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ABSTRACT
MSc Thesis

BODY IN WHITE OPTIMISATION IN AUTOMOTIVE INDUSTRY AND
MODELLING OF THE FRONT CRUMPLE ZONE

Fahri Berk BKLBAY
Uludag University
Graduate School of Natural and Applied Sciences
Department of Mechanical Engineering

Supervisor. Prof. DrMust af a Ce mal ¢ AKI R

After the 1990s there have been many important developmegasdingautomotive

safety, thereforsecurity of passengers have b@eoa marketing feature for automotive
manufacturers. In recent years, with the emergence of a greattitivegenvironment in
automotive companies, many security solutions are offered to create a safe life cage for
vehicles. One of the key points in the creation of a safe life cage ¢suimplezone on

the front of the vehicle. The task expected fromfthat crumplezone is the ability to
absorb the forces that may occur as a result of a frontal collision in the event of an accident
due to the high energy absorption capability and protect the driver from the impacts that
may occur.

In this thesis, fivalifferent frontcrumplezone models weliavestigatedn order to create

a safetife cage in automobile®ptistruct was used foine application of torsion, bending

and frontal impact scenarias order to obtain multiple and continudosd paths of the
vehicle. Based on the required load paths, the thamhplezone elements were designed

by using Siemens NX. Creating mesh of the framimplezone elements, defining the
materials and creating the connection zones were made by #ietRlpermesh software

and the pregrocessing process was completed. In order to better interpret the results, five
different frontcrumplezone models were created and the Abaqus software was used to
solve the models. The amount of energy absorption lph edement, the total
displacement, the level of the load transferred to the passenger compartment and the crush
force efficiency (CFE) results were obtained from the simulati@ased on the
simulation results, theliffence of materiaJ the difference ofwall thickness in front
collision rail a wealle inreStigateid baseh enccrush pgrf@mance.a i |

Keywords: front crumple zonetopology optimizationcrashwortiness life cage finite
elements methoaxplicit analysis multiple andcontinuous load path

2019, xii+84 pages
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1.GKRK k

Ot omoti pyag?mblearé tasarmanéwa, eaj §pleeh &) ir
etkileyeny © nl er i i tibariylset eontlt @mo bairlais émldwak teuni
al makt &Ad &ar-p ag°vad ¢ag menld alme k| entday gpaéak@ikabu
o | ma ssegyrl ¢acerggbeli yollarda rahat hissettirmek t o mo b i | ikkeek ol u K
titrekimlerin engelV}kaseaksiemier paj leamek kwa
ol maskéeylaa anénda °n taraftan,-aygreKkmar asfotr
ol uk abkubvetlerie &n iyik eki | de absorbe eder ek ki
sark@and&n ve darbelerden korumaseéedeér

Ara-1|l arda teknol ojinin gel i kmesiyl e bi
kol anglk@gr ki e®dtei |l e 201fheyddnargelacgmsleada
°1 ¢m okeakiillag?®%r } 6 &k ¢ midgarnval anmal é trafik

i ncel eodiojmomdarl ee-r g ¢ W anrethingdaritmMmakt adeéer

Trafik kaza istatistikleri, 2007-2016
Oliamia, Maddi

Toplam yaralanmal hasarh Ol Sayist Yaral
Yil kazasayisi kaza sayisi kazasayist Toplam Kazayerinde Kaza sonrasi™ sayisi
2007 825 561 106 994 718 567 5007 5007 - 189057
2008 950 120 104 212 845908 4236 4236 - 184468
2009 1053 346 1M1 942 225 4324 4324 - 201380
2010 1108 201 116 804 989 397 4045 4045 - 21149
2011 1228928 131 845 1097 083 3835 3835 - 238074
2012 1296634 153 552 1143082 3750 3750 - 268079
2013 1207 354 161 306 1046048 3685 3685 - 274829
2014 1193010 168 512 1030 498 3524 3524 - 285059
2015 1313359 183 011 1130 348 7530 3831 3699 304 421
2016 1182 491 185128 997 363 7 300 3483 3807 303812
(1) Trafik kazasinda yaralamp saghk kuruluguna sevk edilenterden kazanin sebep ve tesiriyle otuz gin iginde

Glenleri kapsamaktadsr.

