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1. File: New

2. Geometry & Mesh
2.1 Basic Manipulation: Length Unit: Inch

2.2 Coordi

Systems: Grid

2.3 Coordinat Systems: Edit
a) V Domain: -0.7 0.4

b) Ok

2.4 Basic Manipulation: Geometry & Mesh

a) Curves A

- point(1, 0, 0) Enter

- point(0.3, 0, 0) Ente

- point(0.3, 0, 0) Enter

- point(0.3, -0.6, 0) Ente
- point(0.3, -0.6, 0) Ent

- point(-0.3, -0.6, 0) Enter
- point(-0.3, -0.6, 0) Enter

- point(-0.3, 0, 0) Enter

- point(-0.3, 0, 0) Enter

- point(-1, 0, 0) Enter

b) Curves Type: Fillet
c) Curves Add
- Select right horizontal and right vertical curve

- fillet radius: 0.1 Enter

Grid
Edit

Coordinate System

o Geometry & Mesh
Geometry

Foints Add | Rem
Add Between

Curves Add | Rem

Fillet
Surfaces  Add | Rem
Quad ~ | [ Trim
Solids Add | Rem
Block
Clear
Mesh
Nodes Add | Rem | Edit | Show
Add Between
Elements  add | Rem | Edit
Quad (4)
Clear
Ok

- Select left horizontal and left vertical curve

- fillet radius 0.1 En

d) Curves Type: Circle Cen/Rad

- CEnter Point: 0 0.2 O Enter

- Radius: 0.1 Enter

e) Elements A

f) Ok

- node(-0.9,0,0) Enter

- node(0.9,0,0) Enter

- node(0.9,0.1,0) Ente

- node(-0.9,0.1,0) Enter

2.5 Operations: Subdivide
a) Divisions: 30 3 1

b) Elements
- All Existi
c)
2.6 Operatio  Sweep
a) All
b) Ok

2.7 Basic Manipulation: Renumber
a) All Geometry And Mesh

[ 1] Subdivide
30
Divisions 3
1
0
Bias Factors 0
0
Elements Curves
Reset Refine

Elements To Quad
Elements To Hex

Edit | Show

Edit | Show

Show

[ Coordinate System

V] Grid [ Axes Set Axes
<

Edit | Show

U Domain
1
U Spacing 0.1
0.7
W Domain
0.4
V Spacing 0.1
w 1]
Type Fix
(@) Rectangular O Fxu
() Cyiindrical ) Fic v
() Spherical ® FicW
(®) Dots () Lines
Max Points 10000
Set Origin
a 1] 0
Align Reset
Translate Rotate
Save Load
oK

o Sweep

Sweep
Tolerance 0.0001
o i

Mode  Merge -

MNodes Elements
Paoints Curves
Surfaces All

Remove Unused

Advanced Projection Setti Renumber n Points
Refine skin
Thickness 0.1 awt f Invisible
Divisions 1 i ., 1 All Free Nds
Direction Inward S M
iid e 2 M u All Free Pnts
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Refine Skin 3-D 1=t 0 Moo rojection Settings
Pairis 2] o LS
OK Curves - | A Lk ak
e a TR T
sl a A (¥4
BY Caervgty y dnd Bieih
DreChan Froam
o 0 o
Hodes 3 Fr o
Errwre: a0 Al =



b) Ok
2.8 Coordinate Systems: Grid Off
3. Boundary Conditions
3.1 New (Structural): Fixed Displa
a) Displac X:0
b) Nodes Add

- Select nodes along x = 0, without node touching the circle
- All Selected

c) Ok
4. Tables & Coord. Syst.

4. New: 1Independent Variable
a) Type
- eq_plastic_strai
- Ok
b) Formula: 5e4*(1+v1°0.6)
c) Fit
d) Ok
4.2 New: 1 Independent Variable
a) Type
- time
- Ok
b) b) Add
- Enter independent va
/OE“LE;;?() 0.5-0.3
0. -

1 O Enter

V1 value:

c) Fit
d) Ok
5. Material Propertie

5.1 New: Finite Stiffness Region: Standard
a) Young’s Modulus: 3e7
b) Poisson’s Ratio: 0.
c) Plastic N —
- Yeld Stress 1 g b s = :
_ Table Pesges R ]
- table

o Plasticity Properties n
- Ok Flasticty
- Ok

Yield Criterion

1
o Praperhes  Snchaal ¥

Thvgm Flarse Pt Teak e

[ marc Database
ion Mises v Method Table

Hardening Rule  Isotropic ¥+  Strain Rate Method
e) Elements Add ieid Stress
- All Exi

-
Piecewise Linear =

1 Table | tablel

e) Ok

OK



6. Contact
6.1 New: Meshed (Deformable)
a) Elements Ad
- All Existing
b) Ok
6.2 New: Geometric
a) Body Control: Position
b) Paramete
- Position Y: 1
- Table
- table2
- Ok
-0k
c) Curves Add
- Select cylinde
- All Selected
d) Ok
6.3 New: Geometric
a) Curves A

- Select all remaining cur

- All Selected
d) Ok
6.4 Contact Bodies: Identify

If lines pointing to metal sheet side:

