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Giris 7>

MARELLI

Otomotiv sanayi, kiresel dizeyde degisen pazar ve rekabet kosullari nedeniyle, surekli dinamik bir gelisme icindedir.
2000 yilina kadar “cam” malzemeden yapilan otomobil stop lensleri (arka aydinlatma),

- kalp,

- enjeksiyon ve

- kaplama

teknolojilerindeki gelismelerle birlikte 1s1k gegirgenligi cama yakin,

- Islya,

kimyasal maddelere,

cizilmeye,

darbeye dayanikhdi ytksek,

en 6nemlisi ayni boyuttaki bir cama gore hafif ve seffaf

termoplastik malzeme olan Polimetil metakrilat — PMMA (Polymethyl methacrylate)'dan elde edilmeye baslanmistir.

Bu galismada;

1. PMMA malzemeden Uretilmis farkli geometriye sahip stop lenslerine Darbe Cekici Test Metodu’nun iki yontemi
de uygulanarak Frekans Cevap Fonksiyonlari elde edilecek ve sonim oranlari hesaplanacaktir. Hesaplanan
sonidm oranlari bu galismanin devami olarak gelecek olan ¢alismalarda kullanilabilecektir.

2. ki test metodundan elde edilen sonugclar analiz sonuglari ile karsilastirilacak ve en iyi yontem belirlenecektir.

3. Sonlu elemanlar modeli glincellenerek Modal Giivence Matrisi gikartilacaktir.
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Materyal ve Yontem — Deneysel Modal Analiz >4

MARELLI

Deneysel yontemler kullanarak bir mekanik sistemin veya yapinin dinamik 6zellikleri olan dogal frekanslar, sonum
oranlari, mod_sekilleri_gibi titresim parametreleri cinsinden ifade ederek yapinin dinamik modelini belirleme

islemidir.

Deneysel modal analizde, yapiya bilinen (6lctlen) bir kuvvet verilmekte ve yapinin bu kuvvete tepkisi dlgtlmektedir.
Bu islemde yapiya kuvvet uygulamak icin ¢ekic, yapinin tepkisini élgmek icin ivmedlger ve verileri degerlendirmek icin
bir sinyal analizor kullanilir.

Yapiya uygulanan etki (impact) cekicin basligina yerlestirilen bir kuvvet 6lcerle zaman ortaminda 6lctlur. Uygulanan
bu kuvvet altinda, yapi sinir kosullarina ve malzeme 6zelliklerine bagli olarak bir titresim hareketi yapar. Yapinin bu
etkiye gosterdigi tepki (response) ise yaplya baglanan ivmedlcerle yine zaman ortaminda olcultr.
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Materyal ve Yontem — Deneysel Modal Analiz >4

MARELLI

* Fourier donisumu (FFT — Fast Fourier Transform) kullanilarak etki ve tepki fonksiyonlari zaman ortamindan
frekans ortamina donusturalar.

F(t) X(1)

Olgtilen
Yapi

F(w) X(®)

* Yapiya ait frekans cevap fonksiyonu, Fourier déntsumleri yapilmis tepki fonksiyonunun etki fonksiyonuna
bolinmesiyle elde edilir.

X(w)

H(U)) = rﬂ))

* Frekans cevap fonksiyonlari kullanilarak yapinin dogal frekanslari, mod sekilleri ve séniim oranlari belirlenir.



Materyal ve Yontem — Modal Glvence Matrisi >4
(MAC) MARELLI

* Modal Guvence Matrisi analizi (MAC) iki mod sekillerinin benzerligini belirlemek icin kullaniir. Mod sekilleri
O0zdesse (diger bir deyisle, tim noktalar ayni sekilde hareket ederse) MAC 1 veya %100 dederine sahip olacaktir.
Mod sekilleri birbirinden c¢ok farkliysa, MAC degeri sifira yakin olacaktir.

* Genellikle, analitik modellerden turetilen mod sekillerini deneysel olarak elde edilenlerle eglestirmek icin kullanilir.
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Materyal ve Yontem — lvmeodlcer >4

Genel FCF Ol¢iim Semasi

Yumusak
—~ lastik T
Baglar

— Sy

Test Pargasi ivmedlcer

Piezoelektrik ivmeéliger

~ ON EIKIZMALI YAY

— SISk AGIRLIK
—  KRISTALLER

— GOVDE

MARELLI

Tipik bir 6lcim kurulumu ¢ pargadan olusur, birinci parga tahrik kuvvetini
olusturmak ve uygulamak icin, ikinci parga cevap sinyalini dlgmek igin,
dglncu parca ise FCF cikartabilmek amaciyla sinyal islemek icin
kullantlir.

Modal testlerde en ¢ok kullanilan sensér tipi ivmeélcerlerdir. ivmedlger
cogunlukla piezoelektrik bir cihazdir. Test edilen yapi Uzerinden ivme
olcimu sirasinda sinyalleri voltaj gerilimi olarak sinyal duzenleyiciye
gonderir. Ideal bir ivmeodlcer 6lcim frekans araligi igersinde girdi ve ¢kt
arasinda dogrusal iligkiyi koruyabilmelidir. Boylece genlik degerleri dogru
Olcllmus olur. lvmedlgerin dlciim frekans bandi icersinde dogal frekansi
olmamali ve 6lcim sonuglari etkilenmemelidir. Ayrica 6l¢ulen sinyale faz
farki olusturacak sekilde etkisi olmamalidir. Bu sebeple dl¢iim sirasinda
kullanilacak ivmedlger tipinin segimi 6nem tasir.