- Bilgi yoktur.

kelkliildT ¢r ki ye kar ayol u (Anmormnt 2016a)k a z ¢

Ayréca ger ek ot o nabddgeleksd de Avnugao ani & iy &D&1Kilo nr e k
emisyon hedefiolaB 5 gyeu k m@&imaikn g°vde aj ér ldak daj alrt
bir °daekl noktasé.haline gel mixktir



¥n - ar pékma koumuadaé & ] a kinetl &nengman ortalama % 60

7 0 Gabsoribeedeg® vde edl eéema@@Ghannam ve dij., 200:
ol mas é dyolcwkabinmelteansfer edilen kuvvetthe ] eyic kd ek ol ac a
Dijer bibu yahdmand ¢cakk € muk av e met hdg ol masaén
depl as manardtemaegsadayy ak amr k afke inn eo | guigebepksi enml ae

ol abilir. Busaedamdadag@v pe Kkenae memelg& r &rvd a n
belirli bir miktarda deplasman | uk umuna i zin vererek, a-¢€]j
az hissettirecek bir kKekilde s°n¢gml emesi o

Her ne Kkadarkuddericdkan- ar panmad ©Desamedmriki
testlerindend aha g¢ v eaea- d k r miok ts aalath @e oldhakmaan pima hal é
uy g ul aZamahdam ve paradaasarruf etmela ma c €ogld edemanlar analizde

ol uktur ydemakt eest ker e yaglutne rbn at ikfe ka |l adrea kk u

Bu y¢ksek | isans tezinde g¢weryllia ierk  ak
-arpekma bi°l gekan] éndoakeal akamaad@anodallerignu |l ann

-arpékma performansl aré incelenmi«ktir.
Kl 'k awmamadaki -okygRnyel edarmeke adrlaccesc y | a ¢
bir ar at-as ar | an me& kHyperngesh iA IOpti§tiuct y a z € | émodeti d a
ol uktur uflemakt anan ara-taki optimizasyon
belirl enmndien v e knaordad bréwliltma,. bPAgkagel me ve - ai
é - farkl é topol oj i wypd u | ma. nSasgyaleeptiStrecte nar y

yazél éméendal de® zgd imixy osomiuarh mé ar wé&k ma b?°

gereklie | e man vy objeulnilrulkelnanmmiék t i r .

Kkinci akamada araceén ©°ngerediepberman PO6j gesk
baznarak- ® k y°nl ¢ ve s¢rekli y ¢ k Siemerls&X é n a
bil gi sayar destekl i ttassaar am méxz&lréeémé kul |
i -¢é¢nce¢ @rnamadaékma bo°l gesi par -al ar éeénén
ve kabuk el eman vy apAthiar éHyépne romeuskht uyrauzl énhaésm
ve b°yl epe osSesiiklteamaml anméxkt ér .



D°rd¢ncéi¢yakamadimaa- modelar kad rmha ns£d ma rajko L u
testi) bil gisayar .Bnriyi-aanmrépnédkamas i pneurl feo renda nl sn@
el de etmek amacéyla beliimgilllsg ombdeldaal u
taraféndan s°ng¢ml en e amdeplasmap,iyolcuimkalidnine itetden o |

yé¢k miktaré ve -arpékma kuvveti verimlili

Bekinci a@aKanmpd dasryieha ar a Pré n-aa rapcelklndarud 1 chan €1 a
malzeme tipinin- ar pékma perntfkonsmaas’ppliimar @énda ku
kal &nl-éakrlpaérkemma  p eetkisi, iB0nkaenksl & mnad-eakrip é Kk snta  k o |
-ar pékma pethkisiveitSomaerkd dmale ki ol sith una @apl@manma vy ki

durumununt ar p € Kk ma p etkisii mrcred resném «t i r



2.KURAMSAL TEMELLER VE KAYNAK ARAKTI RMASI

ABody i nt omMnottievo soekt °r ¢vellier se&blaokudl amak
Kngilizce terimoisesi Aeagémnmbdgaméameme k i h
par-al ar én laekgBivdierye Iloa ymadjuig ihileKBIW) denir n e
(kek). 1l 2.1

k e Ril.ISedacmo d e | Bady mdVhieb °© | ge s i (Anoni

21.Body in White EIl emanl ar é

Body in White, @ r t a s anré éyan eni dahmibasite indirgerke - i n ¢st g°v
alt g°vikaeyoBayapéya aperiekiarpn&kpeéemer!| awni &l
nedeni iset asar ém 1| K yekgnt avharf éml &t anekbhar can
indirmektrBody i n Whi tred aehl ae nvaenrlacamll é&madsdo inlume s i |
farkl & b°l gelnmizeamelekeu | -l eakniétl Ima k-tealdiekr ( ke ki |

