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Section 3.1

Triangular Plate

Problem Description

® The plate is made of steel, designed to withstand
a tensile force of 20,000 N on each side face.
® We are concerned about the deformations and

the stresses.

B ———



Chapter 3 2D Simulations

Techniques/Concepts

C: Static Structural

Equivalent Stress

Type: Equivalent {von-Mises) Stress

Unit: MPa
Time: 1

53.029 Max
49.253
45476
41.699
37922
34.145
30.368
26.592
22815
19.038 Min

D: 2D Symmetric Model
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unst: MPa
Time: 1

56.422 Max
52.269
48.116
43963

3981

35657
31.504
27.351
23.198
19.046 Min

.

Section 3.1 Triangular Plate

Project Schematic
Concepts>Surface From Sketches
Analysis Type (2D)

Plane Stress Problems

Generate 2D Mesh

2D Solid Elements

Relevance Center and Relevance
Loads>Pressure

Weak Springs

Solution>Total Deformation
Solution>Equivalent Stress
Tools>Symmetry

Coordinate System

I ——
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Section 3.2
Threaded Bolt-and-Nut

Problem Description

[4] Section
[3] Plates. view.
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[1]The 2D
simulation
model.

17 mm

The plane of symmetry

[2] Frictionless
support.

[3] Frictionless
support.
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Techniques/Concepts

e Hide/Show Sketches C: Static Structural
Equivalent Stress
. Type: Equivalent (von-Mises) Stress
L] Dlsplay Model/Plane Unit: MPa
Time: 1
e Add Material/Frozen 210,86 Max
. ) 187.53
® Axisymmetric Problems 164.19
14085
e Contact/Target 117.52
0418
R R 70843
® Frictional Contacts 47 506
L. 24.169
e Edge Sizing 0.83214 Min

e | oads>Force
e Supports>Frictionless Support
e Solution>Normal Stress

e Radial/Axial/Hoop Stresses

e Nonlinear Simulations
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Section 3.3
More Details

Plane-Stress Problems

Y Y Stress state at a point of
‘é % a zero thickness plate,
subject to in-plane
forces.

Section 3.3 More Details

Plane stress condition:
GZ=0, T, =0, T, =0

The Hook's law becomes

o 0
“"E e

o o
“TETVE
o o
VeV

T
Y= Ye=0 7x=0

A problem may assume the
plane-stress condition if its
thickness direction is not
restrained and thus free to
expand or contract.
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Plane-Strain Problems

X yXY
]/XY

] \l/
&

Ex

A

[2] Strain state at
a point of a plane-
strain structure.

Section 3.3 More Details

® Plane strain condition:

£, =0, Y =0, Y 5 =0
e The Hook's law becomes
E

c,=——

1+ v)(1-2v)
E

o, =——

Yo+ v)(1-2v)

[(I —V)E, + vgy]

[(I —V)E, + Ve, ]

c. =
2 (+v)(I-2v

) vex+vey}
T.,=GY,, 7,=0, 7, =0

zX

e A problem may assume the plane-strain

condition if its Z-direction is restrained
from expansion or contraction, all cross-
sections perpendicular to the Z-direction
have the same geometry, and all
environment conditions are in the XY
plane.
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Axisymmetric Problems

g, f* e [f the geometry, supports, and
£ [1] Strain loading of a structure are
yd State at a axisymmetric about the Y-axis,
Ve /vy point of a
axisymmetric then all response quantities are
< structure. P q
independent of 6 coordinate.
£
! g, o, ® Insuch a case,
O-() N
Von =0 Vo =0
SY o'R
// Te=0 7,5 =0

T T

M NG e both 0,andg, are generally not
[2] Stress
state at a zero. They are termed hoop
pointofa — . .

axisymmetric Oy s, stress and hoop strain respectively.

structure.
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Mechanical GUI

® Pull-down Menus
and Toolbars

e Outline of Project
Tree

® Details View

e Geometry

e Graph

e Tabular Data

e Status Bar

® Separators

J————

Section 3.3 More Details

M C : Static Structural - Mechanical [ANSYS Academic Research]
| File Edit View Units Tools Help ]J Q| Jsove -t wE [ & [A] @] WOkt in

=18lx]

[PA TR OO0 @ S eaa @@maa®ms

10-

| 77 Show Vertices &2 Wireframe | WIEdgeColoring v £~ A~ A~ A~ A~ A |l |~ Thicken Annotations ZgShow Mesh A Show Coordinate Systems

|Result 32e402GAu0Scal) -« @ B @ F | mo mw | e9Fobe

[owine )
‘H| Project
= @] Model (C4)

