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CE Masters distinguishes 3 Levels of Engineering:

1. Engineering without Simulation
2. Engineering with Simulation

3. Integrated Engineering & simulation
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Engineering without Simulation

Characteristics:

* Insufficient insight in product behavior
* Unable to compare design alternatives
* Long and expensive design loops

* Expensive physical prototypes

* Not first time right

* End result is compromise of design issues

Long Time to Market
& |ow Quality

High Costs

“Physical Testing”

I
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a pezy group company

“Virtual Testing”

“Physical Testing”

Simulation *
Bu

Validation

Characteristics:
* Simulation used as design check

* Simulation not integrated in development process
* Limited use of gained insight with Simulation

* No investigation of design alternatives

* Not first time right

* End result is still compromise of design issues
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Integrated Engineering & Simulation

Concept

Multiple Short Dusiga Loog.s

Mechanical Product Development
Simulation integrated with Engineering

Characteristics:

Early insight in product behavior

* Ability to compare many design alternatives
* Short and low cost design loops

* Less physical prototypes

* First Time Right approach

Buil
Tes

Validation

Short Time to Market
g High Quality

Low Costs

* Concept optimized and based on insight

“Insight driven Engineering”
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Simple Calculations |
Small Models

-alculations and Analyses
- Comparison of Design Alternatives
-esign Optimization

Comparison Calculations
Conceptual Models

-erification

Concept

Multiple Short Dusiga Loog.s

Complex Calculations

blem Solvi
em Solving Detailed Models

Buil
T

Validation

Mechanical Product Development

‘- . . .y
Simulation integrated with Engineering InSIght driven Engmeermg
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Comparison of Linear Analysis with:
0 Geometric Non-Linearity: Large Displacements
O Material Non-Linearity: Elastoplastic Material Property

O Constraint Non-Linearity: Contact Analyses
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Example: Manhole Cover

Linear Analyses:
o ¥ of model due to symmetry
Material Steel (linear): Emod = 210.000 MPa

®
o Constraint vertically at contact surface with base
@

% of total load: F=% * 15 = 3,75 kN

Theory of Non-Linearity

Name
% | STEEL

Description

Density| 7.8e-09 tonnemm*3
Structural | Thermal Miscellaneous Appearance User Defined
Symmetry | lzotropic
Stress-Strain Response| Linear
Poisson's Ratio| 0.27

Young's Modulug| 210000

Coeff. of Thermal Expansion| 1.17e-05
Mechanizms Damping

Material Limits
Tensile Yield Stress
Tensile Uttimate Stress

Compressive Uttimate Stress

Failure Criterion

None

Fatigue
Mone

Ok




ce maSterS Results Linear Analysis

Max. VM stress = 1324 MPa Max. Displacement = 18,3 mm

Stress von Mises (AVCS) 1323.88 Displacement Mag (WCS) 18.28%4

{MPa) 1241 14 (mm;) 17.1408
Deformed 1158.40 Deformed 15.9983

fcalde 15943?30 VLOERLUIK_LUIK 1075.66 I'\Snalxl Di:pTSJJ;gES?C)J?m 14,8558
oadset:LoadSet1 : cale 1. +

N 292920 Loadset; LoadSet1 : VLOERLUIK_LUIK b
910.181 125708
827442 114282
744704 10.2857
661.965 9.14321
579.226 8.00069
496 487 6.85817
413.748 - 5.71566
331.010 BN 457314
248.271 = 3.43062

165.532 2.28810

M(em . \misss

0.05456 0.80306

[
L]
=
]
L]
L
L
=
]
N
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Description:
large deformations

. . . . [ Nonlingar / Use Load Histories
Geometric Non-Linearity: Large Displacements

Monlinear Opticns

s(f Calculate Large Deformations

Characteristics:

Constraints

o The stiffness under loading is Non-Linear (i.e. the

Constraint Set / Component Time Dependence
Stiffness Changes due to Changed Sha pe) [ ConatraintSet! / VLOERLUIK_LUIK ftx) | ramp
o The analyses is executed with load steps
o At each load step the stiffness matrix will be o S
[ LoadSet1 / VLOERLUIK_LUIK Fead | ramp

recomputed
o (reaction)Load direction can change

When to use Large Displacements (rules-of-thumb): zt s
o Deformation larger than the (shell)thickness
o Deformation visible to the naked eye :
o Deformation larger than 1/20t™ of part’s largest ——
dimension s foz o rarmse| | [oriemesins
s |03 W Full resuts
e

