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a Introduction

> Ansys LS-DYNA application areas: structural mechanics (including crash/safety), fluid dynamics,
thermomechanical problems, and various manufacturing processes.

> Ansys LS-DYNA application industry: automotive, aerospace, defense, precision consumer product and
electronics manufacturing industries.

> Simulate in the virtual world to optimize product designs and improve manufacturing processes efficiency,
reduce physical DOEs, reduce waste, energy consumption and green house emissions.

> Forging is energy consumption intensive
< Create virtual models of the forging process, various light weight materials.
< Analyze materials under different temperatures, strain rates and tool design geometries.
<  Optimize:
» |nitial workpiece size and shape, tools’ shape, # passes.
= Assess and minimize defects.
= Under-filled areas.
= Predict forging tonnage (press capacity/allocation).
= Reduce or eliminate physical DOEs.
= Has the potential to drastically shorten product development and engineering cycles, and maximally increase
manufacturing efficiency and productivity
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o 3D Adaptive Remeshing Features

> Tool curvature based; trigger: minimum time step size (DTMIN)
> Max, min element size specified

> ADPFREQ

> Equal interval, one segment
> Equal interval, multiple segments

> Explicit dynamic: mass scaling (DT2MS/DTMIN)

> Mesh refinement region: ADPENE

> Monotonic increased adaptive remeshing

> Explicit dynamic: Tool velocity scaling
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03D Adaptive Remeshing Features

» Effect of ADPENE on mesh refinement and effective plastic strain (EPS).
» Initial element number: 7680
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03D Adaptive Remeshing Features

»monotonic resizing: adaptive remeshing cannot coarsen a mesh during the simulation. This feature is critical
in maintaining the feature lines of the forged parts.

Final element #: 148583 Final element #: 1123000 «

Initial element number: 516150
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nTool velocity scaling

» Tonnage estimate and EPS for different tool speeds. 20 F>-PYRA keyword deck by LS-PrePost
» For strain rate insensitive materials. i S
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aElements
> Workpiece: Element type 13, Adaptive, 1 point nodal pressure tetrahedron to reduce volumetric locking.

=  Workhorse for many application w/ severe deformation

= Good for rubber, specifically for ductile elastoplastic metals bulk forming
= Very stable, takes severe/extreme mesh distortion (rubbers/metal, etc.), nearly collapsed shape.
= No kinematic modes: no hourglass control needed.

= Averge the volumetric strain over neighboring elements to smooth the pressure response

=  Prevent volumetric locking with nodal volumes and evaluating average nodal pressures in terms of
these volumes.

> Tools:
> Rigid: Element type 1 solid (1 point integration). l
> Deformable: -1 (8 point integration, poor aspect ratio). |



aElement type
> Element type 13 pancake crushing test

14.8 x 6.6 x 5 (mm) Final thickness: 0.18 mm thick
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aTrimming
> *INITIAL_LAG_MAPPING

Time = 0.03, #nodes=7646, #elem=22772

Contours of Effective Plastic Strain Effective Plastic Strain E)n'::;rs of%ﬁi&éffﬁfaﬁfé&a#lem:22772 Effective Plastic Strain
min=0.0389752, at elem# 32619 5.464e-01 min=0.0389752, at elem# 32619 5.464e-01
= max=0.546395, at elem# 34337 max=0.546395, at elem# 34337 :
4.900e-01 W& > 4.900e-01
. CmPost 8
W 1 workpiece 4.336e-01 | I 1 workpiece 4.336e-01
| 2 closing tool 2 closing tool 1
M 3 fixed lower post 3.773e-01 _ W 3 fixed lower post 3.773e-01 _
3.209e-01 3.209e-01
2.645e-01 2.645e-01
2.081e-01 2.081le-01
1.517e-01 1.517e-01
9.536e-02 9.536e-02
3.898e-02 | 3.898e-02

