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Workshop 4A — Metal Plasticity

Goal:

* Define a nonlinear metal plasticity material for a belleville spring geometry and simulate
“spring back” upon application of and subsequent removal of a displacement load.

* Post process stress and strain results

* Generate a force vs. deflection curve on the spring.

1.1293e+5

le+s

75000

Force

50000

25000

2.4398e-7
o 1 2 3. 4
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... Workshop 4A — Metal Plasticity

2D axisymmetric geometry
* The spring material is a ductile steel sandwiched between two rigid surfaces.

* Frictionless contact is assumed between the spring and the rigid geometries

Displaced rigid boundary

2D axisymmetric : :
centerline Belleville spring

Fixed rigid boundary

; l-..

0.00 20,00 40,00 (mm)
T ]

10.00 30.00
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.. Workshop 4A: Metal Plasticity

4

Steps to Follow:

Restore Archive... browse for file “SNL WS4a-belleville.wbpz”

E View Tools Units Help

Mew Cirl+M
Cpen... Ctrl+0
Save Cirl45
Save As...

Save to Teamcenter...

Impaort...

Archive, .,

r|;|[E]E‘,' E:ﬁﬂﬁ;[a.zl_,

-

Restore Archive...

Scripting 3

Save as
* File name: “WS4a-belleville”

* Save as type: Workbench Project Files (*.wbpj)

Save as type: ’Workbench Project Files (*.whpj) v]

~ Hide Folders ( Save ) | Cancel
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... Workshop 4A — Metal Plasticity

Project Schematic

The project Schematic should look like the
picture to the right.

* From this Schematic, you can see that Engineering
(material) Data and Geometry have already been
defined (green check marks).

* It remains to set up and run the FE model in
Mechanical

* Open the Engineering Data Cell (highlight and double
click OR Right Mouse Button (RMB)>Edit) to verify
the linear material properties.

* Verify that the units are in Metric(Tonne,mm,...)
system. If not, fix this by clicking on...

— Utility Menu > Units > Metric(Tonne, mm,...)

5 © 2015 ANSYS, Inc. April 14, 2015

7 Static Structural (ANSYS)
@ Engineering Data

i} Geometry

@ Model

@' Setup

GE| Solution

7 @ Results

(= S, I S R |

Belleville Spring-Linear Materials

Properties of Outline Row 3: Struckural Steel

W R R NS

[ [ 9

-

B

C

Properky

Yalue

Lnil

[V S

El Density

7.B5E-09

karne m

2 U Coefficient of Thermal Expansion

EI Coefficient of Thermal
Expansion

1.2E-05

-1

l-’]El Reference Temperature

2z
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foung's Modulus
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o =N -+

[u}
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0.3
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... Workshop 4A — Metal Plasticity

Return to the Project Page.

Double click on the Model Cell to open the FE Model (Mechanical Session)
(or RMB=>Edit...)

File  Wiew  Tools  Units  Help

] Mew __30|:|en... ._‘;_-‘ Save ._'-"E.!Save As... Feronnect @& Refresh Project # Update Project ﬁjlmport...
S Froject Schematic

| B Analysis Syskems |
(&) Electric (AMSYS)

I Explicit Dynamics (AMSYS) %2 Static Structural (ANSYS)
B9 Harmonic Response (ANIYS) @ Engineering Data v 4
[N Linear Buckling (AMSYS) W) Geometry v .
108} Magretostatic (AMNSYS)
|@ Model
HH Modal (AMSYS) > Edit
i Modsl (Samcef) @ setup @ ..
[l Random vibration (AMNSYS) @ Solution 2% Duplicate
[l Pesponse Spectrum (ANSYS) @ Fesults Transfer Data To New 5
| P B o] ISP, P T N PR o N N T BT o §
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... Workshop 4A — Metal Plasticity

Open the folders beneath the model branch to become familiar with the model set-up.

7

Highlight “Geometry” and refer
to the details window to verify that
this is a 2D axisymmetric model.

Inspect the two asymmetric
frictionless contact regions on top
and bottom of spring which
interface with top and bottom rigid
boundaries.

Inspect the no-separation contact
region which ties down the spring
at the bottom corner to prevent
rigid body motion during
unloading.