0K Cancel
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Max. VM stress = 668 MPa

Stress von Mises (WCS)

(MPa)

Deformed

Scale 3.6641E+00

Loadset:LoadSet1 : VLOERLUIK_LUIK Step 11, Time 1.0000E+00

-
| |

Waga080

Results Non-Linear Large Displacement Analysis

668.291
626528
584.765
543.002
501.239
459476
417.714
375.951
334.188
292425
250,662
208.899
167.137

125,374
83.6108

Max. Displacement = 8,95 mm

Displacement Mag (WCS)

)

Deformed

Max Disp 8.9516E+00

Scale 3.6641E+00

Loadset:LoadSet1 : VLOERLUIK_LUIK Step 11, Time 1.0000E+00

8.95161
8.39332
7.83504
7.27675
6.71846
6.16018
5.60189
5.04361
4.48532
3.92703
3.36875
2.81046
2256218

1.69389

1.13560
057732
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Example: Manhole Cover 20,00

Comparison Linear Analysis with i //

15,00 ,

Large Deformation analyses
14,00 /

8
\‘

e | i 2@F

=L arge Deformations

Deformation [mm]
=
=

%

\
\
\

4,00 pam
. _/

0,00

01 0,2 03 04 0,5 0,6 07 08 09 1
Load factor

)y =
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The elasto-plastic stress-strain curve

Material Non-Linearity:
Elastoplastic Material * True elastic limit (1):
— The lowest stress at which dislocations move
Characteristics: — Has no practical importance
o Until the Yield point the material acts linear
o Above the Yield point the stress-strain curve | * Proportionality limit (2): '
changes — Limit untll which the stress-strain curve is a straight ling 0% gl

o Different material laws available characterized by Young's modulus, E Atypical stress-strain curve
for non-ferrous alloys [1]

* Elastic limit, yield strength or yield point (3):

o To calculate realistic deformation (elastic - |Is the stressatwhgghha material bedgTs t0 dpform p\bashca\ly, mzans non-reversiole (this is the
and/or plastic) when the Yield stress is oweststresgatwlm permaneqt erormation can elmeasure ). o
exceeded — Before the yield point, the material deforms only elastically and will return to its original shape

When to use Elastoplastic material:

* Qffset yield point or proof stress (4):
— Since the true yield strength often cannot be measured easily, the offset yield point is arbitrariy
defined by using the stress value at which we have 0.1 or 0.2 % remaining strain. It is therefore
described wih an index, &.9. Ry, for 0.2 % remaining strai like shown in the image
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Material Non-Linearity:
Elastoplastic Material

Characteristics:
o Until the Yield point the material acts linear

o Above the Yield point the stress-strain curve
changes

o Different material laws available

When to use Elastoplastic material:

o To calculate realistic deformation (elastic
and/or plastic) when the Yield stress is
exceeded

Theory of Non-Linearity

Implemented Matenal Laws

» The material laws are a one dimensional relation
of stress versus plastic strain

' Creo Simulate supports four material laws for
describing plasticity:
— elastic - perfectly plastic: Above the yield limit the stress
(6,70,15,7)i€ld stress) is constant independenty of the

plastic strain reached (a special case of the linear hardening
model with £, =0) ’

~ Linear hardening": The relation hetween stress and plastic
strain is constant (,{angent modulus” E_ with slope 0<E_<E)

— Power (Potential) law: 0<E _<E, 0<m<f

— Exponential law: °
>0, 60 \

/
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Material Non-Linearity:

Elastoplastic Material

Mame
STEEL

. . Description
Characteristics:
o Until the Yield point the material acts linear Densiy[7 6e-0 tomnaimm3 v
. . . Structural Thermal Miscellaneous Appearance User Defined
o Above the Yield point the stress-strain curve i i =
Changes Strezs-Strain Response | Elastoplastic v
. . . Poiszon's Ratio| 0.27
o Different material laws available . s i
Coeff. of Thermal Expansion | 1.17e-05 c ¥
Mechanisms Damping sec/mm b4
When to use Elastoplastic material: S —G
| Define By Tests  Edit
o To calculate realistic deformation (elastic Liner Hordoning >
. . . Tangent Modulus | 3000 MPa v
and/or plastic) when the Yield stress is A 7 et
exceeded Matc-riaILimiti e - G, | / Cc
ensile Yield Stress * | 235 iPa o ey
Tensile Uttimate Stress MPa o, - __n--,-“""' -
Compressive Ultimate Stress MPa
* Required Fields A
Failure Criterion
Mone A
Fatigue ¢ El
Mone

-

= & ¥ Strain
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Material Non-Linearity:
Elastoplastic Material

Characteristics:

o Until the Yield point the material acts linear

o Above the Yield point the stress-strain curve
changes

o Different material laws available

When to use Elastoplastic material:

o To calculate realistic deformation (elastic
and/or plastic) when the Yield stress is
exceeded

Theory of Non-Linearity

Static Analysis Definition X

Hame:
luik_zolid_elasto_plastic

Description:

\/ Monlinear / Use Load Histories

Nonlinear Options

- || Calculate Large Deformations

B Plasticity

Constraints
Constraint Set / Component

[ ConstraintSet1 / VLOERLUIK_LUIK

Loads
Load Set/ Component

[ LoadSet1 / VLOERLUIK_LUIK

Convergence  Output

Calculate

o Stresses

| Rotations

[ Reactions

| Local Stress Errors.

Output Steps

User-defined Output Steps

Number of Master Steps

Time Dependence

fix) | ramp

Time Dependence

ftx) | ramp

Excluded
Elements

Flot

Plotting Grid 4

1. |0 -
2. |04 & Full resutts User-defined Steps
3. |02 W Full resutts Space Equally

4 (03 W Full resutts

5 |04 W Full resutts T o

6 |05 W Full resutts | v o= o=

™' Include unioading

[ Full resuts

0K Cancel
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Max. VM stress =477 MPa

Stressvon Mises (WCS)

(MPa)

Deformed

Scale 2.7550E-01

Loadset LoadSet1 : VLOERLUIK_LUIK Step 11, Time 1 .0000E+00

Results Non-Linear Elastoplastic Analysis

Max. Displacement =119 mm

476 623 Displacement Mag (WCS)

446 843 (mm)
417 062 Deformed

387 281 Max Disp 1.1906E+02
457 501 Scale 2.7550E-01
397 790 Loadset.LoadSet1 : VLOERLUIK_LUIK Step 11, Time 1.0000E+00

297940
268159
238378
208598
178817
149.037
119.256

119.057
111.616
104175
96.7344
89.2934
51.8524
74.4114
66.9704
58.5284
52.0885
446475
37.2085
29.7655
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Theory of Non-Linearity

Example: Manhole Cover

Comparison Linear Analysis with
Elastoplastic analyses

140,00

120,00

k2 3 g
2 3 g

Deformation [mm]

5
8

20,00

0,00

%

1\

1IN

01

02

03

04

0,5 0,6
Load factor

07

)y =

03

03

— | inear

= Elastoplastic
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Constraint Non-Linearity: Contact

Characteristics:
o Contact acts as a constraint in one direction
o Number of load steps dependent on situation

o At each load step the contact situation will be
evaluated

When to use Contact:

o When contact issues are expected which cannot
be captured with constraints

o When contact values are needed (i.e. contact
forces, contact area, contact pressure, ...)

