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Sheet Metal Forming Simulation with Dynaform® (eta)
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Sheet Metal Forming Simulation with Dynaform® (eta)
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Sheet Metal Forming Simulation with Dynaform® (eta)
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Material Database available via DYNAmore sales team
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Sheet Metal Forming Simulation with Dynaform® (eta)
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Sheet Metal Forming Simulation with Dynaform® (eta)
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Sheet Metal Forming Simulation with Dynaform® (eta)
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Sheet Metal Forming Simulation with Dynaform® (eta)
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Case Study — Process
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Sheet Metal Forming Simulation with Dynaform® (eta)
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Sheet Metal Forming Simulation with Dynaform® (eta)
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Sheet Metal Forming Simulation with Dynaform® (eta)

*MAT_3-PARAMETER_BARLAT_{OPTION}

This is Material Type 36. This model was developed by Barlat and Lian [1989] for
modeling sheets with anisotropic materials under plane stress conditions. Lankford
parameters may be used to define the anisotropy. This particular development is due to
Barlat and Lian [1989]. *MAT_FLD_3-PARAMETER_BARLAT is a version of this
material model that includes a flow limit diagram failure option.

Available options include:
<BLANK>
NLP

The NLP option estimates failure using the Formability Index (F.I.), which accounts for
the non-linear strain paths seen in metal forming applications (see the Remarks). The
NLP field in Card 4b must be defined when using this option. The NLP option is also
available for *MAT 037, *MAT 125, and *MAT _226.
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Sheet Metal Forming Simulation with Dynaform® (eta)

B Scalar measurement for formability in case of nonlinear strain paths
B Based on converted FLC |
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Sheet Metal Forming Simulation with Dynaform® (eta)
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Sheet Metal Forming Simulation with Dynaform® (eta)
B Everything within specifications

M Let's start production!

B What could go wrong?
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Robustness and Numerical Process Simulation

Workpiece
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Robustness and Numerical Process Simulation

[ HARDENING LAW }
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Robustness and Numerical Process Simulation

M Literature study for DC04
Gosh-type hardening

oy(ep) = k(eo + gp)n —Pp
K = Rm(Ag+1)=Rpo2
" [eo+in(ag+1)]" g

p=ke" — Rpoz

Rpo .2 Rm €0 m
Minimum 130 MPa | 263 MPa - -
Maximum 225 MPa | 328 MPa - -
Mittelwert 166 MPa | 295 MPa | 0,0325023 | -0,137766
Standardabweichung | 13,5 MPa | 9,5 MPa - -
Verteilungstfunktion Normal | Normal - -

Tabelle 2.4.: Verwendete Parameter fir DCO4. & und p wurden jeweils geméafl der Glei-

chungen und berechnet.

. E A0 Rpj. vs. Rm,
‘ ines = 0,00
&9, Ag, n fixed 5 (mear) 1= 0004, 0
=300 T 410
B 1 2 3 4 s 5 7 A ST 20 30
*PARAMETER S . 20
$ PRMR1 VALL PRME2 vAL2 PRME3 vAL3 PRMR4 vaz4 [0 ‘E L . 10 10
R HR 5.0 [ - - - > 27 . L (S <
0 0,2 0,4 0,6 0,8 1,0 270 140 160 180 200 140 160 180 200 0 270 2805 295 305 315
R n_Gosh -0.137766 9[- Pos pa Po.a pa R [Mpa]
Rel_Gosh 0.0325023
R ag 0.24 . X
R rp02 166.0 (a) NLO-Hillkurven fir DCO04. (b) Materialparameterstreuungen und Histogramme fiir
R rm 295.0 DCo4.
5
*PARAMETER_EXPRESSION
3 PRMR1 EXPRESSION
R k Gosh (rm*(ag+l.0)-rp02) A (e0_Gosh+log(ag+l.0))**n Gosh-e0_ Gosh**n_Gosh)
R p Gosh k Goshted Gosh**n Gosh — zp02 DISS. ETH Nr. 24853, FLORIAN QUETTING, 2018
5 + 1 + 2 + 3 + 4 + 5 + 3 + 7 8
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Virtual Robustness Analysis

M Highly nonlinear finite element simulations are computationally expensive
- metamodel or classifier approximations are used to evaluate statistics