Time = 0.
Contours of E
min=0, at elem# 53819

_max=0.37901, at elem# 54241

v
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Time = 0.03, #nodes=7646, #elem=22772
Contours of Effective Stress (v-m)
min=267.373, at elem# 32774

max=585.99, at elem# 34753

Effective Stress (v-m)
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5.152e+02 |
4.798e+02 _
4.444e+02
4.090e+02 _
3.736e+02 _
3.382e+02 _
3.028e+02 _
2.674e+02 |

Effective Stress (v-m)
5.860e+02
5.506e+02
5.152e+02 |
4.798e+02 _
4.444e+02
4.090e+02
3.736e+02 _
3.382e+02
3.028e+02
2.674e+02 |

£

Effective Stress (v-m)
5.860e+02
5.506e+02 l
5.152e+02 |
4.798e+02 _
4.444e+02
4.090e+02 l
3.736e+02 _

3.382e+02
3.028e+02 l
2.674e+02

e



aContact/Thermal Contact
> Explicit: *CONTACT_AUTOMATIC_SURFACE_TO_SURFACE, THERMAL.
> Implicit: *CONTACT_AUTOMATIC_SURFACE_TO_SURFACE, THERMAL
> Explicit and Implicit: *CONTACT_AUTOMATIC_SINGLE_SURFACE

> Penalty contact, two way.

» (Gaps for heat transfer conductance.
» Temperature dependent friction.
>

Pressure dependent thermal contact conductance.



aMaterial Models

> Ansys LS-DYNA has 300+ different material models covering a wide range of different engineering materials.
= *MAT_024: arbitrary piecewise linear plasticity, strain rates, cold/hot (thermal only) forging.
= *MAT_106: elastic viscoplastic thermal, strain rates, temperature, workhorse for thermomechanical forging.
= *MAT_107: Johnson-Cook, strain rates, material softening, Cockcroft-Latham damage

= *MAT_224: Tabulated Johnson-Cook, strain rates, material softening, Cockcroft-Latham damage

> *MAT_224 2 \C 7T \™
={A+Br" i[1— —C; 1+—) [1- L
oy { + Br™ + ; Q;[1 — exp( r)]} ( + 50) [ (Tm — Tr) ]

r

r: damage-equivalent plastic strain defined as ¢, =

1-BD
3: equal to one for coupled damage and equal to zero for uncoupled damage.
Tabulated flow stress:  ke(enT
o, = kq(&y, &) tepT)
Y P? P ke (ep,TR) Adiabatic heating:
Cockcroft-Latham damage: D, (%P labatic heating:
D =—=[ (o)dgp . o:dP Ocq?
WC 0 T = X C =X C
o;: first principal stress. Pty PLp
Dc: critical damage value. For most materials D 1s 1.0. p: density
W critical plastic work, user input. ” fff( v C,: specific heat
. eys . . .= g £ _
& . critical failure strain. 0 P X: Taylor-Quinney parameter

No coupling is assumed between ductile damage and the constitutive relation.
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oMaterial Models P .
. _ _ _ 800 —— 5 5
= *MAT_224, damage model, mechanical only simulation. _ b D .
: . : . c
= The maximum C-L damage accumulation value: high levels of 01 (tension) and EPS. =700 - e
. . . o
= Plastic heating induced temperature: EPS, work, C-L/o1. = / s B B
0600 ( B 4‘5—
9 _ .
1.271e+00 6.535e-01 ‘5500 /. % Strain rate (1)’5) |
EPS 11446400 C-L damage value 5.881e-01 ] 2227 A0.0
1.017e+00 5.228e-01 F J&—;'O% o
8.900e-01 _ 4.574e-01 400 / D 9500 1
7.629e-01 _ 3.921e-01 _E_12000
6.357e-01 : 3.267e-01 3 300 S o oa os 098 '
.086e-01 | sl B : . : :
:8:::21: i::::zi : Effective plastic strain
2.543e-01 _ 1.307e-01
1.271e-01| 6.535¢-02 I L | ’
1.451e-11 4.480e-12 | 600
?500 / P (R B B
4.484e402 5.572e+02 & | |~ | g C C_
. S =400 R
15! Prin. stress SRESORu RN Temperature 5-315e+02] S ! p D D )
2.985e+02 5.058e+02 | 8300 i - E E E
2.235e402 4.801e+02 _ & Vst | | |
1.486e+02 _ 4.543e+02 _ 9400 // Temperature (K)||
7.361e+01 4.286e+02 9 'g - 7 | as00
-1.356e+00 | 4.0290402 | _B 400
-7.632e+01 3.772e402 | 100 ' | Deoo |
Bor e lac 3.514e+02 o l , , , ﬁ"s
MReI. I 3.257e402 0 0.2 0.4 0.6 0.8
-3.012e+02 | 3.000e402