C: Static Structural
Total Deformation

\ISYS

e L
#- /& Geometry Type: Total Deformation
] ,,/f\ Coordinate Systems Unit: mm
#- /8 Connections Time: 1
# /& Mesh
=i /=] Static Structural (C5) 0.0057124 Max
V7N Analysis Settings 00051154
/P Force 0.0045185
/s Frictionless Support 00039215
=8l j%'uboﬂ (c6) 00033246
1] Solution Information
/& Total Deformation gﬁ;’g | ¢
/& Equivalent Stress y X
/& Radial Stress 00015338
T8 Aval Stress 000092683
/& Hoop Stress \Geometry ATt Praview AR Ty ]
Details of "Total Deformation™ Graph L3l Tabular Data
= Se A1 Ani < Time [5] |[v Minimum [mm] |[v Masximum [x
e [Geomty Seoton J [ [0y [ Q 10Fams B
- 1. 04 1.3504e-004 2.2848e-003
Geometey [2matis — 571263 07 27790e004 39985003
(= Definitioa = il 5.7124¢-003
Type Total Defemation E e / |
By | Time 679675
Display Time Last 0. 0125 0375035 0625 1.
Calelate Time History | Yes [s]
. ‘ [ ! J
Suppressed No
)| Results v| . Messages Graph | 4 »

[Press F1 for Help [ © 2Messages  [No Selection

T —

[Metric (mm, kg, N, m¥, m&) Degrees

*




Chapter 3 2D Simulations Section 3.3 More Details I

Project Tree

® A project tree may contain one or more

| Project
simulation models. - |5 Model (C4)
+ v’l% Geometry
e A simulation model may contain one or more +]- s Coordinate Systems
. . +] ,,-@fl Connections
Environment branches, along with other w8 Mesh

/=] static Structural (C5)

objects. Default Environment branch name /A Analyss Settings

. . 5, Force
vf o
is the analysis system name. Y. Frictorless Support
e An Environment branch contains Analysis =& Solution (C6)
+1] Solution Information
Settings, environment conditions, and a /& Total Deformation
,,@ Equivalent Stress
Solution branch. A Radial Stress
,,ﬁ Axial Stress
e A Solution branch contains Solution BB Hoop Stress
Information and results objects.
T— T
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Unit Systems

e Consistent versus Inconsistent
Unit Systems.

e Built-in versus User-Defined Unit
Systems.

® Project Unit System.

® Internal Consistent Unit System.

[5] These, along with the
SI, are consistent unit
systems.

systems won't be

S available in the pull- |y
down menu.

Section 3.3 More Details 12
[2] Unit system [3] Default
[1] Built-in unit for current project unit
systems. project. system.
\ [ , ———
\ . = R

1 Uit System ' \F 63

2 | SI(ka,m,s,KAN,Y) L R=

3 | Metric (kg,m,s,°C,AN,V) ©® @ |

4 Metric (tonne,mm,s, °C,mA,N,mV) ®[©® (|

5 U.S.Customary (Ibm,in,s, °F,A, Ibf,V)

6 U.S.Engineering (Ib,in,s,R,A,Ibf,V)

7 Metric {(g,cm,s, °C,A,dyne,V) v

8 Metric (kg,mm,s,*C,mA,N,mV) v

3 Metric (kg,pm,s,°C,mA,uN,V) v

10 Metric (decatonne,mm,s, °C,mA,N,mV) v

11 U.S.Customary (Ibm,ft,s, °F,A,Ibf,V) v

12 Consistent CG5 v

13 Consistent NMM v

14 t Consistent pMKS v
—25 | consistent BIN v

16 Consistent BFT [4] Checked unit leT
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Environment Conditions

G, Loads ~ P Supports ~

Qm Pressure e, Supports ¥, Conditions ~ @

o, Pipe Pressure

), Hydrostatic Pressure
8, Force

2, Remote Force

@, Bearing Load

4“ Ealt Pretension

'Q, Moment

J Generalized Plane Strain
C¥, Line Pressure

@) Thermal Condition
‘ﬂ Pipe Temperature
7 Joint Load

O Fluid Solid Interface
) Detonation Point

@” Fixed Support

'3, Displacement

8, Remote Displacement
M Velooity

O Impedance Boundary
‘99_ Frictionless Support
.j, Compression Only Support
Q}, Cylindrical Support
W, Simply Suppored
*,', Biwed Eotation

'3, Elastic Support

B, Inertial ~ Pk Loads » G

@ Acceleration
@] Standard Earth Gravity
3., Rotational Yelocity

P——

P——

—
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Results Objects

Solution %, Deformation » 4 Strain + % Stress » & Energy ~ | " Linearized Stress ~ | @ Probe + (@] Tools ~

U@, User Defined Result | F=| Compbell Disgran | 94 Coordinate Systems ~ 5
View Results
[3] Label. [5] You can control [6] Some results
how the contour can display with
P displays. vectors.

