Plate Link PART
PART
1 Plate
p( 2 Bal
11. Accept
12. Done

PADT

We Make Innovation Work
www.padtinc.com

Read

Cancel

MNewKwd NewEntity




Steps

e ——

1 Create Geometry and Mesh

2 Boundary Conditions
3 Material Properties
4 Section/Element Properties
5 Assign Material and Section Properties to Parts
6 Contact
» 7 Initial Velocity We will assign initial velocity to the Ball
8 Analysis Time and Output Controls

9 Submit Analysis in LS-Run

10 Postprocess results in LS-Prepost |



r Initial Velocity

. iy Keyword Manager
1. Select radio button “All” if it’s not selected —

2. Expand [INITIAL]

Wﬁerwurd Search

Edit:| INITIAL

3. Scroll down and double click on

[VELOCITY_GENERATION]——— ||

We Make Innovation Work
www.padtinc.com

Keyword Manager

Keyword Edit  Keyword Search

v | Edit Edit:| INITIAL_VELOCITY_GENERATION v| Edit
Qm@ Al RefBy OModel @ Al RefBy
Mame Count Mame Count
ET-- IMNITIAL TEMPERATURE_SET ~
------------- ALE_MAPPING v EHICLE_KINEMATICS
............. MlAL_FGRC E_BEAM VELGC'W
------------- COMTACT WEAR I =S| OO |TY GEMERATION
-------------------------- VELOCITY_GENERATION_START_TIME
------------- FATIGUE_DAMAGE_RATIO e ELOCITY_NODE
. FATIGUE_DAPAGE RATIO DIFTG | || e YVELOCITY_RIGID_BODY
------------ FATIGUE_DAMAGE_RATIO_DIPLOT || ] e VAPOR_PART
_. ............ FlELD_SGLlD ............. 'IHI'U.ID_PAHT
------------ FOAM_REFEREMCE_GEOMETRY | || Fee YOID_SET
------------ FOAM_REFEREMCE_GEOMETRY _RAaMpP ||| b YVOLUME_FRACTICOMN
SAC KAIVTIIAR w7 AL TIKAN FOASTIARL APAKACTS R4
< > < >
Material arrange Material arrange
GroupBy Sort List GroupBy Sort List
All Type All All Type Al
Load From MatDB Load From MatDB
Model Check Keyword Del ResForm Model Check Keyword Del ResForm
ExpandAl Collapseal ExpandAll Collapseall
Daone

Daone




r Initial Velocity

MNewl D

Draw

Pick Add Accept Delete Default

Done

We Make Innovation Work
www.padtinc.com

1. Click “NewID”

2. STYP:2

3. Press [¢] next to [NSID/PID]

4. “Link PART” popup window will appear
5. Double click on [2 Ball]

6. VZ=-10

7. Accept

8. Done

[JUse *Parameter [ ] Comment (Subsys: 1 TO1_PADT_LS-DYMNA_BallOnPlate.k) Setting
*INITIAL_VELOCITY_GEMERATION (1)
1 NSID F’]D! %!I'YP OMEGA WX Wy VZ IVATH ICID =
D 2 v|[00 [[0.0 oo |[-10.0000000]0 > D
| 4 Xo ——¥E— £C KA MY jud PHASE IRIGID
oo oo Joo oo Jeo Jos o o |
COMMENT:

Total Card: 1 Smallest ID: 1 Largest ID: 1 Total deleted card: ©

Link PART

PART

1 Plate

2 Ball

Read

MNewkwd

Cancel

MewEntity

Done




Steps

e ——

1 Create Geometry and Mesh

2 Boundary Conditions
3 Material Properties
4 Section/Element Properties
5 Assign Material and Section Properties to Parts
6 Contact
7 Initial Velocity
» 8 Analysis Time and Output Controls We will specify total duration of simulation and output controls