Theory of Non-Linearity

Capability Mode

| | Simulate Lite

Mode

|| FEM Mode Advanced >>

Default Interface
Contact x

Selection Filtering Tolerance
Separation Distance
mim b

Angle (between planar surfaces)
deg |w

|| Check for Contact only between planar surfaces

Properties
[ Spit Surfaces
[ .3 Generate Compatible Mesh

[] Infinite Friction

0K Cancel

Hame:
viperluik_contact

Deescription:

[ Nonlinear { Use Load Histories
Monlinear Options
| Calculate Large Deformations
W Contacts

Constraints
Constraint Set / Component Time Dependence

[T]| ConstraintSet! / VLOERLUIK_LUIK ftx) | ramp
[ ConstraintSett / VLOERLUIK ft) | ramp
Loads
Load Set / Component Time Dependence
[#| LoadSet1 / VLOERLUIK_LUIK ) | ramp

Excluded
Elements
Calculate Plot
v Siresses
[ Rotations
[ Reactions

| Local Stress Errors

Convergence | Output

Plotting Grid B

Output Steps

User-defined Qutput Steps L 4
Mumber of Master Steps 1

1. |0 [ Fullresuts %

2. |04 W Full resutts User-defined Steps

3. |02 v Ful results Space Equally

. |03 [ Full resutts
5. |04 v’ Full results o e
6. |05 W Full resutts Lt £=

OK Cancel
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Max. VM stress = 948 MPa

Stress won Mises (WCS)

(MPa)

Deformed

Scale 1.0000E+00

Loadset:LoadSet1 . WLOERLUIK_LUIK Step 11, Time 1.0000E+00

Results Non-Linear Contact

9.480e+02
8.888e+02
8.295e+02
7.703e+02
7.110e+02
£.518e+02
5.925e+02

Max. Displacement = 27,8 mm

Displacement Mag (WWCS)

{mrm)

Deformed

Max Disp 2.7831E+01

Scale 1.0000E+00

LoadsetLoadSet1 . VLOERLUIK_LUIK Step 11, Time 1. 0000E+00

=
[
||
||
[
|
=

278312
260917
243523
226128
208734
19.1339
17.3845
15.6550
13.9156
121761
10.4367
8.66724
6.95779
521834
347889
1.73845
0.00000
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Example: Manhole Cover Bre?
Comparison Linear Analysis with "~ //
Contact analyses /’/
"= 20,00 7z
£ = -
6 / ol
o e /‘I /I —|inear
£
:cj / / =—(Contact
A 10,00 /.r
5,00 4-'/
2
0,00
01 0,2 03 0,4 05 0,6 07 0,3 (1] 1

Load factor

)y =
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Linear alternative for Non-Linear contact analysis 2 modified constraint

Surface constraint Edge constraint
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Non-Linear contact analysis

Displacement Mag (WCS)

{mm)

Deformed

Max Disp 2.7831E+01

Scale 1.0000E+00

Loadset; LoadSet1 ; VLOERLUIK_LUIK Step 11, Time 1.0000E+00

L]
[
L
]
.
L
L
=
L]
|

Theory of Non-Linearity

27.8312
26.0917
24.3523
226128
20.8734
19.1339
17.3945
15.6550
13.9156
121761
104367
8.60724
6.95779
521834
347889
1.73945
0.00000

Linear analysis with edge constraint

Displacement Mag (WCS)

()

Deformed

Max Disp 2.7730E+01

Scale 1.0000E+00

Loadset:LoadSet1 : VLOERLUIK_LUIK

27.7303
259978
24.2653
225328
20.8003
19.0678
17.3353
15.6028
13.8703
121379
104054
8.67287
6.94038
5.20788
3.47540
1.74291
0.01041
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Example: Manhole Cover

Comparison Linear Analysis with

all separated Non-Linear Analyses

2
g

E
E

c 8000 2
O | inear

T = | arge Deformations
E 60,00

0 = Eastoplastic

0

(] e Contact

40,00

—

01 02 03 04 05

Load factor

05

Which one is correct?

None of the above!
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Name
luik_solid_LD_and_elastopl_sdge

Description:

Previous analyses show that all

Non-Linearities are occurring at et s

Neonlinear Options

v“ Calculate Large Deformations

the same time:

W Plasticity

Constraints

Large Displacements

Constraint Set / Component Time Dependence
*/ ConstraintSet1 / VLOERLUIK_LUK ftx) | ramp
Elastoplastic Material
Contact
Load Set/ Component Time Dependence
[ LoadSet1 / VLOERLUIK_LUK ftx) | ramp
- o Excluded
Convergence | Output i
Calculate Plot
[ Stresses
Wl Rotations 5
= Plotting Grid |4
[V Reactions a X

| Local Stress Errors

Output Steps

User-defined Output Steps -
Number of Master Steps 1 =

1. |0 W Full resutts |

2|04 [ Full results User-defined Steps

3. |02 [ Full resutts Space Equally

0.3 W Fullresults

5 |04 W Fullresults T =

6 |05 [ Fullresuts |« i ==
V’ Include unloading “/ Full resutts

OK Cancel



/: y | C€ maSterS Results combined Non-Linearities

Max. VM stress = 245,2 MPa Max. Displacement = 12,5 mm

Stress von Mises (WCS5) 245 203 Displacement Mag (WCS) 125110

{MPa) 229,921 (mm) 11.7202
Deformed 214,638 Deformed 10.9475

Scale 1.0000E+00 199,356 Max Disp 1.2511E+01
Loadset: LoadSet1 ; VLOERLUIK_LUIK Step 11, Time 1.0000E+00 ' Scale 1.0000E+00

184.074
168.791 Loadset:LoadSet1 : VLOERLUIK_LUIK Step 11, Time 1.0000E+00

153509
138.227
122.944
107.662
92,3798
77.0074
61.8151 3.13023
465328 2.34850
| 31.2505 1.56678
T T 0.78505

0.00332

10.1658
9.38405
8.60232
7.82059
7.03887
6.25714
5.47541
4.69369
3.91196

4
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Combining Non-Linearities with Creo Simulate 2.0

Example: Manhole Cover

Comparison Linear Analysis with
all separated Non-Linear Analyses

30,00

Deformation [mm]
o =]
= 2

10,00

5,00

0,00

\

s

7
/// =
=T

L\

Load factor

——Linear

—— Large Deformations
——Elastoplastic

— Contact

e Combined Non-Linear
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Red areas: stresses exceed Yield limit (plasticity) Permanent Plastic Displacement = 1,5 mm (after un-loading)

Stress von Mises (ACS) 245.203 Displacement Mag (WCS) 1.49188

(MPa) 235.000 (mm) 1.30867
Deformed = 0.00000 Deformed 1.30545
Scale 1.0000E+00 0.68581 Max Disp 1.4919E+00 1.21224

Loadset:LoadSet1 : VLOERLUIK_LUIK Step 11, Time 1.0000E+00 Scale 1.0000E+00 111902
Loadset:LoadSet1 : VLOERLUIK_LUIK Step 12, Time 2.0000E+00 1.02581

0.93258
0.83937
0.74616
0.65204
0.55073
0.46651
0.37330
+ 0.28008
0.18687
0.09365
0.00043
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Examples of Non-Linear Analyses
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Helmet and Clip
www.egghelmets.com

Questions:

o Can the ABS outer shell be ejected from the mold?
o Does the clip work and survive impact tests?

P0n@
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~
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ce masters Examples of Non-Linear Analyses

I Vor Mi
Ejection of ABS helmet outer shell on Mises stresses

o Quasi static approach; incremental ejection steps
o Contact analysis for each ejection step

Ejection 15 mm

4. 798=+00
4,491 e+B0

Displacements

Mold/Ejector: Steel
Helmet Shell: ABS, POLYLAC PA-746H
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any

Examples of Non-Linear Analyses

Contact analyses for different clip concepts

o Initial clip design didn’t pass the test

Stress von Mises [WCS)

o Comparison of different clip concepts Sﬁff%eldomE .
acale 10.0.010 £100;

Loodset:LoadSet!

Stress von Mises (WCS)
N/ mm*2)

=
Ceformed é : ?ggi:ET
Seo O000E+00 . 750e

Scae  LOOCOE+QD il

|_oadset : Summed_oadSet

6, 250e+01
S.088=+01
3.758=+81
2.580e+81
1.250e+01
0. 08Pe+0d

%J

LOCK_CLIP

9.383e+02
C.BaetB2
1.B57p4B2
1.714e4B2
1.571eth2
1429182
1.286e+B2
1.143e+82
1. BaRethZ
B.571e+A]
7.143e+01
5. 714401
4.zZ86e+0]
2.B37e+01
1.429¢+81
B. Dake+A0
2.547e-11

"Window2" - original_clip - original_clip

Initial clip

Different clip concepts

Stress von Mises [WCS)
(MPa)

Deformed

Scale  1.OOQQE+OC
Loadset:LoadSet! .