\

‘Result 3.2e+002 (Auto Soale) | B - B - & Wam Wy | [z Probe

[4] You may [1] Click to turn on/ [2] Click to turn
select the scale off the label of

of deformation. maximum/minimum.

| =<

on/off the probe.
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Section 3.4

Spur Gears

Problem Description [1]We are concerned

about the contact
stress here.

[2] And the bending
stress here.
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Techniques/Concepts

C: 2D Gear Set Simulation

Equivalent Stress
Type: Equivalent (von-Mises) Stress
e Copy bodies (Translate) st s
e Contacts 2.192¢5 Max
1.9484e5
e Frictionless 170435
1.4613e5
H 1.2178e5
e Symmetric (Contact/Target) a7421
73066
e Adjust to Touch 48711
24355
e |[oads>Moment 0.032616 Min

® True Scale
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Section 3.5

Structural Error, FE Convergence,
and Stress Singularity

Problem Description

[11The bar is 100 | 100
made of steel. [2] T.he bar has
a thickness of
10 mm.
RIS
e

|

50 kN S0KN
- LN
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Part A. Stress Discontinuity

Displacement field is continuous
over the entire body.

A: Static Structural
H Axis - Directional Deformation
Type: Directional Deformation (X Axis)
Unit: mm

Global Coordinate System
Time: 1

0.078106 Max
0069427
0060749
0052071
0043392
0034714
0026035
0017357
00086784

0 Min
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[1] Original calculated
stresses (unaveraged) [2] By default, stresses are
are not continuous averaged on the nodes, and the
across element stress field is recalculated. That
boundaries, i.e., stress way, the stress field is
at boundary has continuous over the body.
multiple values.

X

A: Static Structural
X Axis - Normal Stress (Unaveraged)
Type: Normal Stress(X Axis) (Unaveraged)
Unit: MPa

Global Coordinate System
Time: 1

A: Static Structural
X Axis - Normal Stress
Type: Normal Stress(X Axis)
Unit: MPa

Global Coordinate System
Time: 1

138.5 Max
123

107.49

91989

76.485

60.982

45478

29974

14.471
-1.0331 Min

122.9 Max
109 44
95982
82.522
69.062
55602
42142
28682
15222
1.7623 Min
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Part B. Structural Error

® For an element, strain energies calculated using averaged stresses and unaveraged
stresses respectively are different. The difference between these two energy values is
called Structural Error of the element.

® The finer the mesh, the smaller the structural error. Thus, the structural error can be

used as an indicator of mesh adequacy.

L T — T

A: Static Structural
Structural Ervor

Type: Structural Exror
Unit: mJ

Time: 1

0.93937 Max
0.835

0.73062

062625

0.52188

0.4175

031312

0.20875

0.10438
3.9898e-6 Min
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Part C. Finite Element Convergence

Displacement (mm)

0.0787
0.0786
0.0784

o
(=)
S
©
w

0.0782
0.0780
0.0779
0.0777
0.0776

Section 3.5 Filleted Bar

[1] Quadrilateral element.

[2] Triangular element.

[3] Increasing
nodes. #

l,

0

2000

4000

6000 8000 10000
Number of Nodes

12000

14000

16000

21
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Part D. Stress Concentration

[2] Stress
concentration.

[1] To accurately
evaluate the
concentrated stress,
finer mesh is needed,
particularly around the
corner.

A: Static Structural

X Axis - Normal Stress
Type: Normal Stress(X Axas)
Unit: MPa

Global Coordinate System
Time: 1

167.3 Max
1483

1293

1103
91.303
72.305
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Part E. Stress Singularity

B: Copy of Static Structural
X Axis- Normal Stress

Type: Normal Stress(i Axis)
Unit: MPa

Global Coordinate System
Time: 1

225 44 Max
1964

167.36

13832

10928
80243

51204

22165
68746
-35.914 Min

The stress in this
zero-radius fillet
is theoretically
infinite.

Section 3.5 Filleted Bar

Stress singularity is not limited
to sharp corners.

Any locations that have stress
of infinity are called singular
points.

Besides a concave fillet of zero
radius, a point of concentrated

forces is also a singular point.

ﬁ

23



