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Sayin Yazarlar;

Dergimize 4 dilde (Tiirkge Tr, ngilizce En, Rusca Ru ve Ukraynaca Ua) yazi kabul etmekteyiz. Tirkce,
Rusga ve Ukraynaca yazilarda Ingilizce 6zet yazilmasi zorunludur.

ULUSLARARASI 3B YAZICI TEKNOLOJILERI VE DiJITAL ENDUSTRI dergisi,

IJ3DPTDI, Endiistri 4.0 — dijital endiistri teknolojileri, 3B yazici teknolojileri, katmanli-eklemeli imalat
teknolojileri ve uygulamalar1 yani miihendislik, bilim, teknoloji gibi tiim disiplinlerle ilgili
arastirmalarin sonuglarini yaymak icin agik, hakemli, disiplinlerarasi, uluslararasi, bilimsel, akademik,
online bir dergidir. ij3dptdi, Miihendislik, Teknoloji ve Bilimin Endiistri 4.0 daki uygulamalari, tiim
arastirmalari, gézden gecirme makalelerini, kisa bilgi paylasimlarini1 ve 6nemli ilerlemeleri sunan teknik
notlari online yayinlamak i¢in yazarlar1 davet eder.

Endiistri 4.0, Dijital Endiistri, 3B Yazicilar {izerine tiim bilimsel miihendislik arastirma ve teknoloji alan1
konulari;

3B baski i¢in tibbi uygulamalar; dokularin ve organlarin biyografik baskilari, 3B vaskiilarize
organlarin olusturulmasinda karsilasilan zorluklar, Ozellestirilmis implantlar ve protezler, diisiik
maliyetli protez parcalari, cerrahi hazirlik i¢in anatomik modeller, sentetik cilt, kafatasi degisimi, tibbi
donatimi, kemik, 6zel iiretilen sensorler, kisisellestirilmis ilag dozu, benzersiz dozaj sekilleri, kompleks
ilag salinim profilleri v.d.

3B yazici uygulama alanlari; tibbi ve dis hekimligi uygulamalari, dis hekimligi uygulamalar1 ve
materyalleri, yumusak robotik sistemleri, robot tutucu sistemler, bina uygulamalari, kalip / kalip
uygulamalari, mimarlik uygulamalari, model uygulamalari, hizli prototip uygulamalari, gorsel sanat
uygulamalari, tekstil uygulamalari, dijital fabrikalar, mimari model uygulamalari ve malzemeleri,
endiistriyel uygulamalar ve malzemeler, gida uygulamalari ve malzemeleri, sanatsal uygulamalar ve
malzemeler, tarama yontemleri ve modelleme v.d.

Endiistri 4.0 ve dijital sanayi; biiylik veri, yapay zeka, dijital yasam dongiisii, sensor motorlari,
artirllmis gergeklik, gorsellestirme, sistem simiilasyonu, kablosuz iletisim, BIT giivenlik, dijital is, blok
zinciri, veri Glivenligi, 6zerk robotlar, sistem entegrasyonu, nesnelerin interneti (IoTs), siber giivenlik,
bulut bilisim, dijital fabrika v.d.

3B yazic1 tasarim, modelleme ve analiz; 3D yazici tasarimi, ekstruder tasarimi, 3B baski i¢in {irlin
gelistirme, seramik sistemleri tasarimi, gida sistemleri tasarimi, elektronik bilesenleri, mekanik pargalar,
standart bilesenler v.d.

3B yazic1 malzeme ve mekanik ézellikleri; polimer malzemeler, esnek malzemeler, biyo malzemeler,
metalik malzemeler, toz malzeme iiretim yontemleri, aga¢ malzemeler, kompozit malzemeler v.d.

3B yazic1 program kontrol teknolojileri; kontrol programlari, tasarim programlari, 3D tarama
teknolojileri, DMLS teknolojileri, SLA teknolojileri, SLS teknolojileri, FDM teknolojileri, dijital tiretim
teknolojileri, diger 3B yazic1 teknolojileri v.d.

1j3dptdi, online yayinlanan bir dergidir ve yilda 3 defa yaymlanir.

1.periyot Ocak-Nisan
2.periyot Mayis-Agustos
3.periyot Eyliil-Aralik
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Dear author,

Our Journal accepts articles in 4 languages (Turkish Tr, English En, Russian Ru and Ukrainian Ua).
Articles in Turkish, Russian and Ukrainian must have an abstract in English.

International Journal of 3D Printing Technologies and Digital Industry

ij3dptdi, is an open access peer-reviewed, interdisciplinary international platform for disseminating
results of relevant research related to all the disciplines of engineering, science, technology etc on
Industry 4.0 - digital industry technologies, 3D printer technologies, additive manufacturing
technologies and applications . ij3dptdi, invites all research, review articles, short communications &
technical notes that describe significant advances research in the areas of Engineering, Technology,
Science on Industry 4.0, Digital Industry, 3D Printers, additive manufacturing;

All scientific engineering research & technology area on Industry 4.0, Digital Industry and 3D
printers;

Medical applications for 3D printing; bioprinting tissues and organs, challenges in building 3D
vascularized organs, customized implants and prostheses, low—cost prosthetic parts, anatomical models
for surgical preparation, synthetic skin, cranium replacement, medical equipment, bone, tailor-made
sensors, personalized drug dosing, unique dosage forms, complex drug-release profiles ect.

Aplication fields; medical and dental applications, dental practices and materials, soft robotics systems,
robot gripper systems, building applications, die/mold applications, architecture applications, models
applications, rapid prototype applications, visual arts applications, textile applications, digital
factories, architectural-model applications and materials, industrial applications and materials, food
applications and materials, artistic practices and materials, scanning methods and modeling ect.

Digital industry; big data, artificial intelligence, digital life cycles, sensors actuators, augmented reality,
visualization, system simulation, wireless communication, ICT security, digital business, block chain,
data safety, autonomous robots, system integration, internet of things (IT’s), cyber security, cloud
computing, digital factory ect.

Design, modelling and analysis; 3D printer design, extruder design, product development, ceramic
systems design, food systems design, table system design, electronics components, mechanic
components, standard components ect.

Mechanical properties of filaments; polymer materials, flexible materials, bio materials, metallic
materials, wood materials, composite materials ect.

Program — control technologies; control programs, design programs, 3D scanning technologies, DMLS
technologies, SLA technologies, SLS technologies, FDM technologies, Digital production technologies,
other 3D printer technologies ect.

ij3dptdi, Its publication frequency is 3 issues per year.

1.Period January-April
2.period May-August
3.period September-December
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YBaxkaemblii aBTOp,

HAaIll )KypHaJI MPUHUMACT CTaThU Ha 4-X S3bIKaX (TYPELKOM, aHTJIUHCKOM, PYCCKOM M YKPAaUHCKOM).
CraTtbu Ha TYpELKOM, PYCCKOM M YKPAaWHCKOM SI3bIKaxX JOJDKHBI COMPOBOXKIATHCS aHHOTAIMEW Ha
AHTJIINHCKOM SI3BIKE.

Me:xayHapoaHblii :KypHaJ TexHoaoruii 3D-neyaTu u uudposoii HHAyCTpUA

IJ3DPTDI — »3T0 peneH3upyeMoe H3JaHHE C OTKPBITHIM JIOCTYIIOM, MEXIUCIUILTHHAPHAS
MEXJyHaponHas IuiatrgopMa Juis  OOMEHa pe3yJbTaTaMd HUCCIICJOBAHMH TI0 HHXKCHEPHO-
KOHCTPYKTOPCKHM pa3paboTKaM, TEOPETHYECKUM HCCIIEOBAHNSM, YCOBEPIIEHCTBOBAHUIO TEXHOIOTUN
Wupyctpun 4.0, B TOM YUCIIie — TEXHOIOTHH 1TH(POBO MPOMBINIICHHOCTH, 3D-1eyaty, aJuTHBHOTO
NpOU3BOJACTBA M pa3paboTku npunoxenuit. 1J3DPTDI  mpuHmMMaer uccienoBaTenbcKUe CTAThbH,
0030pHBIC CTAaThU, KPaTKHUE COOOIICHHUS M TEXHHUYECKUE 3aMETKH, KOTOPBIC OMUCHIBAIOT 3HAYMMEIC
pe3yNbTaThl WCCIENOBAaHUA B OOJACTH MAIIMHOCTPOEHUS, TEXHOJIOTHH, TEOPETHYECKOW OCHOBBI
naayctpun 4.0, mudpoBoil mpombiuieHHOCTH, 3D mMmevarn, mpowW3BOACTBA MHOTOKOMITOHEHTHBIX
MaTepHaIoB.

TemaTuka KypHa/ia BK/IKYaeT BCe HAYYHO-TeXHHMYECKHE HCCJIeJOBAaHUS U 0030pP TEXHOJIOTUii
HNupycrpuu 4.0, nudposoii npombiienHocTd u 3D neyartn.

Meagununckue TexHojoruu 3D-medyaTu: OHMONPHUHTHHT — BOCHPOM3BEICHHE OOBEMHBIX MOENeh
TKaHE! U OPraHoB, CO3/IaHUE TPEXMEPHBIX BACKYJIIPU3UPOBAHHBIX OPraHOB, HHAUBUY AJIU3UPOBAHHBIX
UMIDUTAaHTAaTOB M TIPOTE30B, CHHTETHUYECKOH KOXKH, KOCTEH, 3aMEHBI 4YacTell ueperna, y/CIIeBICHUE
TEXHOJOTMM  TMPOTE3MPOBAaHUs, pa3paboTKa  aHATOMHYECKHUX  MOJENEeH Uil  THOATOTOBKH
XHPYProB,TECTOBBIX XHUPYPTHUECKUX OIepaluid, MEAMIUHCKOro 00OpyIOBaHUS; H3TOTOBICHHE
JATYNKOB C 3aIaHHBIM HA0OPOM XapaKTePHCTHK, CO3/IaHHE YHUKAIBHBIX JIEKaPCTBEHHBIX IIPETIapaToB C
UHAUBUAYAJIBbHBIMHU JO3UPOBKAMU, CJIOKHBIX MHOTOKOMIIOHECHTHBIX JICKAPCTBEHHBIX CPEACTB.

OO0nacTu mnpUMeHeHUsl: MaTepuaibl M OO0OpyAOBaHME JJIsI MEAMLIUHBI W CTOMAaTOJIOTHH,
POOOTHU3UPOBAHHBIE CHCTEMBI HA OCHOBE OMOJIOTHYECKHUX MTPOTOTHIIOB, POOOTH3NPOBAHHBIE 3aXBATHEIC
YCTPOHCTBA, CTPOUTENBHBIE MaTepHaibl, Npecc-POpPMbI, MOJEIA W MPOTOTHIIBI B apXUTEKTYpe,
MOJICJINPOBAaHUE PEAIbHBIX OOBEKTOB, IPOTOTHIIMPOBaHME, cdepa BHU3YAIBHOIO HCKYCCTBa,
TEKCTHIIbHAS TPOMBIIIJICHHOCTh, IIU(POBBIC 3aBOJIBI, IPWIIOKEHHSI 1 MaTePHAJIbI JJIsl apXUTEKTYPHOTO
MOJICJIMPOBAHKSI, TPOMBIILICHHbIE O0pa3llbl W MaTepualibl, CO3JAaHUE IMHUIIEBHIX MPOAYKTOB,
TEXHOJIOTHH XYA0KECTBEHHOH 00pa0OTKM MaTepuasnoB, METOJbl MOJECITUPOBAHUS U CKAHUPOBAHUS U
T.IL

HudpoBas mHaycTpuUs: OONbLINE AJaHHBIC, NCKYCCTBEHHBIH HHTEIIJICKT, >KU3HEHHBINA IIUKJI IU(POBBIX
TEXHOJOTHH, TPHUBOAHBIE MEXaHW3MBl JAaTYMKOB, pACIIMPEHHAs pealbHOCTb, BHU3YyalIHM3allHs,
MOJIETTMPOBAHUE CUCTEM, OECIIPOBOIHAS CBSI3b, I T-0€301acHOCTS, 31eKTPOHHAs KOMMEPIIHs, OJI0KYEHH
TEXHOJIOTHH, 0€301aCHOCTh IaHHBIX, aBTOHOMHBIE pOOOTHI, CUCTEMHAasl HHTETpals, HHTEPHET BelleH,
KnOepOe30nacHOCTh, 00IaYHble BEIYMCICHHS, TH(POBOE TPOU3BOACTBO.

JAu3zaiin, MojeqMpoBaHue W aHAIW3. MojenvpoBanue aius 3D medartw, skcrpyzaepa; paspaborka
pPa3HOOOpa3HBIX  TPOAYKTOB,  NPOEKTUPOBAHHME  CHUCTEM  KEPaMHYECKOTO0  IPOW3BOCTBA,
YCOBEPIICHCTBOBAHUE TEXHOJIOTMH MPOU3BOJCTBA MHUILEBBIX MPOAYKTOB, IPOEKTUPOBAHUE IIPEIMETOB
Me0enu, 3JIeKTPOHHBIX KOMIIOHEHTOB, MEXaHUYECKUX AeTajel, CTAaHIapTHBIX KOMIIOHEHTOB H T.II.

Mexanuueckne CBOWCTBA HHUTEH: IMMOJIMMCPHBIC MaTcpualibl, rubkue MaTepHualbl, 6I/IOMaT€pI/IaJ'H:I,
HU3aCivd U3 MeTajljia U JPpEBCCHUHBI, KOMIIO3UIITMOHHBIC MATCpUAJIbI.



TexHosorun ynpaBjieHUs] MPUJIOKEHHSIMU: KOHTPOJIbHBIC MPOTPAMMBI, MPOCKTHBIC MPOTrPaMMBI,
texHosorun 3D-ckanmpoBanus, TexHoidorun DMLS, SLA, SLS, FDM, mudpoBsic TEXHOJIOTHH
MPOM3BOJICTBA, IPYTHE TEXHONOTUH 3D-nieyaTv U T.11.

[NepuoauaHOCTh BBIXOJIA XKYpHAIa — 3 pa3a B TOJI:

1-i1 BBITyCK — SIHBapb-ampeb;
2-11 BBIITYCK — Maii-aBTyCT;
3-11 BBIMYCK — CEHTSOPb-1eKa0pb.
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IHIanoBHMIi aBTOPE,

HaIll )KypHaJI IPUMae CTaTTi Ha 4-X MOBaX (TYpelbKOIO, aHTIIHCHKO0, POCIHCHKOI0 Ta YKPaTHCHKOIO).
CraTTi TypenbpbKo, POCIHCHKOI Ta YKPAaiHCHKOK) MOBOK TOBHHHI CYITPOBO/KYBATHUCS AHOTAIIIEO
aHTTIHCHEKOI0 MOBOIO.

Mi:xHapoaHuii ;kypHaa TexHoJorii 3D-g1pyky i nndposoi ingycrpii

IJ3DPTDI — me perieH30BaHe BHIAHHS 3 BIAKPUTHM JOCTYIIOM, MDXIUCIMIUTIHAPHA MDKHAPOJIHA
mwiarpopma uisi OOMiHY pe3yJbTaTaMu JOCTIDKEHb 3 IHXCHEPHO-KOHCTPYKTOPCHKUX PO3POOOK,
TEOPETUYHUX MTOCIIIKEeHb, YIOCKOHANEeHHS TexHomorii [amyctpii 4.0, B TOMy 9HCIi — TEXHOJOTIH
uppoBoi MpoMucIoBOCTi, 3D-ApyKy, agUTUBHOrO BHPOOHHIITBA i po3podku aomartkis. 1J3DPTDI
MpUiiMae JOCTIHI CTaTTi, OTJISAAO0BI CTATTi, KOPOTKI MOBIJOMJICHHS 1 TEXHIYHI 3alMCKH, SIKI MICTATh
3HAUyIli pe3yJbTaTH AOCHIKEHb B Taly3l MalIMHOOYIYBaHHsI, TEXHOJIOTil, TEOPETHYHiId OCHOBI
ingyctpii 4.0, mudposiit mpomucioBocti, 3D ApyKy, BUpOOHHIITBA 6araTOKOMIIOHEHTHHX MaTepialiB.

TemaTuka sKypHaJIy 0XOIJIIO€ BCi HAYKOBO-TEXHIUHI JOCTiIKEHHS Ta OrJIsA TexHoJorii Inaycrpii
4.0, uudposoi npomucaoBocti i 3D apyky.

Meanuni Texnouiorii 3D-apyky: GionpiHTIHT — BiATBOpEHHS 00'€éMHHMX MOZeJel TKaHWH i OpraHiB,
CTBOPEHHS TPUBHUMIPHUX BacKYJSIPU30BAHUX OPraHiB, iHAMBIAyali30BaHMX IMIUIAHTATIB 1 MPOTE3iB,
CUHTETUYHOI INKipW, KICTOK, 3aMiHM YacTHH dYepena; 3/CIIEBICHHS TEXHOJOTIl MpOTe3yBaHHS,
PO3pOOJICHHSI aHATOMIUYHUX MOJEJCH Al MiArOTOBKM XipypriB, TECTOBHX XipypriuHUX OIeparii,
MEAUYHOTO OOJaHaHHS; BUTOTOBJICHHS NATYHMKIB 13 3aJaHUM Ha0OPOM XapaKTEPHCTHK, CTBOPEHHS
VHIKaIBbHUX  JIKAPCHKUX  TpemapariB i3  IHAWBIAyalbHUMH  JTO3yBaHHAMH;  CKJIQIHUX
0araTOKOMITOHEHTHHUX JTIKapChKHUX 3aCO0iB.

Cdepu 3acTocyBaHHA: MaTepiand Ta OONaJHAHHS IJIS METUIIMHH 1 CTOMATOJIOTii, pOOOTH30BaHi
CUCTEMH Ha OCHOBI 010JIOTIYHHX MTPOTOTHUITIB, pOOOTH30BaHI 3aXBaTHI MPUCTPOI, OyAiBEIbHI MaTepiaiy,
npec-QpopMu, MOJIENI i POTOTUIIH B apXiTEKTypi, MOJICIIOBAHHS peallbHUX 00'€KTiB, MPOTOTUITYBAHHS,
cdepa Bi3yalbHOT'O MUCTELTBA, TEKCTUIILHA IPOMHUCIIOBICTD, IN(POBI 3aBO/IM, JOAATKH Ta MaTepiaan
JUTSL apXITEKTYPHOTO MOJICTIOBaHHS, IPOMHUCIIOBI 3pa3Ky i MaTepiajii, CTBOPEHHS Xap4OBHX MTPOIYKTIB,
TEXHOJIOTIT XyJJO)KHbOT 00pOOKH MaTepialiB, METOAM MOJICTIOBAaHHS Ta CKAaHYBaHHS 1 T.I1.

Hudposa ingycrpis: Benmuki naHi, IITy9HWH IHTENEKT, >KUTTEBUU MK MU(POBUX TEXHOIOTIH,
MPUBOJHI MEXaHI3MHU [aTYMKIB, PO3IIUPEHA pEANbHICTh, Bi3yami3allisi, MOJIENIOBAHHA CHCTEM,
0e3nporoBuii 3B's30k, [T-Oe3neka, elNEKTPOHHA KOMEDIlis, OJIOKYCHH TEXHOJOrii, Oe3leka naHuX,
aBTOHOMHI poOOTH, CHCTEMHa iHTErpallis, iHTepHeT peueil , kibepOe3meka, XMapHi OOYHCICHHS,
nppoBe BUPOOHUIITBO.

JAu3zaiin, MoaeaoBaHHs i aHai3: MojenmoBanHs s 3D pyKy, ekcTpynepa; po3pooKa pisHOMaHI THUX
MPOAYKTIB, TPOEKTYBaHHS CHCTEM KEPaMi4HOrO BHMPOOHMITBA, YAOCKOHAJIEHHS TEXHOJOTI]
BUPOOHUITBA XapUOBHX NPOJYKTIB, MPOEKTYBAaHHS MPEIMETiB MeOJIiB, €JIEKTPOHHUX KOMIIOHEHTIB,
MEXaHIUYHUX JeTajeH, CTaHIaPTHUX KOMIIOHEHTIB 1 T.II

MexaHiuHi BJIaCTHBOCTI HUTOK: IOJIIMEpHI MaTepiaiu, THY4Ki MaTepianu, Giomarepianu, BUpoou 3
MeTaly i IepeBUHH, KOMITO3HIIIHHI MaTepiau.

TexHoJiorii ynpaBaiHHA ToaaTKaMu: KOHTPOJIbHI MPOTpaMH, NPOEKTHI MporpaMu, TexHouorii 3D-
ckanyBanHs1, TexHosorii DMLS, SLA, SLS, FDM, uudpoBsi TexHOIOTiT BAPOOHUIITBA, 1HIIT TEXHOIOTI1
3D-npyKky i T.IL

[lepionnuHicTh BUXOAY KypHaIy — 3 pa3u Ha pikK:
1-# BUIycK — Ci4eHb-KBITEHB;

2-11 BUITYCK — TPaBEHb-CEPIICHb;

3-11 BUITyCK — BepeceHb-TPy/ICHb.
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tabanlari tarafindan taranmaktadir. All the scientific responsibilities of the manuscripts belong
to the authors (s). The editor, assistant editor and publisher accept no responsibility for the
articles published in the journal. The Journal is indexed by the following abstracting and
indexing databases.
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Donen makine sistemlerinde, arizanin erken belirlenebilmesi sadece makine elemanlarim korumak i¢in
degil, ayn1 zamanda biiyiik bir arizadan 6nce mevcut arizanin tespit edilebilmesi igin de gereklidir. Bu
calismada, fan kanatlarinda olugan dengesizligin ve yuvarlanmali yatak (rulman) arizasinin titresime
etkisi incelenmistir. Bu baglamda, bir yuvarlanmali yatakta olusan i¢ bilezik hatasmnin ve fan
kanatlarinda olusan dengesizligin rulmandan ve fan motorundan alinan o6lglim sonuglart ile
belirlenebilmesi amaciyla kullanim yerinde ¢alisma gergeklestirilmistir. Titresim 6lglimleri ve analizi
icin VSE150 titresim analizorii ile VSA001 kodlu ivmedlger kullanilmistir. Elde edilen bulgular analiz
edilmis ve sonug olarak, titresim analizinin titresime sebep olan etkenlerin tespit edilmesinde etkin
olarak kullanilabilecegi goriilmiistiir. Sonuglar, titresim analizi ile rulman ariza tespitinin basarili bir
sekilde yapilabilecegini ortaya koymaktadir.

Anahtar Kelimeler: Titresim, Rulman Arizasi, Ariza Tespiti, Dengesizlik, Fan Kanada.

THE EFFECT OF FAN BLADE UNBALANCE AND ROLLING
ELEMENT BEARING FAULT ON VIBRATION

ABSTRACT

In rotating machinery systems, early detection of the failure is not only necessary to ensure the health
of the machinery elements but also to detect the current fault before catastrophic failure. In this study,
the determination of the unbalance in the fan blades and the rolling element bearing fault by vibration
analysis were investigated. In this context, in order to determine the inner ring defect in a rolling element
bearing and the unbalance caused in the fan blades with the measurement results taken from the fan
motor and rolling element bearing, an experimental study was conducted. In the study, VSE150
vibration analyzer and VSAO001 code accelerometer were used for vibration measurements and their
analysis. Obtained findings were analyzed. As a result, it has been seen that vibration analysis can be
effectively used in detecting the factors that cause vibration. The results reveal that the fault detection
in the bearing can be successfully performed by vibration analysis.

Keywords: Vibration, Bearing Fault, Fault Detection, Unbalance, Fan Blade.

1. GIRIS

Titresim, bir cismin denge konumunda yaptigi
yer degisimi hareketi olarak tanimlanir.
Hareketli bilesenlere sahip doénen makine
sistemlerinde ve makinelere bagl bilesenlerde
olusan dinamik kuvvetlerin etkisi neticesinde
titresimler meydana gelir. Mekanik olarak iyi

dengelenmis bir makinede olusan titresim ¢ok
azdir. Diger yandan yiik altinda caligmasi
sonucu makine pargalar1 asinir, bazi pargalarda
kiiciikte olsa sekil degisimleri ve dinamik
ozelliklerinde degisiklikler meydana gelir. Bu
degisimlere bagli olarak parcalar arasinda
bosluklar olusur, eksen kagikliklar1 ve
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dengesizlik gibi problemler ortaya ¢ikabilir.
Biitin bu olusan  problemler  makine
sistemlerinin titresimlerinde bir artis meydana
getirir [1-3].

