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MARELLI
1. KAFA FORMU CARPMA TESTI
A. KAFA CARPMA BOLGESI 1
B. KAFA CARPMABOLGESI 2
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Figure 10: Headform test area
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Otomotiv Farinda Ansys LS-Dyna ile Yaya carpma (Ped-Pro) Similasyonlari P{

A. KAFA CARPMA BOLGESI 1

e Sinir Sartlarl Carpma Noktalari Yh_1
Carpma X
noktasi
koordinatlari Y
o 1 Impaktor Kiitle=M 7
90 1 impaktér Hiz=v
1
*Rigit plaka X*Y mm, ]
Dikey Z yonunde serbest
Rijit Baglanti Noktalar Test alan
Automotive Lighting & Sensing siniri

Yh_2

MARELLI

Carpma noktasi koordinatlari,
plaka olgiileri, hiz ve kiitle
miusteri tarafindan
verilmektedir.

= Test alani yan
Fsiniri

Kaput
siniri PAG/ 4



Otomotiv Farinda Ansys LS-Dyna ile Yaya carpma (Ped-Pro) Similasyonlari P4

MARELLI
2. UST AYAK FORMU CARPMA TESTI
noktalaridir.
4 % \ \, e (Euro-NCAP ¢carpma
%fg L sosectimaca/<, Y i L y Y pozisyonlari)
5 Z
== ; Carpma noktasi
worsm—TE A ; Alpha angle [°] koordinatlari,silindir 6lgileri,
s esroncap, - el ) () hiz, agi ve kiitle miigteri

tarafindan verilmektedir.

Impaktor
iitlesi M

impaktor
Hizi vV

Carpma
Yonii
alfa agisi

Rijit Baglanti Noktalan | =
Carpma Noktasi X

(WAD775 noktasi)
- Rijit silindir
+Cap D mm
-Boy L mm
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Otomotiv Farinda Ansys LS-Dyna ile Yaya carpma (Ped-Pro) Similasyonlari

3. ALT AYAK FORMU CARPMA TESTI

impaktor Far’a temas ediyorsa test yapilmasi gereklidir

— Impactor in free flight

— 75 mm (at impact)

Ground reference level ‘ Ground reference level Ground level

= ground level

{ e

X yoniinde
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impaktor Hizi V

Rijit Silindir
+Cap D mm
*Boy L mm,

Carpma Noktalari
Carpma

noktasi
koordinatlari Y

Impaktor Kiitlesi M

Yh_1

Yh_2

Rijit Baglanti Noktalari

1

MARELLI

Carpma noktasi koordinatlari,
silindir olguleri, hiz ve kiitle
miusteri tarafindan
verilmektedir.
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1. SONUCLAR

3 tip analiz icin impaktor maksimum reaksiyon kuvvet hedefleri musteri tarafindan
verilmektedir. Hedef degerler asilmamalidir.

Degerlendirme Kuvvet Hedef

Maksimum Kuvvet

(Kirlma Kuvveti) 7 <xxx kN
Kuvve
A
=
kN
. impaktor Yer

Automotive Lighting & Sensing

Degistirme

>
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Otomotiv Farinda Ansys LS-Dyna ile Yaya carpma (Ped-Pro) Similasyonlari hq
MARELLI

2. CIKTILAR

Eqriler :

Test yoninde zamana bagli impaktér ivmesinin egrisi. (filtre CFC1000 x Zaman)

Zaman bagl Impaktér hizi
Zamana bagh Impaktor yer degistirmesi
Impaktor yer degistirmesine karsi impaktor ivmesi (filtre CFC 600)

I¢ enerji

(@]t

Nk =

Skalar ¢iktilar :
0  Fmax:Maksimum Kuvvet
0  Kirilma Zamani (Eger kirilma oluyorsa)