Metamodel

Approximation of response

D Feasible ~—
W Infeasible "

O Failed Run ~

[

L. (ol |8 n® (g ma™
34.!:|:.l ...'L.-".-..;'i!.. :‘.-l
37w S L L s |8 8¢ =~

s ® | g 5 g "
S

o

a

gntgn 8 ®

RS ]

1ok DE0DY,
Pl w“'l}ﬁ
1] '-:"'.;- 1:55,'!::'\\': E;.' -
Classifier (Support Vector Classification)
Approximation of constraint boundary

* Feasibility of each design

- Constraints for optimization or reliability analysis
- Adaptive Sampling
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Sequential Monte Carlo Analysis

M lteratively add space-filling or adaptively selected samples

B Convergence
metamodel accuracy
probability of failure

Convergence Statistics
Probability of failure

0.00012—4
0.0001"‘\ T
8E-05
6E-05 \
4E-05- \ T
2E-05
0 \J k

2 4 8 1o

Number of Iterations

Probability of failure

tbumper
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Case Study — Setup for Robustness Analysis

B Sequential metamodel-based Monte Carlo Analysis
5 simulations per iteration, 10 iterations

leprovement of metamodel and
classifier approximation in each iteration

elmprovement of estimation of probability
of failure, mean value, standard deviation, ...

Setup ‘ N Sampling Sampling

.

Task selection .~ X

.“.
e

-Main task
Metamodel-based

(C) Optimization
() DOE study

'{mnte Carlo analysis
() RB arameter Design

Direct simulation

() Optimization

() Monte Carlo analysis
() Taguchi analysis

A 1 2w sspfilingdesions @) Strategy for Metamodel-based Task
. () Sin i
o Termination criteria @ ! i
Finish - | 10 iterations | " OP10 wquentlal
J
. _ Swm2nme @ 1. samples are added sequentially to
T perform pmbabilis_tic analysis.
sconstaaints | @) 2. samples selected in a space around the
i - nominal random variable values.
| Y 3. EDSD sampling constraints may be
Classifiers B Build Metamodels defined for adaptive sampling
3 definitions 2 rbf surfaces q =
: [
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Case Study — Setup for Robustness Analysis

M Definition of classifiers

Classifier w e &
Name for classifier Classifier system type
|FI7th|cknessired7c|s Series [V
Classifier components Add new
| Entity | Label Type | | Lower Bound | | Upper Bound | Feasible Cluster | Responses
; Results
* Fl Threshold | set lower bound > 1 .
Composites
* thickness_reduction IThreshoId LISet lower bound = ’735 Variables
HR
ag
e0_Gosh
n_Gosh
m
rp02
Classifiers
FLcls

-Classifier type
(O simulation designator only
(® sVC (support vector classification)

Set advanced SCV options

thickness_reduction_cls
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Case Study — Setup for Robustness Analysis

B Adaptive Sampling — using classifiers!
3 points adaptive (near classifier boundary) using classifier with components
maxg, [min;p(FI)] < 1
maxg; (thickness reduction) < 35
2 space filling points

‘ Add new

‘ Classifier | ‘ Lower Bound | | Upper Bound | First | Gap ‘ Last ‘ Random | Classifiers

Fl_cls

* FI_thickness red cls = | 1o | 1 |1(default) |2(defaultis 1) |5(default) thickness reduction cls

Note: EDSD Sampling constraints are only considered for pointselection Space Filling
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Case Study — Setup for Robustness Analysis

B Noise variables

Scatter constituted by means of

Parameter Setup

] show advanced options

] Enforce Variable Bounds

Type | Name

__

Variable Correlation LGS

First Variable

‘ Correlation

‘ Second Variable

| Delete |

w ||0.004 rp02 - |

|Constant - ‘

|Con5tant A4 ‘

|C0n5tant - ‘

rm
statistical distribution dd...
Correlation between variables
Stage Matrix | Sampling Matrix | Resources | Features |
Variable Correlation|
Noise Variable Subregion Size (in Standard Deviations) |3.0 (default i ~——
‘ Starting ‘ Minimum Maximum ‘ Distribution | Delete ‘
| 5 &
| 0.24
| 0.0325023
| 0137766

|Constant - ‘

|Noise ﬂ‘

|Noise - H

G=b
aa dicis

s

Statistical Distribution .~ ~ X

Distribution Name|rm_dist

Type Normal hd
Mean |295
Standard Dev |9.5
Preview Mean = 295; S5td Dev = 9.5

0.04 =N
0.03 / \

0.02 / \
0.01

& cancel ‘
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Predicted Response Value