Endiistride kullanilan makine sistemlerinin
biiylik bir ¢ogunlugu dénme hareketine bagl
olarak is yapmaktadir. Bu makine sistemlerinde
olusabilecek arizalarin baslangi¢ asamasinda
tespit edilmesi ve tespit edilen arizalarin
giderilmesi Uretimin verimliligi bakimindan
biiylik 6nem tasir. Bu mekanik arizalarin tespiti
icin  kullanilabilecek  yontemler arasinda
titresim analizi ilk siralarda yer alir ve donen
elemanlarin  kestirimci bakim uygulamasi
endiistride yaygm olarak kullanilmaktadir [1,
4]. Dénen makine sistemlerine etki eden i¢ ve
dis kuvvetler nedeni ile calisma esnasinda
titresimin  olugmamasi mimkiin  degildir.
Onemli olan bu titresimlerin  belirlenen
limitlerde tutulmasiyla makinenin c¢aligma
Omriiniin ve verimliligin arttirilmasidir [1, 2].
Ayrica, bu sistemlerde en sik karsilasilan
problemler; dengesizlik, mekanik gevseklik,
eksen kacikligi ve yuvarlanmali yatak
arizalaridir. Bu problemlerin neden oldugu
titresimler hareketli parcalar aracihigi ile
mekanik govdeye veya yataklara aktarilir. Bu
noktalardan bir titresim algilayicisi ile yapilan
Olglimler sayesinde makinenin igyapisinda
meydana gelen sorunlar rahatlikla belirlenebilir.
Olgiilen titresim degerleri Fast Fourier
Transform (FFT) metodu ile zaman ekseninden
frekans eksenine dontstiiriiliir. Farkli mekanik
sebeplerden  kaynaklanan arizalar, farkli
frekanslarda titresim sinyalleri irettigi icin
frekans analizi ile makine sistemlerinde olusan
arizalar  belirlenebilir. Titresim analiziyle
kestirimci bakim, makine sistemlerinde lretimi
durdurmadan kullanilan bakim ydntemi olarak
bilinmektedir. Bu  ybntemde makine
sistemlerinde periyodik olarak gerceklestirilen
Olciimlerle elde edilen veriler titresim analizi ile
incelenir, tespit edilen arizanin nedeni ve
seviyesi makinelere zarar  vermeden
belirlenebilir [1-5].

Literatiirde, donen bir makinenin eksen
kagiklig1 veya dengesizligi sonucu olusan
titresimler deneysel olarak analiz edilmis ve
titresim  degerlerinin  tahammiil edilebilir
sinirlar iginde oldugu sonucu elde edilmistir [1].
Yapilan bir caligmada endiistriyel tesislerin
bakiminda titresim analiziyle kestirimci bakim
yontemi incelenmistir [5]. Diger bir ¢aligmada,

rulmanlarla desteklenmis donen makinelerde
titresim analizi ile kestirimci bakim yontemi ele
almmugstir [6]. Literatiir ¢alismalarinda; donen
makinelerde en sik kargilagilan gevseklik,
dengesizlik, eksen kacikligi, yuvarlanmali
yatak arizalari ve farkli islem uygulanmis
millerin dinamik davranislar1 analiz edilmigtir
[7-10]. Ayrica literatiir ¢aligmalarinda, makine
sistemlerinin titresim davraniglari,
yuvarlanmal1 yataklar, motor devir ve yiikiiniin
titresime etkisi gibi bir¢cok caligma yapilmis ve
ayrintili olarak incelenmistir [12-14].

Kestirimci bakima en uygun yaklagim olarak
siirekli izlemeyi benimsemis bir ¢imento
fabrikasinda gergeklestirilen ¢alismada; bir
mekanizmay1 etkileyebilecek arizalar1 tespit
etmek, bozulmalari 6ngérmek ve bu arizalarin
muhtemel nedenlerini belirlemek i¢in hiz ve
ivme seviyelerinin analizi ve spektral analizi
kullanilmistir. Bu baglamda, gercek olgiimler,
makinede arizaya neden olan zayif noktalarin
tespit edilmesine yol acan titresim ile analiz
edilmis, bu nedenle ¢evrimi¢i kontrol sistemi
araciligiyla bozulmanin izlenmesi ile bakimin
optimizasyonu ger¢eklestirilmigtir. Titresim
analizi, titresim seviyesinin sabit diizeltme esigi
smirina ulastiktan sonra arizali bilesenleri tespit
etme olanagi saglamistir [16]. Uysal,
calismasinda; makinelerde titresim analizi ile
kestirimci bakim yontemi gerceklestirmis ve
periyodik olarak titresim verileri almis, bu
verileri frekans analizi ile degerlendirerek
arizalar1 tespit etmeye c¢aligmistir. Rulman
arizalari, mekanik gevseklik ve fan kanat gecis
frekansi tespit etmistir [17]. McFadden ve
Smith ¢alismalarinda, sabit yiik altindaki bir
yuvarlanmali yatak i¢ bileziginde olusan
hasarlarin neden oldugu titresimi belirlemek
amaciyla bir matematiksel model olugturmus ve
hesaplanan sonuglar ile deneysel sonuglarin
birbiri ile ortiistiiglinii gdzlemlemiglerdir [18,
19]. Donen makinelerdeki dengesizlik arizasi
icin bir rotor diizeneginde yapilan deneysel
calismada; bes farkli devirde rotoru galistirip
titresim hiz 6l¢iimleri yapilmis, spektrum ve faz
analizi gerceklestirilmistir. Farkli kuvvetlerde
ve hizlarda elde edilen veriler kiyaslanmistir
[20]. Diger bir calismada, rulmanlarm dis
bilezik, i¢ bilezik ve yuvarlanma elemanlari
tizerindeki hasarlart titresim analizi ile
belirlemislerdir. Arizalarin yeri FFT spektrumu
ile gosterilmis ve her iki yataktaki motor ve
fanda yatay yonde gosterilmistir. Titresim
hizin1 azaltmak icin agirlik eklenerek yerinde
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dinamik denge saglanmistir [21]. Milind
calismasinda, erken ariza tespiti ve acil bakim
maliyetinde tasarruf saglayabileceginden dolay1
FFT analizi kullanarak yuvarlanmali yatak
arizalarmi tespit etmistir [22]. Titresim analizi
ile makine ve ekipmanlarinda olusabilecek
arizalar onceden tespit edilerek daha biiylik
arizalarin olugmasi 6nlenebilmektedir. Literatiir
calismalarmin genelinde oldugu gibi {iretim
esnasinda olusabilecek arizalarin 6nceden tespit
edilmesi hayati 6nem tagimaktadir. Bu nedenle
bliyiik bir ariza olusmadan Once tespit
edebilmek amactyla bu ¢alismada, fan
kanatlarinda olusan balans bozuklugu ve
yuvarlanmali  yataklarda olusan arizanin
titresime etkisi incelenmistir.

2. DONEN MAKINELERDE OLUSAN
ARIZALAR

Dengesizlik, mekanik  gevseklik, eksen

kacgiklig1 ve rulman agmmmalari donme hareketi

ile is yapan makinelerde en ¢ok karsilasilan

arizalar olarak bilinmektedir [1].

2.1. Dengesizlik

Balans ifadesi donme hareketi ile is yapan
makinelerde donen bilesenler ile olusturulan
biitiin  kuvvetlerin dengede olmast durumu
olarak ifade edilebilir. Bu denge halinin
bozulmaya ugramasi dengesizlige sebep olur.
Dengesizlik, makinelerde olusan titresimlere
sebep olan mekanik problemlerin en basinda
gelir. Teorik olarak, miikemmel dengelenmis
bir makinede titresim olusmasi beklenmez.
Ancak, calisma esnasinda tiim makineler azda
olsa dengesizdirler. Bunun nedenleri olarak,
elemanlarin  geometrik  olarak  simetrik
olmamasi, elemanlarda kullanilan
malzemelerin  homojen olmamasi, ¢aligma
sartlarinda olusan degisimler ve montaj
hatalarindan kaynaklanabilir [1, 2, 9, 12, 13,
17]. Dengesizlik kiitlesinin sematik gosterimi
Sekil 1’de gosterilmistir. Denklem (1) ile agisal
hiz ve Denklem (2) ile dengesizlik kuvveti
hesaplanabilir.

Sekil 1. Dengesizlik kiitlesi sematik gosterimi [7,
8].

2TtxN
= (1)
Fdeng = m*d*(Dz (2)

Faeng= Dengesizlik kuvveti (N)

m = Dengesizlik kiitlesi (kg)

d = Dengesizlik kiitlesi ile donme ekseni
arasindaki uzaklik (m)

o = Agisal hiz (rad/s)

N = Devir sayisi (dev/dak)

Dengesizlik spektrum grafigi mil donme
frekansinda (1x) bir tepe olusturur (Sekil 2).

A
é 1x
&
Frekans >
Sekil 2. Dengesizligin frekans analizi grafiginde

gosterimi.

1282 devir/dakika (21,36 Hz) ile galigmakta
olan bir fan motoru iizerinden yapilan titresim
Olgimii  sonucu elde edilen degerler
incelendiginde mil doénme frekansinin 1.
katinda tepe olusmasi (Sekil 3), dengesizligi
gostermektedir.

o
Frehams - Hz
Sekil 3. Fan motorunda olusan dengesizligin
frekans analizinde yeri.

2.2. Eksen Kagikhig

Bir kaplin baglantis1 araciligi ile millerin ayn1
eksende olmamasi durumunda eksen kagikligi
olusur. Genellikle donen makinelerin mekanik
olarak yanlis hizalanmasi sonucu olusmaktadir
[1, 6-8, 17]. Eksen kagikligi sonucu olusan
titresimler spektrum grafiginde (Sekil 4) mil
donme frekansmin 1, 2 ve 3. katinda goriiliir.
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Genlik
=

L

Frekans ~

Sekil 4. Eksen kagikliginin frekans analizi
grafigindeki yeri.

2.3. Mekanik Gevseklik

Mekanik gevseklik, hem donen hem de
donmeyen makinelerde titresimlere neden
olabilir. Genellikle asir1 yatak bosluklari,
gevsek montaj civatalari, uyumsuz pargalar,

2.4. Rulman Arnzalarn

Rulman arizast kaynakli problemler doénen
makine elemanlarindaki arizalarin sebep oldugu
duruglarin ve verimsizligin temel nedenidir.
Yapilan aragtirmalar sonucunda; meydana
gelen arizalarin yaklagik olarak % 50’°lik
kisminin rulman kaynakli problemler sonucu
olustugu bildirilmistir [1, 2, 7].

Rulmanlar donme hareketi ile is yapan
makinelerin  yataklanmast i¢in  kullanilan
elemanlarin baginda gelir. Stirekli hareket
halinde olmalar1 ve yiike maruz kalmalari
nedeni ile bozulma olasiliklari oldukca
yiiksektir. Problemsiz calismalari, makinenin
verimliligi ve ¢aligma Omrii acisindan biiyiik
Oonem tagimaktadir. Rulmanlar, siirekli hareket
halinde oldugu i¢in olusan siirtiinmelerin dogal
bir etkisi olarak asindiginda veya tizerinde bir
catlak ya da c¢izik olustugunda cesitli
frekanslarda titresim tiretir. Geometrik yapisina
bagl olarak rulmanin mekanik bilesenleri olan
dis bilezik, i¢ bilezik ve yuvarlanma elemant
(bilya) tizerinde birbirinden bagimsiz frekans
bilesenleri olusur. Bu bilesenler sayesinde
rulmanda meydana gelen hata ve hatanin
gelisimi ile ilgili kritik bilgiler elde edilir.
Frekans spektrumu incelendiginde titresimin
frekansi hatanin tiirlinii ve genligi ise problemin
blyiikliginii gosterir. Ariza frekanslar1 ile
motorun devir sayis1 arasinda dogrusal olarak
bir iliski vardir. Motor devir sayisi degistikce
bilya hatali kisimdan gecis sikliklar1 degisir ve
bu nedenle hata frekanslar1 da yer degistirir [6-
8, 23-32].

Rulman arizalari, Sekil 6’da  goriilen
yuvarlanmali yatak geometrisi ve mil dénme

yapidaki korozyon ve catlaklardan kaynaklanir
[1, 6-8].

Gevseklik tlirline bagh olarak, titresimler,
makinenin doniis hizinin 10 katina kadar
kendisini belli eder. (Sekil 5)

: ;
RITTIm
I || Il |,||'I|||'II|

>
Frekans

Sekil 5. Mekanik gevsekligin frekans analizi
grafigindeki yeri.

hizina bagl olarak formiiller ile bulunan ariza
frekanslan ile belirlenir. Spektrum analizi ile
rulman bilesenlerinden hangisinde bir ariza
meydana gelmis ise bu bilesenin ariza
frekanslarinda, bunun Kkatlarinda ve baz
durumlarda doénen mil devir sayis1 ile
olusturdugu yan bant frekanslarinda problemler
gorilur [6-8, 12, 17, 23, 29].

3 1: i¢ Bilezik
2: Kafes

3: Kapak
4: Bilya

5: Dis Bilezik

D1=Girinti ¢ap1

-ffhi = Efr{] _@Cosﬁ}
2 FD D2=0muz ¢ap:

Fe =;f{l+f;gcos/)’ n =Bilya Sayisi
) DI+D2

PD BD V2] PD = 5

fw_m —frﬁ{]{ﬁfﬂsﬁJ =
‘ ~ 1 BD =Bilya Gapl

f, = Devir frekansi

“

o —]f‘{l 8D s
2 PD | f = Temas Agisidir

Sekil 6. Yuvarlamal1 yatak geometrisi ve ariza
frekanslarinin hesaplanmasi [2, 12, 23, 29].
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3. MATERYAL VE METOT
Fan kanatlarinda olusan dengesizligin titresim
analizi ile belirlenebilmesi amaciyla kullanim
yerinde calisma yapilmis ve fan motorundan
ivmeodlcer ile veriler alinmustir.

¢ bilezigi arizali oldugu bilinen SKF6205
kodlu rulmanin frekans analizi ile ariza
tespitinin yapilabilmesi amaciyla Sekil 7°de
goriilen deney diizenegi olusturulmustur.

5

Sekil 7. Deney diizenegi ve sematik gosterimi: (1)
Motor; (2) ivmedlger; (3) Yuvarlanmali yatak
yuvasi ve yuvarlanmali yatak (Rulman); (4) Hiz
kontrol; (5) Bilgisayar ve titresim yazilim programu.

Calismada rulman yatagina SKF6205 kodlu
rulman takilmig, VES004 yazilimi ile ISO
10816’ya gore titresim Olciimii ve spektrum
analizi yapilmistir. Vibrasyon olger, ISO
10816’e gore bir Olgiim yapilmasina izin veren
bir mod ile donatilmustir.

3.1. Titresim Olciimiinde Hiz ve ivme Calisan
mekanik bir sistemde olusan titresimleri tespit
etmek icin kontrol edilecek sistemin donme
frekansina bagl olarak, hiz veya ivme birimleri
cinsinden 6l¢tim kullanilabilir. Ariza tespitinde
en uygun yontem (Hiz-Ivme) Sekil 8’de
gosterilmisgtir. Hangisinin en uygun oldugu,
arizanin ortaya ¢ikma sikligina baghdir. Belirli
bir problemi tespit etmek i¢in kullanilacak
yontem arizanin hangi frekansta olustuguna
baghdir. Sanayide kullanilan  sensorler
genellikle hiz cinsinden Ol¢iim yapan ve 10-
1000 Hz araligindaki titresimlerin Root Mean
Square (RMS) ortalamasini alan sensorlerdir.

Dengesizlik, eksen kagikligi, gevseklik vb. gibi
arizalar tespit etmek igin hiz birimi cinsinden
dlciim kullanilabilir. ivme ile ¢ok daha yiiksek
frekanslar  izlenebilir. ~ Yatak  hasarinin
baslangicinda meydana gelen kiigiik soklar ve
darbeler, disli kutusu arizalari vb. gibi arizalar
tespit etmek i¢in ivme Olglimleri kullanmak
daha iyi sonug verir [1, 6-8, 11, 12, 24-29].

Sekil 8. Ariza tespifjpde kullanilan en uygup
yoOntem.

4. BULGULAR VE TARTISMA

Sekil 9’da goriilen 1282 rpm (revolution per
minute - devir/dak) hizla galisan bir boyahane
fan motorundan elde edilen ivme degerleri
incelendiginde; yaklasik 4 aylik bir siirecte
ivme degerlerinin degisimi goriilmiis ve bu
degisime sebep olan etkenin fan kanatlarindaki
kirlenmeden dolay1 olusan balans bozuklugu
oldugu gozlemlenmistir.

frme (g}

Sekil 9. Fan motoru titresim 6lglimii.
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Sekil 10°da hiz cinsinden (v-RMS) titresimin
zamana bagli degisimi grafik olarak verilmis ve
bu grafik incelendiginde titresimin zamana
bagli olarak artis egiliminde oldugu
goriilmektedir.

v-RMS

Zaman

Sekil 10. Hiz cinsinden (v-RMS) titresimin zamana
bagli degisimi.

Sekil 11°de titresimi Olgen algilayicidan
verilerin  alinmast  ve analiz  sonucu
gosterilmistir. ~ Frekans  analizi  (FFT)
incelendiginde (Sekil 11-b) titresime neden olan
ana etmenin dengesizlik oldugu goriilmektedir.
Literatlir c¢aligmalar1 ile karsilagtirildiginda,
dengesizlik probleminin FFT analizi ile
belirlenmesine yonelik ¢aligmalarin yapildigi
ve benzer sonuglar elde edildigi gozlenmistir [1,
9, 12, 20, 24-29].

| [ |
AN f\ .

25 30 R

Sekil 11. ivmedlger ile verilerin alinmas1 ve
analiz sonucu; a) Verilerin alinmasi, b) FFT
analiz sonucu.

Sekil 11-b titresimin balans probleminden
kaynaklandigini agik¢a gostermektedir. Burada
21,36 Hz ile donen bir fan motoru tizerinden
yapilan titresim Olglimii sonucu mil dénme
frekansinin 1. katinda tepe  olusmasi
dengesizligi gostermektedir.

Titresim analizinde kullanilan Hiz (v-RMS) ve
ivme (a-peak) olgiim birimlerinin farkliligin
daha iyi agiklayabilmek icin Sekil 6-a’da
olusturulan deney diizeneginde arizali bir
rulmandan gelen titresimler incelenmistir.
Bunun icin i¢ bilezigi 6nceden hatali olan
SKF6205 kodlu rulman, rulman yatagina
baglanmigs ve Sekil 12°deki 6lglim sonuglart
[mmy/s]

elde edilmistir.
0 1 2 3 4 5 6 ? 1
balans
0 30 &0 80

[m/s?]
€0 120 150 1
|
-z T
a peak
|

[rpm]
0 2400 3000

600 1200 1800
e ||||||||||||||||||||||||||||||||||||||||||||||||||| ’ .
[m/s?]
0 2 4 6 8
I
1

Sekil 12. Hiz (v-RMS) ve ivme cinsinden 6l¢iim
sonuglari.

Goriildigi  gibi motor 1476 rpm hiz ile
donerken Olgiilen titresim degeri v-RMS
cinsinden 1,6 mm/s degerinde ve ISO10816 ya
gore ariza limitlerinin altindadir. Buna karsin
ivme cinsinden alinan Ol¢iimlerde ise a-peak
degeri ve SKF6205 igin ariza frekanslarinda
olugan titresim seviyesi belirlenen limitleri
asmis ve kirmizi alarm seviyesindedir. Bu
farkliliklarin sebeplerini daha iyi anlayabilmek
icin spektrum analizi yapilmis, Sekil 13 ve Sekil
14°de goriilen grafikler elde edilmistir.

Zanian

Sekil 13. Ivmedlcer ile zamana bagl titresim
degerleri.
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Sekil 14. SKF6205 i¢in hesaplanmis ariza
frekanslarindaki problemlerin analizi.

Sekil 14’te 1476 devirle donmekte olan
SKF6205 kodlu rulman i¢in hesaplanmig ariza
frekanslarinda olusan hatalarin biiyiiklikleri
gorilmektedir. Rulman geometrisine (Sekil 6)
bagl ariza frekanslar1 hesabina gére SKF6205
kodlu rulman igin hesaplanan frekanslar dis
bilezik, bilya ve i¢ bilezik i¢in sirasi ile 88,1 Hz,
115,6 Hz ve 133,2 Hz’dir.

Sekil 14°te yaklasik 134,8 Hz de bir problem
goriilmiis  olup  problemin rulman ig
bileziginden kaynaklandig1 saptanmustir.

5. SONUCLAR

Bu calismada, bir rulmanda olusan arizanin
titresime etkisinin belirlenebilmesi amaciyla
calisma yapilmistir. Calismada SKF6205 kodlu
rulman kullanilmis ve i¢ bileziginde olusturulan
hasarin frekans analizi yontemi ile tespit
edilebilecegi goriilmiistiir. Gergek bir ¢alisma
ortaminda ise fan motorundan alinan titregim
Olglim sonuglar ile fan kanatlarinda kirlenme
etkisi ile meydana gelen dengesizligin titresime
olan etkisi gozlemlenmistir. Titresim analizi ile
izleme yapmanin ekipman saglhigi i¢in olumlu
sonuglar verdigi saptanmistir. Ayrica, titresim
Olciimii icin kullanilacak ydntem ve Olglim
birimlerinin  titresim  analizindeki  Onemi
gbozlemlenmistir. Yuvarlanmali yatak ariza
analizi uygulamasinda hiz cinsinden v-RMS
alinan 6l¢timde vibrasyonun ISO10816’ya gore
belirlenmis smirlar igerisinde oldugu halde
ivme cinsinden §l¢iimlerde ise problemin
acikca fark edildigi goriilmiistiir.

Sonu¢ olarak, donen makinelerde titresim
analizinin rulman arizasinin belirlenmesinde ve
titresime  sebep olan etmenlerin  tespit
edilmesinde etkin olarak kullanilabilecegi
gorilmiistiir. Sonuglar, titresim analizi ile
yataktaki ariza tespitinin bagarili bir sekilde
yapilabilecegini ortaya koymaktadir.
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Radyo teleskoplar, gokbilimcilere, gorsel veya optik bdlgenin ¢ok Otesine uzanan erisilebilir
elektromanyetik spektrumun tamaminda gdézlem yapma imkani sunarlar. Her frekans araligi kendi
icgoriilerini saglar ve genellikle kendi teleskop ve dedektdr gesitlerini gerektirir. Radyo astronomlar, 13
MHz ile 2000 GHz araliginda frekanslarda enerji yayan veya emen nesneleri incelerler ve atmosferin
seffaf oldugu her frekans degerinde ¢aligmalar yapilir. 1420 MHz radyo astronomik dl¢timlerin yapildigi
frekans degerlerinden birisidir. Yaklasik 1420 MHz'de 21 cm'lik bir dalga boyuna sahip olan nétr
hidrojen (HI) emisyonlari, galaksideki uzak yerlerden ve yonlerden kaynaklanir, yildizlararasi
bulutlardan geger ve Doppler kaydirilmis frekanslarda yer tabanli radyo teleskop goézlemlerinde ortaya
cikar. HI emisyonlarindan yapilan haritalar, Samanyolu Galaksisi’nin sarmal yapisini ortaya ¢ikarir.
Olgiimler radyo teleskop sistemlerinin RF blogu ile gerceklestirilir. Bant gegiren filtreler bu RF blogun
cok onemli bilesenlerindendir. Bu ¢alismada 1420 MHz radyo teleskop uygulamalart i¢in Basamak
Empedans Rezonator yapisi kullanilarak mikroserit bant gegiren filtre tasarim1 yapilmistir. Tasarimda
basamak empedans rezonatdrii ile paralel kuplajli hat yapisi beraber kullanilmistir. Filtre Keysight ADS
simiilatorii ile tasarlanmis ve istenen tasarim kriterlerine ulasmak i¢in paralel kuplajli hat uzunluklari
optimize edilmistir. Yapilan simiilasyonlar neticesinde tasarlanan filtrenin 3dB bant genisligi 130 MHz,
ekleme kaybi (S,4) -0.152 dB, giris yansima katsayisi (S;;) -38.018 dB olarak bulunmugstur. Calismada
tasarlanan filtre 1420 MHZ radyo teleskoplarinin RF alict blogunda kullanilacak kriterlere sahiptir.
Ayrica filtre egitim ve deney amagli radyo teleskop sistemlerinde kullanilabilecektir.

