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Hi, I'm your host!

Kurt Munson is the engineering
manager at HBK where he oversees
software technical support, training,
and engineering services activities.

He has 25 years’ practical experience
in structural testing and analysis,
specializing in durability, fatigue, and
vibration analysis.

He holds a bachelor’s degree in
mechanical engineering from
Michigan Technological University and
a master’s degree in mechanical
engineering from the University of
Washington.
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The importance of durability
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Fatigue as a failure mode

Initiation and subsequent growth of a crack, or growth from a pre-existing defect,
until it reaches a critical size
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Stress and strains are relatively small...

..but over time can be deadly!
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Costs include warranty, loss of
reputation, loss of life, etc.
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Durability requirements

' = ENGINEERING STANDARDS - 4

3.4 Test Plan Development. The test-flow shown in
this document represents the cumulative global expe-
rience and knowledge gained from many products
over many years. The strategy underlying this series-
parallel test-flow is based on the concepts of “physics
of failure” with correlation to field usage. The correla-
tion to field usaae is established from manv vears of

wear out failure mechanisms as well as the elec-
trical input-output usage cycles. For an electronic
module, wear out will be due to thermal- and vibra-
tion-induced fatigue. The DUT typically is exercised
for the required number of 1-life electrical operational
cycles during the Power—Temperature-Cycling (PTC)
test. When there is inadeauate time durina PTC to
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‘Product must be free of visible cracks

after 150,000 miles of use’
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Improving durability
‘Product must be free of visible cracks after 150,000 miles of use’

Physical testing Virtual testing
« Historically proven Fast and agile
 Necessary for validation Ideal for optimization

* Slow and expensive Requires correlation

\—:-/:,.é}~
\/“

¥ N
Pursuit C?%xlé(s‘




nCode DesignLife:
The virtual fatigue analysis solution
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CUSTOMERS SERVED
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WORKING IN R&D
CUSTOMER

FACING
EMPLOYEES

INNOVATION FOR MORE THAN

YEARS

CUSTOMERS IN

MPLOYEES

COUNTRIES
WORLDWIDE

Empowering innovation across test,
measurement, simulation and analysis

nCode

Durability and fatigue analysis
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nCode Desktop Product Range

/D/ DesignLife

/G/ GlyphWorks

/V/ VibeSys
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« Fatigue analysis technology for FEA

« Fast, configurable, and scalable

nCode DesignLife is an up-front design tool that calculates durability and fatigue life from
leading finite element (FE) results for both metals and composites.
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- Stress-life and strain-life analysis accounting i ——
for mean stress, temperature, plasticity, w _———
stress gradients s oo
+ Advanced technology including thermo- x m; =
mechanical, composites, adhesive bonds, 2 =
multiaxial, welds, vibration, crack growth... i Zgﬁ
. . @ 3
- Fast results with multi-threaded and T
distributing processing B
e e— il —%‘:7
*  Support stress results from ANSYS, Nastran, T
Abaqus, LS-Dyna, Altair OptiStruct and S simuLIA *
others | ’ /Ansys 2\ ALTAIR oonie MSC Nastran

HBK
e

HOTTINGER BRUEL & KJ&ER



13

DesignlLife software demo 1

FEInput1 =

[D—)
Model: Upper Control . L

B0 Messages |

Show

Model:

Upper Control Arm.rst
1- Results

Life (Repeats)

No Data

Beyond Cutoff

1.467e+08
4.305e+07
1.264e+07
3.710e+06
1.08%e+06

3.197e+05
2.756e+04

8.089e+03
2.375e+03

Max = Beyond Cutoff

At Node 212110

Min = 2375
At Node 96513
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A deeper look at nCode DesignlLife
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Fatigue analysis process

2
28 simuLIAa

aBAQuUS O ALTAIR

'. # Msc Nastran \nsys

FE stresses

Loading -

time or frequency
domain

Material fatigue
properties

Fatigue analysis

Predicted fatigue
life
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Variable amplitude loading

4 Define fatigue cycles with time or frequency domain loading

4 Individual FE load cases for each DOF are paired with measured loading to
generate stress or strain histories

4 Linear superposition of stress tensors for multiple load cases
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DesignlLife software demo 2

FEInputl ER

Model, seamweld.op2 J [Commy seamweld.op2
Results: Load Case - 1: 1 - Results Life (Repeats)

No Data

Beyond Cutoff
2.264e+07
5.127e+06
1.161e+06
2.629e+05
5.954e+04

Maw = Beyond Cutoff
At Nofe 57004

Min = 3545
At Node 19019

AR
HBK 5
17 5o

HOTTINGER BRUEL & KJ&ER



Advanced fatigue analysis use cases
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Seam Weld Fatigue