Diigiik Mukavemetli Celik ileri Mukavemetli Celik Civatalar
B Yiiksek Mukavemetli Celik ® PrTs;(iIe Sertlestirilmis B Termoplastikler
Celi
keki.lSeddad model ara-ta kull anél an



k e k .38 dsedana r modelining st g° vwd e mBgdmWMasriéme kt edi r

. Arka Cam Traversi
| Tavan Ray Takviyesi |

Arka Panel Takviyesi

Arka
Aydinlatma
Gosterge Panel Kulakgiklari
Destek Traversi

Zemin Yan Esigi
Guglendiricileri

A

l Ust Carpisma Kolu ' {
X

Mentege Kirisi

keki.lSeZ@a® model

aracen ¢s

k e RQh4delsedanar medel i ni n aellte nga¥ dagrl émé KVt e d i r

Tekerlek
Muhafaza Yeri
A

Arka Tampon
Destek Kirisi

Hava Girig Haznesi

Zemin Yan Esigi
Guglendiricileri

Sitspansiyon Kulesi |

A
| On Carpisma Kolu |

Tampon Destek Traversi |

kekd4lSedan model aracén al



220t omoti v Sekt°r¢nde Kull anélan ¢eli kler

Akmadayanémé 550ndwPkai’' ne @v igyzeelr gendliklesiig lh-eé pi -
Y ¢ k sDeaky a nteenmliek | er nA(adAdySaSn. AlBSSal Ee s i o zel i kil
end¢strliisk madye gee b¢y¢mefle bieWen Sjtine ki el
ara-|larda yaket tasarrufuyereamlsyarn i dejae
ajerazralenee meaea anénamerg-iéjemi-l&kiam ihadri
hazérda kull anél maktadeér . Bmukawe metesgdj |
¢ rebtiillierl i k 1 -in y¢ksebldekfaokm®ml alma pténhotive d @ @ i
sekt Krgg, blamak ¢zere-bkrtekcsaktdiAdwrnéemae l
akma dary8abn eMien: g Ei "mkl@lrter a Y ekrsebkler (IHSS)'a

denir.

Konvansiyonel yumukak -elikler nispeten |
kar bon oraneéena, mi ni mal alakem el ement|
al abilirler ve sg¢neklridnnma kgteadeé&re.n yer | er
KI-¥gksek mukavemet]| i -eli klerde mukaveme

i -in konvansiyonelmax@&kzké emekgéreapgapna &«
m¢e¢kemmneki | | esaj bamakl akbirli kte xedfaomarka
i-in ©°zenle ol ukturuwlluraneéeOtaommioibe di kgseetkixp®l

go°r ¢l mektedir.

¢i zel.®@eomobil sektor ¢nd®ong2013) ané

Mild Yumusak Celik HSLA Yiksek Mukavemetli Digtk Alagimli

BH Firinda Sertlesebilir IF Arayer-Atomsuz Alasimli

cp Kompleks Faz MS Martenzitik

DP Cift Faz SF Yiizeysel Gerinim

FB Ferritik-Beynitik TRIP Ddniisimle indiiklenmisg Plastisite Celigi

HF Sicak Sekil Verme TWIP ikizlemeyle indiiklenmis Plastisite Celigi

Go°vde el emanparfeqr meerkdae ngegnmre -exki tli - el

kritik b°lgelerine g°re dajélan bu mal zer
yé¢ksek ve degkdk kmwl avaearke ta)yir é-ler | ar (keki
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kek 5AHSES sénéékmeéDéayYameameqgr afiiji

Ara- yapeéelareée i-in yeterli statik ve dine
duruml arénda kil it bir rol oynamaktadeéer

farkl & g¢veenrliinke gsearheikpl idli&d i ki b°l geden

yol cul arée takéyan ve ara-taki en °nemli [
veya d¢ke¢gk hezlée -arpmal ardan ol ukabil ec
Kekil de tasarl anmakt adé
Gerilim [Mpa] ileri Mukavemetli Gelik
t
- Yiksek Mukavemetli Gelik
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kekib.ISedan mo B&N Gerilmfdxza&ma grafiji (



Carpma Bolgesi Yasam Kafesi Carpma Bélgesi

keki7ZSedan modeli aracén -arpékma b

Aracén °n¢gnde ve arkasénda bul udeplasmanar p me

izin vererek, a-€é€ja -ékan enerjiyi yol cu
amacéeyla tasarl anmaktadér. ¢tcarpma b°l gel
-arpma et kisini azaltéer ve yolcur.b®l mesi i