© 2015 ANSYS, Inc. April 14, 2015

Outline

---"(,-'j-h Coordinate Systems
= Connections
EI«@] Centacts
5-------(:,\ Frictionless - Surface Body To Surface Body
F. Frictionless - Surface Body To Surface Body
5-------‘,‘!‘ Mo Separation - Surface Body To Surface Body
\/@ Mesh
--[=] Static Structural (A5)
‘/F\_ Analysis Settings
‘,ﬁl Displacement
vﬁl Fixed Support
-] Solution (A6)
] ¥ Solution Information

Details of "Multiple Selection”

Mo Separation - Surface Body To Surface Body
172642012 2:41 PM

. Frictionless - Surface Body To Surface Body
. Frictionless - Surface Body To Surface Body
. Mo Separation - Surface Body To Surface Body

-] Scope
Scoping Method | Geometry Selection
-|| Definition
Type
Scope Mode
Behaviar
Suppressed Mo
-|| Advanced
Formulation Program Controlled
Detection Method | Program Controlled
Mormal Stiffness | Program Controlled
Update Stiffness | Program Controlled
Pinball Region Program Controlled




... Workshop 4A — Metal Plasticity

e Review the mesh: Oty fppl " T
— RMB>Generate Mesh - ﬁ rms:rt }
s -4 Update

The upper and lower geometries are meshed with
one element each, while the belleville spring
geometry is a free mesh.
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... Workshop 4A — Metal Plasticity

This is going to be a 3 load step analysis:

With the bottom plate fixed:
Null Solution (to generate results at origin for force-deflection plot)

LS1:
LS2:
LS3:

Apply displacement load (-5mm) to upper plate
Remove displacement load

Confirm the following Analysis Settings:
Number of Steps: 3
Weak Springs: off
Large Deflection: On

For Current Step Number =1, Auto Time Stepping
On and with Initial, Minimum and Maximum
Substeps = ‘1’. (Null Solution)

For Current Step Numbers 2 and 3, Program

Controlled for Auto Time Stepping.

© 2015 ANSYS, Inc. April 14, 2015

=

Details of "Analysis Settings"

=

Step Controls

Mumber Of Steps

3

Current Step Mumber

—_

=

Step End Time 1,5
Auka Time Skepping {20
Define By Substeps

Initial Substeps

1,

Minimum Subskeps

1,

Maximum Substeps

1,

Solver Controls

Salver Tvpe

Program Controlled

W'eak Springs

OFf

Large Deflection

on

Inertia Relief

oli




... Workshop 4A — Metal Plasticity

 Review the predefined displacement load on the upper plate for the

three load steps.

Project

= (& Model (A4)

- B Geometry

‘,;4‘; Coordinate Systems

BB Connections

A Mesh

E=-4—] Static Structural (A
e A is Setting

//ﬁ Directional Deformation
M Equivalent Stress
B Equivalent Plastic Strain

| Scope
Scoping Method Geometry Selection
Geomekry 1 Face

3| Definition
Type Displacement
Define By Components
Coordinate System | Global Coordinate System

A Compoanent Free

% Cormpaonent Tabular Data
Suppressed ]

3| Tabular Data

Independent Yariable | Time

10 © 2015 ANSYS, Inc.

A: Belleville Spring-Linear Materials
Displacemant

Time: 2, s

4/10§2009 3:24 PM

. Displacement
Cornponents: Free, -5 mm

20,00 {mm)

Geometry A Workshest A Print Preview A Report Preview /

3. Time [s1 | [v ¥ [mm]
0 1 |o 0.
1.
2.
_1l 3
-2,
-3
-4,
-0,
1 2 3
| 1 I 3 |
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11

Execute Solve:

... Workshop 4A — Metal Plasticity

| '.};SDIVE -

« After solution is complete, review convergence history:
’
JFiter:  name v Force Convergence
i o 7] rigid upper boundary ﬂ
----- /5% Coordinate Systems
=48 Connections
= Contacts
: (“'-‘ Frictionless - Surface Body ~ —#—— Force Convergence Force Cricerion
‘;\'I,,\ Frictionless - Surface Body — — - Load Step Converged
e 3'I,‘ Mo Separation - Surface Bor -
B ‘/% Mech 2.1830e+8 |
------- /. Edge Sizing 2.24728+5 |
------- % Face Sizing E‘
....... B, Face Sizing 2 =231.27 ! ‘T(
Hl--/=] Static Structural (A5) o ' |
------- o1 Analysis Settings IE 0.23801
------- B, Displacement 7.44040-4 |
....... B, Fived Support ’ | _T
- e j 2.5208e-7 +
G Solution Information 1. 2. 3. 4. 5. 6. 7. 8. 9 100 11. 12, 13. 14. 15. 16.
Direcuonal Detormation
- M Equivalent Stress —_
- /i3 Equivalent Plastic Strain -,
- M) Equivalent Elastic Strain E &% % %% v ; 1
= =
j%" :b:[,{w:;, F 1. 2. 3. 4 5 6 7. 8 9. 10. 11. 12. 13. 14. 15. 16.
ER
....... Chart - Cumulative Tteration
4 k
I I _I_ Graphi&hWnrksheet ]
[) 0 1 a
=/ Solution Information —
Zolution O t q o ! Text Assodiation
alution Outpu - PRLC ony g Warning | Large deformation effects are active which may have invalidated some of vour applied supports | Project =Model =
Mewton-Raphson Residuals i Warning

