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Introduction
VMAP - Industrial use cases

» Robert Bosch is participating in two use cases

» UC 2.3: (Injection) Molding Processes

» UC 2.4: Additive Manufacturing in Plastics
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» Use case 2.3 is divided into sub use cases

» Presentation focuses on sub-use case “Creep”

Use case 2.3 ZICI

Molding Processes B snaimEsRiNG

Use case 2.3.1 ACI

Impact B snoinEsmNG
Use case 2.3.2
Foaming 4CNI EEEEE

Use case 2.3.3
Fatigue BOSCH

Use case 2.3.4
Anisotropic Creep
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Introduction

Procedure and simulation chain

» Procedure

+ Tensile specimen (BZ12) milled
out of 120 x 80 x 2 mm plate
« Cutting angles 0°, 15°, 30°, 60°, 90°

« Quasi-static tensile tests

* Long-term tensile tests

Material characterization (PBT-GF30)

» Simulation chain

Injection molding simulation

lMl AUTODESK
MOLDFLOW
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Determination of model parameter
Three steps optimization (Rev. Eng.)

» Transversal Elasticity
+ Anisotropic Plasticity

» Anisotropic Creep

4

VMAP

Validation
* Injection molded demonstrator

Bosch bottle specimen

* Long-term tensile tests

Mapping
FIBERMAP
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Structural simulation (Creep)
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Introduction §vmap
Modeling of fiber reinforced thermoplastics

Goal
» Use standard material models, provided by software

» Simple as possible and complex as necessary

Assumptions .

» Elasto-viscoplastic approach . micromechanical

. e.g. homogenization
» Primary and secondary creep only (¢-g. homog :
transversal isotropic,
orthotropic

isotropic
(reduction factor,
0°/90° bounds)

Level of material model complexity
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Material characterization §vmap
Preparation of test specimen

» Injection molded plate » Extraction of specimen » Dimensions BZ12 specimen
120 x 80 x 2 mm?3 20
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Material characterization
Quasi-static tensile tests

» Tensile testing machine (Zwick Z020)
» Test lab: Fraunhofer LBF, Darmstadt

» Digital Image Correlation (Vic2D, Limess)
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» Calculation of true stress g,
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» Stress-strain curves @23°C (PBT-GF30)

—Tension 0°
—Tension 15°
(7))
(7))
Qo —Tension 30°
@
[}
o
- Tension 60°
—Tension 90°
0 0.01 0.02 0.03 0.04 0.05
log. strain [-]
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Material characterization §vmap
Long-term tensile tests

» Creep testing machine (Coesfeld) » Creep curves @23°C (PBT-GF30)

» Test lab: Robert Bosch GmbH, Renningen
—Exp 77.3 MPa - 0°

—Exp 83.0 MPa - 0°
Exp 89.0 MPa - 0°

—Exp 69.0 MPa - 30°

—Exp 72.6 MPa - 30°

Exp 77.2 MPa - 30°
—Exp 35.7 MPa - 90°

longitudinal log strain [-

‘ —Exp 42.2 MPa - 90°

Exp 48.7 MPa - 90°

| I I
! , 1.E-03 1.E-01 1.E+01 1.E+03
1: plastic specimens j time [h]
2: electromechanical actuators 3
3: optical strain measuring system [Robert Bosch GmbH, CR/APP2-Moosbrugger, -Klostermann, -Schneider]
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Material model and parameter determination §vmap

ABAQUS material model

*elastic, type=engineering constants JOlgiglelife]e]lelyleo 1R

* 9 parameter per temperature Ei1s Eogs Essy Vi Vigs Vo3, Gig ,Gigy Gog, T
Transversal isotropic model:
» 5 parameter per temperature Ei1s Eggs V1o s Va3, Gy

and the dependent variables

Ess = By

Vi3 = V1o

Gys = Gyp

Gos = Eppf (2(1+vy))
*plastic, hardening=user Reduced G’sell Jonas model:

2
o=o0,(1- wy e WaEsl ) e"epl

* 4 parameter 0, Wy, Wy, h
*creep, law=time Power law model (time hardening):

. _ p n
&y =k-o"-t

» 3 parameter per temperature K,p,n T
*potential Hill potential for anisotropic plastic yielding
* 6 parameter per temperature Ri1» Rags Raz Ryg, Rz Rog, T
Assumptions in current model:
Ry=1
Ra3=Ra)
R.3=R
11 CR/APP2-Strauch | 2020-03-04 13 12
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Material model and parameter determination g