Hassasiyet: (x10%) 10 mV/g (1,02 mV/(m/s?))
Olgum araligi: 500 g pk (+4905 m/s2 pk)

Genig band ¢ozunurlik: 0,004 g rms (0,04 m/s2 rms)
Frekans arahgi: (x5%) 2 to 10000 Hz

Agirlik: 0,14 oz (4 g)



Materyal ve Yontem — Darbe Cekici >4

MARELLI

Impact Hammer Uzerinde kuvvet senséri bulunan bir darbe
cekicidir.

Yapi Uzerinde belirlenen noktalara (yapida istenen sayida
belirlenen SDOF noktalari) ceki¢ ile vurulur ve elde edilen
giris kuvveti ve sabit bir noktadan (belirlenen SDOF
noktalarindan biri) 6lctlen cikis ivmesi kullanilarak FCF
hesaplanir.

Farkli sensor uglariyla dusuk ve yiksek frekanslarda 6lgim
yapma kolayhgi saglanmaktadir.

Girdi kuvvetinin frekans aralgi iki sekilde kontrol edilebilir;

— Cekic kitlesi : Ceki¢c ucunun kitlesini azaltmak, cekicin
yaplya olan temas slresinin daha kisa olmasina neden olur.

— Cekic sertligi : Ucun sertligini arttirmak cekicin yapi ile
temasta oldugu surenin daha kisa olmasina imkan saglar.

istenilen sonug, ilgilenilen tim frekans araligi izerinde ve
ayni frekans arali§i boyunca giris spektrumu goéreceli olarak
diz olan, temiz bir FCF elde etmektir. Eger FCF’'te yluksek
frekanslarda guraltali goraliyor ve giris spektrumu 6nemli
derecede dusuyorsa bu cekic ucunun c¢ok yumusak
olabileceginin belirtisidir.



Materyal ve YOontem — Veri Toplama Sistemi

lvme ve kuvvet sinyallerinin senkronize olarak élctilmesinde veri toplama sistemi kullaniimistir.

Analog Girisler 16 kanall1 voltaj, tam/yarim/¢eyrek koprii birim uzama,
akim (dis sant’lr)

ADC Tipi Anti-alliasing filtreli 24 bit delta-sigma

Ornekleme Hiz1 Eszamanli 200kS/s

Araliklar +10V,21V,+100mV,£10mV

10Vexc’te Br araliklar 1000mV/V,100mV/V,10mV/V,1mV/VV

10kS’te Dinamik Araliklar 137 dB

Giris Baglantisi DC

Giris Empedansi 10 MQ

Koprii Modlari Tam/Yarim/Ceyrek Br120/3500 3-tel, icten kdpru

tamamlama

I¢ Sant Direnci

100 kQ, ¢ift kutupludan Exc + yada — (digerleri talep
edilirse)

Uyarma Gerilimi

0’dan 12 VDC’ye kadar yazilimdan programlanabilir (16
bit DAC), maks 44mA

TEDS

Desteklenir, 9pinli DSUB’a uyumlu MSI adaptdrler

Yiksek Gerilim Koruyucu

IN+ ‘dan IN —‘ye, siirekli 50V, 200V tepe (10ms)

Tipik Glg Tuketimi (maks)

11W(22W)

Kullanilabilir Giris Konnektdrleri

DB9,L1B10f (digerleri talep edilirse)

1
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NUMUNE 1

MARELLI

finestra trasparente
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Yapilan Analizler ve Testler hq

MARELLI

1. Mod - 85,509 Hz 2. Mod — 129,97 Hz

4. Mod — 264,17 Hz
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Yapilan Analizler ve Testler 7>

MARELLI

« Daha sonra SE modeli Gzerinde elde edile mod bicimlerini en iyi sekilde yakalamak icin testte kullanilacak cevap
ve tahrik noktalarinin koordinatlari belirlenip isaretlenmistir.

* Bu noktalar sdyle belirlenmistir;

* 1. Lensin sonlu elemanlar yaziliminda modal analizi yapiimigtir.

« 2. Yapilan analiz sonucunda lensin dogal frekanslarinda en fazla hareket ettii yerler belirlenmistir.

« 3. Belirlenen yerlerden noktalar alinmis ve bu noktalarin global eksen takimina gére koordinatlari ¢ikartiimistir.

* 4. Bu koordinatlar tek tek veri toplama sisteminin programina girilmis ve lens geometrisi olusturulmustur.
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Yapilan Analizler ve Testler P4

MARELLI

* SE modeli Gizerinde koordinatlari belli olan noktalar nihai Grtin Gzerinde 3D cihazi kullanilarak isaretlenmistir.

A AUTOMOTIVE 15
LIGHTING



Yapilan Analizler ve Testler

Uzerinde cevap ve tahrik noktalari isaretlenmis olan nihai triin serbest serbest sinir
kosullarina en yakin kosulu yakalamak icin belirlenen tek noktadan test dizenegine
elastik ip kullanilarak asiimistir.

Nihai Grin Uzerinde belirlenen noktalardan herhangi birine bir adet ivmedlcer
sabitlenmis ve Roving Hammer yontemi (Cekici Gezdirme Yontemi) ile darbe cekici
tum noktalar Uzerinde gezdirilmigtir.