Anahtar Kelimeler: Radyo Teleskop, 1420 MHz No6tr Hidrojen (HI) Emisyonu, Mikroserit Bant
Gegiren Filtre, Basamak Empedans Rezonator.

SIR MICROSTRIP BAND-PASS FILTER DESIGN FOR 1420 MHZ
RADIO TELESCOPE APPLICATIONS

ABSTRACT
Radio telescopes allow astronomers to observe across the entire accessible electromagnetic spectrum
that extends far beyond the visual or "optical” region. Each frequency range provides its own insights
and often requires its own variety of telescopes and detectors. Radio astronomers research objects which
emit or absorb energy from 13 MHz to 2000 GHz and studies are carried out at every frequency where
the atmosphere is transparent. 1420 MHz is one of the frequency values where radio astronomical
measurements are carried out. Neutral hydrogen (HI) emissions, with a wavelength of 21 cm at about
1420 MHz, originate from distant places and directions in the galaxy, pass through interstellar clouds
and occur in ground-based radio telescope observations at Doppler shifted frequencies. Maps made from
HI emissions reveal the spiral structure of the Milky Way Galaxy. Measurements are carried out with
the RF block of radio telescope systems. Bandpass filters are one of the most important components of
this RF block. In this study, a microstrip bandpass filter was designed for 1420 MHz radio telescopes
using the Stepped Impedance Resonator (SIR). In the design, parallel coupled lines are used together
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with the stepped impedance resonator. The filter was designed with the Keysight ADS and lengths of
parallel coupled lines were optimized to achieve the desired design criteria. As a result of the
simulations, the 3dB bandwidth of the designed filter was found to be 130 MHz, the insertion loss (S5;)
was -0.152 dB, and the input reflection coefficient (S;;) was -38.018 dB. The designed filter has the
criteria to be used in the RF receiver block of 1420 MHz radio telescopes. The filter designed in the
study can be used in radio telescope systems for educational and experimental purposes

Keywords: Radio Telescope, 1420 MHz Neutral Hydrogen (HI) Emission, Microstrip Bandpass Filter,

Stepped Impedance Resonator.

1. GIRIS
Giinesin de i¢inde bulundugu Samanyolu
Galaksisi  100.000 151k yili capa sahiptir.

Cubuklu sarmal bir yapida olup, igerisinde zay1if
bir sekilde her yana dagilmis yaklagik 200
milyar yildiz kiimesi bulundugu tahmin
edilmektedir. Yildizlararasi ortam denilen toz
ve gaz bulutlart yildizlarin dogumlart ve
olimleri ile meydana gelmektedir.
Yildizlararasi ortami olusturan maddenin %99’
u gazlardan %1°1 ise tozlardan olusur. Gazlar
atom, molekiil, iyon ve elektronlardan; tozlar
ise gezegen, astroit, kuyruklu yildiz, manyetik
alanlar ve kozmik 1siklardan meydana
gelmektedir. Yildizlararasi ortamda gazlarin
%90°nmm1  hidrojen, %]10’nunu ise helyum
olusturmaktadir. Hidrojen, atomik yapida-notr
hidrojen H(I), iyonik yapida H(III) ve
molekiiler yapida (Hz) seklinde bulunur.
Gozlemler, yildizlararas1 ortami olusturan
maddeye bakilarak yapildigindan gok bilimciler
acisindan yildizlararasi ortamin O6nemi ¢ok
biiyiiktiir. Atomik hidrojenin yarisi, molekiiler
hidrojenin ise tamami yildizlararas1 ortamdaki
bulut adi verilen yiiksek yogunluklu, diisiik
sicaklikli bolgede yer almaktadir. Atomik
yapidaki  hidrojen  (H(l)-n6tr  hidrojen)
bulutlarinin  6zellikleri radyo gdzlemleriyle
1420 MHz’ de (A = 21cm-bu 1s1ma 21cm dalga
boyuna sahiptir) saptanmaktadir. Yildizlararasi
bolgenin radyo dalgalari ile gozlemlenmesi ile
gokadadaki atomik hidrojenin siitun yogunlugu
hesaplanmaktadir. Ayrica 1420 MHz’ de
emisyon (yayimlama) ve sogurma g¢izgisine
bakilarak HI bulutlarinin sicakligi ve yogunlugu
hakkinda bilgiler elde edilmektedir. 21 cm
dalga boyuna sahip 1420 MHz’deki bu emisyon
radyo teleskoplar vasitasiyla
gozlemlenmektedir. Radyo  teleskoplarda,
yansitici '¢anak' tarafindan alinan sinyal daha
sonra alt reflektore yansitilir ve sonrasinda odak
noktasina gider. Antenden sonra, Vverilerin
monitdr ekraninda goriintiilenebilmesi igin
sinyali elektronik bir sinyale doniistiiren bir
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isleme cihazi vardir. Ozet olarak, radyo
teleskoplarin RF blogu anten, yiikselteg, bant
geciren filtre, mikser, detektorler ve yazilim
biriminden meydana gelmektedir [1]. Blok
elemanlari tasarima gore degisiklik
gosterebilmektedir. Bu g¢alismada 1420 MHz
radyo teleskop sistemleri RF blogunda istihdam
edilmek tizere mikrogerit formda bant gegiren
filtre tasarimi yapilmistir. Filtre tasariminda
Basamak Empedans Rezonat6ér (BER-Stepped
Impedance Rezonator-SIR) yapisi ile paralel
kuplajli  hat yapis1 kullanilmistir.  Filtre
Keysight ADS simiilatérii kullanilarak pasif
devre tasarim rehberi yardimiyla tasarlanmistir.
Pasif devre tasarim rehberi yardimiyla, istenilen
merkez frekansi (f;), Bant Genisligi (BG), gecis

bandi  dalgalanmasi,  durdurma  bandi
zayiflatmasi gibi optimizasyon hedeflerine gore
paralel kuplajli hat wuzunluklar1 optimize

edilmistir. Tasarimda istenen sonuclar elde
edilmigtir ve tasarlanan filtre 1420 MHz radyo
teleskop uygulamalar1 i¢in gerekli isterleri
saglamaktadir.

Literatiirde, radyo teleskop uygulamalari icin
mikrogerit yapida filtre tasarimlart mevcuttur
[2-7]. Rajendran ve arkadaslar1 ¢alismalarinda
yazilim tabanli radyo teleskoplar igin 1.42 GHz
merkez frekansinda, paralel kuplajli mikroserit
bant geciren filtre tasarimi1 yapmuislardir. Filtre
Chebyshev genlik tepkisine gore tasarlanmistir
[4]. Pandian ve arkadaslar1 ise egitim amach
kullanmak iizere diisikk maliyetli 1420 MHz
(21cm) radyo teleskop tasarimi yapmuslardir.
Sistemin RF blogunun bir pargasi olarak ise
1420 MHz merkez frekansinda, 110MHz bant
genisligine sahip bir mikroserit filtre tasarimi
yapmiglardir.  Caligmada tasarlanan filtre
Chebyshev genlik tepkisine sahiptir [3]. Zhang
ve arkadaslar1 calismalarinda C-bant alicilar
icin (6 GHz merkez frekansinda) radyo
astronomi uygulamalarinda kullanilmak iizere
genis bant mikroserit bant geciren filtre tasarimi
yapmuglardir  [2]. Liu ve arkadaslar
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calismalarinda radyo astronomi uygulamalari
icin paralel hatli basamak empedans rezonatorlii
yiiksek dereceli dengeli siiper iletken bant
gegiren filtre tasarimi ¢alismiglardir. Filtreyi S-
bandi radyoastronomi uygulamalar1 icin
Chebyshev genlik tepkisine gore
tasarlamiglardir [5]. Mundia ve Stander ise
calismalarinda 18- 45 GHz arasinda ¢alisan bir
radyo astronomi alicis1 tasarimi yapmiglardir.
Analog yan bant kalibrasyonu ile RF laminat
tizerinde c¢oklu c¢ip modili (MCM) olarak
gerceklestirilmistir. Uzerinde LNA, mikser,
dortlii hibrit yapi, gii¢ boliict, dijital zayiflatici,
balun gibi yapilar bulunmaktadir. Bunlara ek
olarak calismada 4-11GHz bandinda calisan
orta frekans bant gegiren filtre tasarimi da
yapilmaistir. Filtre = mikroserit  formda
tasarlanmistir. Basamak empedans rezonatorlii
alcak geciren bir filtre ile kisa devre ¢eyrek
dalga saplamali yiiksek geciren filtre kaskad
baglanarak bant geciren formu elde edilmistir

[71.

Radyo teleskop ve radyo  astronomi
uygulamalar1 haricinde mikrosgerit filtreler
literatiirde ¢ok yaygin ve giincel kullanim
alanlarina sahiptir [8].

Bu caligmadaki filtre egitim amagh
kullanilabilecek ~ yazilhm  tabanli  radyo
teleskoplarin RF blogunda kullanilmak iizere
tasarlanmigtir. Filtre iiretildikten sonra, karasal
radyo parazitini filtrelemek i¢in yazilim tabanlt
radyo  teleskobunun  radyo  alicisinda
kullanilabilecektir. Diinyanin bir¢ok iilkesinde
var olan devasa boyutlardaki radyo teleskoplar
ile  rutin olarak 21cm’lik  gdzlemler
yapilmaktadir [9,10]. Bu devasa boyutlu radyo
teleskoplar ¢ok hassas ve karmagik goézlem
gorevlerini yerine getirme yetenegine sahipken,
literatlirde egitim ve deney amagl basit radyo
teleskop ¢alismalarina da rastlamak
miimkiindiir [2-4]. Egitim ve deney amacli bu
tir teleskoplar1 inga etmek, evrenin sirlarina
perde aralarken ayn1 zamanda elektronik,
antenler, sinyal igleme, programlama ve
astronomi gibi ¢esitli disiplinler arasi alanlarda
egitim firsatlari saglar.

Makalenin geri kalan1 ise su sekilde organize
edilmigtir. 2.boliimde radyo teleskoplardan,
hidrojen emisyon Ol¢limlerinin &neminden,
radyo teleskoplarin RF blogundan
bahsedilmistir. 2.boliimde ayn1 zamanda
calismada se¢ilen mikroserit BER filtre tasarimi
ve  performans  parametrelerinden  de
bahsedilmistir. ~ 3.bolimde ise  deneysel
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bulgulara yer verilmistir. Makale 4. B6liim olan
Sonuglar b6liimii ile sonlandirtlmastir.

2. MATERYAL VE METOT

Calismada radyo teleskoplari RF blogunun
onemli bilesenlerinden olan bant geciren filtre
tasarimi yapilmigtir. Calisma frekansi olarak
1420 MHz olarak tercih edilmistir. Atomik
yapidaki hidrojen 1420 MHz frekansinda radyo
dalgalar1 yaymaktadir. Hidrojen emisyon
Olgiimleri radyo astronomide yildizlararasi
ortam hakkinda bilgi verdigi i¢in biiyiik 6neme
sahiptir. Calismanin bu béliimiinde radyo
astronomi, radyo teleskoplar, 1420 MHz ve
radyo astronomide nétr hidrojen emisyonunun
6nemi basliklar1 detayl bir sekilde anlatilmustir.
Tasarlanan  filtre = mikroserit ~ Basamak
Empedans Donistiriici  (BER-SIR)  yapisi
kullanilarak tasarlanmigtir. Calismanin bu
boliimiinde ayrica yazilim tabanli radyo
teleskoplarin RF blogu, BER (SIR) filtreler
hakkinda teorik bilgilere de yer verilmistir.

2.1. Radyo astronomi ve Radyo Teleskoplar
1931'den oOnce astronomi c¢aligmak, gece
gokyliziinde goOriinen nesneleri incelemek
anlamimna geliyordu. O zamanlar evreni
atmosferimizin 6tesinde gézlemlemenin bagka
bir yolu olduguna dair higbir fikrimiz yoktu.
Goriniir 151810 yalnizca kiigiik bir dalga boyu
aralig1 ve enerji frekanslari icerdigi biliniyordu.
Ayrica elektromanyetik spektrumda goriiniir
1siktan bagka radyo dalgalari, kizilotesi, X
1sinlar1 ve Gama 1ginlarmin da yer aldigi bilinen
bir gergekti. Ancak 1931'de hi¢ kimse RF
radyasyonunun  milyarlarca  diinya  dist
kaynaktan da yayildigin1 ve bu frekanslarin
bazilarinin Diinya atmosferinden dogrudan
yerdeki alanimiza gectigini bilmiyordu. Bu
radyasyonu saptamak icin ihtiyacimiz olan tek
sey yeni bir tir “géz’dii. Aym yil Bell
Laboratuvarinda radyo miihendisi olarak
caligsan Karl G. Jansky okyanus boyunca radyo-
telefon sinyalleri gonderilirken (6zellikle gok
giiriiltilii ve firtinali havalarda) statigi en aza
indirecek bir anten tasarlamakla gorevlendirildi.
Gozlemledigi statigin bir kismimi yakinindaki
gok giiriiltiisii ve firtinalara bir kismini ise
uzagmdaki gok giiriiltiisii ve firtinalara bagladi.
Ancak kaynagimi bulamadig: statiklerde vardi.
Statigin kaynagmin oncelikle giines oldugunu
diislindii. Bununla birlikte, radyasyonun her giin
yaklasik 4 dakika once zirveye ulastigini
gozlemledi. Diinya’nin yildizlara gére doniis
stiresi (astronomlar tarafindan yildiz giinii
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olarak bilinir) bir giines giininden (Diinya’nin
gilinese gore doniis siiresi) yaklasik 4 dakika
daha kisadir. Jansky bu nedenle bu radyasyonun
kaynaginin giinesten ¢ok daha uzakta olmasi
gerektigi sonucuna vardi. Daha fazla aragtirma
ile bu 1s1manin kaynagini1 Samanyolu Galaksisi
olarak belirledi ve 1933’te bulgularini
yaymladi. Ilk yillarda Jansky’nin caligmalari
¢ok dikkat ¢ekmedi. Fakat 1937 yilinda Grote
Reber, Jansky’nin ¢aligmalarini da dikkate
alarak evinin bahgesinde ilk modern radyo
teleskop prototipini olusturdu. Reber, 40°I
yillarin basinda aragtirmalarina devam etti ve
1944°te ilk radyo frekansi1 gokyiizii haritalarini
yayinladi. Reber, II. Diinya Savasi’nin sonuna
kadar diinyadaki tek radyo astronomdu. Bu
arada, savas sirasinda Ingiliz radar operatérleri,
Giines’ten gelen radyo emisyonlarini tespit
etmisti. Savastan sonra radyo astronomi hizla
gelisti ve evreni gozlemlememizde ve
incelememizde hayati bir 5Snem kazandi. Diinya
atmosferine niifuz edebilen RF dalgalari, birkag
milimetrelik dalga boylarindan yaklasik 100
metreye kadar degisir. Bu dalga boylarmin
insan gozii veya fotograf plakalar {izerinde fark
edilebilir bir etkisi olmamasina ragmen, anten
gibi bir iletkende ¢ok zayif bir elektrik akimi
indiiklerler. Cogu radyo teleskop anteni,
gokyiiziiniin  herhangi bir yerine dogru
yonlendirilebilen parabolik (¢anak seklinde)
yansiticilardir.  Radyasyonu  toplarlar  ve
radyasyonun yogunlastigi merkezi bir odaga
yansitirlar. Odaktaki zayif akim daha sonra bir
radyo alicist tarafindan yiikseltilebilir, boylece
0lemek ve kaydetmek i¢in yeterince giiclii hale
gelirler. Alicidaki  elektronik filtreler, bir
seferde bir frekans araligim (veya “bant”)
yiikseltmek i¢in ayarlanabilir veya karmagik
veri igleme teknikleri kullanilarak binlerce ayri
dar frekans bandi tespit edilebilir. Boylece, RF
radyasyonunda hangi frekanslarin bulundugunu
ve bunlarin goreceli gliglerinin ne oldugunu
ogrenebiliriz. Elde edilen RF radyasyonunun
frekans ve polarizasyonu incelendigi zaman RF
kaynaklar1 hakkinda bize birgok ipucu
vermektedir. Diinya’ya ulagan RF enerjisinin
yogunlugu (veya giicii), goriiniir aralikta alinan
radyasyonla karsilastirildiginda kiigiiktiir. Bu
nedenle, bir radyo teleskopunun kullanigh
olmasi i¢in genis bir “toplama alan1” veya
anteni olmalidir [11]. Bilinen devasa boyutlu
radyo teleskoplarla siirekli olarak g6zlem
yapilmakta ve Evrenin bilinmeyen yonleri
kesfedilmeye caligilmaktadir. Bunun yaninda
daha kiiciik boyutlarla ve kiigiik 6lcekli, egitim
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amagli insa edilen radyo teleskoplar da
mevcuttur [2-4]. Bu ¢aligmada egitim amagh
kullanilabilecek  yazilim  tabanli  radyo
teleskoplarin RF blogunda kullanilmak iizere
mikrogerit bant geciren filtre tasarimi
yapilmustir.

2.2.1420 MHz ve Radyo Astronomide Notr
Hidrojen (neutral hydrogen-HI)
Emisyonunun Onemi

Evrenin bazi bilesenleri yalnizca radyo frekansi
imzalar1 araciliftyla incelenebilir. Bu durum
ozellikle, yalnizca 1420 MHz (21cm) spektral
hatt1 araciligiyla tespit edilen, en bol malzeme
bileseni olan notr hidrojen
(neutral hydrogen — HI) igin  gegerlidir.
Yaklastk 1420 MHz’de 21 cm’lik bir dalga
boyuna sahip olan HI emisyonlari, bir
galaksideki uzak yerlerden ve yonlerden
kaynaklanir, yildizlar arasi bulutlar arasinda
seyahat eder ve Doppler kaydirmah
frekanslarda yer tabanli radyo teleskop
gozlemler ile ortaya ¢ikar [12]. Bu frekans
kaymasina iliskin arastirmalar, emisyon
bolgesinin  diizeninin ve bagil hizlarmin
ayrmtilarin1  verir. Bu HI emisyonlarindan

yapilan haritalar, Samanyolu’nun sarmal
yapisini ortaya cikarmugtir. Bugiin
Hindistan’daki Pune yakinlarindaki
“Giant Metrewave”  Radyo Teleskobu,

Avustralya’daki “Parkes” Radyo Teleskobu,
ABD’deki  “Greenbank”  teleskobu ve
Ingiltere’deki “Jodrellbank” teleskobu gibi
birgok radyo teleskopu rutin olarak 21cm’lik
gozlemler yapmaktadir. Bu dev teleskoplar ¢ok
hassas ve karmasik gozlem gorevlerini yerine
getirme yetenegine sahipken, insanlar egitim ve
deney amacli basit radyo teleskoplar da insa
etmektedirler. Bu tiir teleskoplari insa etmek,
elektronik, antenler, sinyal isleme,
programlama ve astronomi gibi gesitli
disiplinler arasi alanlarda egitim firsatlar1 saglar
[9,10]. Bu c¢alismada egitim amagh inga
edilmesi planlanan radyo teleskoplarin alici
blogunda kullanilmak iizere mikroserit bant
geciren filtre tasarimi yapilmistir.

2.3. Radyo teleskoplarin RF blogu ve Bant
Geciren Filtrelerin Radyo Teleskoplar
Acisindan Onemi

Yildizlar, galaksiler, kuasarlar ve diger
astronomik nesnelerin tiimii kozmik radyo
kaynaklaridir. Bu kozmik sinyalleri incelemek
icin radyo teleskoplar kullanilir. Yazilim tabanli
basit bir radyo teleskop sistemi bir radyo anteni,
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bir diisiik giirtiltiilii yiikseltec, bir bant geciren
filtre ve bir yazilim biriminden (yazilim tabanl
radyo) olusur. Egitim ve deneysel amagh da
kullanilabilecek basit bir radyo teleskop RF
alict blogu Sekil 1°de gosterilmistir. Alinan
kozmik sinyaller zayiftir ve karasal radyo
paraziti tarafindan bozulmaya aciktir. Yazilim
tamimh radyo teleskop, diisiik maliyetli bir
teleskoptur ve egitim amagh kullanilabilir [4].
Kozmik sinyaller farkli bozulmalara da maruz
kalabilir. Bu sebeple radyo alicisindaki
giirtiltiiniin ve istenmeyen diger sinyallerin bir

Bant Gegiren Filtre (BGF) kullanilarak
filtrelenmesi gerekir.
Dusgtk Bant
Anten |—»| Gurdltili || gegiren —»{ SDR
Yikselteg Filtre

Sekil 1. Radyo teleskop RF alici blogu.

Bu c¢alismada yazilm tabanli  radyo
teleskoplarin RF blogunda kullanilmak iizere
mikroserit BGF tasarimi yapilmigtir. Sekil 1°de
de gosterildigi gibi radyo teleskoplarin alict
blogunda anten, diigiik giiriiltiilii yiikseltec,
BGF ve sinyal islemci blogu yer almaktadir.
Kozmik sinyaller ¢cok zayiftir ve bu sinyaller
karasal radyo parazitleri tarafindan da
bozulurlar. Radyo alicisindaki giiriiltiiniin BGF
kullanilarak ~ filtrelenmesi  gerekir. Radyo
teleskoplarin RF blogundaki her bir eleman ayr
ayr1 tasarlanabilecegi gibi ticari olarak da satin
alinabilirler.

Filtreler frekans tepkisine gore algak gegiren,
yiksek geciren, bant geciren, bant durduran
olmak tizere 4’e ayrilirlar. Genlik tepkisine gore
filtreler ise binomial (Butterworth), Chebyshev,
elliptic (Cauer) ve Bessel olarak 4’e ayrilir.
Algak geciren filtre, temel filtre tiiriidiir. Algak
gegiren filtrenin frekans doniisiimii ile ytiksek
gegiren, bant geciren ve bant durduran filtreler
tasarlanabilirler. Chebyshev filtresinin
zayiflamasi, makul dalgalanma sinirlar
icerisinde, genlik-frekans egrisinde daha diktir
ve dolayisiyla talep edilen ayni zayiflama igin
diger filtre tiirlerine goére daha az asama
gerektirir [13]. Gereksinimlere ve kullamim
yerlerine bagh olarak, RF/mikrodalga filtreler,
toplu elemanli veya dagilmis elemanl devre
yapilarinda tasarlanabilir; dalga kilavuzu,
koaksiyel hat ve mikroserit gibi cesitli iletim
hatt1 yapilarinda gerceklestirilebilirler [14].
Toplu elemanlar kullanmanin avantaji kiigiik
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boyutlarindadir, ancak Q-faktorleri, dagilmis
elemanlardan daha disiiktiir, bu da filtre
uygulamalar1 i¢in daha yiiksek ekleme kaybina
neden olur. Dagilmis elemanlarin dezavantaji
ise devre i¢erisinde daha fazla yer kaplamasidir.

Mikroserit yapilar, dielektrik bir alt tabaka
iizerinde metalik iletim hatlarindan meydana
gelir. Basitlikleri ve diizlemsel yapilan
nedeniyle kati-hal radyo sistemlerinde siklikla
kullanilan mikrodalga ve milimetre dalga hibrit
entegre devreler i¢in ¢ok kullamighdir [15].
Geleneksel mikroserit algak gegiren veya bant
geciren formlarda tasarlanabilen basamak
empedans rezonatorlii filtreler ¢ok yaygmn
kullanim  alanlarina  sahiptir. ~ Basamak
empedans rezonatorleri, farkli karakteristik
empedanslara sahip iki iletim hattindan olusur
ve kompakt bant gegiren filtrelerin tasarimi i¢in
oldukca kullanighdir. Genel bir BER yapisi
Sekil 2°de gosterilmistir [16]. BER yapisinda Z;
ve Z, empedanslar1 iletim hatt1 genisliklerine
(W ve W,) baghdir [17]. W;>W, olabilecegi
gibi W, <W,’de olabilir. BER yapis1 simetriktir.

Zi ve Z, degerlerinde iki karakteristik
empedansa ve Y; veY, degerlerinde
karakteristik admitansa sahiptir.
B =2(8;+6,)
05 20, 05
Zy Z Zy

Sekil 2. Basamak Empedans Rezonator yapist.

v 2(Ktan6, + tan®,) * (K — tan, * tand,)
= *
e = tan20,) — 2(1 + K2) = tanb, * tanb,

(1)

Burada K empedans oranidir ve su formiille
ifade edilir;

Y

K = empedans orant = ZZ/ 7, )

Y; = 0 ise rezonans durumu elde edilir. Sekil
2’deki BER yapisi icin (3) ve (4) esitlikleri
gecerlidir [18].