Ek bilgiler :
Analizin dogruluguna kanitlamak icin opsiyonel bilgiler
0  Enerji egrileri (ic - kinetik - hourglass - toplam), zamana bagli ve maksimum degerler
0  Enerji oranlari, hourglass enerji / i¢ enerji, zamana bagh ve maksimum degerler
0 Zamana bagli zaman adiminin degisimi
0 Zamana bagli kutle ekleme + ilk eklenen katle + maksimum eklenen kutle
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Analiz Set-up'l ve Gerekli Keyword ve Ls-Dyna
Pre Uygulamalar
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MARELLI
Explicit Mesh Far Modeli Montaj Ls Dyna
v A S B v (& v D
2 | @ setup Vo= ®2 @ EgreeringDeta Vv ,/az‘r-bdel Vo, ——2 P Modd S,
External Model —83 @ Mol v b Mechanical Model 3| @setw VL
Mechanical Model 4 |@ souton v
| 5 @ Resuts %
LS-DYNA
Impaktor
- E
. T
2 @ EngineeringData v
3 Geometry v 4
4 @ Model v \‘
Mechanical Model “
|
Baglanti Saci |
v F |
2| @ engineeringleta v, |
3 Geometry v J/
4 @ Model v
Mechanical Model
PAG/
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Otomotiv Farinda Ansys LS-Dyna ile Yaya carpma (Ped-Pro) Similasyonlari Pq

] MARELLI
Impaktor ~ Baglanti saci *MAT_PIECEWISE_LINEAR_PLATICITY

Property Value

3 Density 1200 kgm~-3
= T4 Isotropic Elasticity
Derive from Young's Modu...
Young's Modulus 2,9+09 Pa
Poisson's Ratio 0,4
Bulk Modulus 4E+09 Pa
Shear Modulus 8,5714E+08 Pa

B % "MAT_PIECEWISE_LINEAR _PLASTICITY
2 A Definition
Formulation for rate effects Fo...

Yield Stress, sigy 0 Pa
Tangent Modulus, Etan 0 Pa
Effective Plastic Strain to Failure, fail 0,75 mmA-1
%r:num Time Step Size for automatic element deletion, — -

Cekme Hizina Bagli Stress vs Strain

* e —
Strai A G PR 2
5 Howmﬂ‘m 8
L~ Strain Rate : 10 [s ~1¢m
o L L %
- /fH OO e-ee St?al%ﬂle:lao [5T-1] wpun
= 4 ral e 1000 [s™-1 '
2 oot seo o e eshafiRate *10000 s 1] m—a—
3
w
0 N et reeeseereree e m e o o S an g o g0 ¢
, i fﬁ
@ 2
, 1
z X

0 0,05 0.1 0.15 0.2 0.25 0.3
Plastic Strain [m m~-1]

Explicit Linear Mesh
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Otomotiv Farinda Ansys LS-Dyna ile Yaya carpma (Ped-Pro) Similasyonlari
MARELLI

Shell Mesh Yuzeyler Gruplandirilip kalinlik ve ic pargalarin baglantilari ve arac sacina baglanti jointler ile
malzeme atand yapildi, ortak yiizey kullanilmadi. Overconstraint oluyor.