© 2015 ANSYS, Inc. April 14, 2015
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... Workshop 4A — Metal Plasticity

Post Process results at Load step 2:

— Note how high the stress in the spring is at the end of LS2.
Recall, this is still linear elastic material.

— At LS3 (not shown), plastic strain is zero and there is no permanent
deformation of the spring upon unloading as expected.

4} M8 Connections

= /% Mesh

b ML Edge Sizing

- ﬁ . Face Sizing

[ (@ . Face Sizing 2

£l =] Static Structural (A5)

[ v 7 Analysis Settings

[ [, Displacement

- M, Fixed Support

=P Solution (A6)
@ Solution Information
vﬁ Directional Deformation

¢ Equivalent Stre

[-]| Scope

P ls [

Scoping Method Geometry Selection

Geometry All Bodies

Definition

Type Equivalent (von-Mizes) ...

By Time

Display Time s

Calculate Time History | Yes

Identifier

Suppressed Mo

Integration Point Results

Display Option Averaged

Average Across Bodies Mo

Results

Minimum 0. MPa

Maximum 2814.2 MPa
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Time: 2
4/10/2015 10:07 AM

e II\‘IaM—
2185.5

2501.5
1576.1

1563.4
1250.5
9358.07 ¥
625,35
312.69 .
0 Min
0.00 50,00 {mm}
25,00
', Geometry /4 Print Preview » Report Preview,/
~ + [T
Animation {10 ML 10 Frames 2 Sec (Auto Time [s] [[v Minimum [WPal |[w Maximum [MPal
J b L | 2t | I:;) ¢ ) 11 0. 1,.713%e-010
212 0. 2814.2
28142 313 0. 3.6007e-005
—_
& 1600,
>
e
800,




... Workshop 4A — Metal Plasticity

* Generate Force vs. Deflection Curve of Spring [ Fxed suppor “:@
— With Solution Branch Highlighted: I”SE“ Z“:SS T'z?'
RMB>Insert>User Defined Result S e S
— Scope result to the upper rigidplate iR S
— Define the expression as ‘abs(FY)’ for absolute value of .r.r.ement Fatigue
force in Y-direction s ;: Contact Taol
| s M User Defined Result

[F commands

=l SCcope
Scoping Method Geometry Seleckion
<Emetry 1 FaD
=|| Definition
Type Iser Defined Result
Eressiun = abs@
Input Unit System Mekric (mm, kg, M, 5, mY, mal
[ Dukput LUnit Fu:uru:e)
By Time
Display Time Last
Coordinate Syskem Global Coordinate System [

Zalculate Time Hiskory

Yes

Use Average Yes
Identifier Geometry A orksheet b Print Preview AReport Preview /
=1|Results araph R
Minirmurn
Maxirnum

+

#|Information
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... Workshop 4A — Metal Plasticity

Repeat Procedure for Displacement in ‘UY’

Details of "abs(UY)"

[l Scope
Scoping Method Geometry Selection
Geometry 1Face
]| Definition
Type User Defined Result
a:?ﬁessinn = abs(UY
Input Linit System Metric {mm, ka, M, 5, m¥, mA])
¢ Output Unit Length >

e

By Time
Display Time Last
Coordinate System Global Coordinate System
Calculate Time History | Yes
Identifier
Suppressed Mo

— Highlight both User Defined Results:

RMB>Rename based on Definition

— Highlight Solution Branch:

14 © 2015 ANSYS, Inc.