9 Submit Analysis in LS-Run

10 Postprocess results in LS-Prepost |



r Analysis Time

1. Select radio button “All” if it’s not selected

2. Expand [CONTROL]

Keyword Manager

Keyword Edit  Keyword Search

3. Scroll down and double click on
[TERMINATION]

We Make Innovation Work
www.padtinc.com

Keyword Manager

Keyword Edt  Keyword Search
s HMTROL o | Edit Edit:| CONTROL_TERMIMATION e | Edit
W@AII RefBy O Model @ Al RefBy
Mame Count Mame Count
[ERCONTROL PO B I - SUBCYCLE_MASS_SCALED_PART
e ACCURACY ] e SUBCYCLE_MASS_SCALED_PART_SET
o ACOUSTIC RN TERMINATION
,. ............ ADAPSTEP ............. mERMAL_FGHMlNG
e APTVE e THERMAL_NOMLINEAR
e ADVADTIVE FLIBVE 'n.' ERM.AL_SGL'IHI'ER
------------- THERMAL_TIMESTEP
------------- TIMESTEP
_. ............ BULK_'IHI'ISC GSIW ............. UN'TS
_, ............ CHECK ............. 'hr'ERG_AC GUST'C
o CHECK_SHELL - DAMPING
SO ANCIRL R4 M MATARACE =
< > < >
Material arrange Material arrange
GroupBy Sort List GroupBy Sort List
All Type Al All Type All
Load From MatDB Load From MatDB
Model Check Keyword Del ResForm Model Check Keyword Del ResForm
ExpandAll Collapseall ExpandAl Collapseall
Dane Dane




r Analysis Time

1. ENDTIM: 1

Clear Accept Delete Default Done

[JUse *Parameter [ Comment (Subsys: 1 TON_PADT_LS-DYMA_BallOnPlate.k) Setting
Note: *CONTROL_TERMINATION (1)
ENDTIM = 10 means that we are modeling 1 _ENDTIM  ENDCYC  DTMIN ENDENG ~ ENDMAS  NOSOL
s . ;i [ ho.0000000 | 0 |00 |00 || 1.000e+08 |0 v
10 ms of simulation where Ball impacts a
Plate, and bounces back (we’ll see that 10
ms is sufficient for that)
COMMENT:
2. Accept
3. Done

We Make Innovation Work
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r Output Controls

1. Select radio button “All” if it’s not selected

Keyword Manager

Keyword Edit  Keyword Search

#: DATABASE_BINARY D3PLOT v] Edit
m’@ Al RefBy
Mame Count
2. Expand [DATABASE] T DATABASE ~
............. ASCI_option
............. ALE
............. ALE_ MAT
3. Double click on [BINARY_D3PLOT] || - SALE

............. BINARY BLSTFOR
------------- BINARY_D3CRACK
............. BINARY_D3IDRLF
------------- BIMNARY_D3DUMP
—_— BINARY_D3IPART

FilkIA ML MORNSN

< >

Material arrange
GroupBy Sort List
Al Type All

Load From MatDB

Model Check Keyword Del ResForm

ExpandAl Collapseall

Daone

We Make Innovation Work
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Note:

DT defines the time interval between output
states.

In our case, there will be at least 100 states
(because 10 ms/ 0.1 ms = 100) with results
written to disc.

2. Accept
3. Done

We Make Innovation Work
www.padtinc.com

PADT

Keyword Input Form

Pick Accept Delete Default Done
[JUse *Parameter [ Comment (Subsys: 1 TO1_PADT_LS-DYMNA_BallOnPlate.k) Setting
*DATABASE_BIMARY_D3PLOT (1)

1 DT LCDT = BEAM NELTC FSETID =

| b.1000000 | 0 | o I | o |
2 I0OPT RATE CUTOFE WINDOW  TYPE PSET | ®

o oo Jo Jewo  Jo oo ]
COMMEMT:

Total Card: 1 Smallest ID: 1 Largest ID: 1 Total deleted card: O




Title

This step is optional, but a good practice.