K="/, <1 3)
Or<m 4
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Filtre tasariminda ¢esitli Odiinlesimler vardir.
Fakat tasarimda genel olarak sayacagimiz
parametreler 6nemli rol oynamaktadir; EKleme
Kayb1 (EK), dalgalanma (ripple), bant
genisligi (BG), kesirsel bant genisligi (KBG)
bunlardan bazilaridir.

Ekleme Kaybi (EK-S,;): Bir RF devre yoluna
eklenen ideal bir filtre, gecis bandinda higbir
kayba sebep olmaz. Fakat pratikte mutlaka filtre
kaynakli bir zayiflama meydana gelecektir.
Filtrenin eklendigi sistemde meydana getirdigi
zayiflama ekleme kaybi olarak adlandirilir.

P..

EK = 10log 2= (5)
Pyﬁk

EK = —10log (1 — | Fyiris|*) (6)

Denklem (1) ve Denklem (2) ile tanimlanan EK
formiiliinde; Py, yiike aktarilan gicti, Py
ise kaynaktan girige gelen giicii tanimlar. |Fgm-$|
ise filtre girisindeki yansima katsayisidir.

Dalgalanma: Gegirme bandindaki sinyalin
dizligli  dalgalanmayr  tanimlamak  igin
sayisallastirilabilir. Dalgalanma maksimum ve
minimum genlik tepkisi arasindaki dB olarak
dalgalanmay1 ifade eder. Chebyshev filtreleri

tasarimciya dalgalanmay1 kontrol imkan1
saglarlar.
Bant genisligi (BG39%): Denklem 3’te

gosterildigi gibi Gegis bandinda 3dB zayiflama
noktalarindaki alt kesim ve st kesim frekans
farki ile tanimlanir.

BG34B = f£3dB _ 3dB 7)

ust alt

Kesirsel Bant Genisligi (KBG): 3dB bant
genisliginin, filtrenin merkez frekansina orani

olarak tanimlanir.  Matematiksel  olarak
Denklem 4 ile ifade edilir.
BG3dB
KBG = 8
fo

3. DENEYSEL BULGULAR

3.1. Mikroserit BER Bant Geciren Filtre
Tasarimi

Calismada radyo teleskop uygulamalarinda
kullanilmak tizere 1420 MHz merkez frekansl
mikroserit BER filtre tasarimi yapilmistir. Filtre
ADS Pasif Devre Simiilasyon Asistant

14

kullanilarak tasarlanmistir. Pasif devre tasarim
rehberi yardimiyla, istenilen merkez frekansi
(f;), bant genisligi (BG), gecis bandi
dalgalanmasi, durdurma bandi zayiflatmasi gibi
optimizasyon hedeflerine gore paralel kuplajh
hat uzunluklari optimize edilmistir.
Optimizasyon ile tasarim hedeflerine ulasilmig
ve istenen sonuclar elde edilmistir. Filtre 1420
MHz radyo teleskop uygulamalar i¢in gerekli
kriterleri saglamaktadir. Caligmada tasarlanan
filtre BER mikroserit yapidadir. Ucuz ve kolay
bulunabilir oldugu i¢gin taban malzeme olarak
FR, (& = 4.4, tanD = 0.002, h = 1.6mm,
T = 0.0035mm) tercih edilmistir. Filtre ADS
modeli ve baski devre modelleri sirasiyla Sekil
3 ve Sekil 4’te gosterilmistir.

Filtre 72mm X 7.5mm boyutlarindadir. Filtre
gerceklenebilir uzunluktadir. Tasarimi yapilan
filtrenin S,; ve Sy, grafikleri Sekil 5 ve Sekil
6’da gosterilmigtir. 1420 MHz frekansinda S5,
ve Sy strastyla-0.152dB ve -38dB bulunmustur.
Sekil 6°da gosterildigi gibi Filtre BG345 degeri
yaklagik 130 MHz’dir. Sekil 5’te genisletilmis
frekans ekseninde gosterildigi gibi filtre
empedans bant genigligi ise yaklasik 90
MHz’dir. Filtre faz cevabi ise Sekil 7’de
gosterilmigtir. Filtre lineer bir faz cevabina
sahiptir. Calismada tasarlanan filtrenin genel
ozellikleri ve simiilasyon sonuglar1 Cizelgel’de
Ozetlenmigstir. Cizelgede de oOzetlendigi gibi
filtre Chebyshev genlik tepkisine ve yaklasik
%6 KBG ye sahiptir.

Calismada tasarlanan filtre literatiirde bulunan
radyo teleskop uygulamalar1 i¢in tasarlanmis
diger baz1  filtrelerle  Cizelge  2°de
kargilagtinlmigtir. Calismada tasarlanan filtre
literatiirde radyo teleskop uygulamalari i¢in
tasarlanmis  diger  filtrelerle = mukayese
edildiginde; merkez frekansinda ekleme kaybi
(S,1) ve giris yansima katsayisinin (S;;) diger
tasarimlara gore en iyi degerlere sahip oldugu
goriilmiistiir.  Filtre 3dB ve 10dB bant
geniglikleri de uygulama igin  yeterli
seviyelerdedir.
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Sekil 6. S,; ve S;; sonuglari.

MCFIL MLIN
CLin1 L1 | ] »
= Subst="MSub1" Subst="MSub1" I\E IWI L1
W=1.26 mm W=0.273 mm CLin2 TL2 .
$=0.0589 mm  L=21.29 mm . . . . erm
Subst="MSub1 Subst="MSub1
L=10.719 mm W=2.757 mm W=0.273 rm it orm2
S$=0.833 mm L=21.29 mm —n " -
[dR| searaveTeRs | L=9.549 mm e b &80 ohm
$=0.0589 mm L
éf,:aram MSub =10.119 mm =
Start=1.0 GHz
Stop=3 GHz iy
Step=10 MHz H=1.6 mm
Er=44
Mur=1
Cond=1.0E+50
Hu=1.0e+033 mm
T=0.0035 mm
TanD=0.002
Rough=0 mm
Sekil 3. Filtre ADS Modeli.
Sekil 4. Filtre baski devre modeli.
o m'G
e Tt 200
E . *a mgv".. m
10 SORE Ty Th 150—| Y [m5
j T s ffreq=1.480GHz
20t i 1004 1 |phase(S(2.1))=164.016
! :- ~ mé b T . ---,,_.__“ NS
-30| 1 X freq=1.420GHz = s el e Y
. my | |dB(s(2.1))=-0.152 o “ RO
404 |m8 M — O - e,
1 [req=1.400GHz @ ' .
50 dB?S(1‘1)}=-12.903 freq=1.420GHz £ 50 ' 1m4
1 s dB(S(1.1))=38.018 1 lfreq=1.460GHz
60 ffreq=1,480GHz 100 i1bhase(S(2,1))=-169.499
4 [dB(S(1.1))=-10.298 . -'
o N S S N S I U N B r|;4
120 125 130 135 140 145 150 155 160 165 170 175 180 200 L B B e B O
freq, GHz 0.0 05 10 15 20 25 30
. freq, GHz
Sekil 5. S,; ve S;; sonuglar1. . e
Sekil 7. Filtrenin faz cevab.
0
Tm1
“10freq=1.380GHz gﬁé’»q Py — . .
1dB(S(2,1))=-1.681 =1 i O 1 1
2 9B(52,1) AB(5(2 1))=2.015 Cizelge 1. Tasarlanan flltre.nln oze_lhklen
0] & Filtre Tiirii Microstrip BER
] j fo 1420 MHz
“] , S (@f,) -0.152 dB
m.
0 freq=1.420GHz S (@f) -38.018 dB
o] dB(S(1,1))=-38.014 BG39B ~130MHz
wld KBG % 5.63
00 0s 10 15 20 25 30 Filtre genlik tepkisi Chebyshev
freq, GHz
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Cizelge 2. Calismada tasarlanan filtrenin literatiirdeki diger filtrelerle karsilastirmasi.

Filtre Uvaulama  Filtre fo Dalgalanma EK S BG3?E

Teknolojisi =79 Tiri  (GH2) (dB) (dB) (dB)  (MH2)
Mikroserit Radyo } :

[2] Interdigital Teleskop NA 6 NA >-0.6 <-20 3960
Mikroserit Radyo

[3] Interdigital Teleskop Chebyshev 1.42 0.01 >-3 <-10 110
Mikroserit Radyo

[4] kuplajl hat Teleskop Chebyshev 142 0.5 -2.806 <-10 300

Bu Mikroserit Radyo

calisma BER Teleskop Chebyshev 1.42 <0.1 -0.152 -38 130

4. SONUCLAR Pandian BA, Ganesh L, Inbanathan SSR,

Calismada 1420 MHz radyo teleskop Ragavendra KB, Somashekar R, Prabu T.

uygulamalar1 i¢in mikroserit BGF tasarimi
yapimistir. 1420 MHz atomik yapidaki notr
hidrojen emisyon Ol¢iimleri yildizlararasi ortam
hakkinda bilgi verdigi i¢in oldukc¢a 6nemlidir.
Calismada radyo teleskoplarin RF blogunda
istihdam edilmek ftizere paralel kuplajli hatlar
kullanilarak BER yapisinda mikroserit bant
geciren filtre tasarimi  yapilmistir.  Filtre
Chebyshev genlik tepkisine gore tasarlanmistir.
Tasarlanan filtrenin ekleme kayb1 (S,) -0.152
dB, yansima katsayist (S11) -38 dB, 3dB bant
genisligi (BGzap) 130 MHz, empedans bant
genisligi  (BGqoqp) ise yaklastk 90 MHz
degerlerindedir. Filtre kesirsel bant genisligi
(KBG) ise %5.63 olarak hesaplanmistir. Diisiik
yansima katsayist ve ekleme katsayisi degerleri
ile calismada tasarlanan filtre radyo teleskop RF
blogu i¢in gerekli sartlart saglamaktadir. Ayrica
elde edilen diger sonuglar filtrenin 1420 MHz
radyo teleskoplarin RF blogu icin gerekli
sartlar1 sagladigini gostermektedir. Filtre baski
devre haline getirildikten sonra gegirme bandi
disinda istemeyen sinyalleri filtreleyecektir.
Ilerleyen calismalarda  hidrojen  emisyon
Olglimleri i¢in egitim amagli bir radyo teleskop
insa edilmesi planlanmaktadir. Bu ¢alismada
tasarlanan bant geciren filtre ger¢eklenerek bu
sisteme entegre edilecektir.
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ABSTRACT

3D printers, which have been used in recent years, enable the conversion of a digital model into a
physical 3D object by placing the filament material layer by layer and can help a wide variety of
industries. Digital models can be created using software such as Solidworks and Catia or data created
by a 3D scanner. This study designed all parts of a two-stage reducer gearbox consisting of spur and
helical gear pairs. The torques are calculated according to the input power. Shafts that can transmit
torques are designed.  Gear wheels were calculated according to the total reduction ratio and were
designed to transmit torques. CAD software (Solidworks) designed the gearbox parts, assembled them,
and simulated them. Thus a digital model has been created. CAD models were transferred to the 3D
printer. The slicing was done precisely using Cura software. On the other hand, the Marlin software
reads the G codes created with Cura software sent from the computer. PLA (Polylactic Acid) was used
as the filament material. The digital model, in other words, the CAD assembly, has been checked with
Solidworks simulation. It has been seen that the gears work in harmony with each other, and the shafts
turn smoothly. On the other hand, the model produced with a 3D printer was checked by applying torque
to the input shaft on a small lathe spindle. The tachometer was used to measure rotational revolutions.
It was seen that the gears and shafts worked smoothly. Gearboxes made of PLA work silently, do not
require lubrication with industrial machine oil, and are clean. PLA material is a plant-based plastic that
is not harmful to human health.

Keywords: Gearbox, PLA Material, 3D printing, CAD, Additive Manufacturing.

1. INTRODUCTION pharmaceutical industries and sensitive product
Gear systems used to reduce the input rotation areas. In most cases, the climate should be
speed to the desired output rotation speed in completely free of bacteria. Machine lubricating
places where the rotational movement taken oils are also harmful to human health. This
from the motor is higher than the need is called problem has been solved with hygienic type
reducer. Gearboxes are independent elements special gear motors and gearboxes.
added to the needed system.
Gearboxes can be used wherever there is force Previous studies investigated the effects of
and movement. Walking grates, pumps, machine nozzle temperature and filler density on the
tools, elevators, cranes, textile machinery, sheet mechanical properties of structures produced
bending machines, rams, rotary drums, with polylactic acid (PLA), one of the commonly
conveyors, etc. They are used where there are used 3D Printer materials. These studies
many rotational movements. Various designs are evaluated three-dimensional printer product
available, manufactured in different torque and structures  regarding mechanical properties,
sizes. production time, and cost [1]. The gearbox of a
belt conveyor carrying coal and operating in
It is crucial to create a hygienic environment in dusty environments in a thermal power plant has
the food, beverage, food industry, chemical, and been investigated. The causes and solutions of
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significant faults in such gearboxes are
explained [2]. Another study created a bolt and
nut model using Solidworks software. Precise
slicing was done using Cura software on the
three-dimensional printer and directed to the
print. PLA and ABS were used as printing
materials [3]. The mechanical properties of the
samples produced as layers from PLA and TPU
materials were investigated. Tensile and
compression tests were applied to the samples
prepared with 20%, 60%, and 100% filling
percentages.

1.1. Nomenclature
List of symbols.

P, (kW)  Input power

P, (kW)  Output power

n,  (rpm)  Input speed

n, (rpm)  Output speed

ir () Total reduction ratio

i, () Reduction ratio between first and
second gears

iz (-) Reduction ratio between third and
fourth gears

z (-) Number of teeth

ne  (-) The efficiency of the system

d, (mm) Section circle diameter

m  (mm) Module

m, (mm) Normal module for helical gears

m, (mm) Transverse module

M, (Nm) Torque

S (-) Safety factor

d (mm)  Shaft diameter

List of abbreviations

CAD Computer-Aided Design

3D Printing Three-Dimensional Printing

STL Stereolithography

SD Card Secure Digital Memory Card

It was observed that sample sizes and filler
percentage significantly affect mechanical
performance. Filling percentages are essential
for designers using mechanical loading
applications [4]. A single-stage reduction
gearbox has been outlined. The gears, shafts, and
gearbox casing have been optimized [5]. In this
study, several simple CAD systems are
examined. Thus, technical and economic criteria
were evaluated. It has been shown how the
designed models can be used in 3D printing. This
work illustrates the possibilities and limitations
that can be expected when using simple CAD
systems. [6]. This study gives general
information about 3D printing techniques,

19

classification, materials used, and applications in
various industries [7]. This article examines the
wide variety of materials applied in 3D printing.
The article also describes the applications of 3D
printed products made of different materials and
the different processes of 3D techniques. Advice
has been given to people who will work on 3D
printing. A study has emerged that will be useful
to people who are interested in 3D printing [8].
This article is an experimental study of a Ganesh
idol demonstrating its critical benefits such as
additive manufacturing or 3D printing, rapid
prototyping, flexible design, and waste
minimization. Therefore, this article provides an
overview of 3D printing and a survey. There are
applications and information about how fast 3D
printing technology is developing and globally
focused research results [9]. Here the author
reviews several standard simple CAD systems.
Thus, he examined the technical and economic
criteria. It also showed how models designed in
this way could be used in 3D printing. This is a
case study. It shows the possibilities and
limitations of using basic CAD systems [10].
The author; First, three geometric models of
rectangular, oblong, and ellipse are used at
different nozzle distances and scan speeds. Then,
using these geometric models, it created three
new G-code programs for manufacturing. The
difference between the CAD model and the
oblong model showed that the oblong model is a
better choice for controlled 3D printing of
microchannels [11]. This article presents four
new sabotage attacks for fused filament
fabrication (FFF) based 3D printing: (1) spacing
via filament Kinetics, (2) density variation via
filament state, (3) density variation via filament
velocity, and (4) dynamic thermal manipulations
were examined. In this study, small attacks that
are difficult to detect are examined [12].

In this study, the top cover design and prototype
production of a carpet washing machine was
made. It aims to make a design change on the
upper part of the device to increase export sales
and produce a new model product at a low cost.
For this purpose, three different designs were
made. A design was selected by applying
concept tracking/scoring matrices to the designs.
A prototype of the selected design has been
produced, aiming to make controls on the
prototypes [18]. In this study, autonomous
underwater vehicle design and application were
carried out using 3D printing technology. The
shell design of the autonomous underwater robot
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was carried out by observing creatures with high
maneuverability underwater, and Computational
Fluid Dynamics analyzes were carried out. After
the shell design and manufacturing were
completed, the propulsion system and electronic
equipment were completed, and the physical
structure of the autonomous underwater vehicle
was completed [19]. In this study, high flame
appearances of firearms, especially in night use,
were investigated. The model to be developed
was designed with SolidWorks, and internal
airflow analyses were made with Solidflow. The
prototype of a previously produced model was
reproduced with a three-dimensional printer.
The new design aims to increase night vision and
conceal the wearer's position by minimizing the
appearance of flame after a muzzle blast [20].
These studies aim to reduce the noise caused by
gears in automobile transmissions. The
geometric design parameters of the gearbox
were optimized [21], [22]. The Real Coded
Genetic Algorithm (RCGA) has been applied to
obtain the optimum helical gear design. In this
study, the volume of a helical gear pair is
minimized by including the module, face width,
and the number of teeth, as well as the profile
shift coefficients as design variables using
RCGA [23]. It is a review article and aims to
provide an overview of the studies on gear
optimization, as well as to summarize the results
obtained by other researchers and to formalize
the gear optimization process [24]. In this study,
the author made multi-objective Optimization of
the gear train design to improve efficiency and
transmission error. It has realized the multi-
purpose Optimization of the gear unit with a
multi-scale approach from the gear main idea to
the complete transmission. A genetic algorithm
technique called Non-Dominant Sequence
Genetic Algorithm I (NSGA-II) was used in the
Optimization [25]. This study evaluated the
effects of gear addendum and dedendum on the
optimization results for gear macro geometry
design. Gear mass, efficiency, and transmission
errors were considered objective functions for
Optimization.  Optimization  results  were
normalized to min-max, and mean values of total
scores were compared [26]. This study presents
a method for calculating root and contact stresses
for metal, spur, and helical gears. The results are
verified by finite element calculations [27]. In
this study, the macro geometry of a helical gear
pair is optimized for low weight, high efficacy,
and low noise; Furthermore, optimal solution
trends were analyzed for five combinations of
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the three goals [28]. This study investigated the
effects of helix angle, mechanical errors, and
coefficient of friction on the time-varying tooth-
root stress of helical gears [29]. This work is a
platform  for 3D  printers,  additive
manufacturing, and 3D printed structures of the
future [30]. This study developed a new
composite filament that can be used in low-cost
3D printers to produce complex ceramic shapes
[31]. In this article, a study was carried out on
optimizing effective design parameters for a
five-speed automotive gearbox. During the
Optimization, the tooth-bending stress was taken
as the objective function [32].

2. GEAR DESIGN
2.1. Material Selection

PLA filament is a 3D printer material. PLA
(Polylactic  Acid) is a plant-based and
biodegradable plastic. PLA is plastic produced
from products such as corn starch and sugar
cane. Since PLA is produced from organic
materials, PLA filament is not harmful to human
health.

In Figure 1, stress-strain curves of PLA material

according to different filling densities. Table 1
shows the attributes and values of PLA filament.

70

Stress
(MPa)

Strain (%)

Figure 1. PLA material stress-strain values
according to different filling densities [1]
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Table 1. PLA material mechanical properties

Parameter Attributes and
values
Density 1.3 g/cm®
Young’s modulus 3.5 GPa
Elongation limit 6.0 %
Specific strength 38 kN-m/kg
Ultimate tensile strength | 50 MPa
Shear modulus 2.4 GPa

2.2. Filament Consumption During Printing
Low filling density can be preferred in
applications that require fast production and
lightweight. On the other hand, high filler
density could be preferred in cases where high-
impact strength and flexibility are significant.
(Table 2).

Table 2. PLA material filling ratios tensile stress.

PLA PLA
filling  tensile  Filling
Parts density  stress  pattern
% MPa
1t gear 60 36 grid
2" gear 60 36 grid
3" gear 60 36 grid
4™ gear 60 36 grid
1t shaft 80 45 grid
2" shaft 80 45 grid
3dshaft 80 45 grid
Lover case 20 30 line
Upper case 20 30 grid

2.3. Gear Calculations
The design data was determined according to the
stress values of the PLA material.

Input power P; is 0.3 kW, and the input
revolution speed n;=800 rpm. The total
reduction ratio is ir= 20.

The total reduction ratio,

n
iT = n—i (1)
Iy = U1 " i34 (2)

Reduction ratio between first and second gears,

i1 = 1.2\/ir (3)

. ny  Zp

lip = le = 7 (4)
Reduction ratio between third and fourth gears,

. Np  Zy

l34 = 3 = Z3 (5)
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Output power and total efficiency,

P, =P n (6)
Pitch circle diameter of spur gears,

dy=mz (7
Transverse module,

M= Good ®)
Pitch circle diameter of helical gears,

do =m; z ©)
Torque,

Py
M; = 9550 — (10)

nq

In this gearbox, the input speed is the speed of
the first shaft and the output speed is the speed
of the third shaft. The pressure angle between
cooperating gears is taken as 0=20°, and the helix
angle in helical gears is taken as f=15°. The
calculated values of the gears are given in Table

@).

Table 3. Gear calculations.

Number Module P.'tCh F.ace
Gear circle  width,
Type ofteeth, m, mt
number ; (mm) do, b
(mm)  (mm)
1 spur 15 1.25 18.75 10
2 spur 81 1.25 101.25 10
3 helical 18 1.75 31.50 15
4 helical 67 1.75 117.25 15

2.4. Shaft Calculations
Shafts are machine elements used in power and
motion transmission. The shafts in this study are
rod elements of circular cross section and enable
the gears on them to rotate. They are forced by
torsional and bending stresses due to the gear
forces that occur depending on the input speed
and torque.
_ M

T W

Tte (11)
Tt IS the torsion stress as (N/mm?), M is the
torsion moment as (Nmm), and W is the bending
strength moment as (mm?).

M, =9.55.10° = (12)
P is the power as (kW), and n is the number of
shaft revolutions as (rpm).
_ md?

W, =

16

(13)
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The maximum bending stress (omax) toOk as 45
MPa.

Omax
S

6, = (14)

oe Is the safe stress, s is the safety factor, and s=
1.2 is chosen. The shaft diameter calculates as
follows.

3132 M
d= /—f
T O¢

(15)
Table 4. Calculated values of shafts
Shaft Numbgr of Torques, _ Shaft
revolutions, diameters,
number Mt (Nm)
n (rpm) d mm
1 800 3.581 11
2 149 19.228 18
3 40 74.645 28
Mt-n Graph
80,000
70,000
— 00,000
g 50,000
o 40.000
=]
S 30,000
[=]
= 20,000
10,000
0

200 400 00 B0OO 1000

Number of revolution (rpm)

Figure 2. Torque-number of revolution diagram

The number of revolutions in Table 3 is
calculated from equations (1), (4), (5), torques
are calculated from equation (10), and shaft
diameters are calculated from equation (15).
During operation, radial and tangential forces
occur in the gears. These forces are usually
calculated in the 2D plane. These are transmitted
to the rolling shaft bearings as a reaction force.
In this way, bending moments occur in the
shafts. This study calculated bending moments
for each of the three shafts. The sections
dangerous against breakage were depicted. The
locations and diameters of the steps on the shafts
were determined. At all stages of calculations,
toot bending stresses and toot contact stresses are
considered.

In order to make gear strength calculations, basic
calculations, and geometric measurements must
be made and known. If these values are changed
due to strength calculations, the calculations are
made again with new values. Strength
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calculations are iteration on the one hand and
vicious circle calculations on the other. The
processes continue until the calculations and
measurements match each other. This study is
used in the ISO 6336 standard for strength and
dynamic calculations. Especially in the
calculations of bending stresses and gear contact
stresses. Although we take 1ISO 6336 as a guide
in this study, it has always been considered that
the material we use is Poly Lactic Acid. In order
to prevent tooth root fractures filling ratio of
PLA material is kept high, and the tightest fill
pattern is used.