5.601e+82
2. 008e+82
1.857e+82
1.714e+82
1.571etB2
1.42%+82
1.20Ee+B2
1.143e+02
1. BR@etE2
8.571e+Bl
7. 143e+81
5.714e+A1
4.2BEe+81
2.857e481
1.429e+81
. BABe+B8
3.284e-B1

LOCK_CLIP

vy

"Window3'" - modified_clip - modified_clip

Stress von Mises [WCS) 2.713e403
(kPa) 2. 000402
Deformed 1.B57e402
Scale  1.ODOOE+0O o W
Londset:LoadSefl :  HDS-PRT-OQM-RILEEF

1.429e+82
1.286e+B2
1. 143482
1. BBBeth2
B.571e+A1
7.143e+81
5. 71401
4.286e+01
2.B57e+01
1.42%e+01
0. DAke+AB
7.572e-B2

v

"Window!" - rll_clip - rll_clip
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Examples Advanced Dynamic Analyses
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Mounting Equipment for Communication Devices
www.thalesgroup.com

Questions:

o Does the structure survive vibrations with specific
Power Spectral Density diagrams?

o Does the structure survive shock impact?
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Dynamic Random Analysis

Stress ®¥¥ [WCS)
N/ mm*2) 2.560=-00
2.198e400
. M 1.875«+00
Characteristics: i
1,250e+0a
9, 375e-01
6.250e-01
3,125e-01
. 000e+20
o Calculate Eigen Frequencies
o Dynamic Random Analysis for 3 orthogonal directions
= Dynamic Random Analysis
Name:
Dyn_Randam_d
Description:
Loadng: Base Excitation v
Fraquency Dependence
il ped_longhudinal Dvn_Random_x
= o : Direchon Relative bor _ _ _
T PSD longitudinal (X) X [ |- S R
; g F‘-‘ Supports
1.0000008 + 06 | A
"1 [¥] Inchade lrequancy siaps from tabis funclion I8!
100e ;o o ! ! Modes | Previous Analysis | Oulput 10000008 s 05 ) : S a |
ir: 1 Modes Included e \ f

. 1 S 9 \.

s §i = £ §
N w 1 Y () Below speciied frequency: 51 ooooone o1 | \ 4 L
L 1000008 1”"&/ LY 3‘%_!1"/% Diamping Coefficient [%] g 1 J N\
i ’ ! § S

= WA
B Y For al modes b E Ay 'l! ﬁ!
J 1 £1.000000e+03 ¥ 4
i
! : |
‘I 1000000+ 02 ]
1.000e-05 _] 1 - "
f 'k}
¥ A1
vl |
1. 000000e+ 1} ¥ \ |‘
f i
1.000e-06

TTT Tl T T T 1000000 + 00

* ! T T \
1.00 1000 10000 1000.00 1.0 1000 100,00

1000.00
frequency

Frequency
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Dynamic Time Analysis (Shock)

Characteristics:

o Calculate Eigen Frequencies

Examples of Advanced Dynamic Analyses

o Dynamic Time Analysis for 3 orthogonal directions

File Wiew Formak

o 53 3 QB

Pro/E Graph

Type
Symbolic

iffirne« 0. 002,00, iflrne-< =001 4,130,808 rne- 0, 272727).071)

[ Awailable function components ... ]

time

= |S5% W = Dynamic Time Analysis Definition

Name:

Description

Modes Inch
+1 All

4

Damping Coefficient
For all modes

ddll_dyn_bme_x

id=d

Load ing Base Excitation
coeler e Dependsn
| e | halk_sirnzs_19ms
>s' 400000
Y 0
Z 0
Modes | Pravious Andysis | Output

") Below specified requency:
£)

2 Ground
®) Suppots

LOK Cancel

displacement_sern_x
iy - -

ime

THALES

max vim_s ll("".

L[I\ mnT2)

fime
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Thank you for your attention!
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_' )) good engineer \
better 8 B8 afoolwitha
but a poor good tool is

: } eng ineer 7 : \ S tl[[ leOO[
dangerous ¢ ¥