Variety of approaches provided, for
thin and thick welds

Primary method based on the
‘Volvo’ method (SAE paper 982311)
and validated through years of use
on vehicle chassis and body
development projects

Uses stresses either from FE
models (shell or solid elements), or
stresses from grid point forces or
displacements at the weld

Seam welded SN curves are
provided

Life (Repeats)

No Data
1.879e+07

4.974e+06
1.317e+06

3.487e+05
=
2.444e+04
6.472e+03

1.714e+03
1.201e+02

Max = 7.096ET
At Element 27923

Min =120.1
At Element 30327
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Spot Weld Fatigue

Based on the ‘LBF' method (SAE paper 950711)
Spot welds modelled by beam elements or area contact method

Cross-sectional forces and moments are used to calculate structural stress
around the edge of the weld spot

Damage

- 1.605e-005
2.708e-007
4.570e-009
7.711e-011
1.301e-012

2.196e-014
3.706e-016

6.254e-018
1.055e-019
1.781e-021
Beyond Cutoff
No Data

Max = 9 509E-4
At Element 32597

Min = Beyond Cutoff
At Element 32749

Spot welded SN curves are provided
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Adhesive Bond Fatigue

Predict life of an adhesive joint or an adhesive + mechanical joint
Sheet metal and adhesive mesh do not have to match

Adhesive can be solid or cohesive elements
Stress recovered at edge perimeter in the through thickness direction of the adhesive

0.00 20.00 40.00(mm)
[ SEE—  SSS—
10.00 3000
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Vibration and frequency domain

FEInput1 E Model: vibration_dutycycle.op2

1 - Results Life (Repeats)
Mode'*: vibration_du

No Data
Beyond Cutoff
6.368e+18

Harmonic stresses

1.285e+17
2.591e+15

1 File(s v Dis Syr ) | o 52266413
1.054e+12
2.126e+10
4.28%9e+08
8.651e+06
1.745e+05
3.520e+03

Max = Beyond Cutoff

At Node 2916

Min = 3520

(o At Node 979

1 Test(s)
HDisplay [5]
| XY Display
| ot ot on 1
557 wibration_PSDs_in1 Ch 1 : long accel

Ol
|t
[
[

Frequency domain

2iHz
1 L

excitation

100 20 300 20 s
Frequency (Ha) Synchronise: View Animation
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Fatigue of composites

4 Static and fatigue failure criteria

4 Applies to short fiber,
unidirectional long fiber, and
woven composites

4 14 different failure criteria
supported

4 BENEFIT: Enables complete duty
cycles of complex loading to be
assessed

Model: 50m_blade_1set.op2

BB  Model: 50m_blade_1set op2

1- Results

DataV:
-
of
g [ 2 3 4 5
| Remove Sort HE[ement Shell layer  |Material Group |Property D [Material D |Layer Nur
| [
1 24 Top All entities 9 1 8
2 825 Top All entities 9 1 8
2 Iﬂ')’ n titiac 3

<

all anf
I

TestName: 50m_blade_1set Channel

I: 1 Title: Results Table: 1
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DesignlLife software demo 3
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Correlation between virtual and physical
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Virtual strain gauges

Gain confidence and improve virtual stress analysis

4 Virtual strain gauges are placed on finite element model in nCode

4 DesignLife generates virtual strain for comparison with measured strain
4 DesignlLife has a wide range of signal processing tools for correlation

=]

XY Display
trailing_arm_in1 Ch 1 : Gauge:Gauge1 (Single) Top Strain at angle 0

measures d_strain_in 2 Ch 1 : measured strain gage 1

— 0 2000 4000 6000
1 Test(s) Display Time (secs)
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Virtual sensors

Model: mounting_bracket_sol103.0p2

Sensor7

Virtual sensors are applied to the FE
model in nCode Sensor1

Virtual sensors can capture
displacement or acceleration in Sensor14
addition to strain

Recover virtual vibration in time or
frequency domains

Applications include statics and
dynamics, include modal vibration

Sensorll

Sensor8

i A
e :
B
YT e

4 )

9 virtual
accelerometers

\_ Yy, HBK i
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Summary

nCode DesignLife enables...

4 Virtual fatigue life prediction
4 Correlation between virtual and physical worlds

...in order to...

4 Develop products faster, cheaper, and better
4 Reduce the risk of failure
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Thank you!

Kurt Munson
kurt.nunson@hbkworld.com

Visit us at www.hbkworld.com

www.hbkworld.com | © HBK — Hottinger Bruel & Kjzer | All rights reserved
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