3. CAD MODELLING

Solidworks, a CAD software, is used in various
industries for product designs. It provides a fast,
economic and efficient study. In this study
according to the calculated measurements,
shafts, keys, and upper and lower casings were
drawn with Solidworks software. Spur and
helical gears, ball bearings, bolts, screws, and
nuts were created according to ANSI metric
standards in the design library in Solidworks
software.

Isometric view

Figure 4. An example of a dimensional part.
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4. PRINTING

Cura software is a three-dimensional slicing
program. In this study, the STL file format
was used in Cura software. On the other hand,
the Marlin software reads the G codes created
with Cura software sent from the computer
and provides the printer’s control.

Bearing 620571
6 3rd Shaft
« -

4th Gear

[
earing 620571

Figure 5. CAD modelling of the first shaft

Bearing 60822

1st Shaft
1st Gear

Figure 6. CAD modeling of the intermediate
shaft.
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Bearing 6201

2nd Gear

3rd Gear

Bearing 6201

Figure 7. CAD modeling of the output shaft.

@

(b)
Figure 8. (a), (b) CAD modeling of the gearbox.
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This study converts each part drawn with CAD
software to STL format. The part to be produced
was extruded along the z-axis. The printing
parameters in Table 6. were entered for this
study. After the printing parameters, the slicing
software was started. The slicer software
converted the STL file and printing parameters
into G-codes and sent them to the printer control
software.

CAD Software

1l

Creating CAD File

-

STL Software

=

CAD to STL File

—

Slicer Software

P

STL to G-Code

-

Printer Control
Software

=

Printing the
Object

Figure 9. 3D printing process flow chart.

Figure 9 shows the flowchart for the 3D printer.
Solidworks software was used as CAD software.
In this study. Four different toot wheels, three
different shafts, four different keys, six different
covers, and two different gearbox case solid
models were drawn for this reducer gearbox, and
CAD files were created. Each file was imported
into the slicer software as an STL file. Ultimaker
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Cura was applied as the slicer software. G-codes
were generated by entering operating voltage,
extruder structure, nozzle temperature, table
temperature, nozzle diameter, layer thickness,
and filament diameter. G code files SD card was
loaded printer separately. The parts produced
with 3D printers were assembled. Moreover, the
assembly used six different bearings, many
screws, and nuts. In this study, the PLA material
filling rate was 60% for gears and 80% for shafts,
and 20% for the lower and upper boxes. A 1.2
mm diameter nozzle was used for the upper and
lower boxes. The lower box was printed in one
go, the upper box piecemeal. The printing time
for the boxes was in the range of 14-20 hours. A
0.6 mm diameter nozzle was used for gears and
shafts. Due to the high number of walls in the
gears, much filling was not required. The
printing time for the gears was in the range of 4-
8 hours. Printing time for shafts was in the range
of 2-4 hours. There are hundreds of setting
options in Cura software, and changing even one
of these options changes the printing time,
weight, and amount of filament. The printing
time can be significantly reduced by using the
appropriate options.

(b)

Figure 10. (2), (b) Printers used in production.
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Table 5. Features of printer 1.

Parameter Printer 1
Print volume 200x200x190
Model (mm)
Software Anet A8
Operating voltage (current)
Extruder structure Marlyn
Maximum nozzle 24V DC, 20A
temperature Bowden
Maximum table Extruder
temperature 275°

130°

Table 6. Features of printer 2.

Parameter Printer 2
Print volume 300x300x400
Model (mm)
Software Tronxy X5SA
Operating voltage Default
Extruder structure software
Maximum nozzle 24V DC,
temperature 30A
Maximum table Bowden
temperature Extruder

265°

90°

Table 7. Print parameters.

Parameter

Attributes and
values

Nozzle diameter
Layer thickness
Wall number
Print temperature
Table temperature

0.6 mm
0.4 mm
2
216°C
60°C

Table8. Filament properties.

Parameter Attributes and values
Amount of 1000 gr.

filament

Filament type PLA+

Filament diameter 1.75 mm
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Figure 11. Gearbox case in Cura
slicer software.

&

Figure 12. Helical gear wheel in
Cura slicer software.

Figure 13. Cura 3D fill pattern [17].

If this model is used for mechanical purposes,
the best option is to choose a 2D pattern such as
Grid, Lines, or Triangles. The grid pattern
consumes more material but is more rigid. The
printing time of the grid pattern is also longer.
The line pattern prints quickly and consumes less
material. The triangular pattern provides good
wall strength in thin structures This study mainly
used the grid pattern as a filled form. A small
amount of line pattern was also used.
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5. RESULTS

Figure 14 shows the gearbox prototypes, the
parts of which were 3D printed and then hand-
assembled. Bearings, screws, and nuts are
purchased as standard parts. The outer
dimensions of the gearbox are 280x135x160
cubic millimeters. The total reduction ratio of the
system is 1/20. The reduction ratio has been
reduced from nl= 800 rpm to n3 =40 rpm
(Figure 2). For example, this reducer can be
attached to the belt conveyor motor to transport
lightweight and hygienic goods. In the food
industry,  chemical and  pharmaceutical
industries, and sensitive products areas.

However, the box casing can be redesigned in
Solidworks software according to the geometric
situation of the place where it will work and can
be printed on a 3D printer. Similarly, gears can
be redesigned and printed according to the
desired speed and torque value. So everyone can
make their design.

(b)

Figure 14. (a), (b) Prototypes of the gearbox
manufactured with a 3D printer.

26

In this study, a 100% filling rate of PLA material
was not preferred to shorten the long printing
times of solid parts. This preference negatively
affected the strength of the elements. In
particular, the small cross-section of the input
shaft means that it is subject to rapid breakage.

Therefore, we intend to manufacture this reducer
as in figure 15.

Figure 15. A new design to work on [33].

In the new study, the shafts will be steel. This
time, we will use a helical gear pair in the 1st
stage because the first drive comes to the first-
stage gears via the input shaft. However, helical
teeth grasp each other more strongly. Gears and
box cases will be made of PLA material using a
100% fill rate. Shafts and box cases will have a
long life. Lifetime calculations of gears will be
made, and their spare parts will be produced. For
gears, colors in white and light gray tones will be
preferred. For the box case, light pink and yellow
colors will be preferred. In this way, reducers
will have a clean appearance. After these
experiences, gearboxes with different planes of
input and output shafts can also be produced.

6. CONCLUSIONS

Our main goal is to convert a digital model
(CAD drawings) into a 3D physical object. Since
the density of PLA material is low, the weight of
the produced parts is lightweight. It is
economical and easier to manufacture. However,
it is not resistant to high temperatures and
abrasions. The reducer-gearbox made of PLA
can be used at low temperatures (less than 60
degrees Celsius).
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ABSTRACT

With the rapid development of information technologies, the generative design has started to rethink the
future roles of industrial designers. The simulation integrated into generative design helps designers to
create manufacturable products. Therefore, this study examines how generative design can progress with
conventional production processes and how this progress can help designers in the future. The potential
of generatively obtained form-seeking processes to create optimal results is discussed within the scope
of this study. For this purpose, a generative design triggered design process was conducted with a firm
in the real sector about re-designing a bicycle frame. Generative design outputs have been optimized in
terms of manufacturability. The effects of generative design-based inputs on the final product have been
discussed through material usage and the sustainability. Based on the outcomes of the study, suggestions
have been developed on how generative design can be transformed into results that can be a source of
innovation.

Keywords: Generative Design, Designer Role, Design Processes.

1. INTRODUCTION designer; the mathematical formulas entered on
1.1. Design Processes the black screen during production have been
The digital revolution, which started with the replaced by Computer-Aided Design (CAD)
production of the first transistor, reached its software with modern interfaces controlled by
climax with the spread of personal computers. peripherals called mouse [5]. Actions such as
With the use of digital technologies in the prototyping and optimization, which take a long
industry, production processes have become time to perform with conventional methods,
more efficient. With digital automation, have become faster and more effective thanks to
processes have started to take place faster and CAD software. Thus, the design processes have
more smoothly. Thus, it enabled production to also changed with the changing industrial
be made in a shorter time and with higher production processes.
productivity. In addition, thanks to digital
technologies, production processes have The act of the designer seeking a solution to a
become more accessible and understandable problem forms the basis of the design process
[1]. [6]. Although there are many interpretations of
this process in the literature, the common
It is undeniable that the digital revolution, process definition includes problem analysis,
accelerated by the spread of personal concept design, evaluation, enlightenment, and
computers, affects every aspect of life. validation steps [7]. When viewed from a
Designers use one or more design tools broader perspective, it is seen that the design
throughout the act of designing [2, 3]. The process has a much more complex structure. In
digital age, which started with the transition the process, a much more comprehensive
from analogue computers to digital computers, structure  emerges, including  technical
also enabled the evolution of the tools used by information on basic and applied sciences,
the designer [4]. Electronic pens and screens economics, social and geopolitical issues, and
have replaced the paper and pen used by the the definition of needs [8]. The experiences
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gained at each step of the design process form
the basis of the next step.

When descending from the main steps to the
intermediate steps, prototyping and
optimization can be seen among these steps [9].
Prototyping and optimization are cyclical,
multidisciplinary efforts for finding a better
solution [10]. In markets where new designs are
constantly sought, speed and diversity gain
importance in the new product development
process. For this reason, it is necessary to select
multiple alternatives from among potential
solution proposals quickly. It is also essential
for companies to produce many prototypes and
perform optimization on these prototypes.

Exploration

* Generation
.
~  Evaluation

v

Communication
! i
(@) (b)
Figure 1. Cross's simple four-stage design
process model (2) and Gregory's definition of
the design process (b).

The CAD software used by the designers in the
design process is as essential as the steps of the
process. The designers, who tried to prevent
error by simulating the prototypes and analyses
in digital environments before they were
produced, started to produce more complex
designs using CAD tools. As designs evolve
into more complex structures with this software,
there is a need for utility programs that will
reveal the work done more effectively. One of
these needs was to make it easier for designers
to produce forms based on specific algorithms
and within defined limits. The designers using
algorithms and boundaries were looking for a
CAD tool that would minimize the margin of
error, effectively reveal form alternatives, and
allow random occurrences in alternatives. [11].
For this reason, specialized CAD helpers
emerged that would make iterations or changes
in the textures of designs easier and faster.
Although these assistants emerged as a software
add-on at first, they have become stand-alone
software over time. The design model made by
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producing forms with software which have
these algorithms is called generative design
(GD), and its history dates to the early 1900s.
[12].

1.2. Generative Design

GD is a CAD technique that allows the quickly
developing of design alternatives [13]. The GD,
whose processes (See Figure 2) are cyclical and
based on iterations [14], emerged with the
effects of the digital age and showed itself first
in the field of informatics and then in
architecture [11]. The biggest reason why it is
seen in the field of architecture was the fact that
innovative architects and thinkers questioned
the architectural designs of their periods at the
end of the 19th century and the necessity of
establishing the design on universal principles
and keeping it away from individual tastes was
realized [14]. During this period, the focus of
attention of many architects and designers
turned to nature. The book Art Forms in Nature,
published by biologist E. Haeckel in 1904,
attracted the attention of designers who shared
the same idea, and the traces of nature can be
seen in many designs made after this date.

Development
l Process

Data . .
—>» Generate Evaluation — Choice

Collection

Generative Design Flow Chart

Figure 2. GD processes [15].

This software, which architects use when
making decisions on buildings, has turned into
a tool that includes simulation and optimization
in its infrastructure with the advancement of
information technologies (See Figure 3). This
simulation transforms the form to be produced
into optimal design solutions according to the
specified materials and the forces given. While
the previously created forms were defined only
through aesthetic perceptions and textures, it
has now made it questionable how well they
will fulfil the functionality.

GD work is primarily done in the fields of
architecture and engineering. In the literature
research, it has been seen that architects mostly
use GD to produce forms [16-18], and engineers
use it to search for more economical solutions
for the designs to be made [19-21]. In one, all
variations of the desired design forms are
observed, and in the other, the search for the
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best possible solution from all variations within
the desired limits is discussed [22]. GD adopts
a design approach that imitates the evolutionary
formation of nature. With this approach,
computer sciences involved in the GD process
create difficulties for designers who have little
expertise in these subjects [23]. With the spread
of additive manufacturing in the industry the
issue of GD comes to the fore more and gets
closer to industrial design. Despite the
convergence of GD with industrial design, there
needs to be more work done in the field of
industrial design literature.

"G

(@)
Figure 3. GD-1 [24] (Designer: Kiarash Kiany)
GD-2 [25] (Designer: Lightning motorcycle).

Although the design processes have survived
almost unchanged throughout history, they have
changed rapidly since the Industrial Revolution
and have kept up with technology. The most
significant  technological changes  were
undoubtedly the internet age, which became
widespread with the digital revolution [26]. The
limited native processing power of personal
computers allowed designers to work with a
limited number of forms while using GD. We
can easily see the Internet's and internet-
connected technologies' effects in the industry
on GD [27]. Thanks to the cloud technology that
emerged after the internet, GD work has
become much faster and much more form study
can be done on a remote server, independent of
personal computers [28].

Since the production patterns of the GD outputs
are determined in the problem definition
process, the results are formed in accordance
with these production processes. In this context,
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manufacturers need to have these production
processes in their production lines for GD to be
a valuable tool. However, for a designer, the
output of this tool not always be the final
product. If the outputs are considered as form
suggestions, a design approach that can be
progressed with different production processes
can be put forward. Thus, the outputs of the GD
tool during the production process will be
carried over to the design process.

In their study, Singh and Merrick state that GD
can become a helpful tool for designers when
examined within a framework specific to
industrial design [29]. The limited technical
knowledge infrastructure  of industrial
designers, such as force, statics, and resistance,
makes it difficult for them to use this tool.
However, if this technical information is given
to them, they can quickly adapt and include it in
the design processes. This study aims to
research how GD affects the role of industrial
designers in the industry and how it can change
it.

2. METHOD

A firm from the real sector was selected in the
study, in which the potential of GD to be a
resource for design and innovation in the
processes leading up to production was
investigated. In this context, interviews were
held with jewellery design, furniture, and steel
companies. The potential of working on a
product that meets the criteria of having a
function and a form that can be produced with
GD has been questioned. In the study, it is
aimed that the product to be designed with a GD
will be under the effects of a structural force,
that the designed product will not be hidden
under another shell, and that the end user can
easily observe it. The method of the study is a
six-step process, and each step will be explained
in this section. In this research, “Autodesk
Fusion 360” CAD software was used for GD
studies.
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Figure 4. Research method.
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2.1.Step 1

Within the scope of the study, the criteria for the
product to be produced with GD were
established. These criteria are that the product
to be designed must be under the influence of a
particular force, it should not require special
conditions to be produced, and it is not covered
with shell or other parts, making it difficult to
see. In this context, because of the interviews, it
was decided to collaborate with a firm from the
steel industry about a bicycle, which is a
product in which both function and form gain
importance, and the bicycle frame was chosen
as the product. Within the scope of the study, an
example of a conventional product with defined
functional limits was emphasized, a

conventional bicycle was chosen, and it was
considered a control example (See Figure 5).

Figure 5. The bycle that has a conventional
frame.

It was decided which parts would be included in
the GD with the study on the bicycle.
Accordingly, basic behaviour models were
analysed by preserving the connection points in
the product. Based on the decisions made, it was
evaluated which parts would be included in the
study and compared. In this context, those
shown in green in Figure 6, and denoted by the
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letter “a” shows the parts that are planned to be
included in the GD.

2.2 Step 2

After the bicycle frame parts to be included in
the GD were decided, the areas that could be
used by the GD were determined. As seen in
Figure 6, those marked with the letter "b" on the
bicycle form and shown in red indicate the areas
where the GD tool is prohibited, that is, the
areas closed to GD, and those that are indicated
with "c¢" and shown in blue indicate the parts
that will not be included in the design process.
After the parts of the conventional bicycle are
separated, the bare frame weighs 3.6 kg.

To be able to distribute the load in the GD tool,
it is necessary to define the load scenario first.
Figure 6 shows that the front wheel boundary is
defined as a spherical obstacle so that the front
wheel can turn left and right in the bicycle frame
example. To define the space better where the
GD tool will work, the moving or screwed parts
of the green areas to be included in the design
are marked with red barriers to prevent errors.
After the boundaries on the forms are
determined, the loads are defined. The forces
that will physically affect the bicycle frame
were investigated, and a multi-scenario study
was arranged in which all loads were affected.
In the determined scenarios, a series of force
inputs, including the buckling and rotational
moments that the cyclist will exert the bike at
the highest level, is created.
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ra—

Figure 6. Boundaries of the bike frame

The definition of loads on the design is shaped
according to the design outputs expected from
the GD tool. This study is designed for an urban

bike with users weighing a maximum of 130kg.
As can be seen in Figure 7, the distributions are
prepared to simulate various events such as
statics (where the bike is not going and the user
is stationary on it), rotation (individually
resisting axial rotational force of the handlebar
and middle section) and buckling (the stress
caused by the sudden impact of the bike while
it is in motion) as scenario-based inputs.

B Twisting Force

Static Force

Static Force Buckling Force

T static Force
Figure 7. Load distribution.

2.3.Step 3

As a result of operating the GD processes,
ninety-four GD studies and ninety-four load
distribution scenarios were made. Each study
was conducted with at least twenty-five
iterations and four different materials. The total
number of iterations was more than 9400. As a
result of the study, the process continued a form
deemed appropriate.
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Figure 8. Thirty-nine out of ninety-four GD
printouts and detailed sample images.

2.4.Step 4

A study was conducted to make the form
obtained with iterations producible with the
firm's production processes. In terms of being
suitable for conventional production processes,
it was decided to produce the resulting form by
using conventional profile pipes. It has been
reconstructed with basic forms so that the
organic form can be produced more easily with
conventional methods (See Figure 9). The
lattice structure was defined on the edges of the
new form, and the bearer system solution was
created over this structure.

>

Figure 9. Organic shape to Basic Shape.
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2.5. Step5

The simulation of the implemented form of the
bearer system solution has been performed (See
Figure 10). In this context, a new study has been
initiated for the simulation, and the forces
entered in the GD process have been repeated in
this step. It has been investigated whether the
new design relies on the given forces, like the
GD output.

h
| .
N} =%
[ AN
: = §
== » » i
Figure 10. Design solution and its simulation
result.
2.6. Step 6

After observing that the design idea works in the
simulation, the other elements that can be
included in the design are emphasized. The
necessary parts are added to create the solution,
the final changes are made to the design, and the
final product is reached.

3. RESULTS

The GD tool, by its nature, aims to reach the
optimized final form from a certain space by
using the iterative space-freeing technique. For
this reason, the form outputs produced by the
tool are always solid structures, and it is entirely
up to the designer's choose whether to use these
outputs as they are. At this point, the first results
that emerged in this study, in terms of form
structure, are close to the structures available in
the market, although partially different form
outputs can be seen (See Figure 8). However,
when the results are compared with the form
structures in the market, it is seen that the GD
tool cannot produce a lighter form in terms of
weight. The first stage of the study was created
using different materials to compare the
material and design outputs. On the
weight/safety table, steel-derived materials are
clustered in heavy-weighted region; titanium is
concentrated in the medium-weight region,
while aluminium is concentrated in the lightest
region.

After observing that the GD outputs reached
similar results with each other, the form
formation processes of each of the outputs were
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examined starting from the first iteration step.
Looking at the common denominator of these
outputs, it is seen that the initial iterations are
the same. From this point of view, the
subsequent iterations will not have hugely
different form outputs. For this reason, it is
aimed to obtain different results by creating a
wider area that the GD tool can use.

It has been observed that the GD outputs with
the initial form defined are more different and
functional than the previously produced forms
(See Figure 11). However, the fact that these
forms are even heavier than the previous forms
make them a design that cannot be produced.
For this reason, a new process has been
designed, inspired by the GD outputs.

Study 94 - Structur... - Outcome &

Study 94 - Structur... - Outcome 6

Figure 11. Output whose form has changed by
giving the initial form.

In the process, it has been observed that
although the path followed by the GD tool in
creating the desired designs is different, the
results are always the same. Since the frame to
be designed cannot be produced in a hollow
structure like conventional bodies, the
structures are composed of completely solid
materials, and therefore the frame designs are
heavy. Since more than the GD tool is needed
to create hollow forms, the created forms need
to be reconsidered by the designer. It will be
easier to produce if the physical strength of the
output in an organic structure can be solved with
a simpler structure. For this reason, the output
was reconstructed using surfaces modelled with
basic forms to transform highly detailed organic
structures into simpler ones (See Figure 9).

The first study on the form in the basic structure
(See Figure 12) shows that the lattice structure
created by the GD tool can reach a positive
result. The design's behaviour against the load
is close to the area indicated by the green area
numbered 3-6 and defined as favourable
conditions. When the design is examined, it has
been observed that the right and left sides of the
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hull diverge from each other in some areas and
converge in some areas, and its structural
integrity is disrupted. When viewed from the
GD output (See Figure 9), it has been observed
that those regions are thicker than the other
sides.

Figure 12. First model after basic form and its
simulation result.

After the observation, an iterative design
process was conducted on the design. This
process created support points in the regions
where Dbending was observed after the
simulation. The static simulation of the new
design was performed again, and progress was
made to use the least material. In the process,
not only additions were made, but also
unnecessary parts were removed. When the
final design (See Figure 10) is reached, a
structure with a weight of 2.3 kg and a strength
of up to 3.5 times the 130 kg force given is
obtained.

Flow »
[Data] »[Generation|—»[Evaluation| ~[Adaptation]—»[Simaulation| [Design |
- - -

A

| Designer J

Figure 13. The GD process diagram in the study.

In the design process of the research (See Figure
13), the designer was assigned to evaluate,
synthesize and re-flow multiple disciplines by
taking tasks such as data identifier, output
determinant, design idea selector, adaptor,
simulation evaluator and designer. Considering
the design processes, the process used in this
research is shorter than French's ten-stage
design process [30]. The main reason for this is
that algorithms analyse the given data. There is
no single right way in the design processes used
in this research. If lighter structural integrity is
expected from the design, it is known that this
can be achieved faster with the GD tool.
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i B ik
Figure 14. Production process and the final
product.

At the end of the process, frame manufacturing
was conducted on the defined production line
and evaluated from an innovative perspective.
A more functional design has been created with
a different approach to the frame structure,
which looks different from the products on the
market. The study, which has been
manufactured, was analysed, and it was
observed that up to 33% reduction was achieved
when compared to conventional bicycle frames.
In addition, with this lightning, it has become a
bicycle that users can carry more easily and ride
with less effort.

4. CONCLUSION

This research aimed to reveal the potential of
GD for conventional manufacturing techniques
and examined the role of the industrial designer
by questioning the place of the GD tool in the
industry. While the article focuses on the form
creation skills of the GD tool developed with
simulation analysis, it also examined the results
of the designs that will emerge by using the GD
outputs as a source of inspiration in the design
processes of industrial designers.

The study started with a literature search. The
design  processes with the developing
technology and the role of the designer in the
industry are discussed through GD. A special 6-
step GD method was developed for this
research, and product design was made with this
method. With this method, which has steps such
as data collection, production, evaluation,
adaptation, simulation and design, GD is
examined from a different perspective. GD
outputs were evaluated as a source of
inspiration, and it was ensured that the design
ideas that could be put forward were based on
the data.

In this study, the designer had roles that
interfered with both design, production, and the
safety of the design. The fact that GD is
gradually taking place in the industry and is a
sought-after tool in high-tech designs shows
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that the designer will also assume different roles
in the future. It is foreseen that industrial
designers can unleash this tool's potential,
especially in the design of parts and products
that will perform the same job by using lesser
materials. This study proves that designers can
realize extraordinary designs by incorporating
GD tools into their production processes at a
time when products are not only designed as a
shell.

It is seen that the generative design process
carried out in this article also contributes to the
sustainability development goals of the United
Nations. A transportation vehicle, which has
great advantages about using clean energy, such
as bicycle, is produced with less material than
conventional vehicles, resulting in less carbon
footprint. With less carbon-footprint it ensures
the production is sustainable. Lighter bicycle
means it can be used by a wider range of users,
so that means it can reach more people and use
more clean energy on transport. Also, when the
materials lessened, manufacturing costs will
reduce.

Lighter products create less carbon while
manufacturing, shipping, repairing, and in
usage. From this point of view, this research has
an innovative approach to using generative
design in the scope of sustainability.

Although creating a form with a GD tool may
seem simple to an outside observer, it cannot be
easy to find a suitable form, considering the
production conditions. Forms created with
iterations within limits set by the designer with
specific algorithms often do not carry the
desired aesthetic concern. For this reason, GD
studies appear as a chain of work based on
constantly getting different results with new
parameters.