1. Select radio button “All” if it’s not selected
2. Expand [TITLE]
3. Double click on [TITLE]

Keyword Manager

Keyword Edit  Keyword Search
iiz| TITLE_TITLE w i .
e TITLE [ ede 4. TITLE: Ball Impact on Plate
(O Model @ Al RefBy
Name Count 5' Accept
- RVE " 6 DO ne
@-SECTION 2 !
- SENSOR
=-SET 1 Keyword Input Form
- STOCHASTIC
5 MNewlD Add Accept Delete Default Done
[#-STRESS
- TERMINATION [] Cemment (Subsys: 1 New_Subsystem_1) Setting
LN ) *TITLE (0)
[+ TRAMSLATE
- USER 1 TITLE
w
. . Ball Impact on Plate]
Material arrange
GroupBy Sort List
All Type All
Load From MatDB
COMMENT:
Model Check Keyword Del ResForm
Expandall ColapseAl
Done
TITLE:=Heading to appear on cutput and in output files,
We Make Innovation Work
www.padtinc.com




Model Check

This step is optional, but a good practice making sure there are no errors before submitting a job in LS-Run.
1. Click “Model Check” button

. “Model Checking” popup window will appear
. Make sure there are no Errors

Keywaord Manager

Keyword Edit  Keyword Search
e O e 4. Read Warnings, UnRef, UnDefined messages
® Model O al RefBy 5 Done
Mame Count ,
- BOUNDARY L. Model Checking
- CONTACT 1
- CONTROL 1 : K d Check i
- DATABASE | Elerment Quality Keyword Check Contact Check Model Check Setting
- ELEMENT 8500 Total Error()  Warning(1) UnRef(0) UnDefined(0)
- INITIAL 1
o MAT 5 F-BOUMDARY(T) Error(0)  Warning(0) UnRef(ll UnDefined(0)
®-NODE 9952 F- CONTACT(1) Error(0}]  Warning(0) UnRef(0) UnDefined(0)
E-PART 2 [H-~COMTROL{T) Error(0]  Warning(0) UnRef(0l UnDefined(0)
¥ SECTION 2 {#-DATABASE(1) Error(0) Warning(0) UnRef(0) UnDefined(0)
- SET 1
R . ¥ [#-ELEMEMT(S200]) Error(0)  Warning(0) UnRef(0) UnDefined(0)
€ ) ? - IMITIAL{T) Error(0]  Warning(0) UnRef(0l  UnDefined(0)
Material arrange
GroupBy Sart List F-MATI2) Error(0)  Warning(0) UnRef(0) UnDefined(0)
Model Type Al {#-NODE(%952) Error(0)  Warning(0] UnRef(0) UnDefined(D)
Load From MatDB [H-PART(2) Error(0)  Warning(0) UnRef(ll UnDefined(0)
P E— M SECTION(2) Error(D) Warning(1) UnRef(0) UnDefined(D)
[#-SET(1) Error(0]  Warning(0) UnRef(0l UnDefined(0)
Expandall Colapseal _ . .
{#-TITLE(T) Error(0)  Warning(0) UnRef(0) UnDefined(0)
Done
Do not Check Contact Recheck Model Clean Write Snap
We Make Innovation Work Done
www.padtinc.com




r Save

1. [Ctrl +S] to save .k file » ThisPC > Desktop » tmp

L]

Mame
=eg

| ] T01_ImpactBallOnPlatek

We Make Innovation Work
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Steps

e ——

1 Create Geometry and Mesh

2 Boundary Conditions

3 Material Properties

4 Section/Element Properties

5 Assign Material and Section Properties to Parts
6 Contact

7 Initial Velocity

8 Analysis Time and Output Controls

» 9 Submit Analysis in LS-Run We will submit a job (created .k file) in LS-Run

10 Postprocess results in LS-Prepost |



r Submit Analysis in LS-Run

"~ ANSYS 2020 R2 ~
1. Start > ANSYS 2020 R2 > LS-Run
3.1 3D Energy Density Lab 2020 R2
ACP 2020 R2
@] Advanced Scattering Surface Editor...

m Animate 2020 R2

@ B O

E LS-Prepost 4.7.7

G

=% [S-Run 1.0.100228 (Beta)

S O H » € B &G A

We Make Innovation Work
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r Submit Analysis in LS-Run