N A

MARELLI

16



Yapilan Analizler ve Testler }4

MARELLI

1. Mode shape’i yakaladigimiz en
lyi nokta 18 numarali noktadir.

» Frekans degeri: 79,772 Hz
+ Genlik degeri: 43,553 g/N

« 2. Mode shape’i yakaladigimiz en
lyi nokta 16 numarali noktadir.

» Frekans degeri: 129,474 Hz
» Genlik degeri: 8,397 g/N

* 3. Mode shape’i yakaladigimiz en
Iyi nokta 18 numarali noktadir.

« Frekans degeri: 189,871 Hz
» Genlik degeri: 45,403 g/N

AUTOMOTIVE 17
LIGHTING



Yapilan Analizler ve Testler P4

MARELLI

-m Test — Cekici Gezdirme Yontemi

Frekans (Hz) Frekans (Hz) Hat?O/O)ranl Genlik (g/N)
0
1.Mod 85,509 79,772 6,70 43,553
2.Mod 129,97 129,474 0,38 8,397
3.Mod 198,13 189,871 4,16 45,403

A TTTTTTTTTT 26/09/2019 Presentation Title 18
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NUMUNE 2 [;4

MARELLI
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Yapilan Analizler ve Testler P4

MARELLI

000 060

1. Mod - 57,398 Hz 2. Mod - 106,76 Hz

3. Mod — 189,24 Hz 4. Mod - 225,82Hz

A TTTTTTTTTT 20
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Yapilan Analizler ve Testler }4

MARELLI

1. Mode shape’i yakaladigimiz en
lyi nokta 30 numarali noktadir.

» Frekans degeri: 56,682 Hz
« Genlik degeri: 19,294 g/N

« 2. Mode shape’i yakaladigimiz en
lyi nokta 25 numarali noktadir.

» Frekans degeri: 102,437 Hz
» Genlik degeri: 19,921 g/N

* 3. Mode shape’i yakaladigimiz en
Iyi nokta 9 numarali noktadir.

» Frekans degeri: 189,595 Hz
» Genlik degeri: 21,284 g/N

AUTOMOTIVE 21
LIGHTING



Yapilan Analizler ve Testler P4

MARELLI

-m Test — Cekici Gezdirme Yontemi

Frekans (Hz) Frekans (Hz) Hat?(y())ranl Genlik (g/N)
(0]
1.Mod 57,398 56,682 1,24 19,294
2.Mod 106,76 102,437 4,04 19,921
3.Mod 189,24 189,595 0,18 21,284

A UUUUUUUUUU 22
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NUMUNE 3 po‘
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Yapilan Analizler ve Testler P4

MARELLI

1. Mod — 51,489 Hz 2. Mod — 86,56 Hz

3. Mod — 128,87 Hz 4. Mod - 181.56 Hz

A TTTTTTTTTT 24
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Yapilan Analizler ve Testler }4

MARELLI

1. Mode shape’i yakaladigimiz en iyi
nokta 1 numarali noktadir.

» Frekans degeri: 53,884 Hz
* Genlik degeri: 43,463 g/N

« 2. Mode shape’i yakaladigimiz en lyi
nokta 4 numarall noktadir.

» Frekans degeri: 88,138 Hz
» Genlik degeri: 15,580 g/N

« 3. Mode shape’i yakaladigimiz en iyi
nokta 1 numarali noktadir.

« Frekans degeri: 135,835 Hz
» Genlik degeri: 30,090 g/N

AUTOMOTIVE 25
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Yapilan Analizler ve Testler P4

MARELLI

-m Test — Cekici Gezdirme Yontemi

Frekans (Hz) Frekans (Hz) Hat?O/O)ranl Genlik (g/N)
0
1.Mod 51,439 53,884 4,53 43,463
2.Mod 86,56 88,138 1,79 15,580
3.Mod 128,87 135,835 5,12 30,090

A UUUUUUUUUU 26
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MEScope Yazilimi ve MAC Matrisinin Cikartiimasi

Akis Diyagrami

GEOMETRI VE

TEST
GEOMETRISI

TEST FCF EGRI

UYDURMA

SONLU
ELEMANLAR
GEOMETRISI

GEOMETRI VE
MOD
SEKILLERiNi
ESLESTIRME

SONLU
ELEMANLAR
MOD SEKILLERi

A ‘ AUTOMOTIVE
" LIGHTING

[V [o])
SEKILLERiNi
ESLESTIRME

TEST MOD
SEKILLERi

TEST VE SONLU
ELEMANLAR
GEOMETRILERINi
ESLESTIRME

>

MARELLI

TESTIN iLK 4 ESNEK
MOD SEKLININ
SECILMESi

SONLU ELEMANIN iLK
4 ESNEK MOD
SEKLININ SECILMESI

27



MEScope Yazilimi ve MAC Matrisinin

Cikartilmasi

MARELLI

[= = | =]
SubS:Irsgure Visible Label ngms Transparent Ts:fra An“mite DC;??I_:EE Rotation | RPM
1 Yes | Structurs ’—- Nao Mo | Beth |~ Translation |« Mo 0
Select Data to Import
Translate File Name Label Measurement Type | Numberof N