RMB>Evaluate results

April 14, 2015

g m e
L, Fixed Suppart | L“E
ERSolution £

..... [ #] Salut Inserk Stress Tool

..... Direc | Deformation
_____ ./ﬁ Equi ] Elean

..... A Equiv &l Renarne

----- A Equivalent Elastic Strain

Skrain

Skress

Linearized Stress

| Refinement Fatigue:
-oops |1 Contact Tool
il Z,

- MlUser Defined Result

[E= commands

- /& Solution (A6)

------- J[Il Salution Infarmation

------- ﬁ Directional Deformation

------- ﬁ Equivalent Stress

------- A0 Equivalent Plastic Strain
a=mamimalant Flastic Strain




... Workshop 4A — Metal Plasticity

Insert a Chart Tool for plotting FY vs UY

15

— Fill in Chart tool Details Window as Follows:
— Definition: Select ‘abs(FY)’ and ‘abs(UY)’ from Solution Branch

— Chart Tool: X Axis: abs(UY) (Max)

— Axis Labels:

— X-Axis Label: Deflection
— Y-Axis Label: Force

— Input & Output Quantities:
— Omit: Time, abs(FY)(Min), abs(UY)(Min) —,

© 2015 ANSYS, Inc.
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hanical [ANSYS Multiphv<ics]

P o e e I =
| ++ @l &l New Chart and Table

n

F
A H

3

%, abs(Fy)
4 abs{UY)

-,

Definition |

Cutline Selection
Chart Controls

¥ Axis abs{L) (Max) I

FHEEE;E [=legig)

Linear

dine
Auxiis Labels

¥-Axis Deflection I

Force

Content Chart And Tabular Data

B

B

A== =g

Input Quantities

Time | Omit

Dutput Quantities

[A] abs(Fy) (Min) | Omit

[B] abs(Fy) (Max) | Display

[C] abs(Lr) (Min) | Omit

abs{UY) (Max) ¥ Axis




... Workshop 4A — Metal Plasticity

Resulting Chart of Force vs Displacement for linear material is a

=

=

straight line with no permanent deformation as expected

Definition

Qutline Selection |2 Ohjects
Chart Controls

¥ Axis abs{L) (Max)
Plot Style Both

Scale Linear
Gridlines Mone

Audis Labels

¥-Axis Deflection

i -Ais Force
Report

Content Chart And Tabular Data
Caption

Input Quantities

Time | omit

Output Quantities

[A] abs(FY) (Min) |Omit

[B] abs(FY) (Max) |Display

[C] abs(Lr) (Min) | Qmit

abs(LY) (Max) ¥ Axis

16 © 2015 ANSYS, Inc.
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Force

Steps | Time [s] |[w [E] abs(Fy) (Ma:

4,4537 45 1L i 2.43982-007
22 2 445372 +005
4,845 — 33 3, 4. 3029e-005
3.e45 —
2.e4+5 —
1.e+5 —
2.4398e-7 | i |
0. 2 3. 4 5
Deflection




... Workshop 4A — Metal Plasticity

Duplicate the Static Analysis
* Return to the Project Schematic
* Highlight the Model Cell and RMB> Duplicate

- A Froject Schematic

B Analysis Systems
€] Electric (AMSYS)

i Explicit Dynamics (ANSYS) hd A
[ Harrmonic Response (AMSYS) 1
B3 Linear Buckling (ANSYS)
1091 ragretostatic (ARMSYS)

Bl rModal (aMsys)

Skatic Struckural (AMSYS)

_—
E.
@ Engineering Data ¥ 4
G} Seometry v 4

[l Random vibration (ANSYS) @ setup
= i =4 Dwplicate
Ml Response Spectrum (AMIYS) GE Salukion <

[=4] Shape Optimization (AMSYS) @ Recults Transter Dt 10 e 3

Ezdl Static Skruckural (ABACIIS)
B Static Structural (ANSYS) Belleville Spring-Linear Ma| F  Update

z2
3
FHH rodal (Samcef) : ﬁ Model [i] Edit
=]
K

Bz Static Structural {Sameef) Refresh

IT’ Steady-State Thermal (ANSYS) Clear Generated Data
B} Thermal-Electric (AMSYS) Resek

Bzl Transient Structural (ANSYS) E.E Rename

Bz Transient Structural (MEC)

FW Transient Thermal (ANSYS) Properties
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... Workshop 4A — Metal Plasticity

Disassociate material properties link
* The second analysis is going to be with metal plasticity defined
* Highlight the Engineering data link and RMB>Delete

Project Schematic

- il - B

W = Static Structural (ANSYS) o =

2 & Engneering Data W @ﬂ Crmirucsinu Tiok v 4

3 | ) Geometry A Delete v o

4 @ Model v PrDEerties 7

5 @' Setup o ] ﬁ Setup F

B Solution o & Solution F

7 @ Resuls W 7 | Results F
Belleville Spring-Linear Materials Copy of Belleville Spring-Linear Materials

18 © 2015 ANSYS, Inc. April 14, 2015



... Workshop 4A — Metal Plasticity

Project Schematic should now look like the diagram below

* We can now modify the Engineering data in Table B without effecting the model
and/or results of Table A.