INPUT: browse to .k file location

R — O ot
File Settings Manuals Help
2. NCPU: 1 (default) INPUT | C:\Users\ \Desktop'tmptT01_ImpactBallOnPlate.k v NCPU 1 |
a) Change to desired/available number of CPUs SOLVER| C:\Program Files\ANSYS Inc\v202\ansys\bin\winx64\lsdyna.exe V|L MEMGRYmﬁMT:' |
) |
. s s g LS-DYMNA d
if you’d like to speed up computation time commen |
Preset SMP single-precision i
) Expressicn | "SS0LVER" i=SINPUT memory=S5MEMORY -np SNCPU v| =
3' CheCk bOX_tO start LS_DYNA Ina Command prompt Preview |"C:\Program Filesh AMSYS Inchw202vansysh bintwing 6y sdyna.exe” i=Chlsersy, ] :\Desktop\tmp\m1_lr|
window. —
a) Command prompt will display useful 0 v |loal v @] stop = @ O |nofie v B mesag v [@
information during computations el = Dlesens l
1D Input File Run Command Status ETA

4. Hit “Run”

We Make Innovation Work
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r Submit Analysis in LS-Run

. Command prompt window will d|splay mlscellaneous information

initial kinetic energy = 8.2 ABE+02

The LS-DYNA time step size should not e
to avoid contact instabilities. If the step size

bigger then scale the penalty of the offending surface

Memory required to begin solution : 2. LS-Run window will display % completion (estimate)
Adc nal dynamically allocated memo 1
| =t

initialization completed ’

1 t ©.9800E+80 dt ©6.68E-84 flush ifo buffers 20: | File Settings License Manuals Help

1t ©.00866E+006 dt 6.68E-84 write d3plot file Z
cpu time per zone c ==soc nanoseconds IMPUT | ChUsersh, A\Desktop\tmph T _ImpactBallOnPlate.k w || NCPU |1 w1 W
aver ( i . nanoseconds | : P e \ | —

3 nanoseconds SOL"J’ER|C:\F'rngram Files\ANSYS Inchw202\ansyshbinwinkBd lsdyna.exe \ V|'|':' MEMORﬂMTD
L5-DYMA command

ted total cpu time
ted cpu time to complete

al clock time 2 i: Preset SMP single-precision -
estimated clock time complete s "S Expression |"SSOL‘-!ER"i=SINPUTmemnr}r=SMEMOR‘r’—npSNCF'U \ v\ =
ter 11r|=!1‘lur| time 1. EBBE+B_1 \
1 6.¢ write diplot i ; 29: ; Preview | "CAProgram Files\ANSYS Incw202hansys\binwink 6\ sdyna.exe” i:C\{gUsers\ernislampial-:\DesIctDp‘-\tmp‘\TD'l_lr‘
write lot 9 28:
write lot i 6 26:85:
H:"ite l:;t e s .B5: | [0 v| |Local w stop v Tm[ O |d3pNt ~ | BB |messag [%
write lot fi i 28:
write lot fi 9/86/23 20:085: JobTable WinHPC Usage Cluster status
write diplot ; 28:85:
I 1D Input File Run Command Status ETA

1 ChUsers\ \Desktop\tmp\TO1_lrr "C:\Program Files\ANSYS Inc"wE_ 4

We Make Innovation Work
www.padtinc.com

Open file for selected job in L5-PrePost



Steps

e ——

1 Create Geometry and Mesh

2 Boundary Conditions

3 Material Properties

4 Section/Element Properties

5 Assign Material and Section Properties to Parts
6 Contact

7 Initial Velocity

8 Analysis Time and Output Controls

9 Submit Analysis in LS-Run

» 10 Postprocess results in LS-Prepost We will plot Von Misses stress and animate results |



r Postprocess Results in LS-Prepost

1. After LS-DYNA finished computations SOOI OEON IS S
2. Click “LS-PP” button to launch LS-Prepost and | ¥ L5-Run - o x
load the results file (d3plot) automatically | File Seftings License Manuals Help

[ C:\Users\bronislav. piak\Desktop\tmp\T01_ImpactBallOnPlate.k v]g@/neew [0 i ]
| SOLVER| C:\Progran Files\ANSYS Inctv202\ansys\bin\winx64\lsdyna.exe & MEMGRmmq |

L5-DYMNA command
Preset SMP single-precision

Expressicn | "S50LVER" i=SINPUT memory=5MEMORY -np SN@\ V| =
Preview | "ChProgram Files\ANSYS Inc\w202\ansys\bintwinx 64 Isdyna.exe" wmslav.piak\Desktop\tmp\Tﬂ1_lr|

