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Autoliv — 65 years of Dedication to Saving Lives

Autoliv
Lindblads becomes a Period of First Night Vision —
Autoservice Acquired by subsidiary of acquisitions and First Knee First Inflatable the start of Active

AB is founded First subsidiary Granges Weda Electrolux joint ventures Airbag Curtain Safety

Spinning-off

veoneer

Creating an independent
publicly traded company

1953 1956 1959 1968 1975 1979 1980 1989 1990- 1994 1995 1997 1998  2000- 2017 2018

. 14 ' A )
Y W . 1 utoliv and
@ i f, 3 SiMorton Volvo Cars form
‘{ - Zenuity
First Seatbelt The company’s Acquisition of Pretensioner — Listing on the Merger with  Period of acquisitions, joint ?
name is changed Evert Larsson Volvo introduces Stockholm Stock Morton ventures and new
to Autoliv AB Industri AB our innovation* Exchange production capacity in

Best Cost Countries

Autoliv
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Technology Corp.

Autoliv’s Research, Development & Engineering

.
™

China(16)

Vargarda hanghai

Japan
Tsukuba

Gournay
Pont-de-Buis
USA

Ogden
Auburn Hills

Mexico South Korea
Tijuana Seoul
Querétaro L Ndla
Bangalore
Dachau
Elmshorn \0'
O Autoliv locations l
27 Countries 64 Facilities 12 Tech Centers 19 Crash Test Tracks
Across All Key Automotive Regions In Close Proximity to OEMs With 5,300 Engineers, Close to OEMs’ Enabling Crash Simulations Globally

Engineering Hubs

Autoliv
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Safety Technologies

Airbags

In frontal crashes, driver airbags reduce fatalities
by appr 25%, and front-seat airbags by appr 20%.
Side-curtain airbags reduce life-threatening head
injuries in side impacts by appr 50% for passengers
sitting on the side of the vehicle that is struck.

Side airbags, rear side airbags, knee airbags and
far-side airbags also help save lives and reduce
serious injuries.

Seatbelts prevent fatalities Protecting Pedestrians

The combination of seatbelt, seatbelt Thanks to a pyrotechnic hood-lifter and/or an
pretensioners, load limiters, lap pretensioners outside pedestrian protection airbag, a pedestrian
and frontal airbags reduces the risk of life- who is hit can avoid head injury caused by the hard
threatening head or chest injuries in frontal area between the hood and the windscreen or one
crashes by 75%. of the windshield pillars.

Autoliv
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Safety Product

Airbags — Snapshot

Product Portfolio Overview

Airbags

Inflators

Initiators and Micro
Gas Generators

Textiles
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Driver and passenger v Far-Side
Knee v Pedestrian

Side and curtain protection

Pyrotechnic
Stored gas
Hybrid

Initiators

Micro gas
generators

Weaving of one-piece cushions
Cut & sew operations

Autoliv




Safety Product

Seatbelts — Snapshot

Product Portfolio Overview

Retractors/

Pretensioners

Pre-Pretensioners

Buckles

Height Adjusters,
Loops & Tongues,
Webbing

October 27, 2018

Pillar

Application of LS-DYAN in safety product developing

Tightens seatbelt in case of accident

Stops spool that retains seatbelt webbing from
rotating

Tightens seatbelt prior to crash or during
aggressive driving manoeuvres

Soft tightening as warning for ADAS functions

Can provide tightening of seatbelt during crash
llluminated and buckle presenters

Accommodate diverse vehicle interior layouts
and safety needs

Autoliv
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Safety Product

Steering Wheels — Snapshot

Product Portfolio Overview

v Leather wrap and polyurethane wheels
Steering Wheel v" Magnesium & aluminum die cast structures

Products

v" Heated rim, horn and touch switches

(\

Gesture controls
Steering wheel ECUs (HOD, heat and alert)

Steering Wheel

<\

Electrical Device

HMI platform, enabling ADAS features

Human Machine
Interface (HMI)
Features

Optical sensor
Hands on/ off detection (HOD)
Driver alert (optical and haptic)

SNUENEE NN

Autoliv
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Solve all problems in LS-Dyna

October 27, 2018

One code strategy

 In automotive, one model for crash, durability, NVH
shared and maintained across analysis groups.

» Manufacturing simulation results from LS-DYNA
used in crash, durability, and NVH modeling.