o Her iki tarafta deformable tanimlandi.
B ,/@ Geometry

B x® Surface Bodies 1(External Model) Lens ribi ile gévde silikon kanali

jg Ejﬁ’;ﬁk arasinda bondeq co_ptact
/) BEZEL kullanildi. Joint rijit

-~} OUTER_LENS
) LG_CARRIER
) LG_EYES_CARRIER
v MOUNTING_PIECE
) SIDE_COVER

davranmasina sebep oluyor.
impaktér reaksiyon kuvveti cok
yuksek cikiyor

#-F-F-EEE R EEE

¥/ LIGHT_GUIDE_EYES Ls-Dyna Pre meniisiinden
«g LG_UPPER TIED_SHELL_EDGE_TO_SUR
WIRE_HARNESS ails of "Contact Properties”
jD gt - o FACE_BEAM_OFFSET
LI e b A TR A T Tied Shell Ed
g F’;‘::\ula!mn T::D_SHeEl.L_EgDeGE_TO_SURFACE_BEAM_OFFSET VeTI E D_S U RFAC E_TO_S U R F
B-{5) LG_CARRIER LY = Common Controls .
o = B 71HL_LIGHT_GUIDE_CARRIER _2.4MM_L [Partid=710038] [External Model) o ‘;:i:'c'::ﬁ s &= AC E—OF FSET formi Iasyon u
B 71HL_LIGHT_GUIDE_CARRIER _1.4MM_L [Partld=710028] External Model) “ontact Optional Thickness for Contact Surface | 6 mm Uyguland|
x W 71HL_LIGHT_GUIDE_CARRIER_2.3MM_L [Partid=710037](External Model) = ™ " Optional Thickness for Target Surface |0 mm
x® 71HL_LIGHT_GUIDE_CARRIER_2.0MM_L [Partld=710034] (External Model) [ O [ £ 17 Optional Solid Element Thickness omm
W8 71HL_LIGHT_GUIDE_CARRIER _2.1MM_L [Partid=710035] External Model)

B 71HL_LIGHT_GUIDE_CARRIER _1.8MM_L [Partld=710032] (External Model)

=[scope
x B 71HL_LIGHT_GUIDE_CARRIER _1.6MM_L [Partld=710030] (External Model) |Scoping Method | Geometry Selection

B 71HL_LIGHT_GUIDE_CARRIER_1.7MM_L [Partld=710031] (External Model)  |Contact ‘mm
-« 71HL_LIGHT_GUIDE_CARRIER _1.9MM_L [Partld=71003: Model) ":'9:'(‘ - 2k
x W 71HL_LIGHT_GUIDE_CARRIER _2,5MM_L [Partld=710039] (External Model) T

B 71HL_LIGHT_GUIDE_CARRIER_2.2MM_L [Partld=710036] (External Model) | Cantact ShellFace | Program Controlied

x B 71HL_LIGHT_GUIDE_CARRIER _1.5MM_L [Partld=710029] (External Model) [pet NNt |Piainaly conmisNel

Protected I
&) LG_EYES_CARRIER S Definition
8 71HL_LIGHT_GUIDE_EYES_CARRIER _1.5MM_L [Partld=710042] (External Modt [type Bonded
B T4 | TAUT (TG EVES FANRTER 4 M | MiartTdo74ANAT Eubmemn] hnd, | ScOpeMode | Manual
Trim Contact Program Controlled
| Maximum Offset |20, mm
Breakable No
Suppressed No
Object ID (Beta) 1639
=/ Advanced
Formulation [Beam
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Otomotiv Farinda Ansys LS-Dyna ile Yaya carpma (Ped-Pro) Similasyonlari P4

=2 ;l:‘l Body Interactions MARELLI

Impaktdrler part transform ile istenilen
“/1¢1 Body Interaction

koordinatlara tasindi TS

B f&l] Transforms

P =] _Scope )

'/:l o mionn Scoping Method Geometry Selection
vl Part Transform 2 t } - ] . ) . .
@l Part Transform 3 | Geometry All Bodies | Body interaction ile tim

=) Definitio e .
viall Part Transform 4 = — komponentler arasi siirtinmeli
&l Part Transform 5 |Type | Frictional | R o

Friction Coefficient | - ‘ tip kontak verildi

vl Part Transform 6 |
Dynamic Coefficient ' .

Decay Constant 0,

impaktor Ls-Dyna pre meniisiindeki rigid |Suppressed No
8 body tools ile rigid body’ye gevrildi.
Impactor behaviour flexible’dan rigid’'e
Ri%;g‘?‘ldy cevrilince ansys Is-dyna rigid olarak
gormuyor
i Namea Selecuons impaktére Ls-Dyna pre meniisiindeki rigid

----- ) Boundary Conditions body constraint ile sadece dikey yonde

/% Explicit Rigid Bodies serbestlik verildi.

rgcopljng'hillert'hod' GEometvy Sﬁliition

Geometry 1 Body
I Definition
'Je Fixed Sumoft 4 X Component | Fixed

Y Component Fixed

vvvv v G“ngd BOdY Constraint Z Component Free

) -~ - Rotation X [ Fixed
Rotation ¥ | Fixed
Rotation Z | Fixed
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Otomotiv Farinda Ansys LS-Dyna ile Yaya carpma (Ped-Pro) Simulasyonlari hq