0 -~ |Local w stop v e ‘@]‘ O d3plot v | BB messag [%

Job Table  WinHPC Usage Cluster status

1D Input File Run Command Status ETA
1 Ch\Users\bronislav.piak’\Desktophtmph T01 I "C:\Program Files\AMNSYS Inciwve Os

We Make Innovation Work
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r Postprocess Results in LS-Prepost

1. Click on “Play” button to animate the results

> FFIIHIIFSI

221¥i|

x

Ac Time: 0 State:
e [ AP OB O
35 9rl

1146.79 FPS

We Make Innovation Work
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r Postprocess Results in LS-Prepost

Animate X

[lEigen First|  1|Last:| 102 |inc:| 1[Time: 259953 State:

[ ] Animate |‘ ‘ . ’ " >| ] Loop
s5s B F | >>

We Make Innovation Work
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r Postprocess Results in LS-Prepost

1. Post > FriComp

2.

In “Fringe Component” popup window:
a) Select “Stress” > Von Mises stress

PADT

We Make Innovation Work
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Fringe Component e
Stress x-5tress
y-siress
Mdwv Z-stress
wy-stress
Result | |yz-stress
mi-stress
Strain effective plastic strair
ressure
Misc
1st-prin dev stress
Infin | | 2nd-prin dev stress
3rd-prin dev stress
Green | | Trasca (max shear st
1st-principal stress
Almans | | 54 principal stress
3rd-principal stress
S.Rate | |y in-plane stress
Elstic | |™n in-plane stress
Beam
SPH
DES
CFD
FLD
Hist\ar
Iser
LSDA < >
intpt 1. |
Anoly | et 2
Frin w | [iIntpt 3
Max w
d3plot ~
Daone

&
[T

-n
=]
[}
o
3

b=
al
m
)
i
=]

®
<

FriRang Curve
History  Surf

&

=3
-+
L
=3
=i

i\

o
L
A
0
=
o
2

g

Fef
0

=2
=
[=]
=
=3

Mesh
; ;__J i
Faollow B
Maodel
'(.-.-J gt
— r; £
Trace EleTal
By ==
=
State Post
ﬁ

Pérﬁde ME

m MS
)
ChaMd  (Jp




Postprocess Results in LS-Prepost
AIIANIEIS

2.123e%00
1.858e+00
1.593e+00

1.327e+00
1.062e+00

7.963e-01 _
5.300e-01 _
2.654e-01 _
0.000e+00 _

Animate .

Oleigen First|  1]Last| 102|inc:| 1[Time: 259953 state 27
«AEP O B

S




r Next Time...

Next time we will learn what is written to a .k file (LS-DYNA input/keyword deck file). How this file is structured, basic most

important keywords. Therefore, stay tuned!
E# LS-DYNA Reyword file created by LS-PrePost(R) V4.7.7 - 17Feb2020

PADT

o I T Y S S T % T

19
20
21
22
23
24

endmas

0.01.000000E8

5# Created on Sep-11-2023 (08:23:52)
*EEYWORD
H*TITLE
S#
Ball Impact on FPlate
[j*CGNTRGL_TERMINﬁTIGN
5% endtim endcyc dtmin endeng
10.0 1] 0.0
[*DATABASE BINARY D3PLOT
S# dt lcdt beam npltc
0.1 1] 0 1]
S# iocopt rate cutoff window
0 0.0 0.0 0.0
[]*BOUNDARY SPC SET
S# nsid cid dofx dofy
1 1] 1 1
[]*SET NODE LIST TITLE
NODESET (SPC) 1
S# sid dal daZ da3
1 0.0 0.0 0.0
S# nidl nid2 nid3 nid4
258¢ 2587 2588 2585
2554 2585 25596 2597

psetid
]
type

-

Iw.!'

dofz

dad

0.0MECH
nid5s
2580
2598

nosol

-

L;

pset

-

Iu'

dofrx

-

Iu'

solver

nide
2551
2599

dofry

-

Iw.!'

nid7
2552
2600

title

dofrz

-

Iu'

nids
2553
2601

We Make Innovation Work

www.padtinc.com
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