6.5 Tools: Flip Curves
a) Select the cu
b) All Selected
7. Loadcases

7. New: Static Total Loadcase Time 0.5 [0 Termination Criteria
. Stepping Procedure
a) Total Loadcase Time: 0.5 Fixed (8 ConstantTime Step 0.01 £5teps |50
b) Steps: 50 Adaptive () Multi-Criteria
. () Arclength
c) Converg Testing 2 B
() Temperature
- Displacements
- Relative Displacement Tolerance: 0.001 o Convergence Testing (Structural)
(®) Relative () Residuals
- Ok () Absolute (®) Displacements [[] indude Rotations
d) Ok () Relativefabsolute  (©) Residuals Or Displacements
() Residuals And Displacements
[¥] Auto Switch (C) Strain Energy ’
7.2 In the tree copy the loadcase Icasel
7'3 open I Relative DlsplacemaanDoils:;I::::ems 0.001
a) Total Loadcase Time: 0.5
b) # Steps: 20 :
C) oK
Total Loadcase Time 0.5 [ Termination Criteria

o Contact Body Properties
Mame | chbody2
Type | Geometric
Properties
Show Properties Structural >
Body Control

Posiion ¥ | Parameters

[] anisatrapic Friction
Boundary Description
Analytical =
2D;  Curve Divisions 0
3D:  SurfaceDivisions U [0
Surface Divisions V|0

Obsolete Properties

Entities
20 Curves Add | Rem | 1
3D: Surfaces | Add 0
Reset Ok
Position (Center Of Rotation)
X 0 Table
¥ 1 Table | table2
Z 0 Table
Angle (Rad) 0 Table
Detect Meshed Bodies
Tools ™
Flip Elements
Flip Curves
1| Flip Surfaces d
¥
L)

Stepping Procedure

Fixed (@) Constant Time Step 0.025 # Steps

20



8. Jobs

8.1 New: Structural

9. Results
9.1 File: Open D
9.2 Model Plot

Inc: S0

Time: 5.000e-001

4.594e-001

4. 134e-001

3.675e-001

3.215e-001

2.755e-001

2.296e-001

1.836e-001

1.377e-001

9.169e-002

4.573e-002

-2,303e-004

a) Analysis Options
- Large Strain
- Ok
b) Select Icasel and Icase2
c) Analysis Dimension: Plan Strain
d) Job Results
-Equivalent vo Mises Stress
- Equivalent Plastic strain
- Ok
e) Contact Control
- Advanced Contact Control
-Separation Force: 0.1
- Ok
- Ok
f) Run
- Submit (1)
- Monitor
- Ok
g) Ok

a) Scalar: Total Equivalent Plastic Strai
b) Style: Contour Bands
c) Skip to Increment 50

o Structural Analysis Options
Narlinear Procedurs Buckle Solution Method
() small Strain (@) Large Strain () Inverse Power Swesp
[ Seale To First Yield (®) Lanczos
Buckle Increments O on (@ off
No Follower Force -

[T togieiog Modal Solution Method
umped Mass "

: ) Tnerse Fower Sweep
Shell Eements

Rotational Inertia Terms

(®) Lanczos
Mol Increments

[] Enhanced Transverse Shear Dynamic Transient Operator

Shell Composite Integration Method O Implicit
Ful Layer Int=gration > | OExplct
Solid Composite /Solid Shell Orientation Dynamic Harmonic
Project Orientations To Element Plane + [] Complex Damping
Inertia Effects
[ Perform Sail Analysis Viscoelasticity
Stress Increment Factor 0

[ Spectral Density
[ Advanced Options

oK
Separation
Criterion Force -
Separation Force 0.1
Increment Current
Chattering ® Allowed () Suppressed

Max # Separations / Increment 9999

o Run Jaob
Mame | job1
Type | Structural

User Subroutine File

[ Paralilization/GPU No DDM
1 Assembly/Recovery Thread
1 5olver Thread
No GPU(s)
Title Style Table-Driven > Save Model
Subrmit (1) Advanced Job Submission
Update Monitor wll
Status Complete
Current Increment (Cydle) 70(2)
Singularity Ratio 0.0011265
Convergence Ratio 0.4528
Analysis Time i
wall Time 4
Total
Cydes 326 Cut Backs 3
Separations 3 Remeshes |
Exit Humber 3004 Exit Message
Edit Output File Log File Status File Any File
Open Post File (Mode! Plot Results Menu)
Reset oK




d) Skip to increment 70

Inc: 70
. Time: 1.000e+000

4.5942-001
+,1342-001
3.675e-001
| 3.215e-001

2,755e-001

2,2962-001

1.836e-001

1,377e-001

9,16%-002

4,573e-002

-2,303e-004

e) Ok
9.3 History Plot

a) Set Locations
- 63 Enter
- End List

b) All Incs

c) Add Curve
- Global
- Pos Y cbody2
- Force Y cbody 2
- Ok

d) Fit
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9.4 Clear Curves

9.5 All Incs

9.6 Add Curves
- All Locations
- Total Equivalent Plastic Strain
- Equivale Von Mises Stress
- Ok

9.7 Fit

9.8 Ok

case?

Equivalent Von Mises Stress Mode £3 (x10000)
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Discussion

Since the sheet completely wraps around the rigid cylinder an the end of the bending, we can estimate the strain
assuming that the sheet completely surrounds the cylinder, and by knowing the strain, the stress can also be estimated
as shown in Figure 3.9-12.
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Figure 3.9-12 Estimating the Bending Strain and Stress in the Center of the Sheet

With the stresses estimated, we can assume that a fully plastic hinge forms in the center of the sheet and estimate the
punch load as shown in Figure 3.9-13.
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Figure 3.9-13 Estimating the bending moment and maximum punch load

The estimate for the maximum punch load, 1250 Ibf, is very close to that found by the analysis as shown in
Figure 3.9-10 of 1289 Ibf. Finally, although the final angle after spring back appears close to 90°, its actual value is
84°, and the punch stroke should be slightly reduced to form a right angle after springback.