1 LFF_Impact_Test_Tek_Hastik_Ipl3 Coherence_2Y+/1Y- (Coherence) Coherences 1

2 LFF_lmpact_Test_Tek_Hlastik_Ipl4 TF_2+/1Y- {FRF) FRFs 1

3 LFF_Impact_Test_Tek_Hastik_Ipl5 Coherence_2Y+/2Y- {Coherence) Coherences 1

4 LFF_lmpact_Test_Tek_Flastik_Iplé  TF_2v+/2Y- (FRF) FRFs 1

5 LFF_Impact_Test_Tek_Elastik_Ipl7 Coherence_2Y+/3Y- (Coherence) Coherences 1

3 LFF_Impact_Test_Tek_Hastk_Ipl8  TF_2Y+/3Y-(FRF) FRFs 1

7 LFF_Impact_Test_Tek_Hastik_Ipl% Coherence_2Y+/4Y- (Coherence) Coherences 1

3 LFF_lmpact_Test_Tek_Flastik_lpl10  TF_2Y+/4Y- (FRF) FRFs 1

g LFF_Impact_Test_Tek_Hastik_lpl11 Coherence_2Y+/5Y- (Coherence) Coherences 1

10 LFF_Impact_Test_Tek_Blastik_Ipl12  TF_2v+/5Y- (FRF) FRFs 1

1" LFF_Impact_Test_Tek_Hastik_Ipl13  Coherence_2Y+/6Y- {Coherence) Coherences 1

12 LFF_Impact_Test_Tek_Hastik_Ipl14  TF_2Y+/6Y-(FRF) FRFs 1

13 LFF_Impact_Test_Tek_Hastik_Ipl15  Coherence_2Y+/7Y- (Coherence) Coherences 1

14 LFF_Impact_Test_Tek_Flastik_Ipl16  TF_2Y+/7Y- (FRF) FRFs 1

15 LFF_Impact_Test_Tek_Flastik_Ipl17  Coherence_2Y+/8Y- (Coherence)  Coherences 1 i

Time Domain | Frequency Demain <
Import Cancel
28



MEScope Yazilimi ve MAC Matrisinin
(}lkartllma3| MARELLI

= =2 =]
Sut?;lnigure Visible Label Prgsgde‘?es Transparert T;Ifjre MVIVTlﬁe [‘]:;ran%:r:s Rotation | RPM
1 Yes | Structure ’—- No MNo | Both |~ | Tranelation |+ Mo o
Uy *BLK: EMA_Data_Block - 49 FRFs =N =R
Log Magnitude g/N Mi1 FRF-1Y:2y A Sﬁ? e e . Mea%;e;nent ‘_-I":H:r #:;teh =
vl [ ves] vy on | FRF [~ 2 =
M2 Yes| 2¥2Y o/ |v| FRF - B
i vz |[Yes| 3¥2Y oM | FRF 2 =
Ma4 | Yes| 4Y2Y o/N ~| FRF - B
M5 ([ Yes| 5Y2Y o/N v FRF -
m#6 | Yes| 6Y:2Y o/N |v| FRF =
1 M&7 Yes| 7Y:2Y a/N |~| FRF H: :
mzs | Yes| 8v:2Y o/N |v| FRF =
Mg | Yes| 9v:2Y o/N |~  FRF - :
M#10 Yes| -10Y:2Y o/N |v| FRF B
M1l | Yes| -117:2Y o/N |~| FRF 2 B
ol M#12 Yes| -12Y:2Y o/N [v| FRF B
Mi13 ves| 13v2r o ~| FRF [~ 2 3
Mit14 Yes| -14Y:2Y a/N [v|  FRF Hl:
Mi15 Yes| -15Y:2 a/N |v| FRF Hl:
001 Mz16 |l Yes | -16Y:2Y o/N |~| FRF 2 =
w17 | ves] -17v2y o v R [ 2 2
0 200 Y 400 s00 mzts | ves| 18v2y oM | FRF (N 2 =~
Z v < >

Aﬂ AUTOMOTIVE 29
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MEScope Yazilimi

Cikartilmasi

It *BLK: EMA_Data_Block - 40 FRFs

ve MAC Matrisinin

MARELLI

o=

Log Magnitude g/N M#1 FRF -1Y:2Y #
10
1
0.1
0.01
0 160 200 300 400 500 600
Hz
Log Magnitude CMIF Using Imaginary Part
1
0.1
0 100 200 300 400 500 600
Hz

Select
M&

M&1

MH37
M#38
M#35

Vigible DOFs
[ ves] -1v:2v
[ es| -2v:zr
Yes | -3v:2Y

[ Yes| vz
[ ves| 5v2¢
Yes| 6Y:2Y

[ ves] -T2y
[ ves] a2y
Yes | -SY:2Y
Yes | -10v:2Y
Yes | -117:2Y
Yes | -12v:2Y
Yes | -137:2Y
Yes | -147v:2Y
Yes| -157:2Y
Yes| -16Y:2Y
Yes | -17v:2Y
Yes | -18Y:2Y
Yes | -15v:2Y

[ es| 2072y
[ ves| 212y
[ Yes| -22v:2y
[ ves] -23v:2r
[ Yes] -2av:2¢
[ es] -25v:2y
[ ves] -26v:2v
[ ves| 272y
[ ves| -28v2y
[ es| 292y
[ ves| -30v2Y
[ ves] -31v:2y
[ ves] -32v:2¢
[ Yes] -33v:2y
[ es] -3av2y
[ es] -35v:2v
[ ves| -38v2Y
[ ves| 372y
[N es| -33v:2Y
[ es| 32y

Units

a/N
asMN
a/M
a/N
a/N
a/N
a/N
a/N
a/N
a/N
asMN
a/M
a/N
a/N
a/N
a/N
a/N
a/N
a/N
asMN
a/M
a/N
a/N
a/N
a/N
a/N
a/N
a/N
asMN
a/M
a/N
a/N
a/N
a/N
a/N
a/N
a/N
asMN
a/M