221. 6ar B°l1 gesinde Kull anélan ¢elikler

¢t¢arpékma b°l gesinden kar keél abeliricbs aiktarda t e n i

depl asmana i1 zin verygol&kuya é¢gm azkhnseatt
s°n¢ ml eyna s kafesinkkor umas edéer . Khtiyacyikpekn
hez -atrpsiowmacu a-€éja -ékamygphbiekm&auivvet
mukavmet| i mal zemel er i n Ayyoleuakabinineiletilené g er

kuvvetleir n y ¢ ksek ol mamasé#gEneik- ianl maasléz edree nbh ek |
gé¢negmegzde ol duk-a popeler ol an ve ot omot
°czellifdendek aoriyglkapg&bimukmvemet | i d¢ K¢k @
- el i-kilfeer glaidklnesrk,¢ ml e uyae kB lvadicthedilraektedir.s i t e

¢ift Faeel e ¢cel ik

¢cift faz -eli kl eri ,sayesyde tfoommom i a/l nean dk,ashkirlii
kul | ayncéklshbenky an € ndrde. Gea kil k ol ar akr i-,i fy¢ kfsaezk -
alabilme ve iyi derecede kaynaklabilme® z el | i J i ne safmi polodylaa]
a-éseéendan tercih edil en bir mal zemedi r
kapasitesine sahip olduju i-in kllergel mal a

zemin yan -karppeé kema fkauavug éakrne@a ikoel | ar énén Db:



al an flkandlamedanakmodd a&r .sekt°r ¢s¢nde bu avarl

-el i kludrliamiémeék gi tti k-e artmaktadér.

¢i ft-eflazkl eeyaseopkk bi-imlendirifebéhda
sertl ekebi landa sabi@m wlabdirteréEq éenr sécak haddel er

martenzitik yapeédanoRstekkatpbrebebi kekkI i

edilirS¢r ¢elavi anmék veya sécak daldérma il e s
do°n¢ktegrmek i -in hézPasteoj ut kKl dnNi- iydaip efdiaf
f az mazemegindekiymukak ferrit ol aj aenmagdsigk s ¢ n e
adal arén etmaf eambdakibeg erdien |, byl ece y¢ks
mukavemet i ile ¢Ayfecar vuizfatmaf aaj t afri kl er
nazaran féerénda sertlextirme 1ikleminde

gerinim enerjisini emebilir(Dong2013).

DP -eli klerinin | imit. i se d¢kK¢gk uzama v
rul o kekillendirme ve akeéré be¢gkemle uygul

ayar|l amal aré gerektirir.
HSLA (HighSt r engt h Low Al l oy) ¢el ikl eri

Otomotiv sekt°r¢nde y¢ksek mukavepgleselke
mukavemet| i d¢ekek al aeéemlne p( H$ilaA)- é-kenaikk
sekt°r¢nde yaygén ol arak kwdHKsaalke!| ame rbjui
ger - e k|l stenilenp anre s akl ualrldaan € IHBAd kKAt adedri .kl er i , DI
keyasla daha d¢k¢k akma dayanéména sahi pt
yéksekSLIA .-el i-kdlesek akma deakyuzama kabiliyatie vy ¢
nedamiylear acén - arpékma b°| ¢HSILAr i-nedea kK welrli a rsé
sistemleri; ar pékmaagol lea p@akvailyar € yapésat opmambi

da kull anél makt adér



222Yol c gesiBleHul | anél an ¢el ikl er

Yol cul arén ol duju b°l meden kar K él-armrmaxen
s ér aywleukabminddher hangi bir deformasyonun mey
yol ckbaumasggdgedenBy¢ ksek kuvademrrdod riea nthasyea
i -in -0k y¢ksek -ekme dayanéména sahip ma
ve -ift fazlé -elikler (>980MPa) tercih

2. 3. Ot omot IKwl $aktedrann ddd ¢ mi nyum Mal ze mel

Otomobil firmal ar éekhamiksy arekwrb ez 0 22 fAivira pe
karbondioksit gazé sal éménén 95 gr/ kmbye
-al exmal aré ©°neml. oddalkagekt @§&@nkaldigkeg r g
tasarruf sajlamakl de gdklsm&sidagmaeeyla el

otomotiv sekt°r¢nde kul | demanmeréhalige enl miex ttii k.

