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Section 12.4

More Exercise: Disk and Block

This exercise has two purposes: (1) to demonstrate how to apply a simple initial condition, namely uniform velocity, on
a body, and (2) to show a limitation of <Transient Structural> analysis system for impact simulations, and to build a
learning motivation for <Explicit Dynamics> (Chapter |5).

12.4-1 About the Disk and Block

[1] Before the impact,
both the block and the

Consider a disk of radius of 40 mm and a block of 200x20 mm?, both . _diSk FESE ona
) o . frictionless horizontal

have a thickness of 10 mm, on a frictionless horizontal surface [1]. S,
Both are made of a very soft polymer of Young's modulus of 10 kPa,
Poisson's ratio of 0.4, and mass density of 1000 kg/m?.

Right before the impact, the disk moves toward the block with a -
velocity of 0.5 m/s, and the positions of the disk and the block are as
shown [, 2].

We purposely use an extremely soft material (Young's modulus
of 10 kPa) and consider a very slow-speed impact (velocity of 0.5 m/s)
to relieve numerical difficulty. Increasing either of them will make the

impact duration shorter, and in turn require a shorter integration time

step (to find a solution). This will leave an exercise for you at the end

of this chapter.
[2] Right before the
impact, the disk moves
toward the block with a
velocity of 0.5 m/s.

12.4-2 Start Up

= [1] Create a 1
Launch Workbench. Create a <Transient - ; <Transient
. . Zi Ttorsient Shuctural Structural> analysis
Structural> analysis system [1] by double-clicking * i system
Engineering Data :

it in <Toolbox>. Save the project as "Disk."

0 Geometry
@ Model
@ setup
&*g Solution
EQ Results

Double-click <Engineering Data> to
prepare material data [2]. Create a new material,

“Lff' B

name it "Polymer" [3], and input the material . w
[2] Double-click *
<Engineering Data> |
to prepare material
data. |

properties as shown [4].

N oo w s W o 4
o

Return to <Project Schematic> and double-
click <Geometry> to start up <DesignModeler>.

wl)

Transient Structural

Choose <Millimeter> as length unit.
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Create a new material, name it "Polymer” [3], and input the material properties as shown [4]. Return to <Project
Schematic> [5] and double-click <Geometry> to start up <DesignModeler>. Choose <Millimeter> as length unit.

Contents of Engineering Data ’ : ion|  [5] Return to
v project.

[3] Create a new
material and name [tion 8, Div 2, Table 5
it "Polymer."

%% Structural Steel

-;4’ ‘ 5«:& Polymer

A B

1 Property Value
- 2 c:_fj Density 1000 B . -

3 if“ ?,ﬂ fsoirb?:é& Elast:atv =

4 Derive from Youngs Modu!usmd Poisson's Ratio __:_2

5  Young's Modulus [ o000 Pa >
5 Poissan’s Rato ~ foa = ”
. kModds | B s R

8 Shear Modulus | 3571.4 )

[4] Input material
properties as shown.
Note that the SI units
are used.

[3] On <XYPlane>,
create a new sketch and
draw a circle for the
disk. Remember to
impose two <Tangent>
constraints.

[5] Tangent. —4 a

RIS, SRR,

[2] Using the sketch, generate a [4] Tangent.
[1]1 On <XYPlane>, create a surface body by selecting <Concept/
sketch for the block. Surfaces From Sketches>. Type 10
(mm) for <Thickness>.
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[6] Using the new sketch,
generate a surface body by
selecting <Concept/Surfaces
From Sketches>. Type 10 (mm)
for <Thickness>. Note that the
two surfaces form two parts.

[8] Select
this edge.

[16] Select
upper edge.

[12] Select
this edge.

Why Split Edges?

The purpose of splitting the edges into segments
is that, when meshed, each segment can have its
own mesh density. Specifically, we need finer
mesh around the contact region.

A Bug!

When | try to split the circular edge into 6
edges [| 1-14], oddly enough, it splits only the
lower part of the circular edge. Therefore, |
have to split the upper circular edge further into
three edges [15-18]. Fortunately, we should be
able to live with this kind of small problems.

Concept Tocls View Help
*~o Lines From Points

¢ Lines From Sketches

[D) Lines From Edges

[7,11,15]
<Concep

Edges
@ Surfaces From Sketches
&2 Surfaces From Faces

Cross Section

ils View - . 51
tails of EdgeSplitl 1| <M
Line-Body Tool | BdgeSplitl A

Definition Split by N
FD2, Sigme 0w
FDB, Omegs Oy
FD4, N 4

Edges 1 o
o
O
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v, ﬂ A Imgmm © Advanced Geometry Options
)f.. XYPlane Analysis Type

: vy 2 Sketchl 12 Use Assodiativity
3 Sketch2 13 Import Coordinate Systems v
v,* ZXPlane 14 Import Work Paints /0
_,* YZPlane , 15 Reader Mode Saves Updated File
- ,,g SurfaceSkl 16 Import Using Instances /
-, g8 SurfaceSK2 7 Smart ’
“-~~~_,«"‘~. EdgeSplitl 18 Endlosurs [20] Close

~ EdgaSphfZ 19 Decompa <DesignModeler>.

N
: 4‘ ZPem,i.‘Bodms
o ‘.f-m Block

. Iy Disk

[19] Rename two

12.4-4 Simulation in <Mechanical>

parts as shown.