Measurement
Type

FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF
FRF

Line
Color

Line A
Widt

(X

PRI R R R R R R RS R RS R R R R R RS R R R ORI R R R R RS R R R RS R R R R R RS R R

Mode Indicator  Frequency and Damping  Residues, Save Shapes

Method

Complex Mode Indicator Function ~

- Peaks Count Peaks

Select | Frequency | Damping | Damping | Residue  Residue
Hz Hz (%)

Mode Mag Phs (deg)

30



MEScope Yazilimi ve MAC Matrisinin
(}lkartllma3| MARELLI

by == =]
Log Magnitude g/N Mgl FRF-TY:2Y »~ Select : Measurement | Line Line » fl| Mode Indicator Frequency and Damping  Residues, Save Shapes
T | MELE | s | LTE Type Color | Wit
vl |l Yes] 1v2r oM [v| FAF 2 Method
Mz [ Yes]| -2v2Y oM [~ FRF 2 Global Polynomial ~
i Mg | Yes| 3v2Y oM |v| FAF 2
M [El 4Y2¢ | /N |~ FRE 2 Extra Numerator Polynomial Terme L=
mes | Yes| 5Y:2Y  o/N |v| FRF 2
M6 Yes| 6Y2Y o/M |~ FRF 2 Modes
1 M7 | Yes| 7Y:Zy oM |~  FRF 2 [] Court Peaks
mes |l Yes| 8v:2v oM v  FRF 2
MES Yes| 9Y2Y oM |w| FRF 2
M10 Yes | -10Y:2Y  g/N |+ FRF 2 Select  Frequency | Damping | Damping | Residue | Residue
M1 [ Yes| -11¥:2Y o/N ||  FRF 2 Mode He Hz %) Mag | Phs (deg)
01 wisrn |BOCG ] asway g .| FRF 2
Frequency and Damping N |v FRF 2
a/N |~  FRF 2
o Method: Global Polynomial N v FRF 2
) Using: Complex Mode Indicator Function oM |v FRF 2
Number of Modes: 12 g/N |+ FRF 2
0 10 200 300 . 4b0 500 B s 5, 635) He o [v| FRF 2
Z Extra polynomial terms: 4 a/N |w FRF 2
Log Magnitude d Do you want to continue? o/N 8 FE 2
/N |~  FRF 2
/N |~ FRF 2
Yes Mo g/ | FRF 2
1 , i oM |+~ FRF 2
M#25 25Y:2Y oMN |v| FRF 2
M#26 B Yes| -26Y:2Y o/N |v|  FRF 2
M#27 Yes| 27Y:2Y g/ |~| FRF 2
M#28 Yes| -28Y:2Y o/M |~| FRF 2
m#29 [ Yes| -29Y:2r o/N || FRF 2
mz30 [ Yes| -30v:2r o/N |v| FRF 2
M3 |l Yes| -317:2Y oM |w|  FRF 2
Mz32 [ Yes| -32Y:2Y o |v FRF 2
01 M#33 [ Yes| -33Y:2Y go/N |v|  FRF 2
Mz34 [ Yes| -3Y:2Y o/N |v| FRF 2
M#35 Yes | -35Y:2Y o/N |~ FRF 2
ma36 | Yes| -36Y:2r /N |~ FARF 2
m#37 [ Yes| -37Y:2 g/N || FRF 2
mz38 [l Yes| -38Y:2r oN |v| FRF 2
0 100 200 300 y 400 500 500 Mz39 Yes| -39Y2Y g/MN |v| FRF 2y
Z wiil < >
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MEScope Yazilimi ve MAC Matrisinin
(;lkartllma3| MARELLI

g [=1=]=]

Log Magnitude g/N M#t1 FRF -1Y:2Y  » Select Measurement | Line Line Mode Indicator  Frequency and Damping  Residues, Save Shapes
Yoo | eEiE | B | T Type Color | Widt
Method
M1 -1Y2Y g/ |~ FRF 2
M2 2Y:2  g/N |~ FRF 2 Polynomial ~
L0 M3 3v2Y g |~ FRF 2
M4 4Y2Y | g/N v FRF 2
M5 BY2Y | g v FRF 2
M6 £Y2Y | g/N v FRF 2
1 M7 TY2Y | g/N v FRF 2
M8 BY2Y | g/N |v FRF 2
M#3 9Y2Y  g/N |~ FRF 2
M0 || 0Y2Y N v FRF 2 Select | Frequency =~ Damping = Damping = Residue | Residue
M#1 ] 1Y:2Y N |~ FRF 2 Mode Hz Hz (%) Mag Phs {deg)
01 Y | g/N [v FRF 2 0934 0.708 60.4
Residues-Polynomial g/N |~ FRF 2 533 177 33
/N |~ FRF 2 878 A 365
Method: Palynomial oN v FRF 2 133 378 285
00 o Using: Complex Mode Indicator Function a/N |~ FRF 2 184 77 419
‘ ! ! ! ! Humber of Modes: 12 N [~ FRF 2 mn 883 328
0 100 200 300 400 500 Number of M#s: 49 a/N |~ FRF 2 290 8.98 3.09
Hz Frequency Band: (0, 639) Hz N |~ FRF 2 185 9.84 255
e d Do you want to continue? a/N |« FRF 2 450 144 293
e 0 - = /N |~ FRF 2 566 81 143
/N |~ FRF 2 599 17 1.94
LE hg oN |~ FRF 2 629 251 1.35
1 a/N |~ FRF 2
g/N |~ FRF 2
a/N |~ FRF 2
/N [~ FRF 2
/N [~ FRF 2
/N |~ FRF 2
/-\ /N |~ FRF 2
a/N |~ FRF 2
a/N |~ FRF 2
01 /N |~ FRF 2
a/N |~ FRF 2
/N [~ FRF 2
/N |~ FRF 2
/N |~ FRF 2
/N |~ FRF 2
1] 100 200 300 " 400 500 600 a/N |+~ FRF 2 (1w
Z
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MEScope Yazilimi ve MAC Matrisinin
Cikartilmasi MARELLI