Yéksek -ekme dayanemgphsslahmpkaV ameEénky u ml
oranéna, I pilkekbifbengpdgrdieencine ve ger
sahip ol maxd omede wvi yelna ¢ etimalkeameland c &ji i kat] iérr me
i -in i dedtometi mdisgrr.et i ci | ersonnl5 sehedenth50 y u m
oranénda arték gest dbumiow ané€ni lae it Amknian] € e A @
20179

6000 serisindeka | ak éml ar , ana al akém el ementl eri
| sél veya sojuk iklem ile el de éédiilkdnmnr mo
m¢ ke mme | nokt ar Ikiajyinnaek .l Gemeiiklepotonhobillegir tampon

destek traverslerinde ve -arpékma kutul al

7000 serisiadekéembhbaképgpimaseril eri nAman vy Kk
al akem el ement i ol ar ak damagkae ykun lidmreérbiwd
sonu- nolkaermanke | vyeo rkuul vinvae t altéenda d¢kegk uz
malzemedir¢ i nko ve magnezyumun ekl enmesiyle a
nedenle korozyon dirdreciadmkerm hér makér - Kk

Genelli kle otomobillerin -arpéxkma kol l ar
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C kirikler.inde kull aneél ér

kekil 2.86 de ge¢negmgzde kull anémé gittil
uzanerkme dayanémé diyagr aAné ASL §2017), Wwheor | g°
XC60 (2017) gibi ygrksmeadedlayanaml ardal ik
dayamdnmlkéml é 6000 ve 7000 serisi al ¢min
b°l gesinde (°n tampon tragvé&musgil an€dmaskma
(EuroCarBody 2017)Aj] ér | ék kazanceé vV e yakeét t asa
kazanmas&ylea dbijrelr otomotiv firmalareénda

mal zemel erin kullaném oranlarénén artacalj
ﬁs‘tenitikQ
50 Paslanmaz Celikler
Firinda Serlesmis Celikler
L]
Cift Faz
40 — Derin Cekme Celikleri .
= Celikleri Mikro Alasim  TRIP Celikleri
3 Celikleri Dupleks Celikleri
E 30
c
~
-
20
10
. Magnezyum Alagimlan
- |
100 200 300 400 500
Cekme Dayanimi [MPa]
kekd816 000 ve 7000 serisi al ¢ mi ny wzam:

di agramée (Schneider 2014)

24.Ar a - Jfavsdea eétnekn daves e, ¢ eYk lkiol | ar é

S¢rekl i y ¢ k eysamlals@&méa,a -aarapdhdhenol ekaeamaklbavae
samhae sayesinde aracen -ar péekma perfor

devaml él é& di@ncifdevreu | mar pma dayanémegailaa nfanse&

nedeniyleg ¢ venl i bir kafes yapésé ol uktur maseé
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S¢r eglklkio | na sahiptasaé ml araécné ,ang®°vde yapeésal pat
hali ndeyken bur ulnmaay apanngmal zp] k & el &la l[pdéraédma
esnaseénda odruxaén ktueemeaed i h a¢lemantbe nattavataki n a n
enerjis ©° n ¢ ml e me &ratbtid rbrgaelydkgn | u tasarém anl ay.
ot omoti v ¢r et-iaclié€lmenrai gfiezn Lyremti@jf @ kda - al é km

anl ayeemmant acajé °ng°°r ¢l mektedir.

25. Kaynak Arakter masé

Ot omotiv ge¢venl gl ile 11 gili 199061 & yeé
yol cu géevent g otomoti ve zeleltiijcii |l aal i ne
Standartl|l aktéerél mék -arpékma testleri il
kull anémowe my ak €tk aallar ° neerark.R084zEannsnaér ki tog rl u(
ark. 2018, G¢l - i nbeomn vyedltdorako.d a2v0 1g8¢)venl i k s
yapél mék -ok sayeda deney.ve sonlu el emal
251.Topol oji Optimizasyonuyla Klgili Yapeél

Baskin ve ark. ( 2 0 0a8r) a aortpoénkomtai vp eer nf do¢r smtarni SSe
g° vajeend gk €r me k aa agereldiyyd ka yol | ar éreg ekllde ye,
yol l aréenarlclglnanrndrkag k d adgman épkel réfl odr@nmavnesel raa agy

ama-|l améxkt ér .t oeol-oejkil expti irii Z &Sy o néuk nsao n u
performanséndan ®d &d5y &8r iall @d ek eWa@aikima s &