9 VMAP
Case 1: Transversal parameter fitting
» Optimization workflow (Reverse engineering)
. . . Simulation Test results
» Step 1: Transversal isotropic elastic parameter (quast-static / long:term) (stress-strain / creep)
» Step 2: Plastic hardening parameter =
o, | w | w, | h
Hill coefficients [
Next
R R optimization g <
| Ry | Ry | R oPT
» Step 3: Time hardening creep parameter 1
k| p | n Y
If error If error - Stop
> tolerance < tolerance " | Optimization
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Material model and parameter determination
Case 1: Parameter fitting results

» Quasi-static

8 -
L ,/, P
J e Exp 0 ° ---Simo0°
—Exp15° ---Sim15°
—Exp30° --- Sim30°
—Exp60° ---Sim60°
—Exp90° ---Sim90°

0.00 0.01 0.02 0.03 0.04
log strain [-]

Mesh BZ12: 8856 elements (C3D8)
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» Long-term (creep)
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—Exp 77.3 MPa - 0° —Exp 69.0 MPa - 30° —Exp 35.7 MPa - 90°

—Exp 83.0 MPa - 0° c —Exp 72.6 MPa - 30° o | —Exp42.2MPa-90°
c - o
S Exp 89.0 MPa - 0° T Exp 77.2 MPa - 30 = Exp 48.7 MPa - 90°
B . S| e Sim 69.0 MPa = .
(77 I Sim 77.3 MPa 0 . 0| e Sim 35.7 MPa
g i g | Sim 72.6 MP# g | Sim 42.2 MPa
2 | Sim 83.0 MPa = Sim 77.2 MPa = e
i Sim 89.0 MPa c i Sim 48.7 MPa
5 S 5
= = 2
o T &
c C || e c
o i) ;::::Z~: """" o

1.E-03 1.E-01 1.E+01 1.E+03 1.E-03 1.E-01 1.E+01 1.E+03 1.E-03 1.E-01 1.E+01 1.E+03
time [h] time [h] time [h]
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Material model and parameter determination §vmap
Case 2: Orthotropic parameter fitting

Test results
(stress-strain / creep)

» Workflow
» Step 1: Determine orthotropic elastic parameter |~ il

A\ 4

with VALIMAT®/MICROMEC® TR VALIMAT

P M N P I

aMICRDMEC

¥y =
Xy y
X

Hill coefficients /&
| Ry | Ry | R | Ru | R | Ry

» Step 2: Reverse engineering - Plastic hardening with VALIMAT®

» Step 3: Reverse engineering - Time hardening creep parameter

ke |
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Validation & vmar
Tensile creep tests on bottle specimen

» Tensile testing machine (Zwick Z050) » Creep curves @23°C (PBT-GF30)
» Test lab: Robert Bosch GmbH, Renningen 1.6 e 3000 N X > part failure
» Deformation measurement: clamping extensometer 1.4 P_

—Exp_2800 N
= 1.2 | —Exp_2600 N
£ —Exp_1500 N
o 1
5
£ 0.8
(O]
O
% 0.6
o
82
004
0.2

[Robert Bosch GmbH, CR/APP2-Moosbrugger, -Klostermann]

0
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Validation & vmar

FE-Model

Boundary conditions Mesh Local coordinate systems

(only half model shown) (elementwise definition)

£ o
S QL
™ o
N
c
: (o) ~
Lo
i
_ (i g
X
3 : :
6. L X L X
>
Load F(t) 131059 Nodes Moldflow - Fiber orientation tensor a;
Output displacement L(t) 61368 Elements (C3D20, C3D10) 4a FiberMap - Mapping a;
- Principal axis transformation

- Abaqus distribution table
BOSCH
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Validation g

9 VMAP
Simulation vs. experiment
F=3000 N F=2600 N F=1500 N
1.6 1.6 | 0.8
1.4 1.4 0.7
€12 £1.2 0.6
E £ E
20.8 208 20.4
3 2 3
©0.6 < 0.6 < 0.3
o o o
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0 0.4 004 0 0.2
0.2 0.2 0.1
0 ! | 0 0.0
1.E-04 1.E-02 1.E+00 1.E+02 1.E-04 1.E-02 1.E+00 1.E+02 1.E-04 1.E-02 1.E+00 1.E+02
Time [h] Time [h] Time [h]
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Summary/Outlook §vmar
Summary

Specimen level (parameter fitting)

» Stress-strain curves are well covered by transversal isotropic and orthotropic model

» Creep strain curves (most notably with 0° and 45° orientations) show significant deviations
- Quality of experimental creep curves?