“All-in-one” package

Application of LS-DYAN in safety product developing

Structure

Crashworthiness

Occupant Safety

NVH

Durability

Acoustic

Autoliv




Safety Product Developing

3D geometry ...

Targets goals
Requirements

v v v v v v
| | | casm

Autoliv
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Application of LS-DYAN

Strength in Implicit and explicit of Ls-Dyna

* Material property
« Seatbelt
 Airbag

» Steering wheel

Autoliv
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Strength Analysis
-Material property

—ENG stress/Strain_Test Data

—TS=ES*(14Estrain)

::; -> Uniform Elongation

- No Necking

- No Force Reduction

October 27, 2018

—ENG stress/Strain_Test Data

—Hollomon Fit

- necking achieved

—> local strain (68%)

- close match with
eng. stress-strain
curve

- failure: inside-out

4100001
32301
2367e01
1500001

ARAMIS TEST
- 68% failure strain

Application of LS-DYAN in safety product developing

20250

S11250
5
w

9000

6780

4500

2250

4 3
Displacement {mrm}

Contour Plot
Strain(vonivlises)
Global Systemn
Advanced Average

7.551E:01
[ 6.712E-01
5.873E-01
— 5.034E-01

— 4.195E-01
!— 3.386E-01

= 2517E-01
1.678E-01
8.390E-02
0.000E+00

Max = 7 551E-01
Node 6617
Min = 0.000E+00
Node 1304
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Strength Analysis
-Seatbelt

25 3 126

75 1
Displacarment (mm} (ms)

Contour Plot
Strain(vonMises, Max)
Global System
Advanced Average

B.376E-01
[ 5.667E-01
4.959E-01
— 4.250E-01
= 3.542E-01
E— 2.834E-01
l-— 2126E-01
1.417E-01
[ 7.0B4E-02
0.000E+00

Max = 6.376E-01
Node 24288

Min = 0.000E+00
Node 148180

z

-

oy
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Max principal stress  pisg

The frame took place fracture when pulling force reached 20KN as similar test
result of 17-19KN.

Ratractiy. - - - Prings Levets
iy el Effective plastic strain e
e, s 16523 1o ]
A s ey
ey
$4000-02
preias
Ss00e02_|
proses
P
e

| A The bolt hole with thread

The frame took place fracture when pulling force reached 16KN as similar test
result of 16-18KN.
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Strength Analysis
-Seatbelt s

Effective Stress (v-m)

- : 7:00%08-01 1 27606400
Upper die move down 5.833¢-01 23008400 W
’ 4.667e-01 _ 1.840e+00 _

Max force is 320KN-340KN

fomat 1.380e+00
9.202e-01
4.602e-01

1.977e-04 _|

3.500e-01

[ 1.167e-01
0.000e+00 _|

Hodel
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Strength Analysis
-Airbag

DAB maximum setup force is about 65N when omega
spring start to sliding, same witgmggeoretic process.

0.07;

0.06
0.05

Z0.04
5
£

G
u-0.03

0.02

0.01

until 100N in 11

"
1950807
1482602
9750603
e

— 000000

e ——- . i e B
o — e
Appiicauon or LS-UYAN In sarety proauct developing
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Technology Corp.

Fiatgs Py . CHELUVE SUES (Vi)
Contours of Effective Stress (v.m) mid 3.099e.01
max IP. value 2583001 ]

orn force are0N~25N

§19 DAB Housing
Time = 16
Contours of Maximum Principal Stress
max ipl. value

min=-0.173831, ot elema 90156
max=0.312416, at elemd 3073
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move 80mm

Strength Analysis
-SW

Force - Displacement

OO Beloc_Plte_Impact_Cumvs
== Sim_ChO1 Sdad_plsts Irpact

Forne A<

£} E]
Displazertert rm

16

Pressing Stiffness 0°/ 12’ clock

Rigid angular bar move
80mm by low speed

October 27, 2018

Sim Results pink curve

Ouupiacomact fmms

Application of LS-DYAN in safety product developing

LSTC

Livermore Software
Technology Corp.

Contour Plot
Effective plastic strain(Scalar value, Max)
Simple Average

9 453E-02
[H 402602

7 352E-02
=6 .302E-02
5252602
—A40IEQ
§3.151EQ2

2101E02
1.050E02
0 0J0E+00
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0075 008 005 008 0035 o 0105 041 o5
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Fringe Levels

469801 _
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Application of LS-DYAN

Airbag deployment in Ls-Dyna

» Coverage area
» Bag deployment
» Airbag subsystem model

Autoliv




Livermore Software

Technology Corp.