Case Study — Metamodel Quality and Convergence
B Metamodel quality B Convergence

Metamodeling Accuracy
For Response Function "FI"
RBF Net: RMS Err = 0.0443 (4.84 %), Sqrt PRESS = 0.0615 (6.72 %), R-sg = 0.898

Convergence Statistics

D Feasible

s Binfeasible Probability of failure
[}.?a\
14 0.6
- o5\

0.6 Mumber of Iterations

0.6 0.8 1.2 1.4 1.6
Computed Response Value
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Case Study — Comparison of Failure Boundaries

Metamodel Classifier
a) — b)
=
200 . 200
o
190 190

180 O 180 |

e 170 e 170

160 160

150 150

140 140

1307] ‘ 130

T T T
280 300 320 28|0 360 32‘0
R — FI=1.0 R

— Fl=10 p02 — TR=35.0 po2
— TR __35'0 [ Feasible
@ Feasible B Infeasible
B Infeasible
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Case Study — Thickness Reduction

thickness reduction

__
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Case Study — Formability Index

FI

/

=
=
——
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4000

10000 samples

Mean = 0.845

Standard Deviation = 0.0517
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Case Study — Sensitivities

B Which parameter influences the responses?

thickness reduction

51.23

48.93

46.64

4434

42.05

39.75

37.46

35.16

32.87

30.58

28.28
O Feasible
B Infeasible

Mean value

Constraint: thickness_reduction
10000 samples
95% confidence interval in red

m 1
rp02
1 0 1

Coefficient of Correlation

Response: thickness_reduction
Stochastic Contribution of Variables

0 0’5 1

Response Standard Deviation due to Variable
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Case Study - DYNAStats
M Statistical values as fringe component in LS-PrePost

File

DYNAstats

max_Fl (not ready to display)

Fringe plot of of history_wvar#1 on OP10 using linear metamodel. Plot on job 1.1

Fringe plot - display cor
D3Plot data upon the a

The D3Plot data can alg
response or have it's de

History plot - display hif
runs in the same plot, d
statistical calculations.
contribution analysis arf

Create Generate

Edit

Step 2of4

Select D3Plot component to plot

Select stage to plof

¥ D3Plot Components

Ndv
Stress
Strain
Infin
Green
Result
Misc
pressure
user

v wwwww

temperature
internal_energy
shell_thickness
history_var#1
history_var#2
history_var#3
history_var#4
history_var#s
history_var#6
history_var#7
history_var#8

b FLD

b Beam

Follow coordinates instead of nodes

for part: (1027

[] correlate response: [] Correlate variable:

Select what to plot

(®) Statistic of D3Plot data
(O statistic of residuals (errors) in a metamodel of the D3Plot data
(O safety Margin

(O A single variable's contribution to the D3Plot data

(O Which variable contributes the most to the D3Plot data

Select statistic to plot
(O Mean (O Std Dev (&8 Max Value O Min Value
() Range O Max Job ID O Min Job ID

Select analysis method

(O Use actual FEA results (Monte Carlo)

@ Build linear metamodel from FEA Results:
(O Build quadratic metamodel from FEA results
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Case Study — Identification of critical zones

B Based on calculated simulations to generate the metamodels
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Summary

B Comparison of initial yield curve to the yield curves of the 50 simulations
NOT a scaling
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Shape and slope changes
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Summary

B Material
One material card (one part of it)

- ,.Material Flow potential
{ t Hardness
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Summary
B The metamodels in this case are quite similar, due to assumptions.

Fl

thickness reduction
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Outlook

B LS-Dyna inputs can be easily parametrized
*PARAMETER(_EXPRESSION)
*PART_MOVE
*CONTROL_FORMING _INITIAL_THICKNESS
*CONTACT ... (FS, FD, ...)
*DEFINE_CURVE (SFA, SFO, OFFA, OFFO, ...)

B Challenges:

1. Having a suitable simulation model of your process
2. Finding the right parameters for your case

3. Getting a reliable range of data for your parameters
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