iy *BLK: EMA_Data_Block - 49 FRFs W *STR: EMA_Structure - 3D View, - [Dwell] SHP: EMA_Shape_Table
Log Magnitude g/N M#1 FRF-1Y:2Y FRAC:0.97 Il celect N SHP: EMA_Shape_Table
mp | Msble | DOFs Freq: 53.3 Hz, Damp: 3.31%
10 wal || v g X
(A 2Y2Y | g,
i M3 araw g
o Ma4 42y | g
M5 5Y2Y | g,
001 M6 Y2 g
0 200 400 500 TR T ||
Hz v MAS BY:2Y  a
[ 9Y2Y g
Log Magnil CMIF Using Imaginary Part ~ Il M0 || A0Y:2Y | g
L.} L 22 ol - L ol - M#r‘ 711&-2*! A
1 L [ g
M2 || -12v:2Y | g
\ M#13 || A137:2Y | q
’\fl M#14 14Y:2Y | g
0.1 M#15 -15Y:2Y | g
M#16 |[ 16Y:2Y | g
[ mm7 7YY g
0 200 " 400 600 [ mas [ Yes| -18T2Y g v
1z
" < >

Label

Global-Paly

g Global-Poly

3 (] 321 He 365 | Global-Poly

[ 4] 133 37 He 285 | Global-Poly
[ 5] 84 77 Hz 419 | Global-Poly
[ &] 883  Hz 326 | Global-Poly
7] 290 898  Hz 309 | Global-Poly
[ 8] 38 Global-Poly

Residue Mode Shape

-3Y:2Y | g/Nsec Residue Mode Shape

Residue Mode Shape
-5Y:2Y | g/Nsec Residue Mode Shape
6Y7:2Y  g/Nsec Residue Mode Shape
Tr:2Y | g/Nsec Residue Mode Shape

Select
Mg
[ w |
[ w2
[ wm |
[ M| 4v2Y  g/MNsec
[ s |
| s |
[ |
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MEScope Yazilimi ve MAC Matrisinin hﬂ
(;lkartllma3| MARELLI

{0 *STR: FEA_Structure - 3D View =N ===
Select ; Obiject Hide Animate Contours .
Erfipeas Visible Label Propetties Transparent T With Data Type Rotation | RPM
1 Structure No No | Both |« Translation |« Mo 0
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MEScope Yazilimi ve MAC Matrisinin
Cikartilmasi

MARELLI

kg *BLK: EMA_Data_Block - 49 FRFs (===
Log M#1 FRE-1:2Y FRAC 097 Al select w | Mode Incicator FL <+

et | visble

10 \f' v e e
[ w2 |l Yes.
1 v e
01 | wad | ves
s e
001 | w6 | ves
b | e
Hz O | Y
| w9 |l Yes
Log CMIF Using Imaginary Part ~ il mz10 | [ Yes.
ooy [ Mt |l Yes.
‘ |zl
met3 | [ Yes
I e e
01 [ 15 | Yes
16 | [ Yes
[ w17 [ ves

0 200 400 600 [ mE1e | Yes ~

>

Hz

W “STR: FEA_Structure - 3D View

(Sle =]
b, b
Visible ‘ Label Prop Label [

Structure

FEA_Substructure -S

FEA_Substructure
Structure

[ *SHP: EMA_Shape Table

Shape | forTime) | Dameind ‘ tris | =)
0.934 0708 | Hz [v| 604
[ 2] =m3 177 He 331
[ 3] a8 321 | He 365
[ 4] . 379 He 285
[ 5] 184 77 | He 419
[ & 383 He 326
7] 20 898 | Hz 3.09
[ 8] 3 98 He 255

e
Global-Poly
Global-Poly
Global-Poly
Global-Poly
Global-Poly
Global-Poly
Global-Poly
Global-Poly

Select Shape 1 ~
M Magnitude | Phase | Magni
[ wa | Residue Mode Shape B5 106 97
| a2z | 2v2r  g/MNeec Residue Mode Shape 413 107 93
[ WmE3 | 3v2y g/Nsec Residue Mode Shape 4138 14 20
| M| 4Y2Y  g/MNeec Residue Mode Shape 156 103 39
| m#5 | Sy2y  g/Nsec Residue Mode Shape 165 313 64
| WM#E | EY2r  g/MNeec Residue Mode Shape 335 109 74

| mE7 | 7y2y  g/Nsec Residue Mode Shape 298 115 By
< >

W) “STR: EMA_Structure - 30 View

=E=]