MARELLI
Acili impaktér part body altina keyword
. . eklenerek rigid tanimlandi ve serbestlik
Alfa ag|3|_)llla“garpan |mp.aktorlerden . derecesi lokal koordinat sistemine gore
(}arpn?a yon_ur.|de reak3|yo_n ku\{vetl . sinirlandirildi. Ls-pre’deki rigid body
okuyabilmek igin lokal koordinat sistemi constraint ile global eksene gére sinirlama
eklendi. yapilabiliyor
=) Mechanical Model
B @ PartBody|Pad. 1(Mechanical Model)
58 ~J[E" Keyword Snippet (LS-DYNA)
impaktor ile lens arasina surtinmeli
kontak tanimlandi, lokal eksende deger ¢ o - 3 . _

okuyabilmek icin keyword eklendi. Lokal
koordinat ekseninin id’sini keyword’a
yazabilmek igin Is-prepost’ta agip bakmak
gerekiyor.

- W, Frictional - PartBody|Pad. 1(Mechanical M:,
/& Keyword Snippet (LS-DYNA) :

Automotive Lighting & Sensing PAG /



Otomotiv Farinda Ansys LS-Dyna ile Yaya carpma (Ped-Pro) Simulasyonlari

Ls-Dyna pre meniisiindeki result
tracker uygulamasi ile istenilen
komponent veya tim komponentler dahil
edilerek sonuglar yazdirildi ve takip edildi.

&R Result Tracker

: Jﬂ Solution Information
%) Total Deformation
%) Equivalent Stress
,,eN Acceleration Z on PartBody |Axis to a
% Rigid Body Velodity
,,Q Z Displacement on PartBody |Axis to
,‘N Internal Energy on 71HL_HEAT_SINK
,,e Z Contact Force on Body Interaction
: ,‘N Kinetic Energy
,‘N Hourglass Energy
-~%0 Added Mass
GN Total Force Reaction at Fixed Suppot
Q Total Force Reaction at Fixed Suppot
,,QN Total Force Reaction at Fixed Suppot
0\’ Total Force Reaction at Fixed Suppot

< <

v

Automotive Lighting & Sensing
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. e et on ottt s ormston sechailModeh -1 Vot ke
2 1,14T1e+6
75000 : 1,e+6
- :
i 275e-5
3 :
550000
Easo0
25000
12500
221,25 8 7828
162 2,62 362 4e2 5e2 6e2 7e2 e2 o 162 22 3e2 462 52 6e2 762 8e2
Time (s) Time (s)
——&— Rigid Body Velocity ——@— Rigid Body Velocity [Filtered]
t Fixed Support [Fittered] 26313
2 [Fitered] e
upport 3 [Filtered) H
upport 4 [Filtered] Eo
:
£ 2500,
$
3
£
& -5000,
g
]
E
s
162 22 32 42 5e2 6,62 T.e2 82
Time (s) Time (s)
i ktor K t Reaksi impaktor Yer Degitirme
sl X on Iyl to axi: 1(Mechs I Model) - 1 Vertex
——&— 7 Contact Force on Body Interaction —— Z Contact Force on Body Interaction [Filtered] ——1Z on ! to axis 1(Mechanical Model) - 1 Vertex [Filtered]
34046 -14429
3000, £s,
22500, _._gwo,
: :
£ 2000, Hi
< 3
1500, 3%
£ =25,
S 1000, N
§ i,
o :
e B 36808
1e2 262 ez wE2 562 o2 2 0, 1,62 22 382 42 5e2 6,e-2 7.e2 8e2
Time (s) Time (s)
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1. KAFA FORMU CARPMA TESTi

D: LS-DYNA
Total Deformation
Type: Total Deformation
Unit: mm
Time: 05
4102023 21:04

144,3 Max
128,26
112,23
96,197
80,164
64,131
48,099
32,066
16,033
0 Min

Zamana Bagli impaktér Kuvvet Reaksiyonu

® B 2 contact Force on Body Interaction Filtered]