Part level (validation)

» Creep simulations on part level (bottle demonstrator) show significant deviations at
» higher load levels
» advanced times

Possible improvements on material model site
» Cover eigenvalues of fiber orientation tensor (element based material card, micromechanical approach)
» Cover tertiary creep (creep- damage approach)
> ...
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Summary/Outlook 2vmar
Outlook

» VMAP — Current status
PAT+XML Inputdeck

ASCII ASCII|
MOLDFLOW FIBERMAP ABAQUS

» VMAP — Outlook
VMAP VMAP

binary binary
MOLDFLOW FIBERMAP ABAQUS
CADMOULD MSC MARC
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Appendix & vmar
Mapping procedure (1)

Performing 4a-FiberMap Software
» Step 1:

g 4a_fibermap ver. 3.5 beta — *
. || = Waorkingdirectory
» Import Process Result Files (.xml and .pat) e | sarom et | ot |
- C h Oose -Xml fi rst : Direct Maldflow Interface (®) Process Result File Tab Moldflow Interface EL
(] —
_ Choose .pat second 5 !‘ |No Process Input-file selected |
(3] Structural Input
» .process file will automatically be generated from FIBERMAP g o S e ks | e
U) (® Result on Element () Result on Node
. o Mapping Settings
Direct Moldflow Interface (® Process Result File Tab Moldflow Inteface E“ % — |No ST | EL
| D:\abadata\VMAP_UC3_Creep\Zug_BZ12_Fibermap\LBF_Platte_120x80x2_B4300G6_Tmm_12Ee_RSC_ | by Check reference systems
<< Material Cards
o Append materialcard in final output  Start ID: |1000000 Tab Micromec
. Q A EL
> Ste p 2 * (‘;‘) |No Materialile selected |
. . 0 COutput Settings
» Import Structural mesh file (.inp) i Yrrrer— I
- ReSU|t on Element |NnOutput-f|Ieselected |
Structural Input View E
| D:‘abadata'WVMAP_UC3_Creep*Zug_BZ12_Fibermap"Zug_00grad_23C_25352C308 inp |
R B || BV || oa
(® Result on Element (_) Resutt on Node W ENGINERAING
Step 6
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Appendix
Mapping procedure (2)

» Step 3:

» Click on New button, if no .mapopt file available
— .mapopt file will be generated

Mapping Settings

| D\abadataWVMAP_UC3_CreepZug_BZ12_Fibermap‘\mapSettings. mapopt |

Mty
=

| Check reference systems |

» Enter transformation coordinates between donor- and acceptor mesh

(-40; 10; 2)

(10; -2; -2)

('10; 2; '2) °
(-10; 0; -82)

x

— Scaling (x 1000) of Moldflow Patran Mesh will automatically be performed

24 CR/APP2-Strauch | 2020-03-04
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EditMappingSettings X
read options LS Dyna
Int. point distr.: number of int. points:
Transform / Translate
Reference System Injection Modling Reference System Structual
Node 1 {origin) Node 1 {origin)
X Y Z Y z
| 0] | | 2] 9 | 0] | 2
Node 2 {x-axis) Node 2 {x-axis)
X Y z X Y z
L 9] | k] A 0] 2
Node 3 (xy-plane) Node 3 (xy-plane)
X Y Z Y z
L 9] [ = o[ 0] ﬂl
Mapping Options
Limit by Limit by count settings
max. Number of tems
Averaging Options
averaging method: avg.cut. distance (mm)
Apbrechen

BOSCH
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Appendix & vmar
Mapping procedure (3)

» Click ‘Check reference systems’ button

Mapping Settings

| D2\abadata\VMAP_UC3_Creep'Zug_BZ12_Fbemap\map Setings mapopt |

:"’;v | Check reference systems |

» Step 4:
» Disable ‘Append materialcard in final output’

Material Cards
8 [ Append materialcard in final output

25 CR/APP2-Strauch | 2020-03-04 @ BOSCH
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Appendix & vmar
Mapping procedure (4)

» Step 5:

» Choose template file for Table output (Distribution.def)
» Choose filename of distribution table output

Qutput Settings

L | F:\da fibermap v3.5_114b\Templates\Distrbution.def |
Ny

EE|
Tab Cutput | Definition
| D:24_FiberMap®Distrubution_Table 2 inp | ~
View E
» Step 6:
» Start mapping process by pressing the ‘Final Output’ Button
V4 o (e [[eam
. ENGINEERING

2 6 CR/APP2-Strauch | 2020-03-04
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Appendix & vmar
Mapping procedure (5)

» Step 7:

» Example of exported distribution table (local coordinate systems element based):