* Change the title of the new Analysis to:
“Belleville Spring-Nonlinear Materials”

* Open the Engineering Data Cell in Table B

Project Schematic

- & - B

1 E Static Structural (ARSYS) =L Skatic Skeochoesl CARISYS

2 @ Engineering Data v 4 q

3 ) Geometry v 83 i) Geometry

4 @@ Model v 4 @@ Model ..:.-;i P

= fa Setup v = fﬁ Setup d

= Solukion v = Solution d

7 @ Results W 7 @ Resulks -4
Belleville Spring-Linear Materials Bellevile Spring-Mon Linear Materials
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... Workshop 4A — Metal Plasticity

Insert a Metal Plasticity Model
* From the Tool Box, open the Plasticity Folder
* Highlight Multilinear Isotropic Hardening and RMB>"Include Property”
* The new material should now appear in the Properties dialogue box

Properties af Outline Row 3: Structural Skeel * B3 X
- &, B Z D

1 S— e TR

File  Wiew  Tools  Units  Help =

JNew ._}C'DEH... HSave lﬂSave Az, Reconne: Z EI DEHSIW 7.55E-09 tonne mrm-3 |:
Toolbo - =X ] % Coefficient of Thermal Expansion E
Phesical Properties w7 . .

p—— . & _= E Isobropic Elasticity |:
Experimental Stress Strain Data 2 @ Q ?E Multilinear Isotropic Hardening | Tabular |:
H last o

= PIZZ:;ijS . : : )EF T Aleernating Stress Mean Stress -5 Tabular |:

4

El Bilinear Isotropic Hardening / 14 E Strain-Life Parameters |:
| 7] Multilinear Isotropic Hardenirg~"

2] Biinear Kinematic Hardening Includs Property 22 T Tensile Yield Strength 250 MPa |:

Multilinear Kinematic Hardeni

EI. e e el 23 E Compressive Yield Strength 250 MPa |:
Life Collapse all

Tk i 24 E Tensile Ulkimate Strength 460 MPa |:

25 E Compressive Ulkimate Skrength 0 MPa |:
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... Workshop 4A — Metal Plasticity

Define Plasticity data

21

* Fill in plastic strain and stress data as
shown to the right

* From the Utility Menu, read in the
modified material properties with

* Return to Project Workspace
— Refresh Project

. Refresh Project | )

Read modified inputs g

© 2015 ANSYS, Inc. April 14, 2015

able of Properties Row 12: Multlinear Isotropic Hardening * 0
A B C
Temperature (C) =~ 1 Plastic Strain (m m~-1) =~ | Stress (MPa) ~
2 22 2 0 250
* 3 0,001 285
4 0.002 275
3 0.003 278
<] 0.004 279
280
Temperature | 22 [C]  epey
_——"_-’_ — |
275 o
-
270 — /
a e
=
Z e
w 265
w
w
=
n
260
255 /
250 /
[u} 0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035 0.004

Plastic 5train [m m™-1]



... Workshop 4A — Metal Plasticity

From the project schematic, highlight and open the model cell in Table B.

Project Schematic

- - B

1 E Static Structural (AMSYS) 1 E Static Structural (ANSYS)

2 @ Engineeting Data v 4 2 @ Ergineeting Data v 4

3 Wi Geometry v M3 i _Geome o

5 @ setup v 5 @@l Sstup F

3 gfl Solukion ' & G%I Solukion '

7 @ Results v 7 @ Resuts F
Belleville Spring-Linear Materials Belleville Spring-Mon Linear Materials

All the geometry entities, meshing specs, boundary conditions, loads and analysis
settings are preserved from the previous analysis.