2,6399e-3

[N]

>

MARELLI

impaktor Yer Degistirmesine Bagh impaktér Kuvvet Reaksiyonu

1B 2 Contact Force on Body Interacion [Fitered]

Kuwvet Reaksiyonu [N]

50, 75,

Yer degistirme [mm]

Zamana Bagli Baglanti Noktalarindaki Kuvvet Reaksiyonlari

I otal Force Reaction at Fixed Support [Filtered] Bl 7otal Force Reaction at Fixed Support 2 [Filtered]

Total Force Reaction at Fixed Support 3 [Filtered] Bl otal Force Reaction at Fixed Support 4 [Filtered]

21351

@
=]
8

reaksiyon kuwveti [N]

Automotive Lighting & Sensing

£ .!
(1] (o /& DA
22 32 4,e2 5,e-2 6,e-2 e-2 8e-2
zaman [s]
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Otomotiv Farinda Ansys LS-Dyna ile Yaya carpma (Ped-Pro) Simulasyonlari hq

Zamana Bagli Enerji Degisimi Zaman Adiminin Degigimi MARELLI

~—#— Internal Energy Kinetic Energy ~——=&— Hourglass Energy ~———#—— Contact Energy
96000
1,2158e-7
87500
1,2e-7
75000
_. 62500 117587
3 50000 H —
§ £ 1,15
& 37500 5
25000 1,125e-7
12500
1,0976e-7
-221,25 0, 1,62 262 32 42 562 6e-2 Te2 8e-2
0, 1,e2 2,e2 3,e-2 42 5e-2 6,e-2 7,e-2 8e-2 Time (s)
Time (s)
Zamana Bagli Eklenen Kitle Miktarinin Degisimi .
Zamana Bagli Impaktor Hizi
——&—— Added Mass ——&—— Added Mass [Filtered]
5 o B Rigid Body Velocity [Filtered]
0,75
05 2631 : 3
% —
.E, 0,25 & 0’
2o E
3 E 2500,
E 0,25 N
P T -5000,
0,75 -8022,8
5 0, 1,e-2 2,e-2 3,e-2 4e-2 5e-2 6,e-2 8,e-2
"o, 1,62 282 32 4,2 562 6e-2 7,62 8e-2
Zaman [s]

Time (s)
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Otomotiv Farinda Ansys LS-Dyna ile Yaya carpma (Ped-Pro) Simulasyonlari

2. UST AYAK FORMU CARPMA TESTI

unit: mm
Time: 0s
4.10.2023 22:02

257,33 Max
22874
200,15
171,56
142,96
114,37
85,778
57,185
28593
0Min

5177

a0, | |

Kuwvvet Reaksiyonu [N]

Automotive Lighting & Sensing

>

MARELLI

impaktor Yer Degistirmesine Bagh impaktér Kuvvet Reaksiyonu

B contact Force 2 Fitereq)

7y
N /\
f (A
7 /
4000, [\ / \\
z /o /
z // \ / \
% 3000, / ‘\ f/ J/ \\
3 fV \ / |
g 2000, /i Y/ \
] / \
= // WLIASAT \
1000, &2 \
/ \
f \
- (S
434
4067 80, 0 0 3 2, 10 47039¢5

Zamana Bagli Baglanti Noktalarindaki Kuvvet Reaksiyonlari

B Force Reaction 2 [Fittered) I Force Reaction 3 Fittered) I Force Reaction 4 Fittered)