Ri ordan ve ark. (2010) &A&-fbekat hekayak:i
optimizasyonui - iOptiStruct sonlu elemanlary a z € | le umlé In &.n Tekerek & r

yatajénén Kasi ve tekerlekle bajlanteée pl e
ve t adahitdmayarb | gel er i Theeleirrl le&kmiykattiarj.é par
optimizasyonu analizinde ¢KI KkawkKk£&aymkyl¢da
senargyrna@ara&nda se-ilen, bireyskKdi nycuke nt aokpll
"en k°tg¢ durum" semn-arguaunut ielke badloghdgreele
uygul aSoenk tyéark | ak émda i se her biint ma¢ ldadurawm
g%zl eml emek amacéyla ¢(- farkl e optimizas:

ayré anal iazt eetymil Kktdiarj.el Mméné en k8ybn, dui

12



senar yosuna ngalrzee nsee -dma JKké | véerk lyadgr & ms&a rtd &armed Ktt @
En k°t¢ durum senaryosu uygul a%lnba sa&jyéd ral €

kazanceé el de etmi ktir.

Christensen ve ark. (2011) yeni bir ar a-

tekniJini k u lgérekinya kmlk| acelderethebakmac eyl a - al é
y ap méArtaecré.n -ekKi t1li b°el gel &Pl gesn t @ampleai
Uygulanans e nar y ol & e d ¢ tg@lbjiepimizasyonusonucundagerekliy¢, k

yol |l ar énelnd & a@r.cil [emiék

Bhosalev e ar k. (e210elnran ayroajcuénel | udke deat]neel ké naémmaéc € y

yakl akéem ullgkalk & mege&dkielias, k yol | ar éinéi nt akn&snd t
belirl enmik, CAD ve sonlu é&e®&®haki tgbhnl k

bir ar a- t.asKakrilnacmé kftaézrda bi | gi sayar dest ek
keseéetl ar girilmik (ara- direngenliji, aj
senaryolar( eJ i | me , bur ul ma, torsiyon vielerg tan

g°re sondru nmndteardainyll a it er asyon keddPddiméekt é
gibi (soldaki) A ve D direklerininor t as éerydao |l crirkak akaj é vy°nd
Burulmasenaryosunda aokakwul el er i sy & rkéd relrOokalledyibiel | mé K
(saj eédikivie kar kéPf ndkbeé&y kwigell earrOptiazasydpn .

sonucunda gekliy ¢ k o2l |-aerkét € ol ar ak al%bhéelx%lO0e vy a

arasénda ajérl ek kazancée sajladéjéenée bel |

Arka

|~ Z\
gt | [z

MM Biikiilme Kuvvetill Bukilme Kisiti M Burulma Kuvveti lll 1 Burulma Kisiti

[>i\

keki.B¢gR¢9 neak(issolve burul ma (sajdaki)
K ar tBhosaleB017)
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252.¢ar péekma KodyleKIMai zieméapéel an ¢al ékmal ar

FEE340 malzemest er i si nde d¢kegk yojunlukta al akeé
grubu YeKs&k imukavemet ve d¢gkegk afHBRh | ek
Strength Low Alloy grubu- e leri°kn p | ana Rankarai,k2014)0R600

malzemesisey umuk ak f err it ma&@% serknsaitenzib-ud ruinsainn d e

fazl & yabpegptricadhi pfazl e -elikler, Iy f o
otomotiv end¢gstrisinde en -ok kull aneéel an
Fekete ve ark. (2001) -arpékma kol u mal z.
sahip i ki f aérkktléér .- e2l4i kk nk/uslal avrem 46 km/ sa h
ol ukturmuk ve -arpékma koll aréndaki - ar pé
testini uygul améxkt ér . DP -elijinin HSLA
fazlaenerjiabsod®d et t i J i gzl enmi ktir.

Liuve ark. (2010 r a- P ardar pékma kolunun en uygun
kal enl éjéné belirlemek i-in b¥idl gi paywma ki
LC4 ve 16MnL malzemelek ul | amhalr &1 &k el imalakze &e Iveni «

ad tégen kesitl:i prof i lyi¢gnk ekederre] ik essdionVighlonl epdrio

malzemesini. C4 mal zemesi ne g°r eg®alhean miydt isro.n u -

Bilbay ve ark. (202) ot omobi | sekt ° FEE34Dkee sBR6 kW | 41 alniék
°n -arpéexkma koll arénda kull anémé ¢zerin
performanséna ol athaleé denkdEdBa4i0 ivec OIPE O @i ki il 1
siméglasyon sonu-1laré enersmanm °enj¢rmlseime  yed It
il etilen kuvvet ejril eri ve °n -ar peékma
ejrileri i Inea|l v et ek miskwtniurc.unAd a, -ar pékma
kull anél masénén yol cu kalkkitmmirrdea ialzetlitlterf él

depl asman mi ktaréné arttérdéeje g°r ¢l megkt
kull anél masé ile pik kuvvet ile ortal ama
FEE340 ve DP600 mal zemeye stasha yé -daejpeerklmes

birbirine yakén ol duju hesaplanmékteéer .
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253.¢ar pék mbaa Ka vemRigitdduvar TestiyleK | orialpiéd aalné k mal ar