As a result, the emergence of a design can
sometimes be hidden in the designer's mind and
sometimes on the surfaces of a dice put forward.
The designer designs by being open to all
surprises, sometimes knowing where he will go
and sometimes not knowing what will come out.
At this point, the designer looking for
inspiration often looks at other products and
related works around him. These inspirations
rarely lead the design to a vastly different point
from other manufactured products. Although
being different does not always mean being
distinctive, it is always the first goal to create
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easily distinguishable differences in the
products made by designers. The first feature
that the GD tool provides to the designer is to
provide optimized form outputs that will fulfil
the function. The second feature is to inspire the
designer with these outputs and create a space
for reflection.

While it is difficult to generalize based on a
single case, this study has shown that designers
can look outside the box, find more innovative
approaches in GD tools, and capture different
approaches in design and manufacturing
processes with these tools.
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ABSTRACT

Fused Deposition Modelling (FDM), one of the most widely used methods of Additive Manufacturing
Technique known as 3D Printing, is a popular technique used to produce different engineering
components using common engineering polymers. PLA filament, a synthetic polymer derived from corn
starch, is generally used in production with the FDM. Although PLA material is recyclable and
biodegradable, its carbon emission is not zero. One of the filament types developed to produce more
sustainable products is Wood PLA filament materials. This study presents an experimental study
examining the effect of printing parameters on the mechanical properties of components produced with
Wood PLA filaments. The effects of the printing parameters determined as infill pattern, infill density
and nozzle temperature on the mechanical strength parameter determined as tensile strength and flexural
strength of PLA Wood samples produced in standard sizes were investigated experimentally. The
experimental design was carried out in accordance with the Taguchi L9 orthogonal array, and the
relationship between the printing parameters and the mechanical strength parameters was modelled
mathematically. The predicted strength values calculated using mathematical models were compared
with the experimental test results. The results showed that the tensile strength and flexural strength
values were directly proportional to the infill density. Experiments have shown that the most effective
3D printing parameter on the mechanical strength parameters is the infill density parameter with a
contribution ratio of 63.09% for tensile strength and 73.83% for flexural strength. As a result of the
RSM optimization, it was determined that the infill density 60%, the nozzle temperature value 202.62
C° and the infill pattern type lines to maximize the flexural strength and tensile strength values.

Keywords: Sustainable material, 3D printing parameters, Mechanical strength optimization, Response
Surface Methodology.

1. INTRODUCTION the development of 3D printers, and it has
Three-dimensional production technique has become possible to use different materials in
become increasingly popular due to its production from polymers to metals, from glass
advantages such as ease of use, economic to concrete.

accessibility and fast production process. One

of the most important factors in the spread of The Fused Deposition Technique (FDM) is the
this technique is the easy accessibility of this most common production technigue known in
technology. In addition, researchers can additive manufacturing technology. A printer
produce prototypes of the designs they have working with the FDM technique heats the
developed with this technique without the need filament material until it becomes semi-molten
for complex and experience-requiring using a heater extruder and follows the tool path
production techniques and they can make created by the software, stacking the layers on
design changes when necessary. The production top of each other from the bottom up to form a
of products with complex geometry has also three-dimensional object. In the FDM
become possible with this method [1]. The technique, printing parameters can be easily
interest in 3D production techniques has led to changed and optimized [2, 3].
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Different filament materials have been
developed by considering factors such as the
melting point and extrudability of the material
to be used in the FDM technique [4]. The most
commonly used ones are acrylonitrile butadiene
styrene (ABS), polyethylene terephthalate
glycol (Pet-G) and polylactic acid (PLA)
thermoplastic filaments with low melting
temperatures. PLA filaments are the most
commonly used filament material due to their
low melting temperature, low cost and positive
environmental effects [5, 6]. PLA is one of the
biodegradable polymers produced from corn
starch. PLA is environmentally friendly, unlike
materials such as polypropylene, polyethylene
and acrylonitrile butadiene styrene [7]. In
addition, it does not pose any health risk to
humans in areas where ventilation is provided
under appropriate conditions, and it is
biodegradable [8].

Although PLA material is an environmentally
friendly material, it emits ~1.3 kg of CO?
equivalent/kg of synthesized plastic [9].
Considering the advantages of PLA filament
material, the idea of producing more sustainable
materials by mixing these thermoplastic
filaments with different biological materials has
come to the fore to reduce the effects of
intensive material use.

Wood-filled polylactic acid filaments are one of
the highly sustainable renewable materials used
in production with the FDM technique. Wood is
a lignocellulosic material and is carbon negative
[10]. By using biological materials, the carbon
emissions from printing materials can be
reduced. The wood raw material is turned into
flour and combined with PLA material by
foaming technique, and wood-based PLA
filaments can be produced [11]. Wood flour
imparts good workability, low density, thermal
resistance and corrosion resistance to PLA
filament, while also facilitating interlayer
adhesion [12].

Academic studies carried out in recent years
have focused on examining the effect of
printing parameters on different mechanical
properties. Optimization of printing parameters
for ideal properties determined by different
application areas is an important issue for the
final use of the product. There is still a
deficiency in the literature examining the
mechanical properties of filaments developed
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with different filling materials. Optimization of
the mechanical properties of biomaterials is
important in terms of increasing the use of
sustainable materials.

In this study, the effect of 3D printing
parameters on the mechanical properties of
samples produced using Wood PLA filament
was investigated. The effects of the production
parameters determined as infill type, infill
density and nozzle temperature on the tensile
strength and flexural strength of the samples
produced according to the Taguchi L9
experimental  design  were  investigated.
Response Surface Methodology was used to
determine the effect of each printing parameter
on the output values and to determine the
optimum printing parameters.

2. MATERIAL AND METHODS

2.1. Printing Material and Parameters

In this study, the effect of the 3D printing
parameters of the samples produced with
biomaterial (Wood) based filament material on
the mechanical properties of the samples was
investigated experimentally, and the results
were evaluated using statistical methods. ESUN
brand Wood PLA filament with wood additive
was used in the production of the samples. The
filament diameter is 1.75 mm and the same
filament was used from a single package
throughout the production. The vendor supplied
material properties of the filament used are
given in Table 1.

Table. 1. Wood PLA filament properties.

Parameters Value
Density 1.1 g/cm3
Melt index 190 C°/2.16 Kg
Tensile strength 40.74 MPa
I1zod notched impact strength 10.55 kJ/m?
Elongation at break 76.85 %
Flexural strength 61.62 MPa
Flexural modulus 2570.75 MPa
Heat distortion temperature 50.4 C°

For experimental tests, tensile test specimens
were designed in accordance with ASTM D638-
IV and three-point bending test specimens
ASTM D790 test standards. Three-dimensional
models of the samples were created with
Solidworks solid modeling software and then
converted to STL format with Ultimaker Cura
software.
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2.2. Experimental Design

The printing parameters are an effective factor
on the mechanical strength criteria of the
samples produced with the FDM technique
[13]. Three different printing parameters were
used in the production of the samples produced
with Wood PLA filaments: infill pattern, infill
density and nozzle temperature. Taguchi
optimization technique is a frequently used
method in the literature to determine optimum
mechanical parameters by reducing product
development costs [14]. Experimental design
was carried out in accordance with the Taguchi
L9 orthogonal array with the printing
parameters and levels given in Table 2. The

cross-sectional views of the tensile specimens
converted to STL format for different printing
parameters are given in Figure 1.

Table 2. Taguchi design factors and levels.

Infill Pattern

Lines

Triangles

Cubic

. Level Level Level
Factors  Units 1 5 s
Infill ] ] .
Pattern - Lines Triangles Cubic
Infill 0
Density ° 20 40 60
Nozzle o 180 205 .,
Temp
Infill Density
(]
a
3
(e
<
R
S
9
x

Figure 1. Infill pattern and infill density cross section views.

2.3. Production of Experimental specimens

Experimental test samples based on Wood PLA
were produced at room temperature in a
commercially available Creality Ender 3 S1
printer, which produces with FDM technique.
In the mechanical tests, the number of upper and
lower layers was limited to three layers in order
to make the effect of the printing parameters on
the mechanical properties more evident. Thus,
it is aimed to increase the effect of infill pattern
and infill density parameters on mechanical
properties. In order not to deteriorate the
dimensional stability of PLA Wood filaments
by being affected by thermal changes, support
was created for the samples in the production of
the first layer. The printing parameters used in
the production of experimental test samples are
given in Table 3. In order to ensure the
experimental measurement accuracy, a total of

27 samples, three from each sample, were
produced.

Table 3. FDM printing parameters.

Parameters Values
Filament colour Grey
Filament diameter 1.75 mm
Nozzle size 0.4 mm
Build plate temperature 65 C°
Printing speed 50 mm/s
Density 1.1 g/cm?®
Layer height 0.2 mm
Wall thickness 0.8 mm
Wall line count 2
Top/bottom thickness 0.8 mm
Layer number 3
Build plate adhesion type Brim
Brim width 4 mm
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3. EXPERIMENTAL STUDY

3.1. Tensile Test Setup

Tensile test specimens were produced in
accordance with ASTM D638-1V test standard.
The tests were carried out in the 100 kN
capacity Schimadzu Autograph AGS-X tensile
testing device in Kastamonu University Central
Research Laboratory. Tensile tests were carried
out with reference to the literature at a speed of
5 mm/min and the tests were continued until the
specimens fractured. Tests for each sample
were performed at room temperature in
triplicate. As a result of the experiments, the
tensile strength values of the samples were
determined.

@

Figure 2. a) Flexural test specimens and b) test setup.

4. RESULTS AND OPTIMIZATION

4.1. Experimental Results

In this study, the effect of 3D printing
parameters on the mechanical properties of
Wood PLA material samples was investigated.
As a result of the experiments carried out with
27 samples, the tensile strength and flexural
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3.2. Flexural Test Setup

The flexural test specimens were produced in
accordance with the ASTM D790 test standard
(Figure 2a) and the specimens were tested using
a three-point bending test apparatus in the
device used for the tensile test (Figure 2b). Tests
for each sample were carried out at a speed of
1.365 mm/min with reference to the literature,
and the test was terminated after 5% deflection
occurred in the samples. Three point bending
test apparatus loading span diameter of 10 mm
and a support roller with a diameter of 30 mm
with supporting span length of 51.2 mm were
used for the flexural tests. Bending load-
displacement curves were recorded from the
experimental tests. Experimental specimens and
test setup is shown in Figure 2.

(b)

strength values of the samples were obtained.
The arithmetic means of the test results
performed three times for each sample was
calculated. Experimental test results are given
in Table 4. The post-test images of the tensile
test specimens are shown in Figure 3.



Zurnaci/INTERNATIONAL JOURNAL OF 3D PRINTING TECHNOLOGIES AND DIGITAL INDUSTRY 7:1 (2023) 38-46

Table 4. Ly Taguchi orthogonal array and experimental results.

Infill Infill Nozzle Tensile Strength Flexural
Pattern Density (%) Temp (C°) (MPa) Strength (MPa)
1 Lines 20 190 13.53 36.67
2 Lines 40 205 14.30 43.94
3 Lines 60 215 16.76 49.30
4 Triangles 20 205 12.35 34.98
5  Triangles 40 215 12.78 39.34
6  Triangles 60 190 14.56 40.68
7 Cubic 20 215 13.24 33.98
8 Cubic 40 190 14.64 39.14
9 Cubic 60 205 17.98 47.56

Figure 3. Image of tensile test specimens after testing.

4.2. Response Surface Methodology

In order to produce Wood PLA samples with the
best  mechanical  strength  properties,
optimization of 3D printer printing parameters
is required. Response Surface Methodology
(RSM) is a method that optimizes output
parameters according to the determined
objective function by calculating the statistical
relationship between input parameters and
output parameters [15]. In this study, RSM was
used to determine the relationship between 3D
printing parameters and tensile strength and
flexural strength output parameters.
Optimization calculations were performed
using Minitab 21.2 software. The "maximize"
objective function was determined for both
output variables as the optimization criterion
(Figure 4).

Response Goal Lower Target

B Cr—

|12.35 17.98

Figure 4. RSM optimization parameters.

Upper

Flexural Strength Maximize 49.3

Tensile Strength Maximize 17.98

Analysis of variance (ANOVA) at the 95%
confidence interval was applied on
experimental test results to determine the
contribution of 3D printing parameters on
output parameters. When the results of the
ANOVA analysis were examined, it was
determined that the most effective 3D printing
parameter on tensile strength was infill density
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with an additive ratio of 63.09%. The infill
pattern parameter, on the other hand, was
calculated as the second most effective
parameter on tensile strength with a
contribution rate of 25.85% (Table 5). The R?
value of the ANOVA analysis for the tensile
strength parameter was calculated as 0.89. This
value shows that the regression equations are
highly successful in explaining the predicted
tensile strength [16].

When the results of the ANOVA analysis
performed for the flexural strength parameter
are examined; it was determined that the most
effective 3D printing parameter on flexural
strength was the infill density parameter with an
additive rate of 73.83%. The infill pattern
parameter, on the other hand, was calculated as
the second most effective parameter on flexural
strength with a 16.42% contribution rate (Table
6). The R? value of the ANOVA analysis for
flexural strength was calculated as 93.81. This
value shows that the regression equations are
highly successful in explaining the predicted
flexural strength value.

Regression equations to be used to optimize the
output variables were created in accordance
with the objective function determined by RSM.
The regression equations for the factors are
presented in Equations 1-6, respectively, to
predict the responses of tensile strength and
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flexural strength. Since the infill pattern is a
categorical variable, the constant coefficients of
the regression equations change for different
infill patterns. For this reason, the regression
equations for the infill pattern were given
separately. Using these regression equations,
the predicted output parameters for the

experimental design parameters were calculated
(Table 7). In addition, a graph showing the
relationship between the predicted output
values and the experimental test results is given
in Figure 5.

Table 5. Results of ANOVA for tensile strength.

Source DF SeqSS Contribution AdjSS AdjMS F-Value P-Value
Regression 4 24.3637 89.00%  24.3637  6.0909 8.09 0.034
Infill Density 1 17.2721 63.09% 17.2721 17.2721 22.93 0.009
Nozzle Temp 1 0.0148 0.05% 0.0148 0.0148 0.02 0.895
Infill Pattern 2 7.0769 25.85% 7.0769  3.5384 4.70 0.089
Error 4 3.0125 11.00% 3.0125 0.7531
Total 8 27.3762 100.00%
R? 89.00%
Table 6. Results of ANOVA for flexural strength.
Source DF SeqSS Contribution Adj SS Adj MS F-Value P-Value
Regression 4 215.642 93.81%  215.642 53.910 15.16 0.011
Infill Density 1 169.708 73.83%  169.708 169.708 47.74 0.002
Nozzle Temp 1 8.182 3.56% 8.182 8.182 2.30 0.204
Infill Pattern 2  37.751 16.42% 37.751 18.876 5.31 0.075
Error 4 14.220 6.19% 14.220 3.555
Total 8 229.862 100.00%
R? 93.81
Infill
Pattern Regression Equations
Cubic 11.09 + 0.0848 Infill Density + 0.0039 Nozzle Temp (1)
Lines Tensile Strength (MPa) =  10.67 + 0.0848 Infill Density + 0.0039 Nozzle Temp  (2)
Triangles 9.03 + 0.0848 Infill Density + 0.0039 Nozzle Temp  (3)
Cubic 10.7 + 0.2659 Infill Density + 0.0928 Nozzle Temp  (4)
Lines  Flexural Strength (MPa) = 13.8 + 0.2659 Infill Density + 0.0928 Nozzle Temp  (5)
Triangles 8.8 + 0.2659 Infill Density + 0.0928 Nozzle Temp  (6)

Table 7. Experimental test results and predicted output values in accordance with the experimental design

parameters.
. . Tensile Predic_ted . Flexural Predicted .
Infill Infill  Nozzle Strength Tensile Difference Strength Flexural Difference
Pattern Density Temp (MPa) Strength ratio (%0) (MPa) Strength ratio (%)
(MPa) (MPa)

1 Lines 20 190 13.53 13.22 -2.29 36.67 36.10 -1.55
2 Lines 40 205 14.30 14.72 2.94 43.94 45.02 2.46
3 Lines 60 215 16.76 16.63 -0.78 49.30 48.78 -1.05
4  Triangles 20 205 12.35 12.22 -1.05 34.98 34.46 -1.49
5 Triangles 40 215 12.78 12.47 -2.43 39.34 38.77 -1.45
6 Triangles 60 190 14.56 14.98 2.88 40.68 41.76 2.65
7 Cubic 20 215 13.24 13.66 3.17 33.98 35.06 3.18
8 Cubic 40 190 14.64 1451 -0.89 39.14 38.62 -1.33
9 Cubic 60 205 17.98 17.67 -1.72 47.56 46.99 -1.20

43



Zurnaci/INTERNATIONAL JOURNAL OF 3D PRINTING TECHNOLOGIES AND DIGITAL INDUSTRY 7:1 (2023) 38-46

60

50

40

30

Strength (MPa)

20

10

W

1 2 3 4

==@=Tensile Strength (MPa)
==@==Flexural Strength (MPa)

6 7 8 9

= ® =Predicted Tensile Strength

Predicted Flexural Strength

Figure 5. Comparison of experimental and predicted mechanical strength results.

Contour plots graphs are very useful for
examining the relationship between a response
variable and two factors. In a contour plot
graph, the factor values that affect the response
variable are shown on the x and y axes, and the
values of the response variable are represented
by shaded regions called contours [17]. A
contour plots graphs is similar to a topographic
map, using coordinates instead of longitude,
latitude, and elevation. Contour plot graphs

210 210

Nozzle Temp

Nozzle Temp
“
8

g

Tensile Strength

190 - "
20 30 40 50 60 20 30

Infill Density

40

Infill Density

obtained as a result of the optimization
performed with the RSM method show the
relationship between 3D printing parameters
and output parameters. In the contour plot
graphs were given in Figure 6, the relationship
between two different 3D printing parameters
and output variables is shown for the factor
levels of the categorical 3D printing parameter
infill pattern.
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As a result of RSM optimization, necessary
factor levels were calculated to maximize
flexural strength and tensile strength values.
The response optimizer graph shown in Figure
7 gives 3D printing parameters that can

a0

Infill Density

Lines
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210

Nozzle Temp

2

190

Infill Density
Triangles
Figure 6. Contour Plot graphs of the relationship between printing parameters and mechanical strength criteria.

optimize flexural strength and tensile strength
values together. When the results were
interpreted, it was determined that in order to
maximize flexural strength and tensile strength
values, infill density value should be 60%,



Zurnaci/INTERNATIONAL JOURNAL OF 3D PRINTING TECHNOLOGIES AND DIGITAL INDUSTRY 7:1 (2023) 38-46

nozzle temperature value should be 202.62 C°
and infill pattern type should be lines
categorical parameters. The predicted flexural
strength value to be obtained as a result of the
selection of these parameters was calculated as
49.96 MPa and the predicted tensile strength
value was calculated as 17.27 MPa.

The response optimizer graph also calculates
the composite desirability. This value

represents the value of countervailing the
objective function of the optimization and
varies between 0 and 1 [18]. The composite
desirability  value calculated for this
optimization is 0.93. This shows that the
determined factor values are 93% successful in
countervailing the objective function.

InfillDe
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Cur [60.0]
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Optimal
D: 0.9355
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Desirability
D:0.9355
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y = 499612
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InfillPa
Triangles
Lines
Cubic

Nozle Te
215.0
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5. CONCLUSIONS

In this study, statistical analysis and
optimization of 3D printing parameters
affecting the mechanical properties of samples
produced from Wood PLA material were
performed using Response Surface
Methodology. Regarding experimental tests and
statistical analysis, the following conclusions
can be drawn:

» Changes in 3D printing parameters are
effective on the mechanical properties of the
samples, and the mechanical properties can be
improved by parameter optimization.

* ANOVA analysis results show that the most
effective parameter among the tested parameter
values in improving the mechanical properties
of the samples produced from Wood PLA
material is the infill density parameter. The
second most effective parameter is the infill

Figure 7. Response optimizer graph.
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pattern, and the effect of nozzle temperature on
mechanical properties is too low to be
considered.

* The low difference (less than 4%) between the
experimental test results and the predicted test
results confirms the accuracy and precision of
the optimization procedure to determine the
optimized combination of input variables.

* The optimal values of the input variables were
determined so that the samples produced from
Wood PLA material could provide maximum
tensile strength and flexural strength.
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ABSTRACT

Generating new, creative, and innovative ideas in the early stages of the design process is crucial for
developing better and original products. Human designers may become too attached to specific design
ideas, preventing them from generating new concepts and achieving ideal designs. To come up with
original design ideas, a designer needs to have a creative mind, as well as knowledge, experience, and
talent. Verbal, written, and visual sources of inspiration can also be valuable for generating ideas and
concepts. This study presents a visual integration model that uses a data-supported Artificial Intelligence
(Al) method to generate creative design ideas. The proposed model is based on a generative adversarial
network (GAN) that combines target object and biological object images to produce new creative
product images inspired by nature. The model was successfully applied to an aircraft design problem
and the resulting sketches inspired designers to generate new and creative design ideas and variants in
a case study. It was seen that this approach improved the quality of the ideas produced and simplified
the idea and concept generation process.

Keywords: Generative Adversarial Network, Biomimicry, Idea Generation.

1. INTRODUCTION first used in 1956, recent developments in
The design process involves several stages, computer technology, such as increased
including task clarification, conceptual design, processing speed and memory, and easier
embodiment design, and detailed design [1]. access to data have led to significant
Conceptual design is a crucial stage in which the advancements in Al over the last 15 years. Al
problem definition and functions, solution techniques have also become increasingly
principles search, various design options prevalent in engineering and product design
creation, and evaluation and selection take processes, allowing software to compare,
place. Traditional and modern technigues can evaluate, and estimate design options, generate
be used in this stage to arrive at the ideal innovative and creative ideas, and enhance
concept. Traditional product and engineering creativity capabilities when integrated into
design utilize scientific, intuitive, experiential, various methods.
and creative knowledge and methods, while
modern  methods employ  information With the development of machine learning and
technologies and Aurtificial Intelligence (Al) to deep learning methods, intelligent software can
shorten processes, increase creativity, obtain now support creative design activities such as
sensitive results, and reduce costs [2]. ideation, concept creation, and inspiration [15,
17]. One such model is the use of generative
The term "Artificial Intelligence™ (Al) refers to adversarial networks (GANs) to generate
computer programs that simulate specific original design ideas. GANs can combine
mental functions and behaviors observed in biological and target objects to enhance
living beings. These programs are used in designer creativity in idea generation [18]. The
various disciplines for learning, understanding, visual concept assembly method is a powerful
prediction, problem-solving, suggestion, and tool that allows designers to create visually
decision-making [3]. Although the term Al was appealing  designs and  communicate
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information effectively. The integration of data-
driven artificial intelligence and visual concepts
provides an advantage over previous studies as
it has the potential to simplify complex
information, create compelling designs, and
emotionally connect with audiences. By
combining visual and textual elements,
designers can create catchy and -effective
designs that engage the audience emotionally.

2. RELATED STUDIES

Creating creative and original ideas is very
important in the product design process.
However, because of psychological inertia, it
could only sometimes be feasible to develop
original and unique ideas [4]. This situation can
be an obstacle in the conceptual design process
to focus on an idea and reach the ideal/perfect
design [5, 6]. Employing verbal, textual, and
visual sources of inspiration might help to get
beyond this conceptual production roadblock.
[7-9]. Recently, Al-powered software has also
been used to create inspiration for designers.
For example, Wang et al. [10] created a data-
dependent idea network employing resources
from the web and scientific publications. They,
therefore, sought to lessen the workload
associated with the literature review during the
early design phase. Designers developed them
as a source of inspiration by recognizing vitally
significant conceptual words. This machine
learning-based approach measures similarity
(proximity) between concepts. Thus, creativity
levels can be measured by detecting close-far
relationships. A program named "The
Combinator" was created by Han et al. [4] to
combine concepts without obvious
relationships. Semantic networks connect the
data that web browsers collect and evaluate
using tools for natural language processing. It is
possible to develop inventive product ideas by
combining many comparable ideas in new ways
[11, 12]. " The Combinator " sparks creativity
by merging text and visual data in various ways.
It makes it easier for designers to explore the
design space for solutions. Jin and Dong [13]
analyzed the RedDot award-winning 998
products with the help of QSR NVivo data
analysis software and created ten new design
heuristics cards [14]. With text mining, machine
learning, and natural language processing
software, ontology-based approaches may
identify links between concepts. Shi et al.
Developed a design and engineering-oriented
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unsupervised ontology network called WordNet
[15, 17].