Airbag deployment
Coverage area

{13,332

0

volume

volume :

7(67.3,3.52e+

80

60

40

40-Dummy_corverage

35

30

o o«
I

(9+3) swnjon

B Conslation resi

W Testresult

20

Time

Autoliv
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Airbag deployment
Coverage area

Loadcase 1 : Time = 42999962
o ——— Frame 44

Autoliv
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Airbag deployment
PAB

Effective Plastic Strain

1.900e-01

1.710e-ﬂ1]
1.520e-01 _|
1.330e-01 _
1140801 __
9.500e-02 _i
7.600e-02 |
5.700e-02_
3.800e-02

1.900e-02

0.000e+00 _|

It is probably crack at corners and

Effective Plastic Strain

3.0008.01
2700e.01

2400001 |

1600601

.0006.02.
6.0006.02.
3.0006.02.
00008400

October 27, 2018

2100801 _
1800601 __

prey |

LS-DYNA keyword deck by LS-PrePost
Time = H

Contours of Resuhant Displacement
29048

max=7.19338, at node# 11321,

Autoliv
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Airbag deployment
DAB

1.025e-02
9.222¢-03
8.197e-03
7.173e-03
6.148e-03
5.123e-03
4.099e-03
3.074e-03
2.049e-03
1.025e-03
0.000e+00

Force (N) (x10E+3)

Slot 1: KC-2 DAB Deploy@HT - State 42 at time 20.000035\
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Effective Stress (v-m)
2.114e-01
1.903e-01 ]
1.691e-01_
1.480e-01 _
1.268e-01 _
1.057e-01_
8.456e-02 _|
6.342e-02 _
4.228e-02
2.114e-02 ]
4.082e-06

Autoliv

Effective Stress (v-m)
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LSTC

Livermore Software
Technology Corp.

Airbag deployment
IC

Front Chamber Pressure Rear Chamber Pressure

.
Simulation_CPHM
'
72
&
14
48
24
0 4
40 0 4 [ 12 16 e S ol = % 40

Time = 0.000000 Time = 0.000000

ms

Simulation

Time =

X Force Y Force

Good Deploy : i
\ N — >
N
T
= o [/, A : :
2% = -t
e 1 Z Force Pressure
Time = 0000000 Time = 0.000000
= 19
-
X — §ns
1 .
—
Simuistion e 105
!
5 ' IR TR R TR Y PR TR T PR Gz ode o0% ofe ok ooz odw ofe ohe  on
Z & . — -
— - Time=7ms Time=8ms

Autoliv
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€3¢" RLSTC
’ Gk ermore Software

$95o7p Technology Corp.

Airbag dep

loyment
IC N

L -
g ﬁ‘h Fr“"tChg!gSﬁelc deploy”zstﬂnirﬁessure

impact force from IC deploying

Acceleration when IC deploying

Time = 0.00000C — ; 7 Time = 0 000000 IC deployment with trim

IC folding influent deployment
trajectory

Autoliv
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Airbag deployment
IC

B-Pillar

ringa Lovels Grab Handle
208801 __

17400 0 LM
1.392e01 _ -
1.044e.01 _
6.9608.02 _ _— luggﬁa;ZEAME»ﬂm
3.480e.02 _
0.000e+00 |

Min= 0,00

The reverse side

o

Lasdcase 1 Tina = 0000000  Frame 1

1 211_Sem,_SHetGOP6_ GEP._IC_00P0_fum 1 XA11_Sim_Sa\GOP\08_GEP_IC_00P84_Run
Ubadease 1 Tume = D0G0000 | Frame 1

Ly

o — " o
CLIP TENSILE STRESS ANALYSIS T
Time = 29 Fringe Levels
‘Contours of Effective Plastic Strain 4.008e-01 \
max IP. value
min=0, at elem# 148713 S.340001
max=0.579093, at elem# 165291 2.672e-01 _
2.004e-01
1.336e-01
6.680e-02

0.000e+00 _|

i {
Contour Plot

Effective plastic strain(Scalar value, Max)
Simple Average

2 260E-01
[ 2.000E-01
1.780E-01
— 1.500E-01
[ 1.2650E-01
1.000E-01
7 500E-02
[ 5 000E-02
2600802
— D.000E+00

Max = 5 053E-02
Node 1038987
Min = 0.000E+10
Mode 100

F=77.5e-3KN
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LSTC

Livermore Software
Technology Corp.