. Effective Plastic Strain




aMaterial Models

- *MAT_224, damage model, mechanical only simulation. Plastic failure strain 2:3442+00

T : 2.332e+400
Max ratio in negative o1 area. 2.119e+00 |

1.906e+00 _
1.694e400
1.481e400 |
1.269¢+00 |
1.056e+00 |
8.435e-01

6.309¢-01 I
4.183e-01

2.5

1.5 \A

Plastic Failure Strain

P —— N 1 Ratio: plastic stain / 2.029400 _
Plastic failure strain e
1.623e+00
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1.217e400
1.014e+00 _
8.115e-01 =
6.086e-01 J
4.058e-01
2.029e-01 I
1.870e-11

0.5

-0.2 0.2 0.4 0.6
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imn




= *MAT _224, plastic heating
causes temperature to increase adiabatically and material softening. Mechanical only.

History Variable#14

. H . Effective Plastic Strain 5.572e+02
With softening: st Surs s_zseeml
Effective Stress (v-m) 1.130e+00 l 5.001e+02 |
5.379e+02 9.889e-01 | 4.715e+02 _
4.788e+02 l 8.477e-01 _ 4.429e+02
4.198e+02 | 7.064e-01 4.143e+02 ]
3.607e+02 _ 5.651e-01 | 3.857e+02 |
3.016e+02 4.238e-01 | 3.572e+02
2.425e+02 _I 2.826e-01 ‘ 3.286€+02
1.834e+02 | 1.413e-01 l » 3.000e+02 |
1.244e+02 1.451e-11 | ‘
6.528e+01 l
6.198e+00 |
Effective Stress (v-m) Effective P;a;:;cei:::in History Variable#1
Without softening: 63676402 0. 0440-01 3.013e+02
5.674e+02 . 3.0120+02
4.982e+02 ] 7.914=-01 | 3.010e+02 ]
4.289e+02 6.783e-01 _ 3.009e+02 _
3.596e+02 ] 5.653e-01 3.007e+02
2.904e+02 4.522e-01 | 3.006e+02 ]
2.211e4+02 | 3.392e-01 3.004e+02 |
1.518e+02 2.261e-01 3.003e+02

3.001e+02 l
3.000e+02

8.254e+01 1.131e-01 l
1.327e+01 | 1.407e-09




aMaterial Models

= *MAT_224, plastic heating
causes temperature to increase adiabatically and material softening. Mechanical only.