Bell and Bala [16] aimed to inspire designers by
using Siamese CNN trained with real product
photos. Chen et al. [18] tried to create
inspiration for designers with two different
models. The initial model is A semantic
network developed using data mining and NLP
approaches. Semantic networks are a useful tool
for locating and displaying related concepts,
Close and distant concept interactions facilitate
the rapid and effortless generation of creative
ideas. The visual concept combination model is
another instrument for inspiration generation.
The GANs model creates new pictures
combining these two items after being trained
using photos of a biological thing and a target
object. Both biological object and target object
attributes are present in the new photos. Thus,
the designer's imagination might generate fresh
thoughts and associations. The quantity and
variety of training data are key factors in model
performance.

Inspiration studies generally include machine
learning, deep learning, and natural language
processing algorithms. As these methods
become  widespread and  access  to
data/information becomes easier may also
shorten the market research and literature
review process for new product design. In
addition, semantic networks can be created with
natural language processing algorithms. These
networks can also generate new and creative
ideas by revealing the relationship between
design concepts. With various combinations of
visual data, new connections of concepts can be
discovered. In this study, designers were
stimulated using the deep learning model GAN
at the conceptual design stage. GAN by fusing
with images of the goal and natural object, it
seeks to generate new shapes in the designer's
head. The wvalidity of the method is
demonstrated in an aircraft design problem.

2.1. Deep Learning

Machine learning is the general name of
statistical Al methods that can make predictions
and inferences based on data [19-21]. Unlike
traditional programming, it does not need an
exact algorithm to learn [22]. Instead, it detects
patterns in the data set and uses these patterns to
interpret future data. Just like the human
learning mechanism, the ability to interpret
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improves as the number of data increases. The
increase in the amount of data, ease of access to
big data, and increase in computer performance
increase the success of machine learning
prediction and identification. On the other hand,
deep learning is a machine learning method
with multi-layered neural networks. Some of
these models are Autoencoder (AE),
Convolutional Neural Networks (CNNs),
Recurrent Neural Networks (RNNSs), and
Generative Adversarial Networks (GANS) [23].
Deep learning algorithms are very successful in
image classification, object recognition, voice
recognition, face recognition, and language
translation. In the design field, topology
optimization, generating design concepts,
computational design, computer-aided
engineering, and simulation tasks can be done
with deep learning methods [24]. CNNs are
used in 2D and 3D image recognition and
classification tasks [22, 25]. On the other hand,
GANSs have provided a new perspective on deep
learning. A single architecture contains two
distinct networks known as the generator and
discriminator [26]. Operations like producing
previously unimagined pictures, boosting the
resolution of already existent images, and text-
to-image translation are all possible using
generative contention networks [27]. In
addition, operations such as converting sketches
to colour images, coloring black and white
photographs can be done with GANSs [28].

Machine learning algorithms also have some
downsides. For example, huge amounts of data
are required to increase learning success. As the
number of data increases, processing times may
also increase [29]. Creating labeled datasets is
cumbersome. It needs to be fully explained how
machine learning algorithms achieve results.
Although they have a high success rate, there is
always the possibility of error [30].

3. VISUAL CONCEPT INTEGRATION

The cognitive process that provides the ability
to develop new, original and useful ideas is
called creativity. Creative ideas and concepts
produced during the conceptual design phase
significantly contribute to the final product’s
success [31, 32]. Although the conceptual
design is a cognitive process, verbal, written,
and visual sources of inspiration are generally
used to produce creative ideas and concepts [7-
9]. One of them 1is Arthur Koestler’s
“bisociation” model, which will create
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inspiration in the designer’s mind by bringing
together different concepts [33]. A data-driven
visual concept unification model was created to
facilitate the creative thinking process based on
this model. Two images that are not closely
related can be combined to create a new image.
This new image must carry both conceptual
features in a certain proportion.

GAN, one of the current and promising deep
learning methods, can contribute to the solution
to this design problem. GAN; It is a new deep
learning algorithm used to generate and edit
data such as images, audio, video, and 3D
models. A standard GANs architecture includes
two deep neural networks: a generator and a
discriminator. The generating network is
trained with images made up of random pixels
and creates new (fake) images. The
discriminatory network tries to separate the
produced images from the real ones. These two
networks’ educational purposes are to develop
generation and discrimination skills,
respectively [34]. Thus, new and realistic
visuals can be produced. In the design process,
computer-aided engineering/design tasks such
as inspiration  generation, idea/concept
generation, and computational (computational)
design topology optimization can be easily done
with the help of GAN [35, 36, 37].

A dataset is created to develop a visual
combination model by collecting biological and
target object images. The normalization of the
resulting images follows a series of data pre-
processing. Finally, a noise distribution is used
to generate new images. This study uses the
Deep Convolutional Generative Adversarial
Network (DCGAN) model to train generator
and discriminator networks.

The overall approach for training a DCGAN
model involves updating the discriminator and
generator models in an alternating manner using
their respective loss functions and optimizers.
The loss functions determine how well the
models are able to differentiate between real
and fake data, while the optimizers modify the
weights of the models to minimize the loss. The
ultimate objective is to achieve an equilibrium
where the generator produces realistic images
that deceive the discriminator [38,39]. To begin
training a DCGAN model, we first initialize the
generator and discriminator models with
random weights. Next, we define loss functions
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to measure the performance of each model and
optimizers to update the network weights based
on the loss functions. Finally, we create a loop
that iterates until convergence or a maximum
number of iterations is reached [40]. The
specific steps for training the DCGAN are
shown in the following pseudo-code.

o Initialize generator G and discriminator D with random
weights

G = Generator()
D = Discriminator()
o Define loss functions L_G and L_D for G and D respectively
LG=..
LD=..
o Define optimizers O_G and O_D for G and D respectively
0 G=..
O D=..
o Loop until convergence or maximum number of iterations N
for i in range(N):
o Generate a batch of fake data x_fake using G
x_fake = G.generate(batch_size)

. Get a batch of real data x_real from training set
X_train

x_real = X_train.sample(batch_size)

. Calculate discriminator outputs y_fake and y_real for
x_fake and x_real respectively

y_fake = D.predict(x_fake)
y_real = D.predict(x_real)

e  Calculate discriminator loss L_D(y_fake, y_real)
d_loss = L_D(y_fake, y_real)

e  Update discriminator weights w_D using
O_D(d_loss, w_D)

w_D = 0_D(d_loss, w_D)
. Generate another batch of fake data x_fake using G
x_fake = G.generate(batch_size)
e  Calculate generator output y_gen using D
y_gen = D.predict(x_fake)
. Calculate generator loss L_G(y_gen)
g_loss = L_G(y_gen)

. Update generator weights w_G using O_G(g_loss,
w_G)

w_G =0_G(g_loss, w_G)
o Save or display the final generator model
save_or_display(generator)

4. RESULTS

The proposed DCGAN architecture consists of
a discriminator and a generator, as shown in
Figure 1. Here, the generating network learns to
generate new data using the Gaussian point
distribution. First, a tensor of n x n x m size is
created by reshaping a Z-dimensional random
pixel set. Then, a new n x n x 1-dimensional
tensor (fake 1image) is obtained with
deconvolution layers. While the LeakyRelLU
activation functions transfer information from
one de-convolution layer to the other, the tanh
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activation function is used in the last layer. The
number of layers, kernels (m), and tensor
dimensions specified here are determined
intuitively based on experience [18].

Fine Tune Training

Generator

Isit
correct
guess?,

Figure 1. A schematic representation of the GAN
model

On the other hand, the discriminative network,
which includes a classical CNN architecture, is
tried to distinguish between the images from the
training set and the fake images. The nx n x 1-
dimensional image is converted into an n x n x
64-dimensional tensor with convolution layers.
Then, this tensor is flattened into a one-
dimensional matrix. A fully connected neural
network performs the classification (real/fake)
process in the final stage. To increase the
performance of these two networks, the
DCGAN model is trained with the classical loss
function shown in equation 1 [38]. Min and max
mean minimizing Generator (G) loss and
maximizing Discriminator (D) loss. Here x
denotes the real images, and z denotes the noise
input [27]. Adam optimization approach was
used for model training. A learning rate of
0,0001 was preferred for training batch size
128. The training process is stopped after 1.000
cycles.

minmax(D, G) = Ex[log(D(x))] + E, [log (1 -
p(6(2)))] (2)

A case study was conducted to demonstrate the
success of this deep learning model in
generating  design  concepts. A  visual
combination model inspired designers in an
aircraft form design problem. In this context,
the great solutions in nature can be a source of
inspiration in design. It is aimed to adapt the
form features of sharks, which move quickly
and can maneuver underwater, to the aircraft
form design.

Initially, 2.964 aircraft (target object) and 3.013
sharks (biological object) images were
combined into a dataset. These images, which
have different image sizes, were converted to
128 x 128 x 3 sizes for model training. Some of
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the normalized airplane and shark images
collected are shown in Figure 2. The generative
deep learning model was trained using these
images with 1.000 cycles. This proposed model
can automatically generate an unlimited number
of biologically inspired images after training
[24]. Although these images produced by the
generative model do not have a clean/clear
image, they include features such as color,
shape, and texture of sharks and planes (Figure
3).

ECESENERTY
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Figure 2. Some of example images taken from the
dataset
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Figure 3. Bio-inspired visuals generated by the
generative model

The success of creating a new concept from the
biologically inspired visuals created with the
deep learning-supported visual combination
model has been examined with an experimental
study. In other words, it was examined to what
extent these biologically inspired visuals, which
include a combination of airplanes and sharks,
would inspire designers during the design
Process [17]. For this purpose, 2 final year
students of the Department of Industrial Design
Engineering were given these new images and
asked to use them in creating new design
concepts. Students were asked to first examine
the images and choose the ones that evoked the
design concept. Then, inspired by these selected
images, they created new aircraft form variants.
Thus, it was tried to develop new, original and
creative ideas with the first images that were
automatically created with the help of Al and
the associations (inspirational sparks) created in
the mind of the designer. The images generated
by the generative model can offer unique
potential ideas for different shark and airplane
combinations. Some of the images produced by
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this model and the concepts inspired by these
images are shown in Figure 4.
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Figuré 4. Visuals generated by the‘”tvisual
combination model (on the left side), and concept
variants created by the designer (on the right side).

5. DISCUSSION

This study demonstrates the potential of
DCGAN architecture to create nature-inspired
design concepts [18]. By leveraging a dataset of
aircraft and shark images, the generative deep
learning model successfully generated a diverse
range of visuals that combined the features of
both entities. While not completely clean or
clear, these images contain key features such as
the color, shape and texture of sharks and planes
[17].

An experimental study to evaluate the effect of
these nature-inspired images on the design
process has yielded promising results. When
provided with the generated images, industrial
design engineering students could select those
that resonated with their design concepts and
subsequently create novel aircraft form variants
inspired by the visuals. This demonstrates the
efficacy of the generative model in sparking
creative associations in designers’ minds and
fostering innovative ideas' development [42].

Despite the generative model's success in
producing bio-inspired images, the rendered
images need improvement. Future research
could focus on refining the DCGAN
architecture or exploring alternative generative
models to enhance the resolution and detail of
the generated visuals. Additionally, expanding
the dataset to include a wider variety of
biological entities or exploring other design
domains could further enrich the creative
possibilities offered by the model. Furthermore,
the experimental study in this research was
limited to a small sample of design students.
Future investigations could involve a more
extensive and diverse group of participants to
assess the generalizability of the findings and
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better understand the impact of Al-generated
visuals on various stages of the design process.
This could lead to the development of more
sophisticated generative models that cater to the
specific needs of designers across different
disciplines and design challenges.

6. CONCLUSION

This study presents a deep learning-based visual
concept merging model to produce new and
creative design concepts [41]. The GAN-based
algorithm synthesized “airplane” and “shark”
visuals to generate ideas for a design task. Since
a clear relationship cannot be established
between the concepts in the classical idea
generation process, the concepts produced are
limited in number and have similar features.
This algorithm, on the other hand, can easily
generate visual stimuli to generate ideas and
increase the innovation level and quality of the
ideas generated. Therefore, it can increase the
designer’s potential to create new and creative
design concepts. This model; outperforms the
classical idea generation process in terms of
innovation, number, and variety. However,
more data is needed to comment on the
functional properties of the generated concepts.
The effect of the proposed model on function
and aesthetics can be revealed by detailed
evaluation. Therefore, more than this may be
required for complex engineering design
problems.
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ABSTRACT

In this study, the loT devices used for home patient care have been evaluated for the sources of data
leaks and possible security measures that may be experienced in the process from the data owner to data
storage stage. In order to identify possible risks and threats, 4 different target scenarios were created.
These scenarios include home internet connection resources, data transfer, data storage, and access. 8
different attacks were applied to these possible scenarios where data leakage could occur. In addition,
recently, blockchain applications and smart contract transmissions are preferred for data security.
Among the attack scenarios, Short Address Attacks and Smart Contract Overflow are attack
methodologies used for blockchain security. In particular, denial of service was encountered in all
attacks on wireless. Configuration errors, wrong product selection, use of weak passwords, and default
configurations in the 10T ecosystem seem to be the main sources of data leaks. As a result, the study
includes possible attacker scenarios and possible vulnerabilities have been extracted within the scope of
real scenarios. In addition, the measures to be taken against these vulnerabilities were evaluated and
recommendations were given to take maximum security measures to prevent data leaks from within the
10T ecosystem.

Keywords: loT, Healthcare, Cyber Security, Data Leak.

1. INTRODUCTION increase of sensitive data in digital
Health services can be defined as the whole of environments today [5]. It is a great threat for
services performed by experts to prevent, sensitive and critical health data to fall into the
diagnose and treat diseases, injuries, physical hands of attackers. Recently, it has been
and mental disorders experienced by people [1]. discussed how the developed systems are secure
The improvement of health services is one of in terms of personal data privacy and data
the most important factors that increase the leakage threats [6]. When the devices in the
comfort of human life [2]. The improvement systems used are examined, it is seen that they
and development of health services day by day do not apply sufficient security procedures. The
are carried out simultaneously  with widespread and rapid use of 0T devices reveals
technological developments. The reason for this security vulnerabilities in these devices and
is based on the need for critical data and instant creates question marks in data security,
intervention in healthcare services [3]. Almost integrity, and confidentiality criteria in health
all of the developed systems are used to store or data [7].
process the health information of the patient
followed by the internet infrastructure. These In this study, the resilience, risks, and possible
developments seem to form the basis of loT importance of loT devices and data transfer
systems in the field of health [4]. layers used in-home patient care services
against possible cyber-attacks were evaluated.
The widespread use and rapid growth of the 10T First, attack matrices for different layers were
ecosystem in the field of health has enabled the developed and attacks were carried out in test
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environments. The risks and data leakage
sources obtained as a result of these attacks
were evaluated and information about possible
precautions were given.

2. INTERNET OF HEALT CARE
THINGS ECOSYSTEM

Along with the use and advantages of loT
systems in Industry 4.0, it has also created a
vision in the follow-up of people in need of care
at home [8,9]. Increasing healthcare costs, rapid
response, and instant monitoring make loT
devices preferred in-home patient care. Regular
follow-up and monitoring of the person's health
information also increases the determination of
the experts to diagnose [10]. The increase in the
amount of data collected has also paved the way
for the spread of artificial intelligence systems.
With this, the data has brought with it problems
regarding the protection and privacy of this
data. Transferring and storing data sources at
home to experts via the internet brings security
measures to the fore [11].

Recently, blockchain technology has been
preferred for the protection of health data due to
its security and integrity capabilities. When the
literature studies are examined, it is seen that the
storage of blockchain-based health data will
minimize the possible risks. In this part of the
study, studies in the literature that use
blockchain technology for data privacy are
examined. In their study, Adanur et al. used fog
computing and blockchain technology together.
A blockchain-based system has been proposed
for the confidentiality and transmission of
analysis and laboratory results obtained from
individuals in the field of health. In this way, it
is said that the concerns about the
confidentiality and security of the transmitted
data are avoided [12]. Rathee et al. proposed a
model for the protection of data created with
l0T technology in the field of health. The values
obtained from the patients, the transfer of these
values, the processes of guaranteeing the
unchangeability of the drugs in the prescriptions
created for treatment were provided with a
model they named Healthchain Multimedia.
The proposed model has been tested with
Falsification Attraction and Wormhole attacks
and successful results have been obtained [13].
Dwivedi et al. propose a distributed blockchain
structure to eliminate the potential danger of
privacy and security after medical data is
obtained with 10T technology. Biological
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values obtained from the patient through
sensors are included in the blockchain system
by wrapping them with symmetric encryption
methods known as the ARX algorithm to the
physician [14]. Griggs et al. proposed a secure
system, the infrastructure of which was
prepared with 10T technology and supported by
smart contracts, which can perform real-time
follow-up of patients. All processes of patient
records can be easily followed without being
manipulated. According to the status of the data
received from the wireless body sensors, a
notification will be sent to the relevant
physician through solid contracts. In this way,
correct and early intervention opportunities will
be provided for the patient [15]. Srivastava et al.
proposed a model that shows how the remote
patient monitoring system established with the
0T infrastructure is secured with blockchain
technology. The proposed model promises
secure data communication over the network.
Data is stored on the cloud with the ARX
encryption method. Also, a double encryption
scheme is used to make the symmetric key more
secure over the network, and they use the
Concept  Diffie-Hellman Key Exchange
Technique on the blockchain base, which
protects the public key from an intruder [16].

The control of the systems in the house has been
provided by electronic systems with the
introduction of smart houses into our lives.
Especially in the first systems, the controls that
started with the command and sound were
shaped by joint movements and autonomous
systems [17]. Wired and wireless networks
established in the house collect data and provide
remote control. Together with 10T devices,
interconnected devices can process their own
data and make autonomous decisions [18]. The
increase in systems and the production of data
also attract the attention of attackers. Possible
configuration errors, use of vulnerable systems
or technologies increase data leaks [19]. In this
study, it is aimed to identify threats and
measures to ensure the security of health
records within the IoT ecosystem. In this
context, studies carried out for home patient
care in order to create the attack matrix were
examined and the technologies used were
determined. As seen in Table 1, the
technologies preferred by the studies related to
the production, processing, monitoring, and
storage of health data are listed. Thus, the
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framework of the attack matrix to be used in our
study was formed.

Table 1. Examination of home healthcare practices
in terms of the technologies they use.

Study Study Purpose Technology
[20] Early Diagnosis of MMS and
Heart Attack EGPRS
[21] System of careand ~ WIFI and GPRS
emergency medical
assistance of
chronic lung
patients
[22] Remote Follow-up ~ GSM and WIFI
of Patients in Coma
[23] Correct location of ~ Arduino Uno and
faults GPS
[24] To be able to store  Raspberry Pi 3,
the basic health Sensors, BLE
parameters of Adapter, GSM
patients Module
[25] Remote Follow-up Arduino Uno,
of Patients in Coma  GSM Module,
Cloud Storage
[26] Continuous Arduino and
monitoring of WIFI
patients
[27] Storage of medical Zigbee and
data WBAN
[28] Storage and Intel Galileo Gen
monitoring of 2, XBEE S2
medical data Sensor
[12] Secure Sensors and
transmission of Blockchain
medical data
[13] Ensuring the Sensors, 10T,
security of medical Blockchain
data and
prescriptions
[14] Keeping medical Sensors, 10T,
data encrypted on a Blockchain
distributed
blockchain
structure
[15] Real-time secure 0T, smart
patient follow-up contracts,
thanks to smart Blockchain
contracts
[16] Developing a 0T, smart
secure remote contracts,
patient monitoring Blockchain

system

57

3. CYBER ATTACKS FOR DATA
BREACH IN INTERNET OF
HEALTHCARE THINGS ECOSYSTEM
IoT networks basically consist of 4 layers:
devices, data, connection and users. In
particular, the device and data layers face more
attacks. In-network short-distance networks
(Bluetooth, NFC, WIFI, Zigbee, etc.) are used
in the creation of sensitive health records within
the 10T ecosystem. After the data is collected in
the network, it is transferred to the wide
network with different protocols as shown in
Table 2. During this process, it may face data
leaks and system blockages. In this study, the
risks and possible precautions against leaks of
patient care data produced within the loT
ecosystem were evaluated. In the tests
performed to detect the potential risks of the
ecosystem, mock test data were used.

Table 2. Network technologies used in the
transmission of health records in the 10T ecosystem

Communication Standard

WIFI IEEE 802.11 a/c/b/ d/g/n

WiMAX IEEE 802.16

WSN IEEE 802.15.4

LR-WPAN IEEE 802.15.4 (ZigBee)

Mobile 2G-GSM, CDMA 3G-
UMTS, CDMAZ2000 4G-
LTE

LoRa WAN LoRaWAN R1.0

3.1. Cyber Attacks for Data Breach in
Internet of Healthcare Thinks Ecosystem

A practical attack scenario has been developed,
as shown in Figure 1, in order to detect possible
vulnerabilities in Call Control or SMS
controlled systems where the internet
connection in the house is via GPRS. HackRF
Dongles are used for this. In the attack scenario,
a temporary GSM line was purchased and tests
were carried out with the open-source mobile
communication called osmocon. The test phone
was connected to the computer via USB-TTL
and mobile communication was started via
osmocon. Basically, it is aimed to capture the
information and wireless traffic transmitted by
GSM within the 10T ecosystem. The first goal
of this attack is to capture the International
Mobile Subscriber Identity (IMSI). Used to
receive IMSI data, IMSI Catcher acts as a base
station and allows the target to connect to itself.
The following tools are preferred for attacking
loT networks using GSM-based
communication. Application tests were carried
out on the Kali operating system.
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e Wireshark
e HackRF

e kalibrate

e gr-gsm

Wireshark is an open source software that
enables the examination and monitoring of the
network data it is connected to from the
interface. Network packets can be monitored or
recorded instantly with Wireshark. Detailed
analysis of the recorded network data can be
performed later.

The system created as a result of the hardware
and software requirements given above for
obtaining GPRS and SMS data is called IMSI-
Catcher. It stands midway between the station
and the telephone, as shown in Figure 1.

()

Cellphone Towe

Weak signal from tower
| |
stronger signal
———p

IMSI Catcher Device

-~ ==

Figure 1. Example attack scenario diagram.

After the applications are installed on the
system, first of all, the frequency band ranges
should be known in order to monitor the GSM
traffic (Turkey: 900 MHz -1800 MHz). When
the scenario runs, base stations close to the test
environment are detected. Then, GSM traffic
was captured with Wireshark. The following
filtering is used to see the data of GSMTAP
protocol in the Wireshark packet monitor.

wireshark -k -f udp -Y gsmtap -i lo

The airprobe_rtlsdr_capture tool was used to
capture the SMS traffic. The tool is used to
capture SMS data in traffic with the following
parameter.

airprobe_SMS.py -c capture.pcap -s 1000000 -
f 949200000 -m SDCCH8 -t 2 -e 1 -k
OxOE,0x10,0xEA,0xF3,0x02,0x99,0xF2,0xC4

Here -e 1 specifies the A5/1 algorithm and -k
specifies
0x0E,0x10.0xEA,0xF3.0x02.0x99.0xF2.0xC4
Kc. It is the key used to wirelessly encrypt the
KC telephone network.

GPRS Tunneling Protocol (GTP) traffic was
monitored for possible threats in the
transmission of health data via GPRS within the
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IOT ecosystem, as seen in Figure 2. There are
two different types of traffic in the scenario,
GTP Policy Out and GTP Policy In. By
examining the GTP traffic, it has been seen that
it is possible to access the data of the GPRS
flow.

e GTP Policy Out is traffic from client to
server

e GTP Policy In is the traffic from the
server to the client

Frame 8: 138 bytes on wire (1164 bits), 138 bytes captured (1164 bits)
Ethernet II, Src: Vmware_da:dl:de (00:0c:29:da:dl:de), Dst: Vmware_e3:cé:4d (80:0c:29:e3:c6:4d)
Internet Protocol Version 4, Src: 192,168.48.178, Dst: 192.168.48.179
User Datagram Protocol, Src Port: 2152, Dst Port: 2152
GPRS Tunneling Protocel

Flags: @x32

Message Type: T-PDU (xff)

Length: 88

TEID: 2x0000001 (1)

Sequence number: Gx267c (%852)

T-POU Data: 45000854067700004081982:c@a828b2cabh2892000017¢6. . .
Internet Protocol Version 4, Src: 192,168.48.178, Dst: 202.11.40.158
Internet Control Message Protocol

Figure 2. Wireshark monitoring of GPRS traffic.