Select Object R
Substructure: Visible ‘ Label Properties

1 Structurs I
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MEScope Yazilimi ve MAC Matrisinin
(;lkartllma3| MARELLI

e-3D Vie A [= = |[= | | [& *sHP: FEA_Shape_Table
Sus;ni‘;ure Misible S:‘l%d Visible ™ Mode Indicator | L 1" gﬁ::e F{r:rq'IL:‘i?nne? Damping Units Dacrr;gng Label
1 suce [ 0 \f e | Yes. Hethod 1 514 0 He [v| 0
[ FEA Substucturs |1 M2 | [ Yes Polynomial 2| 86 0 He v 0
i M3 . Yes 3 129 ] Hz |« 0
M4 Yes 4 182 0 Hz |~ 0
5 M5 . Yes
001 M6 . Yes
M7 Yes
0 E 00 . e | ve
s | [ Yes e ————————————————
Log Magnitude CMIF Using Imaginary Part ™ MZ10 _E Sded TR . zmroErert T Shape 1 Shay ,
d W L mMa1 _E M# Type Magritude |~ Phase | Magnitude
1 itz |l ves M B1674X < | UMM Mode Shape |~ 28 180 209
\/ wE3 | [l Yes ME2 | e1674Y v| UMM Mode Shape |+ 206 0 938
wiid | Yes M3 B1674Z «| UMM Mode Shape |~ 77 180 409
01 M&15 Yes M#4 69679X ~ | UMM Mode Shape | 229 180 202
z w6 | [ ves MES | 695797 < | UMM Mode Shape |~ 205 0 7.15
%Y w17 |[lves MES | 695792 < | UMM Mode Shape |~ 766 180 292
1} 200 400 600 M&18 m Y] &7 87385% ~ | UMM Mode Shape |~ 233 180 20 w
< > Hz vl < > < >
TRE re - 30 Vie (=l == | st emn [= [C=]==T | @ *STR: PM Structure - 30 Vie [==1=]
coedt | Veble | Label ngfd?es i gﬁjg F{:ﬁ%fﬂ"e? Damping | Unite DE{T,S‘”Q Label soedt | visble Label Proo;’-
1 sructure [ [ 1 533 77 Hz [w 331 Global-Foly FEA_Substuctur [T
2 87.8 321 Hz |[v| 365 | Global-Poly stuctre [ I
3 133 379 Hz |»| 285 Global-Poly
4 184 77 Hz |~ 419 Global-Poly
—————————
Select Measurement Shape 1
M reE L Type B Magnitude | Phase = Magni -
M#1 | -1Y2Y  g/Nsec |~ Residue Mode Shape |~ Poly 574 458 18
M#2 | -2Y:2Y g/Nsec |~ Residue Mode Shape |~ Poly 935 56 90.
M&3 | 3Y2Y g/Nsec |~ | Residue Mode Shape |~ Poly 202 255 54
M&d | 4Y2Y g/Nsec |+~ | Residue Mode Shape |~ Poly 332 183 63
z M#5 | 5Y:2Y | g/Nsec |+~ | Residue Mode Shape |v| Paly 641 186 39 4
T&Y M#E =~ 6Y:2Y g/Nsec |~ Residue Mode Shape |~ Poly 749 404 15 T*Y
M&7 | 7Y:2Y | a/N-sec |+~ | Residue Mode Shape |~ Poly 386 527 Mow
< > < > < >
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MEScope Yazilimi ve MAC Matrisinin
(;lkartllma3| MARELLI

- 30 Vie (=M= =] | B s e Teble
st | visble Label Pg:; Leg Seleet | visble * Mode Indicator | A1 gﬁ':; F(’:r“-‘ﬁf“"a?' Damping | Urits D"FS"“ Label
[ swewe G | 1° \I vl [l Yes Method 1] si4 0 H|v o0
] FEA_Scbstructure [ mz2 | Yes Polynomial 2 866 0 Hz |~ 0
i mi3 | [ Yes 3 129 0 Hz |v 0
M4 Yes 4 182 0 Hz |+ 0
o M#5 Yes Select | Frequency | [
o w6 | [ ves M"de D';;
0 200 400 600 w7 | [ Yes =9
Hz M&E3 . Yes
= M#9 878 ——————————————
1 Select Measurement Shape 1 Shay ,,
FEA | Point Matching Mz DOFs | Unts Type Lebel | yagnitude | Phase | Magritude
- I T M1 61674X ~ | UMM Mode Shape |~ 228 180 209
‘Waming! EMA and FE.:‘;;eaS:s muslagni;gte correctarﬁebef?)reeusing this command. Mz2 B1674Y | UMM Mode Shape |~ 208 o 933
M3 616747 ~| UMM Mode Shape |+~ 77 180 409
FEA Shapes EMA Shapes M4 6I67IX ~ | UMM Mode Shape |~ 235 180 202
z 1P ENIA Shane Tabie M#s 69679Y ~ | UMM Mode Shape |~ 205 o 715
f&Y SHP: FEA_Shape_Table M&6 636792 ~| UMM Mode Shape |~ 766 180 392
BLK: EMA_Data_Block BLK: EMA_Data_Block ME7 87385X ~ | UMM Mode Shape |~ 233 180 20 Y]
< > < >
TR: EMA_Structure - 30 Vie = =E]E=E] UMM Mode Shapes, 4 Shapes. Residue Mods Shapes, 4 Shapss, 49 0 STR: PM_Structure - 30 Vie ===
770823 Mits M&s
Sut‘?;lrzgure R =izl ngj:d?as | SuhS;I:gum i ez PSE
1 Structure: '_- oK Cancel [ ] FEA_Substructure: -S
‘ . - — - [ ] Structure
3 133 379 Hz |~| 285  GlobalPoly
4 184 77 Hz |+ 415 Global-Poly
e ——
Select DOFs Units Measurement Label Shape 1 ~
L Type Magnitude =~ Phase | Magni
M& | -1Y:2Y | g/Nsec |~ | Residue Mode Shape |~ | Poly 9574 458 18
M#Z2 | -2v7:2Y g/Nsec |~ | Residue Mode Shape |~ Poly 935 b6 50.
M&#3 | -37:2Y | g/Nsec |~| Residue Mode Shape |~ | Poly 202 255 54
M#4 | -4Y:2Y  g/Nsec |~ | Residue Mode Shape |~ | Poly 392 183 63
7 M#5 | -5Y:2Y g/Nsec |~ | Residue Mode Shape |~ Poly 641 186 35 z
T& v M#&6 | 6Y:2Y g/Nsec |~ | Residue Mode Shape |~ | Poly 745 404 19 MY
M&7 | -7Y:2Y g/Nsec |~ | Residue Mode Shape |~ | Poly 386 5.27 11w
< > < > < >
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MEScope Yazilimi