Airbag deployment
SAB

Contour Pt Londeass 1 : Time =22.999663  Cortour Plot Loadoase 1 : Time = 22999968
et lacic stran(Sealarvaus, o) Frame3d Sossivontsos, o Frame 24
tiars Araas sytom Contour Piot H |
170001 ) 6815601 ETETE R stic strain(Scaler Valik, Max)
4oeE 01 5000601 L 1.208E 400
—iaseor S145ED1 r 1 570ED1
106301 e 4 1IED
| B | oot 173E0 17201
6375602 T—2.9406-01 —1178E01 !
[uﬁnm 2208801 —a81EE0 —9a13E02
2125802 Laroe0n Ul —— | Epesaspes
L oosseeso -73s0e02 5889502 -5 BEEE0R
conoe-00
Max = 1.395E+00 3 925602 3 02
ELEVENT SoLID 16118 Mox= 6615E01 e s
Wi 600G€ 00 ELEMENT S0l 16118
ELEMENT. SoLiD 1123 % 0 000E 400 0 000 +00

Min=0.00
ELENENT_S0LID 1123

Autoliv
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Airbag subsystem model_
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Airbag subsystem model
Validated for system

Airbag pressure

=« = Sumulabicn

=
<
g 8¢
3 40
& 2off
o
2 . =%
1] 20 40 80 100 120 140 160 0 20 40 &0 100 120 140 160
Time (ms) Time (ms)

8 Impactor velocity 500 Impactor dis

6 o] ||
=~ = Simulation E“oo Simulation
) =
£2 300
£0
£, 8200
= g

i 8

S ] 100
-8
o 20 40 60 80 100 120 140 160 - 20 40 80 80 100 120 140 160
Time (ms) Time (ms)

"t o il
[T-12093134, +23°C, 2012-08-14

ase 1 : Time = 14,9908

[———"D248_6.01m/s_T12106660_venB43.

0248_6.01m/s_T12106660_ventB4s
|[———D248_6.01m/s_T12106660_ventsas ||
D248_5.87m/s_T42106661_voni4s |
D243_5.97m/s_TA2106661_veni4s
— Simulation

Time: 15,00 s

Loadcase 1 : Time = 14.9998:

D248_6.01m/s_T 12106660_vent3ds

D248_6.01m/> TA2106660_ventB4s

D240_5.57m/s_T-12106661_venid4s
|=———D245_5.57m/s_T-12106861_venisas
Simulation

D245_6.01m/s_T12106660_vente4s
0248 5.97mls_T-A2106661_ventBas

Autoliv
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Application of LS-DYAN

Fatigue Analysis in Ls-Dyna

« Fatigue Simulation method
 Calibration Fatigue method
» Fatigue material properties
* Fatigue examples

Autoliv
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Fatigue Analysis

October 27, 2018

What is fatique?

O Fatigue is a process in which damage accumulates due to the repetitive
application of loads that may be well below the yield point.

O Fatigue is a complex process involving many steps but it can be broken
down into initiation and propagation of fatigue cracks.

O Itis estimated that fatigue failures are responsible for 90% of all metallic
failures.

O For many years, fatigue has been a significant and challenging problem
for engineers, especially for those who design structures such as aircrafts,
railroad vehicles, automotives, bridges, pressure vessels, and cranes.

Application of LS-DYAN in safety product developing
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Fatigue Analysis

How to run fatique analysis?

Q Fatigue analysis can be performed in time domain and frequency domain.

d Two frequency domain approaches based on random vibration theory
and harmonic vibration (SSD) theory have been implemented in LS-
DYNA for fatigue and durability analysis.