LS-DYNA keyword deck by LS-PrePost

50
4 Tonnage (N)
/ _A w/o softening
40 // _B w/ softening
E—

f 30 //V/
L /
- 5
z Y
2 20 Ps
o
& /
0 ~
|—

10 //

el
0 l/
0 0.002 0.004 0.006 0.008 0.01

min=B( 9.17e-04, 0.00e+00) Time
max=A( 1.0le-02, 4.86e+04)
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aMaterial Models

Temperature f |
= *MAT_106, Thermomechanical 8215 600 A 2
‘ 769.2 , |
= Temperature and strain rate 715.9] s00 1] S NN N P
bl — ; IR — »'? B . —B —rF |
664.5 _ : Bes jagass | - / i c c c
6121 _ ; P D D D D
559.8 _ 2300 ; p £ E E E
5074 all t 200 - Te;nperature (K[}
4551 _ |§ _A 300
402.7 100 500
350.4:I | | , J:D_ ggg
298.0 o 0 0.2 0.4 0.6 0.8

Effective Plastic Strain

Effective Plastic Strain

1.6338 Temperature
1.4704 821.6
1.3070 _ 769.2 ]
1.1436 _ 7169 _
664.5 _
0.9803 _ gvt |
0.8169 _ 5598
0.6535 _| 507.4 _
0.4901 _ 4551 _
0.3268 4027
0.1634 35°"":I
298.0

0.0000 _|
<.,
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oMaterial Models
= *MAT_106, Thermomechanical

Temperature
372.2802
364.8522 :I
357.4242
349.9961
342.5681
335.1401
327.7121 _
320.2841 _
312.8560
305.4280
298.0000 _|

Temperature
417.0569
405.1513 :I
393.2456 _
381.3399 _
369.4342 _
357.5285 _
345.6228 _
333.7171 _
321.8114
309.9057 :I
298.0000
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=
D Stra I n Rate S ca I e Effective Plastic Strain Effective Stress (v-m) History Variable#1 Effective Strain (v-m)-Strainrate
5.234e-01 2.000e+03

7.702e+02 3.342e+01
4.694e-01 l 7.181e+02 - 1.778e+03
4.154e-01 | 6.660e+02 1.556e+03 |
1 2.600e+01
3.615e-01 _ 6.138e4+02 _ 1.335e+03 _
3.075e-01 5.617e+02 2.228e+01 _ 1.113e+03
Ad pS|ze(rate 2.535e-01 l 5.0066+02 l 1.857e+01 8.911e+02
V=10000m m/s I 1.996e-01 _ 4.574e+02 | 1.485e+01 6.693e+02 _
sca e_loo 1.456e-01 4.053e+02 1.114e+01 4.476e+02
9.163e-02 l 3.531e+02 l 7.427e+00 2.258e+02
3.766e-02 | 3.010e+02 | 3.714e+00 l 4.022e+00 |
0.000e+00 |

Effective Stress (v-m)
7.708e+02 [y History Variable#1

3.075e+01
2.734e+01]
2.392e+01 _
2:050e+01 1.4 LS-DYNA keyword deck by LS-PrePost
1.709e+01 . T
l Define Curve
1.367e+01 .
S—— 12 H ——"1 A (Curve 201)
3.417e+ool . H— _B (Curve 202)
0.000e+00 | i T _C (Curve 203)
D (Curve 204)
_E _(Curve 205)
+ F (Curve 206)
G —G G = _G (Curve 207)
G — F =F £ E _H (Curve 208)
F "‘I:F__‘_:D— D
- }/-ﬂ;——_ B AL——F

Effective Plastic Strain

4.987e-01
4.475e-01 l
3.962e-01 |
3.449e-01 _
2.937e-01
2.424e-01 l
1.912e-01 |
1.399e-01
8.865€-02 l
3.740e-02 |

Effective Plastic Strain

7.180e+02
6.652e+02 |
6.124€+02 _
5.595e+02
5.067e+02 l
4.539e+02

4.011e+02

3.483e+02 l
2.954e+02

V=5000mm/s Adpsize(rate
scale=50

[

4
]

Effective Stress (v-m)

Ordinate (E+3)