Cikartiimasi

ve MAC Matrisinin

MARELLI

& & =[]y & =]
et | visbie Label cuboect  Visble | Label mwn LRI ZrERAC = gﬁ:; i’:ﬂ%‘:ﬂ"e‘)” Vo || (s D"Ff]'”g Label | MPC | p. "
AN Method
1 1 Stucture | 1 514 ] He [v] 0 1
] 01 2 366 0 He [v| o0 1
3 129 ] He |w ] 1
0 200 400 600 - 1o o T o | v
Hz © 1 < >
-
. 5 R =
! L CMIF Using Imaginary Part * : Sﬁl&d DOFs | Unis Mea_:#;eé‘nem Label - o
1 M1 B1674X ~ | UMM Mode Shape |+ 2
o/ Display | MAC ! MEZ | 61674Y + | UMM Mode Shape | 2
Modal Assurance Criterion (MAC) = v MH3 616742 ~| UMM Mode Shape |~ e
< > > < >
[==]=]| & =] [=E]=]
sedt | visble Label oot | Feacen! | Dampng | Unts  DUTEM | isbel | weC *
N FEA_Substr 1 533 177 Hz |v| 331 | Global-Poly 0.989
[ ] Structur 2 87.8 321 Hz |~| 365  Global-Poly 0981
3 133 379 | Hz [v| 285 | Global-Poly 0985
A 104 77 (533 “s A1a ksl Dahe na7a &
< >
| e —
~ Seiect DOFs Units M“?r:;’”e“ Labe *
M#1 | 101978Y:2Y g/Nsec |~ | Residue Mode Shape |~ Poly
MH2 | 101417Y:2Y g/Nsec |~ | Residue Mode Shape |~ Poly
& MH3 | 100243Y:2Y g/Nsec || Residue Mode Shape |~ Paly o
< > > < >
@ [=]=][=]
Subssflrs‘;ure Visible Label gﬁ
1 FEA_Substr
% M DOFs | Units R Label - ~
2 ME1 B1674X ~ | UMM Mode Shape |~ 2
ME2 61674 ~ | UMM Mode Shape |+ 2
X ‘i‘v ME3 616742 ~| UMM Mode Shape |~ 7.
< > < >
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MEScope Yazilimi ve MAC Matrisinin

N A

Cikartiimasi MARELLI
M_EMA PM_FEA
Shape 1  Shape 2 @ Shape 3 Shape 4
Label PM_FEA_Shape_Table
Frequency(or Time) 514 866 129 182
PM_EMA_Shape_Table Damping 0 0 0 0
Damping (%) 0 0 0 0
Shape 1 Global-Poly 533 177 331 0959 0038 00279 000669
Shape 2 Global-Poly 87.8 32 3.65 0051 0928 000161 00225
Shape 3 Global-Poly 133 379 285 00024 0000795 0908 0.0185
Shape 4 Global-Poly 184 77 4,19 00142 0000481 00652  0.881
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MEScope Yazilimi ve MAC Matrisinin

Cikartiimasi i
1 M Eney
S\
L )
s
Shape 1 | Shape 2 | Shape 3 | Shape 4
Label PM_FEA
Frequencyior Time) 855 130 158 264
M_EMA Damping 1] 1] 1] 1]
Damping (%) 0 0 0 0
Shape 1| Global-Poly 81.1 353 435 0,916 00673 00747 0.0D618
Shape 2 | Global-Poly 128 431 336 0.0415 0,887 0.,0144 0,102
Shape 3 | Global-Paly 151 6.67 345 000237 000034 0,866 0.0246
Shape 4 | Global-Paly 258 T LT 293 00226 0046 00136 0.808

N A

MARELLI
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MEScope Yazilimi ve MAC Matrisinin

Cikartiimasi -
1 PU req
Shape 1 Shape 2 Shape 3 Shape 4
Label M_EMA Global-Poly  Global-Poly  Global-Poly  Global-Poly
Frequency{or Time) he.3 102 150 221
PM_FEA Damping 1.73 3.09 5.05 6.21
Damping (%) 3.08 303 266 282
Shape 1 574 0 1] 0.867 0.00223 0.000353 0.00496
Shape 2 107 0 1] 9.26E-05 0.216 0.00119 0.0454
Shape 3 139 0 1] 0.0618 0.0157 0.839 0.000361
Shape 4 226 0 1] 0.0534 0.101 0.00179 077

N A

MARELLI
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N A

MARELLI
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