Chiandussi ve ar k. (2002) konik yapele d

ve mini mum temp&ikd&kmunivik et d9Ingemi®°n kekl i ni 0¥

Ghann

yapte
far kil

-arp

m ve ark. (2002) -arpéekma kol l ar én¢
| aré -alékmada 15,65 m/s hézéndaki

kal énbhékal sahépa-aappker méxkt ér . S

D
X o X Q@

(o]

ma kolu kull anée@mévaltanengr| ekmai gt

Kim ve ark. ( 200 3)NSockiekktl ° rnadoeeke K ke sakr dpleeukrsmarh
performanséné belirlemek amaceéeyla -exit!]|
y°nt emi kul | amsk aikne ncahiepni xkan p@semaa KbB u-
il k hézénda ve 500 kg k¢tl esi ndsenaryosuy it
- % zaigirwe kuvwetd e pl a s maldee dj t iniSoik teikd i ndekkolu - ar p
kesitii - i n -exi tl i (&@brl,a/b=Bpathyld\e a/e=fparame&evkarak
belirl@®aomuw-tiol ar ak, al b=1 kadieektklerstigdn k
geometriye g°re yakdeplasmao | %kK3 ud allug uaar ted [l

Edwards ve ark. (2003) -arpéekma test pr
hezl arda -arpékma senar yol ar eaklabine ketlenr mu K

maksimum kuvwvemi kt hegapl améxkt éer .

Eren ve ark. (2008 upiabr pa@xmebahhatdEar@amdima
kol unun °nf &kelsim& nelai | me bak| avteé ctiéd r(kcl oél |kies
geometrisiol ukt ur mDaitues el kesi't il e difjer g ¢
a-ésendwmhr fark ol madejé fakat s°n¢gmlene
10-4 0 daha felzde eotlndiugtui r .

Zhou ve ark. (2010jiSOk e k| i nd e ki - akrkpveekinnazaltrkal Vetenegin  p
emi | i mi arttiiso makl ianndaeckéiy | aar p é%kmat &rod fué n
al ¢mi aykm tarafénda i se A#MMSEmi-neglluiinpki hki obn
-arpekmasaol améuwjar 160hdet usnaaypéesmauk

etkileyen parametrele@ | ¢ mi nyum par -anén t¢gm par-aya
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mal zemenin tipi, al ¢manyamafpta - ok hadlail k
nermlildal] an IbéeReaksiyon kuveet xitn rhézl & bir ke
ne Aé& &NnrRrasascdrmagrgd metkbhlgalyd é jsoma

¢, Senaryo, baz modeline g°re maksim

(o]

e
par - a

(o]

~ektej
- énec

enerji emilimhesaplaBmarkt eerdej é

Tahan ve ark. (2013) ara-larda k¢gtl e dej
incelemekma k s ag@rwyll @ el emanl ar metodu kull anme:
k¢tl eye sahip ara- mod ejitduvari | 6e4 -kam/pstaé r une K
k¢tl esi olaeakyboaljclue kabi ni ivmesinin 47 g i

gzl enmi ktir.

Deb vV e ar k. (2015) ot omoti v end¢stris

dayanéekl él éjéene artteéer mak vidsciginary Design n i i

Optimization) y°Sitnegiiansiy oknudl al abnémékkm/ésra. i | k
of fset add j sahidpuvar iMaksimuma v pne g t feekanpeaxbi é r .
parametrelerin sonu- ol ar ak 4al-dnaksidum- al é«k
yolcu kabini ivme dejerini 43 g olarak el
George Mason | niversitesi (2016) Toyot a
sunumk e k | yanyfdé&n | amékt ér. Yayeéenl anan islukn uhredzaa
sahipar a- rajtargduegnel mék ve yolcu kabinine
ve ivme ejrileri payl akél mékt ér . Ar acén