4.916e-01 z 0.6
1:7022£02 3.113e+01 D
4.411e-01 7.173e+02 :
2.767e+01
3.007e-01 | 6.643e+02 | 4216401
3.403e-01 _ 6.113e+02 -421€+01 | 0.4
. 1 2.075e+01
Ad pSlZE(rate 2:8086-01 5.583e+02 .
2.394e-01 1.729e+01
V=500mm/s ) 5.054e+02
Sca|e=5 1.890e-01 1.383e+01 0.2 - - ! .
3 4.524e+02 _ 0 0.2 0.4 0.6
1.385e-01 - 1.038e+01 _ . . .
8.811e-02 6.917e+00 min=A( 0.00e+00, 3.62e+02) .
3.405¢-+02 max=H( 9.95e-01, 1.25e+03) Abscissa
3.768e-02 | 3.459e+00
2.935e+02 |
0.000e+00 |

) S iy | CPU comparison (32 cores):
by s pos v10K, rscale 100, 50 sec.
V=100mm/s ~dpsize(rate l l ] V5k, rscale 50, 1 min
scale=1 ey | e suneron V500, rscale 5, 5 min7sec
' V100, rscale 1, 22.5 min
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nSolvers: Explicit and Implicit

’ Tetra element edge Characteristic | CFL time step
\ length Lx Lx L{mm) | length {(mm) size (sec.)
1x1x1 0.577 8.6E-8
_T \ 0.5x0.5x0.5 0.289 4.3E-8
o 1| o25x025x025 0.144 2.2E-8
T T Ny 0.01x0.01x0.01 0.00577 8.6E-10

Table 1. CFL time step size of a trirectangular tetrahedron of an
aluminum alloy.




nSolvers: Explicit and Implicit

EPS
4.227e+00
3.810e+00]
3.393e+00 |
2.977e+00 _
2.560e+00 _
2.143e+00
1.726e+00 _I
1.310e+00
L. 8.929e-01 .
Explicit 4.761e-01 Implicit
dynamics 5.934e-02 | statics
30
25
— Ac ....... B. A /
20
)
+
W15 [
/
(=]
10 //
5 l - Explicit dynamics 1
;/ - Implicit statics
0 0.5 1 1.5

Z-displacement
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aLS-PrePost Meshing Features: workpiece meshing

2mm QAUD 0.5~2mm TRI/QAUD 0.4~2mm Remeshed TRI 0.4~2mm Remeshed TETRA




aLS-PrePost Features: Flow Curves (Internal)

Temperature Temperature
Temperature Temperature 5.435e+02 7.986e+02
5.230e+02 7.956e+02 5.188e+02 7.530e+02
5.230e+02 l 7.530e+02 l 4.941e+02 - 7.074 +02
5.230e+02 | 7.074e+02 | 4.6902.102 | orserte
5.230e+02 _ 6.619e+02 _ . - 6.619e+02
5.230e+02 _ 6.163e+02 4.447e+02 _ 6.163e+02 _
5.230e+02 | 5.707e+02 | 4.200e+02 | 5.707e+02
5.230e+02 | 5.251e+02 | 3.953e+02 5.251e+02
5.230e+02 _ 4.796e+02 | 3.706e+02 _ 4.796e+02
5.230e+02 4.340e+02 3.459e+02 4.340e+02
5.230e+02 l 3.884e+02 l 3.212e+02 3.884e+02
5.230e+02 | 3.428e+02 | 2.965e+02 3.428e+02
Fffartive Plastic Strain
Effective Plastic Strain
1.6523 =
1.6523
1.4870 1.4870
1.3218 _| 1.3218_|
1.1566 _ 11566 _
0.9914 _
0.9914 _ 08261
0.8261 _| 0.6609 _|
0.6609 _| 0.4957 _|
0.4957 _ 03308
0.1652
0.3305 0.0000
0.1652
0.0000 _|
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aLS-PrePost Features: Flow Curves (Surface)
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o Summary
+3D adaptive meshing
+Element, Trimming, Contact
+Material models, C-L damage/failure, strain rate scaling
+Explicit/implicit solvers

+Thermomechanical coupled forging



Thank You For Your Attention
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