B Force Reaction [Filtered)

|
z A
2 /
i il }“ \"‘ﬁ“( \\
! W] " -
o SV A M
Zaman [s]
PAG /



Otomotiv Farinda Ansys LS-Dyna ile Yaya carpma (Ped-Pro) Simulasyonlari bq

Zamana Bagli Enerji Degisimi Zaman Adiminin Degigimi MARELLI

~——#— Internal Energy Kinetic Energy ~——#— Hourglass Energy ~——a—— Contact Energy
1,2158e-7
1,9257e+5
1,75e+5 1,2e-7
1,5e+5
=
< 1.175e7
=1,25e+5 £
= H
= les : g T TS HE 7
H < 1157
& 75000 U]
=
30000 1,125¢-7
25000 B S o0 .
e
0, 1,0988e-7
0, 1,82 2,e2 3,e2 4e-2 5e-2 6,e-2 7,e2 8e-2 1,e-2 282 3e-2 42 5,e-2 6,e-2 762 8e-2
Time (s) Time (s)
Zamana Bagli Eklenen Kitle Miktarinin Degisimi .
Zamana Bagli Impaktor Hizi
——&—— Added Mass ——&—— Added Mass [Filtered]
m B Rigid Body velodity [Fittered]
1
-563,45
0,75
-800,
05
- 1200,
£
=025 =
g E o
=0, N
-] L 2000,
2025
30
=< -2400,
05
075 ama - Lea Te2 Sez 4e2 se2 6oz 7e2 5e2
Zaman [s]
ko
0, 1,e-2 2,e-2 382 4e-2 5e-2 6,e-2 7,82 8e-2
Time (s)
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Otomotiv Farinda Ansys LS-Dyna ile Yaya carpma (Ped-Pro) Simulasyonlari

3. ALT AYAK FORMU CARPMA TESTi

Zamana Bagli impaktér Kuvvet Reaksiyonu

Automotive Lighting & Sensing

1502

>

MARELLI

impaktor Yer Degistirmesine Bagh impaktér Kuvvet Reaksiyonu

mmmmmmmmmmmmm

[ e [— [——
|
/
|
/
g /
i 1 /N
z i \
ﬁw ( \ y ‘\
TN A\
\ /N A
AR S W
AR FN
\ W
J W, TN . AN
/ B \ Ll R o
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Otomotiv Farinda Ansys LS-Dyna ile Yaya carpma (Ped-Pro) Simulasyonlari >4

Zamana Bagli Enerji Degisimi Zaman Adiminin Degisimi MARELLI
Zamana Bagli Eklenen Kitle Miktarinin Degisimi .
AR
zzzzzz \
7600, \\
2,5e-¢ \\
\
2 \\
. o \
& 5 \\
55 e \\
— e
san, \\‘\\
& 2 3 00 \\\\
Zaman [s] ’

Automotive Lighting & Sensing PAG /



O 4 FAR CARPMA TESTLERI

Automotive Lighting & Sensing




Otomotiv Farinda Ansys LS-Dyna ile Yaya carpma (Ped-Pro) Simulasyonlari

Childhead Limits Phase |
1/3 Testarea < 2000HIC
2/3Testarea < 1000HIC

1/2Testarea CH
2/3 Test area CH,AH > 1000HIC
RestTest area < 1700HIC

HIC= Head Injury Criteria

Impact Energy

Limits Phase Il
Acceleration < 170g*
Shearing displ. < 6mm
Bending angle < 19

@

Phase Il:

I

Automotive Lighting & Sensing

TecT
"Ypap makeToM rosioBbl pe6eHka"

Macca makera: 3,5 kr

CkopocTb: 35 kM/4

In force at Feb. 2013

+ Adult head

+ Child head

* Upper leg (monitoring)
*Lower leg

Child Adult Head
Head

NCAP Star-Ranking es@ghce

Adult Head
Mass / Impact angle
Impact speed

Child Head
Mass / Impact angle
Impact speed

Lower Leg
Mass / Impact angle
Impact speed

Upper Leg
Mass / Impact angle
Impact speed

Regulation (EG)
Nr.78/2009

Phase II*
45kg/65°
35 km/h

Phase | & II*
3.5 kg /50°
35 km/ h

Phase | & II*
13.4kg/0°
40 km/h

Phase | & II*
11-18kg /10 - 44°
20 — 40 km/h
(monitoring)

1

MARELLI

7S
(@] et

TRIAS 63-2004

45kg/50-90"°
32 km/h

35kg/25-65°
32 km/h

*new Phase Il
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Thanks!