— Execute the Solve with the newly defined plasticity properties

M B : Belleville Spring-Non Linear Materials - *iccname 2! [2 *5¥S Multiphysics]
JFiIe Edit Wiew Units Tools Help |J v '.,,ESDIVE - ] ~
[FA Y v REOR &S QR QEQAENE| -

Model | 'E?/Ccmstructicun Geomekry | ﬁy[j'-.-'irtual Topology | @Symmetry | [j_Remcute Poink | I Conmections | SDlLItil:ll'l Caombination
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... Workshop 4A — Metal Plasticity

Return to Analysis Settings. For LS 2 and 3 specify the following for autotime stepping:

mm Il=+10]
El-#{] Static Structural (B5)

e 7\ Analysis Settings
-------- ﬁ Displacement
-------- ﬁ Fixed Support
----- /f. Solution (B6)

Demlls of "Analysis Settings™

=

Step Controls

Mumber Of Steps 3

Current Step Mumber | 2,

Step End Time 2.5
Auto Time Stepping | On
Define By Substeps
Carry Qwer Time Step | Off
Initial Substeps 5.

Minimum Substeps 3.

Maximum Substeps 10.

Execute Solve...

opy of Belle e Sp i

File Edit View Units Tools Help |J a =+a

H 3 [

~isolve - P/showErrors T@ r W) - [} Worksheet  ix |J = e M-

A show Vertices [E+W|reﬁame | DE‘;Show Mesh

W Random Colors %/ Annotation Preferences

Enwvironment CEL Inertial ~ C Loads - "Bk Supports = %L Conditions - @ﬂDirect FE - | Ew |

J
J
J
J
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Joint Configure ﬂCnnﬁgure E"i.ﬁ.ssemble | A= 0

| r,}rSet FARevert




... Workshop 4A — Metal Plasticity

» After solution is complete, review Solution output:

— Confirm that the metal plasticity, as defined, was included in this new run

PLA3TIC (PLA3) Table For Material 3
I30TROPIC HARDENING PLASTICITY

Temperature = ZZ.000000

Point Pl3train 3tress
1 0.000000e+4000 2.500000e+4+002
2 1.000000e-003 2.650000e+4+002
3 2.000000e-003 2.750000e+4+002
4 3.000000e-003 2.780000e+002
) 4. 000000e-003 2.790000e+002

*+% MRY PLASTIC STRAIN STEF = 0.3968E-02 CRITERICH = 0.1500
*%% RAUTO TIME STEF: MNEXT TIME INC = 0.30000 INCREASED (FACTOR = 1.5000)
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... Workshop 4A — Metal Plasticity

25

Review the Convergence History. Compare this with the Linear

material run.
—i— Force Convergence Force Criterion — — - Bisection Qccurred
Substep Converged —— — - Load Step Converged
2.9104e+6 |
7103.4 / | /g\ A A A [\ | I_._.‘\
- | | AR BE SR SRV | g
£17.337 | |
: | l
(%]
ul | | | \
IE 4,2316e-2 {
| |
1.0328e-4 | |
2.53208e-7 * | |
1. 3. 10. 15. 20. 23. 30. 33. 41. 43, a1.
23,
L]
Eq.
1. J. 10. 15. 20, 2. 30. 35. 40, 43, al.

Cumulative Iteration
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... Workshop 4A — Metal Plasticity

« Post Process results at Load step 2 as before:
— Compare the max stress in this material with the linear material

I Sk UnE: M3
b Cofjrdinate Systen?s Tiiiizs B

=+ Global Coordinate System 410/2015 10:10 &M
= A8 Connections

= (@ antacts
‘ﬁ.-"‘ Frictionless - Surface Bo
(‘l‘ Frictionless - Surface Bc
P MNo Separation - Surface
+- 4 Mesh
- /=] Static Structural (BS)
(/‘\ Analysis Settings
‘/ﬁl Displacement
,/ﬁ?v Fixed Support
T el Solution (B6)
i Solution Information
B Directional Deformation
\,ﬁi Equivalent Stress
M Frniiealant Plastic Strain

— Note also that the spring
now takes a permanent
set after load is removed
as expected.
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... Workshop 4A — Metal Plasticity

e Highlight the Chart tool and Plot Force vs Deflection as before.

— Note the nonlinear path of the curve reflecting the influence of the
material yielding and taking a permanent set.

— Note also the difference in the magnitude of the load required to produce
the same deflection with this material verses the linear material,
underscoring the importance of considering nonlinear material behavior in
some designs.

1.1246e+5

l.e+s

75000

Force

50000

25000

2,4358e-7
0. 1. 2 3. 4, 5

Deflection
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... Workshop 4A — Metal Plasticity

e To improve the quality of the force deflection curve, try rerunning the analysis
using a minimum of 15 substeps for LS 2 and 3.

1.1293e+5

1l.e+5

75000

Force

30000

25000

2.4398e-7
a, 1. 2, 3. 9,

Deflection
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