*ORIENTATION, NAME

Distrl

3, 0

*DISTRIBUTION TABLE, Name=Tablel

COORD3D, COORD3D

*DISTRIBUTION, Name=Distrl, LOCATION=slement, TABLE=Tablel

, 1,0,0,0,1,0
1, -0.9872492, -0.002436657, -0.1591638, 0.9999969, -9.837202E-05, 0.00243398
2, -0.9374636, -0.003179436, -0.1577337, 0.9999925, 0.002639372, 0.002790007
3, -0.9373609, 0.001639175, -0.1553323, 0.9999683, -0.007937332, -0.0004539328
4, -0.9360089, -0.009690364, -0.1664101, 0.993709, 0.02339346, 0.005376015
5, -0.9369526, -0.0002404615, -0.1610109, 0.9999961, 0.002766561, -0.0002076956
g, -0.9330647, 0.002722643, -0.1540155, 0.9999372, -0.004642075, -0.002031908
7, -0.9870204, 0.004313096, -0.1605366, 0.9999339, 0.001209164, -0.004566433
g, -0.9868681, 0.002287838, -0.1€15117, 0.9999454, -0.01043441, -0.0006104513
a, -0.9889813, 0.007361836, -0.1473573, 0.9999608, -0.00595818, -0.00855279
10, -0.9873084, 0.01€75519, -0.1579286, 0.9993533, -0.004261357, -0.01628653

» Include written distribution table into Abaqus input deck:

*Solid Section, Elset=BZ12, orientationFMatOrientl material=PBT-GF30

2 7 CR/APP2-Strauch | 2020-03-04
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Appendix

Mapping procedure (6)

» Step 7 (alternative):
» Include written distribution table into Abaqus/CAE

Moedel  Results  Material Library
£ Model Database

A3 Models (1)
£ BZ12_ VM_L0-50mm
@ Parts (1)
@ [Pz Materials (1)
&} Calibrations
3B Sections (1)
& Profiles
#4i3 Assembly
ol Steps (3)
Field Qutput Requests (1)
History Output Requests (5]
lﬁ Time Points (1)
B;; ALE Adaptive Mesh Constraints
ﬁ Interactions
a Interaction Properties
gli Contact Controls
a?’ Contact Initializations
:a\ff Contact Stabilizations
ﬂ] Constraints (2)
{B Connector Sections
2 F Fields

X} Analytical Fields
@[ Amplitudes (1)
[ Loads (1)
5 BCs (2)
flo Predefined Fields (1)
Remeshing Rules
I} 4 Optirnization Tasks
& Sketches
~A Annotations
Eii Analysis
& Jobs (1)
%ﬂ] Adaptivity Processes
B4 Co-executions
i Optimization Processes

28 CR/APP2-Strauch | 2020-03-04

Name:

Description:

Location

Definition: (®) Elements (O) Nodes

Data Composition

Data type: (O Scalar (® Orientation () Prescribed condition

Orientation type: ® Cartesian (O Cylindrical O Spherical
Supplied orientation directions are defined in part space

Default Values

Element!D  Component1 Compoment2  Comp ponent4  Component5  Component 6
Defaults 1 0 0 0 1 [ 0]
Field Data
Element!D  Component1 Compoment2  Comp ponent4  Component5  Component 6
-09872492  -D.002436657 -0.1591638 0.9999969 -9.84E-05 0.00248398
2 -0.9874686  -D.0D3179486 -0.1577837 0.9999925 0002689872 0002790007
3 -0.9878600 0.001689175 -0.1553323 0.999962 -0.007987382  -0.000453933
4 -0.986009 ~0.000630364 -0.1664101 0.999709 0.02339846 0.005876015
5 -09860526  -D.ODD240462 -0.1610109 0.9999961 0002766561 -0.000207696
6 -0.9880647 0002722643 -0.1540155 0.9999872 -0.004642075  -D.002031908
7 -0.9870204 0.004213095 -0.1605366 0.9999889 0001200164 -D.0D4566423
8 -0.9268681 0.002287838 -0.1615117 0.9990454 -0.01043441  -0.000610451
9 -0.9889813 0.007361836 -0.1478573 0.9999608 -0.00595818 -0.00655279
10 -0.9873084 001673519 -0.1579286 0.9998583 -0.004261357  -0.01628653
1 -0.9879265 0.008551678 -0.1546867 0.9998938 0.01033622 -0.01027368
12 -0.9880462 0.000126465 -0.1541579 0.9998386 001773084 -D.002094407
oK

Cancel
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Module: :Proper‘ty ~ Maodel: |: BZ12_WM_L0-50mm 1~ Part: |- BZ12.VM
7]~
< B
2

d= Edit Material Orientation

Region: (Picked) [

Orientation

M &

Ga Additional Rotation Direction
g ® Axis 1 O Axis 2 (O Axis 3

Additional Rotation
-E, L @) None
. @] Angle:
+ (O Distribution: &
EE_'I: Stacking Direction
_+E ; (O Element isoparametric direction 1

(O Element isoparametric direction 2
(®) Element isoparametric direction 3 (bottom to top)

(") Mermal direction of material orientation (Continuum Shell only)

oK Cancel
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