0 Recently we implemented time domain fatigue, including one based on
stress and the other based on strain (further testing and validation
needed) :

Autoliv
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Fatigue Analysis
S-N curve (high cycle, low stress)
*MAT_ADD_FATIGUE

Card 1 1 2 3 4 6 7 8
Variable MID LCID LTYPE A STHRES SNLIMT SNTYPE
Type I I 1 F F I 1
Default none -1 0 0.0 0.0 none 0 0
« By *DEFINE CURVE 500~
- — 1045 steel -
* By equation S 400 Fatigue 1% =
2 limit z
3 300 ]
NB" =a : I
S 200t 2014-T6 aluminium £
2 —H20 %
log(S) =a—-bllog(N) 5 or 5
0 1 1 | 1 ] 1 0

10° 10t 10t 10 1w 10t 10 10"

N: number of cycles for fatigue failure
S: stress

Number of cycles, Ny

Source of information: http://www.efunda.com

« Fatigue life of stress below fatigue threshold

SNLIMT  Fatigue life for stress lower than the lowest stress on S-N curve.
EQ.0: use the life at the last point on S-N curve

EQ ] : extrapolation from the last two points on S-N curve .
inity. Autoliv

Application of LS-DYAN in safety product deve oping
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Fatigue Analysis

S-N curve (high cycle, low stress)

A

\

.Qb2—
S N-S a2

sthres2

sthresl
*MAT _ADD FATIGUE 5
Card 1 1 2 3 4 5 %] 7 8
Variable MID LCID LTYPE A B STHRES SNLIMT SNTYPE
Type 1 1 1 F F F 1 1
Default none 0 0.0 0.0 none 0 0
Card 2 1 2 3 4 5 6 7 8
Variable Al Bi STHRESIi
Type F F F
Default 0.0 0.0 none

To define S-N curve with multiple slopes, the S-N curve can be split into multiple
segments and each segment is defined by a set of parameters Ai, Bi and STHRESI.

Up to 8 sets of the parameters (A1, Bi and STHRESI) can be defined. The lower limit

of the i-th segment is represented by the threshold stress STHRESI. )
Autoliv
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Fatigue Analysis

*MAT_ADD_FATIGUE_EN

E-N curve (low cycle, high stress)

Card 1 I 2 3 4 5 6 7
Variable MID KP NP SIGMAP EPSP B C
Type I F F F F F F
Default none none none none none none none
Cyclic stress strain curve Local strain—life relationship
I
1/n AE g
0.0 =ZL N, ) +e [N, )
E \K 2 £
W L
<
O
o / / S
=
[ 0.01 -
/ £
@©
£ 0.001
@©
| .
)
0.0001

&

»
»

»

|«
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1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06

Reversals, 2N;
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Fatigue Analysis

Two approaches for

October 27, 2018

igue analysis
’ ___FEACode
' | FRF Simulation
Vibration | 1
Simulation i

Stress Response

Fatigue Analysis |<

Fatigue
Analysis

}

Fatigue Life

Advantage:

i *  We are familiar with Radioss and nCode and
i have a lot of experiences on this type of

simulation.
Disadvantage:

» Solve one problem in two different codes.

Application of LS-DYAN in safety product developing

Note: The fatigue feature of
Radioss is only appropriate to static
load cases and is not suitable for
the fatigue due to vibration.

Fatigue
Properties
1

Input

1
1
1 Input
I p

Lo S N

SSD/Random
Simulation

}

Stress Response

Fatigue Analysis

Fatigue Life

—

Fatigue simulation, as well as frequency domain
simulation, is a new feature of LS-DYNA. So we
have to check the accuracy of its results.

Vibration
Simulation

! Note: The fatigue i
feature of LS- !
DYNA stems from !

Boeing’s in-house
code, N-FEARA

v
Fatigue
Analysis

E Advantage:
! Solve all problems in one code.
i Disadvantage:

Autoliv
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Fatigue Analysis
Comparison of Radioss (bulk data)/nCode and LS DYNA (implicit)

Natural Frequencies: simulation results

N Mode 1 - F = 8.378150E+01 [eaiet Mode 2 -F = 5. z4551as-uz Time = 83620045 (e Time = 524.795898
Radloss Frame 1 : Angle Q00000 #uve: vciom : Q00000 LS-DYNA Frame 1 : Angl 00 Arsysisersien Frame 1 : Angle Q&00000
— By — 31585000
rrvean rmsEon | B 218iEw0
s sarean Lseoeon —3ss0eean —23meenn
sssoea 558801 pceniis eyt
| By | BN | A Liew
s3E P v1sEa00 b
2w 2aE01 V117E00 7ot 01
Teat {aneol sssse00 SsatE0n
-0 000E+00 0.000E=00 0.000E+00 0.00OE+00