y apt éplaa kabieneiletlenmak si mum kuvvetin 575 KN o

Yolcu kabinininmaksimumyavakl ama i vmesi ise 50 g ol a

Cai ve ark. (2017) ©°zgg¢l ener ji emi | i min
amacéeyla daha rijit ve hafif btiars a% | gené m
Opti mum par ametrnelTeagucehlidedeentenyeske i -tias ar ¢
veiSOK ek !l i ndeki °n - ar peéekma Kk odsyom testleriytea s a r
karkeéel afifoeemék ndeki -arpeéekma kasa@négrn ke nya
emi |l imine katkéséenSokekijiume dHaehipl &mi ktairn
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ol arak kullanélan metotl arl a YR&8laazsd ladénéa
toplam ajérl éjén %46. 01 azaldejeé g°zl enmi

Wang ve ark. (2018) ticar.i bir araceéen °
amaceéyla 6 adet ortogonal tasarém deji KK
deneysel tasarém metodu kull anarak 32 ad
hezenda ve %100 offset ol rijit duvara s
bl gesinin enerji s°n¢gmleme kabiliyeti, o
-arpeékma kuvvetini baz alarak en iyl t a
-al ekxmeaskésndmum yol cu kabini i vme dejerini
254.¢o0k YO ®Slkeekei Yéek Yol l areyl a KIgili Y a
Audi (EuroCarBody2 0 1 7)) , A8L model-ioki ny°®rf g yglkviee s ér

yol |l af@en@médé ger - ekdleowgPr méek ¢j ¢ 1 yickie k i, F
seviyesimdentalsaka@m ol ukt uranuadam .k ay e
tampon destekraversindeo | uk anA ygikrge]j i ne, ment eke Ki
desteklerine iei | er ek y¢k daj él éeméné ger -éméal ekt
sérasénda mekanekbenet ma emjli it mi pi rAirmcami
alt g°vdeXxliomder kleddijl ¢ gi bi yé¢k yoll aréneé
eKit gé-lendiricilerine, al t gevde kiri

seviyesine sahip bir tasarém ol uktur mukt

{ ¢

7.’“ ;N‘EU‘ :
< /Z

J/
/’)
/
~
»

keki LARADI1I0A8L ©°n -ar pékma b?° bGuadady2017)
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keki lARdil11A8L ara- alt g°vdesinin vy

Mazda(Anonim201h),Skyacti v modelinde -arpékma es
°n yapéséndardbajedmakf ambeéoyilPlaarbegrehl deéey ¢
yap&nas ar lkaenkeilddleé rg°r ¢ | ippgargp @ik ma sonucu
kuvwwet; st yol dan A ki r i kvenlteypldamyratna kya@lédreerk i B i |
ol mak ¢zere ¢ - itetmnektedir € Ay g lEleiboysg k cywol | ar e
araakn giPtvide de ©°neml R13G| dwPjrununek ¢ leidli r .

g°vdesinde y ¢k yol |l aréedgz otabamide] ionlcaec .
tasarl anméextér . ¥nden veya arekrg i- aernp él ki nme
yapédaki tek bir b°l ge tarafeéndan dej il
sajlanép -arpékma performansée arteéké sajl

Alt Yol Yan Kapi Esigi B Kirisi
(Rocker)

kekildMa&z da Skyactiv °n -arpékma b°lg
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kekild3Ma&2zda Skyactiv alt g°vdenin

Volvo (EuroCarBody2017), XC60 modelinilmr a - sg®° v¢dzeer i nde ger -
ol duju -vé& ¢dynékellna sahipt a s a r, sadécgBIV burulma
direngentigegrmakbankmal anamexk!| i kte °n ve ar|
ve arka «kKkasisdreklpaljd anbasaceaméAeéeadeEemi Mma
yapésénda ger - eklaartéikrmal eems nbass éthnadsaarra&iina ar
- € kkavweti- ar pékma kol l aréna, A direjine, yan
Kasiye lkhé&kiar akalkdbd&t eykeinlgi byi¢k vyoll areéeyl a
sajl amaktadeér .

kekildVol vo XC60 ©°n -arpékma b°Il g20%/)

Honda (EuroCardBody 2017), 2017 Accord n
yakl akéméné beni mseyerek °n -arpékma b°l ¢
kuvvet. Kas.i bl gesine ve A kiriklhargha
tasarl amexkter . Yeni ger -8SkEkekltindeée] ibigsHt
kull anmék ve bu sayede kuvvet:i °n b°l ged
-arpekma b°l gesi tasarémeéeyl a birltitketfjee nle:
belirtmixktir.
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