Before starting up
<Mechanical>, remember
to set <Analysis Type> to

<2D> (3.1-4[4-6]).

Definition

[I] Start up

<Mechanical>. Highlight

<Geometry>, make sure
<Plane Stress> is
selected for <2D

Behavior>.

=
Source EAANS ¥S8\Book14\Sec 124\Disk file. ..
Type DesignModeler
Length Unit Millireters
Element Contiol | Pungram Contiolled
2D Behaviox Flane Stiess
Display Style  Body Calex
i# Properties
# Statisties
i+ Basic Geometry Options

Suppuessed No
Stiffness Behavioy Flexible
Coondinate System Default Cocudinate System
Reference T ture | By Exn t
Thickness 10. v

o H

| [2] Highlight <Geometry/
Disk>, select <Polymer>
as the material for the
body. Note that mm-N-s
unit system is used.

Suppressed No
Stiffness Behavioy Flexible
Cooudinate System Default Cocelinate System
Rafs Tevopexstwe | By Envi t
Thickness 10. wom
Refiesh on Update

1]

Nealineax Effects

Yes
Thermal Stein Effects | Yes il
) Bownding Box [\
ot [3] Highlight

<Geometry/Block>,
select <Polymer> as
the material for the

- body.

Disk and Block 447
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CGeomety Selection
2 Edges
2 Bdges

[5] Change the
contact type to
<Frictionless>.

O-=

Scope Mode Automatic
Behsavice
Suppeessed No
=l Advanced [6] Update
Formlstion Puogam Contulled stiffness at each
Detection Method Progism Contialled equilibrium
Interface Twatrent 44 Offset, No Rarnping iteration. It
Offeat usually helps when
Norrmal Stiffness contacts are
Update Stiffness involved.
Stabalization Darping Factor
Pinbell Region
i o [4] Highlight <Connection’
- " ; Contacts/Contact Region>.
The contact region is
correctly detected by
Workbench.

L Mesh Control + |

[7]With
<Mesh>
highlighted,
select <Mesh
Control/Sizing>.

! [8] Select all four edges

in the contact region
(two in the block and
two in the disk, see [4]).

-

[9] Type | (mm) for
<Element Size>.

\k Generate mesh.




YE- .~ Coordinate Systems

: 7= Modal {None) 1 1] Select the
L9 Vi = | body.
<Transient/Initial x
Conditions>

highlighted, click
<Velocity>.
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= (D) Transient (AS)
& ,,é_'ig Initial Conditions

=,/ Connections
-, B, Frictionless - Block To Disk
-, Edge Sizing
& 9(@] Transient (AS)
- /7=0 Modal (None)
s 7"‘3‘ velocity

=i Step Controls

Input Type Velocaty
Define By Compenents
Coodinate Systern | Globel Cocxdinate System

X Component | 500, vnds O

Nurmber Of Steps 1. [12] Highlight <Analysis
Cument Step Numbex 1. Settings>. Type 0.2 (s) for | . _
Step End Time 025 O<£ <Step End Time>, 0.0001 gﬂ ‘:gfm s
Auto Time Stepping On (s) for <Initial Time il % &y
Dufine By Tom Step>,0.00001 (s) for v _G‘*‘é"; u
britis] Time Stp Lel04s [®) <Minimum Time Step>, Pl im Disk
Minirmum Time Step 10005 5 o) and 0.001 (s) for B2k Coordinate Systems
Masdyum Time Step 1e0Bs ©) <Maximum Time Step>. = “{% Connections
Time Integration On \_ - . =@ Contacts
=/ Salvex Controls ‘ -/ B, Frictionless - Block To Disk
Solvex Type Puogram Contolled B ,,@ Mesh
Wesk Springs Puogam Contilied /8L Edge Sizing
Lesge Deflection On =@ Transient (A5)

#/ Restaxt Coatrols
¥ Nonlineax Coatrols
1=/ Output Conteols
Stoess No
Stosin No
Nodal Fowes No
No
No

Contect Miscellsnecus
Genesal Misoellaneous
Caloulste Results At Equally Speced Paints O
— Value 100. )
Max Numbex of Result Sets | Paogeam Contuolled

[# Damping Coatsols

(¥ Analysis Data Management

=i/l Solution (A6)

Dietails of "Solution Information”

Update Interval 25s
Display Points Al

=/ Initial Conditions
-
[13] Set up /1P Modal (None)
<Output Py Velodity
Controls> to WS NS
save data storage
space and
computing time.

it

[14] Insert a <Total
Deformation>.

[I5] With <Solution/
Solution Information>
highlighted, select
<Force Convergence>,
to watch how the
solution proceeds.

[16] Click <Solve>.




450 Chapter 12 Structural Dynamics

e For0z Convargance Force Criterion Substep Converged

‘G
i

&

@ e oo
I T
o o
I3 i3
¥
) [ %)

N
I

[l

Force (N)
Lad % o0 [l
i’,\l i i

ok B
£
“u

[ S SRR R % R

iterations to
complete the
simulations.

12.4-5 Animate the Impact

= /& Solution (A6)
“ /4] Solution Information

Total Deformation

ggmn 1.0 (True Scale)

[2] Select <1.0 (True
Scale)>.

[17 Highlight <Total
Deformation>.

-7  Bw =
4 No WireFrame
£ Show Undeformed WireF

[3] Select <Result
Sets>.

[4] Click <Play>.