3= 10005400 M= 1000E+00 M= 5 0256400 W= 25536400
a7 00 114 Hode 114
Min = 0.00

: Mode1 : Mode 2 : Mode1  : Mode 2
L ¥ t x ¥ 1' x ¥ t x
ol - - -
e Pt Mode 3 - F = 8.277202E+02 eyt Mode 4 - F = 1.468757E+03 e i Time = 830.208191 cerivrn Time = 1469.599609
Analysis system : Analsis system 1 040 Analysis system F 1 Analysis system : .
e Frame 1 : Angle 0.000000 *re oo Frame 1 : Angls 0000 LRl Frame 1 : Angle 0.000000 A e Frame 1 : Angle 0.000000
8910801 2999601 2 105E-00 21588000
7108601 17801 2770€-00 2184E000
|—sseem —GBETEO! —1314E-00 —23mE0
55808 01 555E01 1.978€+00 1974E00
| Eopponts K iven | s Mo
330E01 330 118700 1 1848000
2227801 2222601 ToUED 7808501
111Ea R 957E0 2848501
000002 0.000E=08 0.000E<00 0000E+00
M= 1onzg 00 Max = 1.000E+00 Ma= 35616400 Maz= 315536400
Gri Grids 47 iota 112 Node 114
e nnnne Min= 0000E; Min= 0.0 Min = 0,000
Grids 1 o

z

Mode 3 . | - Mode 4 Mode 3 | : Mode 4

— = 5 <5 7O
Analytical Solution 83.28 521.93 832.78 1461.6

Radioss 83.78 100% 524.56 100% 827.72 100% 1468.76 100%

8| LS DYNA (ELFORM=2) 83.74 99.95% 524.54 99.99% 801.28 96.80% 1469.59  100.06%
o

LS DYNA(ELFORM=18) 83.82 100.05% 524.80 100.05% 830.21 100.30% 1469.60  100.06%
o
é LS DYNA(ELFORM=20) 83.75 09.96% 524.27 99.94% 827.60 99.989% 1467.33 99.90%

Note: ELFORM=2: Belytschko-Tsay (default)

ELFORM=18: Fully Integrated linear DK quadrilateral or triangular shell I‘
ELFORM=20: Fully integrated linear enhanced shell > CQUAD4 AUto Iv
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Fatigue Analysis
Comparison of Radioss (bulk data)/nCode and LS DYNA (implicit)

Random Vibration: simulation results

e The Root Mean Square (RMS) stress of the specimen is calculated by Radioss and LS-DYNA, respectively.

Contaur Plat
RMS Stressiln-plane P1 (major), Max)
Elemental system

4.492E+M1
[3 993E+01
3.484E+01

——2.835E+01
— 2.435E+01
—1.996E+01

1.497E+01
9.982E+00
4.891E+00
1.320E-12

Max = 4 482E+01
Shell 167582
Min=1320E-12
Shell 166896

-

Contour Plat
Stressiln-plane P1 {major), Max)
Elemental system

4.474E+M1
[3 877E+1
3.4B0E+01

—2.8B3E+01
— 2. 4BGE+01
—1.989E+01

1.481E+01
9.943E+00
4.971E+00
0.000E+00

Max = 4.474E+01
ELEMENT_SHELL 167582
Min=0.000E+00
ELEMENT_SHELL 165827

X

1st Principal Stress

[RMS P1 Stress = 44.9183 MPa

Radioss

Good match!

|RMS P1 Stress = 44.7416 MPa

ITr

LS-DYNA

X
October 27, 2018 Application of LS-L 1 miv 1 saisty pruuuct usveivpiny
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Fatigue Analysis

Measure the fatigue material property

Shaker-based fatigue test

37 October 27, 2018 Application of LS-DYAN in safety product developing

Fatigue material property data base

~

100

Stress (MPa)

1000

Material
Type
SPHD
SECC
QSTE380TM
S550MC

(:> QSTE500TM

Autoliv
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Fatigue Analysis

Cumulative Damage Ratio after 1 h= 0.6743
Fatigue Life = 1.483 hour

|

. SN

2)

Measured Fatigue Life: about 2.5 hour

nime = 1 3
UMY of o i 0B 1S Predicted fatigue life: 2.28h ST | smeecn
in=0, lem# 5913 - . ke . &
::x:o.:la;s?ntelem# 1630 Measured fategue Ilfe' aDOUt 4h 3.499e-01 _|
3.0620-01 _

October 27, 2018

2.625e-01 __ 1

4.374e-02
0.000e+00 _|

Application of LS-DYAN in safety product developing

Real fatigue life = 9.1E4 load cycles
Estimated fatigue life = 8.67E4 load cycles

Applied bolt pretension force only

b e

M 3 B526002
ew&v_msmu
M =17 1ETES01

BBV SOLD 550138

Applied both bolt pretension force and torque logds

Contour Plat
Sress(Pl

Min. Fatigue Life = 40’000 cycles < 100’000 cycles Fail!

Autoliv




Application of LS-DYAN

Acoustic Simulation in Ls-Dyna

* Introduce
* Application
» Steering wheel

Autoliv




Acoustic Simulation
introduce
Time domain acoustic solver in LS-DYNA
v' MAT_ACOUSTIC with solid element 8 or 14
Freguency domain acoustic solver in LS-DYNA

v FREQUENCY_DOMAIN_ACOUSTIC BEM
o Rayleigh method
o Kirchhoff method
o Collocation BEM
o Variational indirect BEM

v FREQUENCY_DOMAIN_ACOUSTIC_FEM

o Hexahedron - <
o Tetrahedron " f
o Pentahedron A Vibrating structure

v' SEA (ongoing development)

Autoliv
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Acoustic Simulation
introduce

@I -

Loading on structures
I FEM transient analysis

SSD V (P) in time domain <:( User data
- LLFrT

V (P) in frequency domain

@ FEM / BEM acoustic analysis
Acoustic pressure and SPL (dB) at field points

National Taipei University of Technology, Taiwan: Guo-Ding Huang, Hsiu-Ying
Hwang, Xijun Wang, “Vibration Testing and Analysis for a Midsize Electric Bus”,
Proceedings of the 19t National Conference on Vehicle Engineering, Nov. 14, 2014,
TIT, Jhongli, Taiwan.

41 October 27, 2018 Application of LS-DYAN in safety product developing
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Acoustic Simulation
introduce
BEM (accurate)

» Indirect variational boundary element method

» Collocation boundary element method
=  Burton-Miller formulation
=  Sound power and radiation efficiency are computed

They used to be time consuming

A fast solver based on domain decomposition
MPP version

Approximate (simplified) methods

» Rayleigh method
» Kirchhoff method

Assumptions and simplification in formulation
Very fast since no equation system to solve

Autoliv
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Acoustic Simulation
introduce Technical

_ Tlme Domain
Loadlng

) on FEM
Structure structure surface

FEM tranS|ent analysis

P(T) at field
points

Sound
function

.wav audio
file
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P(Hz) on BEM
structure

Signal
Processing

D

FT

P(Hz) at

field points

Frequency Domain

BEM acoustic
analysis

Time Domain & Frequency Domain

Autoliv




— Technology Corp.

Acoustic Simulation _
Music Box (minimalism version)

C major Song of Joy

Time = 0.021

Contours of Resultant Displacement
min=0, at node# 82
max=0.000156802, at node# 83

Autoliv
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Technology Corp.

Acoustic Simulation

Buckle impact : :
- = Transient analysis for

sound simulation

Dynamic analysis for
noise source identification

Testing

Vibrator g

Autoliv
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Acoustic Simulation

Acceleration/g
¥

5
S

Sound radiation
calculated by BEM

Field Point
o

LA I "' | ! ! | !\‘l [RR LA

o2 o o o i ) h
Time/s

Sound pressure at field point
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4

+—>
' 100 mm

Timel/s

aseq uo buipeo|

uoI}eIa|900Yy

Vibrate

CS Rattle noise is caused by highly non-linear, can
| only be simulated by transient dynamic analysis.

Testing
20 10

[} . 7.37 (4]
£16 l 6 30 6 ©
o ~
v c
~5 I 2.84 , 6
S I 0.99 5
2 S
28 29
© e
- 4 63
= 3
S o -10

RTR1 RTR2 RTR3 RTR4

s Normal B With_DA === Noise reduction

Noise reduction: 4.37 dB 4 averaged)

Simulation
0.5 4.00
e 373 375 @
§ o 3.50 §
E 03 325 E
¢ 300 ©
E 0.2 275 E
=]
%D 01 noa 220 5
:g- l 225 8
0
0 2.00
Original Case 2 Case 4
M Spring -=Sound radiation
Noise reduction: 5.89 dB )
Autoliv

Technology Corp.



o

Iﬂt;
R
=

-]

Each year, Autoliv's - e
productssave over ks
30,000 lives

autoliv.com