3.2. Attack for Wireless Networks Controlled
10T Ecosystems

The use of wireless networks in smart home
systems and 10T ecosystem is carried out with
many technologies as shown in Table 1. WIFI
offers an average data transfer rate of 1 Mb/s —
6.75 Gb/s and WIMAX offers a data transfer
rate between 1 Mb/s — 1 Gb/s. Recently,
especially the large number and size of data has
brought the widespread use of WIFI and
WIMAX to the fore. In the scheme shown in
Figure 3, first of all, 8 processes were created
on the attack computer and DDOS attacks were
made on the detected wireless networks. In the
second stage, it has been determined whether it
is possible to access the health records and
sensitive data in the 10T network with the attack
types given below.

Access Control Attacks
Confidentiality Attacks
Integrity Attacks

Authentication Attacks

) JL¥

SR oy &
EEEEM”

Atacker Test Computers

e o o oo

((((rl))))

Clean Traffic

.......

4
3
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Figure 3. Anomaly diagram for WIFI and WIMAX
networks.

First, the attacking computer was put in the
USB WIFI adapter monitoring mode, and the
WIFI and WIMAX network devices around
were listed as shown in Figure 4. For attack
targets, wireless network signals within 5 km of
average open area were scanned. As a result of
the scanning, the ESSIDs of the sample loT
networks were determined.

ccup P 1eko

Figure 4. Monitoring Mode Scanner.

Basically, in the I0T ecosystem with WIFI and
WIMAX networks, firstly, the selected user is
dropped from the network by sending deaulth
packets as seen in Figure 5, in order to
determine the passwords of the devices
belonging to the users. When the active device
wants to connect to the network again, its
packets are captured and saved as a cap file.
Thus, in the registered packets, sensitive data
and network password information are searched
by performing packet analysis with Wireshark,
as in Figure 6.

Sending 64 directed Deduth (code 7). STMAC: [28:16:AD:AB:SE:BE] [22]68 ACKS
)1 Sending 64 directed DeAuth (code 7). STMAC: [28:16:AD:AB:5E:BE] [ 0]50 ACKs]

4:02 Sending 64 directed DeAuth (code 7). STMAC: [28:16:AD:AB:SE:BE] [ 0[47 ACKs]
Sending 64 directed DeAuth (code 7). STMAC: [28:16:AD:AB:SE:BE] [37|54 ACKs]

Figure 5. Sending deauth packets.

Protocol Destination

Length Info

a2 5 SL, PR, Flags=.p....F

Flguir”é" 6. Examination of packets with Wireshark.

The network password HASH value obtained
after the packet analysis of the target loT
devices should be estimated. As shown in
Figure 7, the hash matching process has been
completed by uploading the wordlist with the
software named aircrack and hashcat.

59

[00:00:21] 138944/9822768 keys tested (6412.37

Time left: 25 minutes, 10 seconds

Current passphrase: may201986

A4 05 82 F1 6E C8 75 68
DE CE 98 55 3D 0B 81 15

: AB AE 0D D6 C1 86 88
E9 D8 38 B7 C5 F2

Master Key

Transient Key : 25 6F 82 BB72 72 C7 11 CC CA A5 55 1F 2B
F4 DA BA 8C 30 93 8D B3 BF AA 26 0B C7
0B EB 00 C2 95 OF 99 A2 1C 92 37 B5 DE A8
2A 32 34 A6 D8 5C 77 FE A4 46 OF 13 9A

EAPOL HMAC : 40 CE 9A OF 2A 30 17 BD 38 D4 78 60 C1 CD

Figure 7. Brute force attack on 10T networks.

Hashcat is an attack software with GPU and
CPU support that enables the detection of open
data from the obtained hash data. In decoding
the hash data obtained from WIFI and WIMAX
networks, a wordlist consisting of seven million
data was used by using hashcat GPU support.

An Evil Twin attack was carried out by
simultaneously creating a fake wireless network
while 10T devices were exposed to the deauth
attack. In the loT ecosystem, due to the
communication network and its protocols
between devices, the device automatically
connects to the network device that signals
closer to it. However, since they both have the
same name, the user cannot notice it. Thus, it is
aimed to connect 10T devices to the fake
network and collect data packets. In addition, a
Man in the Middle — MITM attack was carried
out on loT devices whose passwords were
detected. With this attack, tests of accessing the
data flow of loT devices, manipulating and
blocking the data were carried out.

3.3. Attack For Blockchain-based 10T
Ecosystems

Although the blockchain was first mentioned
with cryptocurrencies, it has recently been
widely used to ensure data security. In
particular, ensuring the security and integrity of
sensitive data is carried out with blockchain
applications. It provides its own security with
the mechanisms wused in the blockchain
structure. However, although it is not possible
to provide 100% security, there are possible
attacks and risks in the blockchain [29]. Due to
its blockchain structure, it can face the
following attacks and risks [30].

51% Attack

Long-Range Attack

P+ Epsilon Attack

Brute Force Attack

Distributed Denial-of-Service (DDoS)
Border Gateway Protocol Hijacking
(BGP)
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o Balance Attack

e Mining Pool Attacks

e Sybil Attack
The attacks carried out within the scope of the
study were carried out in the transfer of the
health records shown in Figure 8, which we
previously developed, to the expert with the
smart contract and their storage in the
blockchain [31]. In the case study, data storage
is stored in BlockChainDB and Mongodb. C#
programming language interface software has
been developed to monitor the collected data.

Smart Contracts

Ve

oo E-E 3

Figure 8. Blockchain-based attack testnet.

First, the Smart Contract Overflow and
Underflow method was tested for accessing the
data stored in the blockchain. With this method,
it occurs in transactions that accept
unauthorized health data or value. A smart
contract overflow basically occurs when more
than the maximum value is supplied.
Commonly smart contracts are written in
Solidity, which can handle numbers up to 256
bits, where an increment of 1 causes overflow.

As the second attack, a short address attack was
made. A Short Address Attack is basically
similar to a SQL injection error and occurs
when an insufficient data flow is detected. This
vulnerability is an input validation error and is
mostly exposed by the sender due to weak
transaction generation code. Finally, a DDOS
attack was applied to test the continuity of
communication in all possible scenarios.

3.4. Potential Post-Attack Threat and Risks

The results obtained as a result of attacks on the
test environment where devices are controlled
by call, sms and GPRS in the 10T ecosystem are
given in Table 3. As a result of four different
attacks, it was observed that GSM operator
headers, call and SMS information were
accessed, especially in attacks with IMSI
Catcher hardware. In GSM-based systems, it
has been determined that there are cases where
access to API or database is performed in the
target system and session verification is not
used. As a result, it is possible to send
parameters to l0T devices or to monitor and
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copy incoming sensitive data. The attacks on the
target system and the results show that the
security structures in GSM-based systems are
insufficient.

Table 3. Attack evaluation of GSM, SMS and
GPRS based IoT systems.

Attack Result
Type

IMSI Data Leak - MCC (Mobile

Catcher Country Code), MNC (Mobile
Network Code) and MSIN

(Mobile Subscriber Identification
Number)

GSMTAP Data Leak (Call Parameters)

GTP Data Leak (SMS DATA)

DDOS Success (service is blocked)

Five different attack modeling has been carried
out on WIFI and WIMAX networks, which are
more  commonly  preferred in  the
communication of loT devices. Incomplete
configuration of IoT devices and edge devices
in the data collection and transfer process is one
of the most common mistakes. Table 4 shows
the attacks on target systems and their results.
Although the passwords of the default wireless
networks meet the strong password criteria, it is
seen that modem, access point (AP), or switch
interface configurations are not made. With the
MITM attack, access to the data produced by
loT devices is provided. In addition, it has been
determined that devices can be dropped from
the network with a deauth attack and redirected
to fake connections with an Evil Twin attack. In
cases where continuous data flow is made and
critical health data is monitored instantly, data
flow can be interrupted by DDOS attacks. This
is expected to result in life-threatening risks.

Table 4. Attack evaluation of WIFI and WIMAX-
based 10T systems

Attack Type Result Password
Detection
Brute Force - Fail
(aircrack)
Hashcat - Yes
MITM Data Leak -
Evil Twin Data Leak Yes
DDOS Success (service is -
blocked)

In order to ensure data security, data is stored in
the blockchain structure in wired and wireless
communication solutions and transferred to
experts with smart contracts. Data from within
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the 10T ecosystem is mostly transferred to the
wide network with web services. For this
reason, possible risks in WIFI and WIMAX
networks are predicted to be a threat within
blockchain-based systems. Three different
attacks were applied to the test blockchain
network as shown in Table 5. It is seen that the
probability of data leakage in blockchain-based
systems is very low. However, in these attacks,
data access problems are experienced during the
transfer of health data to specialists.

Table 5. Attack evaluation of blockchain loT

systems.
Attack Type Result Password
Detection
Brute Force - Fail
(aircrack)
Hashcat - Yes
MITM Data Leak -
Evil Twin Data Leak Yes
DDOS Success (service -
is blocked)

In order to ensure data security, data is stored in
the blockchain structure in wired and wireless
communication solutions and transferred to
experts with smart contracts. Data from within
the 10T ecosystem is mostly transferred to the
wide network with web services. For this
reason, possible risks in WIFI and WIMAX
networks are predicted to be a threat within
blockchain-based systems. Three different
attacks were applied to the test blockchain
network as shown in Table 5. It is seen that the
probability of data leakage in blockchain-based
systems is very low. However, in these attacks,
data access problems are experienced during the
transfer of health data to specialists.

4, MEASURES TO PROTECT
SENSITIVE HEALT RECORDS IN THE
I0OT ECOSYSTM

The process of collecting, transferring, and

monitoring sensitive health data in the loT

ecosystem needs to be carefully structured.

Many of the possible risks and threats appear to

be caused by configuration errors. Data leaks

and risks have been determined as a result of
different attack types and aggressive behavior in
test  environments.  Basically, security
requirements must include confidentiality,
integrity, source verification, data up-to-date,
service integrity, and key management. In the
light of the data obtained, the precautions to be
taken for the protection and secure
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communication of sensitive health records
produced within the framework of 10T home
patient care services are listed as follows.

+ In general, using a Virtual Private Network
(VPN) to prevent web traffic from being
monitored by attackers helps prevent MITM
attacks.

+ Data flow of 10T sensors configured in the
house is provided by WIFI. Here, the
wireless passwords of the modem and AP
devices must be at least 10 characters long
and a combination of letters-numbers-
special characters. In addition, the default
configuration of the device interface login
screens needs to be adjusted individually.

» Update and security patches of devices used
in 10T networks should be checked
periodically.

» Firewall should be preferred in order to
instantly monitor wired and wireless
network traffic and detect possible
anomalies.

* loT devices must be registered to the
network with MAC authentication.

» A secure data transfer environment should
be created by using strong encryption in
Bluetooth, Zigbee, Wi-Fi, GPRS, LoORa,
NFC and similar loT protocols.

» Network capacity and bandwidth should be
limited to the lowest value that will be
sufficient for the I0T system to operate.

+ The daily internet used in the home and the
internet networks used by loT devices
should be partitioned.

* loT protocols such as Message Queue
Telemetry  Transport (MQTT), Data
Distribution Service (DDS), Extensible
Messaging and Presence Protocol (XMPP),
Advanced Message Queuing Protocol
(RestFull HTTP), or  Constrained
Application Protocol (CoAP) should be
preferred.

5. CONCLUSION

Collecting and processing sensitive health
records with 10T devices has become a life
abandonment. In this and beyond, low-
complexity and high-reliability solutions should
be configured for 10T networks. In this study,
the current risks, potential threats, and security
measures of the 1oT ecosystem used in home
patient care processes are evaluated. First of all,
IoT studies related to patient care were
examined and the 10T technologies used were
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determined. An attack matrix was created and
test attacks were made with the findings
obtained. The risks, threats, and possible
precautions obtained after the attacks are
reported. Today, it is seen that the basis of
threats is wrong and incomplete configurations.
While designing security mechanisms in the
10T ecosystem, each 10T device layer should be
arranged with security requirements in mind.
Methods that are resistant to denial of service
and eavesdropping attacks should be developed
at the physical and media access layers.
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0z

3B yazicilarin hizli prototipleme ve 6zel iiretim alanlarinda kullanimi hizla artmaktadir. En yaygin
kullanilan 3B yazici1 teknolojisi olan eriyik biriktirme yonteminde (FDM), polilaktik asit (PLA)
malzeme yaygin olarak tercih edilmektedir. 3D yazic1 baskilarinin prototip veya model iiretiminin
Otesinde kullanilabilir parga iiretiminde kullanilabilmesi i¢in kullanilan filamentlerin mekanik
ozelliklerinin de gelistirilmesi gerekli olmustur. Bu amagla takviyeli kompozit filamentlerin
gelistirilmesi 6nemlidir. Bu ¢alismada ana amag¢ cam lifi takviyeli kompozit PLA filament iireterek,
ozellikle egilme ve darbe direnci daha yiiksek, kullanilabilir parcalarin 3B yazicr ile iiretilebilmesine
olanak saglamaktir. Bu amagla PLA termoplastik malzemeye %5, %10 ve %15 oranlarinda cam lifi
(CL) katkis1 yapilarak cift vidal ekstriiderde kompozit graniil elde edilmis ve bu graniillerden de 1,75
mm ¢apinda 3B yazici filamenti iiretilmistir. Elde edilen kompozit filament kullanilarak 3B yazicida
yazdirilan pargalarin ¢ekme dayanimi (ASTM D638), egilme dayanimi (ASTM D790) ve darbe direnci
(ASTM D6110) degerleri belirlenerek saf PLA’dan iiretilen 6rneklerin degerleriyle karsilagtirilmigtir.
3B yazicida parga iiretim siirecinde yazdirma parametrelerinin mekanik Ozelliklere etkisinin
belirlenmesi amaciyla da, %10, %50 ve %90 olmak iizere ii¢ farkli doluluk orani; rectilinear, grid ve
honeycomb yazdirma geometrileri ile 190°C ve 210°C yazdirma esnasinda ekstriider sicakligi
parametreleri kullanilarak deney Ornekleri hazirlanmistir. PLA malzemeye CL katkist mekanik
ozellikleri etkilemis, %5 CLT katkis1 ile gekme dayaniminda %28, egilme dayaniminda %24 artis; %10
CL katkisi ile de darbe direncinde %8,6 artis elde edilmistir. CL katki oraninin %15 olmasi durumunda
ise mekanik diren¢lerde azalma meydana gelmistir. Yazdirma parametrelerinden doluluk orani ile
mekanik 6zellikler arasinda dogrusal bir iliski oldugu ancak yazdirma geometrisi ve sicakliginin 6nemli
bir etkisinin olmadig1 tespit edilmistir.

Anahtar Kelimeler: 3B Yazici, PLA, Cam Lifi, Kompozit Filament.

MANUFACTURING AND MECHANICAL PROPERTIES OF A GLASS
FIBER REINFORCED COMPOSITE FILAMENT FOR 3D PRINTERS

ABSTRACT
The use of 3D printers in rapid prototyping and specialty manufacturing areas is increasing rapidly. In
the melt deposition method (FDM), which is the most widely used 3D printer technology, polylactic
acid (PLA) material is widely preferred. In order for 3D printing to be used in the production of usable
parts beyond prototype or model production, it was necessary to improve the mechanical properties of
the filaments used. For this purpose, it is important to develop reinforced composite filaments. In this
study, the main purpose was to produce glass fiber reinforced PLA composite filament, which has
particularly higher bending and impact resistance and to allow producing parts which can be used as a
functional part by using a 3D printer. In the study, to produce composite granule, glass fiber powder
(GF) were added by 5%, 10% and 15% to a thermoplastic PLA by using a twin-screw extruder. With
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these granules, 1,75 mm filament was extruded by using single screw extruder. In order to determine
the mechanical properties of the 3D printed specimens, tensile test (ASTM D638), flexural test
(ASTMD790) and impact strength (ASTM D6110) test performed. To determine the effect of the
printing parameters on the mechanical properties of the printed specimens, three infill geometries (Grid,
Rectilinear, Full honeycomb), three infill rate (10%, 50%, 90%) and two nozzle temperatures (190°C
and 210°C) were used. Addition of GF to the PLA affected the mechanical properties of the printed
parts. Adding 5% GF resulted in a 28% increase in tensile strength and a 24% increase in flexural
strength. Adding 10% GF led an 8,6 % increase in Charpy impact strength. It was determined that
mechanical properties decrease when the addition ratio of GFP increases to 15%. It was also determined
that there was a direct proportion between infill rate and mechanical properties, but neither infill
geometry nor nozzle temperature affected the mechanical properties, significantly.

Keywords: 3D Printer, PLA, Glass Fiber, Composite Filament.

1. GIRiS

Son yillarda 3B baski teknolojisine olan ilgi
hizla artmaktadir. 3B baskida, secici lazer
sinterleme (SLS), eriyik biriktirme yontemi
(FDM) ve benzer ¢esitli teknolojiler
kullanilmaktadir. Bunlar arasinda en yaygin
kullanilani, hem basit ¢caligma mantig1 hem de
yatirim maliyeti agisindan daha ekonomik
olmasi sebebiyle FDM teknolojisidir [1]. Bu
yizden FDM baski teknolojisi siirekli olarak
gelismektedir ve silirdiiriilebilir gelisimi igin
bask1 malzemeleri de son derece dnemlidir [2-
3].

FDM teknolojisinde genellikle polilaktik asit
(PLA), akrilonitril biitadien stiren (ABS) ve
polikarbonat (PC) gibi termoplastik materyaller
kullanilmaktadir. 3B {iretimde elde edilen
iiriinlin kalitesine etki eden faktorler arasinda
filament kalitesi ve dayanimi da bulunmaktadir.
PLA malzemenin dayaniminin nispeten diisiik
olmasi, yazdirllan pargalarin  dayanim
gerektiren fonksiyonel son iiriin olarak kullanim
alanlarinin smirli olmasina neden olmaktadir.
Mekanik o6zellikleri daha iyi olan petrol tiirevi
plastik malzemelerin ¢evre kirliligine neden
olmasindan dolayi, dogal olarak bozunabilen
(biobozunur) bir polimer olan PLA’nin
sanayide kullanimi gevresel etki agisindan da
olumlu olacaktir. Bu durum 3B baski
teknolojisinde mekanik 6zellikleri iyilestirilmis
takviyeli PLA  kompozit  filamentlerin
gelistirilmesine ihtiya¢ dogurmaktadir.

Takviyeli kompozit imalatinda plastik matrise
dogal veya sentetik liflerin veya cesitli
inorganik takviye malzemelerinin katilmasi
yaygin olarak kullanilan bir yontemdir. Cesitli
boyut ve formlardaki cam lifi (CL) de, bu
amagla yaygm olarak kullanilan bir takviye
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malzemesidir. Bir¢cok farkli
termoset plastik veya recineler CL ile
giiclendirilerek kompozit malzemeler elde
edilmektedir. Bu baglamda, 3D baski
teknolojisinde kullanilan PLA filamentlerin de
CL ile gigclendirilerek PLA filamentin
endiistriyel iriinlerde kullanim imkanlarini
arttirabilmek miimkiin olabilir.  Lifli yapisi
nedeni ile malzemenin darbe dayaniminda
centik etkisini azaltict yonde etkileyecegi
ongoriilmektedir. Ancak lif uzunluklarinin fazla
olmasi yazdirma sirasinda nozul tikanmasi gibi
zorluklara neden olabilmektedir. Bu nedenle
kisa hatta toz formunda cam lifi kullanilmasi
faydali olabilir. CL takviyesi ile mekanik
Ozellikleri iyilestirilecek PLA filamentin 3B
yazicilarda kullanimi ile, daha az malzeme ile
iiretim yapilabilmesi olanagi, daha hafif iiriin ve
ekonomik iiretim yapma imkan1 saglayacaktir.

termoplastik,

Literatlirde dogal veya sentetik ¢esitli lif veya
takviye  malzemeleri ile  gii¢lendirilmis
kompozit malzemelerin Ozelliklerine ydnelik
bir¢ok caligma bulunmaktadir. Cam lifi (CL)
katkisinin PLA malzemenin mekanik 6zellikleri
iizerindeki etkisine yonelik de c¢aligmalar
yapilmistir. Bu  kompozitlerin  iiretiminde
cogunlukla sicak presleme veya enjeksiyon
kaliplama yontemleri kullanilmistir. Huda vd.
[4] %30 CL katkili PLA kompozitlerin ¢ekme
dayanimimda %28, egme dayaniminda %10,
darbe dayaniminda ise %353 artis tespit
etmiglerdir. Lin vd. [5] %30 CL katkisinin saf
PLA ya oranla ¢cekme dayaniminda %84, egme
dayaniminda %73 ve darbe dayaniminda %200
artis saglayabildigini belirtmistir. Lu vd. [6] de
yine %30 CL katkisi ile PLA/HDPE harmani
kompozitinin ¢ekme dayaniminda %75 artis,
darbe dayanimi ve siinekliginde ise sirasiyla
%57 ve %83 azalis tespit etmislerdir.
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Jaszkiewicz vd. [7] ise %30 CL takviyeli PLA
matrisli ~ kompozitlerin ~ ¢entikli ~ darbe
dayaniminda %3531 gibi oldukga yiiksek bir
artis elde ettiklerini belirtmislerdir.

Termoplastik matrisli, takviyeli kompozit
termoplastiklerin 3B yazic1 filamenti olarak
kullanimi ve yazdirilan parcalarm o6zelliklerine
yonelik akademik ¢alismalar sinirhidir. Bu
caligmalar daha ¢ok ABS matrisli kompozitler
tizerine yogunlagsmistir. Zhong vd. [8] 3B
yazicilarda kullanmak tizere ABS matris
malzemesine kisa cam  fiber takviye
elemanlarmi ekleyerek iirettikleri filamentin

kirllganhigmin ~ arttigini, bu nedenle 3B
yazicilarda  kullannommnin  smirli  oldugunu
belirtmiglerdir. Ancak kompozite

plastiklestirici olarak LLDPE ve uyumlastirici
ajan (Hydrogenated Buna-N) katilmasi ile elde
edilen kompozit filamentin ¢ekme dayaniminin
ABS’ye oranla oldukga ytiksek oldugunu ve 3B
yazicilarda kullanilabilecegini bildirmislerdir.
Shofner vd. [9] ABS matrise %10 karbon
nanofiber katarak ¢ekme dayamiminda %39,
¢ekme modiiliinde ise %60 artis saglamislardir.
Perez vd. [10], ise agirlik¢a %5 oraninda hint
keneviri elyafi ekleyerek {irettikleri ABS
filament ile yazdirdiklari numunelerin ¢ekme
dayaniminin saf ABS filamentle yazdirilanlara
kiyasla % 9 oraninda diisiik oldugunu
belirtmislerdir. Namuik: vd. [11] PLA ve siirekli
karbon fiber kullanarak yazdirdiklar1 kompozit
orneklerin ¢ekme dayanimi ve elastisite
degerlerinin, saf PLA ile yazdirilan 6rneklere
gore daha yiiksek oldugunu belirlemislerdir.
Weng vd. [12] %1-5 montmorillonit takviyeli
ABS kompozitinin 3B yazic1 ile yazdirilan
orneklerinin ¢ekme dayanimi ve modiilil
degerlerinin enjeksiyon kaliplama
yontemleriyle iiretilenlerinkinden %40-45 daha
disiik oldugunu belirtmislerdir. Literatiirde CL
takviyeli PLA kompozitinin 3B yazicida

kullanimina yoénelik yalnizca bir c¢alismaya
ulagilabilmistir. Caligmada %5, 10, 15 ve 20 CL
ile takviye edilen PLA kompoziti ile 3B
yazicida yazdirilan Orneklerin ve enjeksiyon
kaliplama yontemi ile elde edilen 6rneklerin
mekanik o6zellikleri incelenmistir [13]. Ayrica
PLA ile %10 termoplastik iiretan (TPU)
harmanlanarak kompozitin toklugunun
arttirilmasi hedeflenmistir. Enjeksiyon
kaliplama ile elde edilen numunelerde %15 CL
takviyesi ile PLA nin ¢gekme dayaniminda %32,
egilme dayaniminda %21 artis belirlenmistir.
Ancak 3B yazdirilmis Orneklerin  ¢ekme
dayanimda %30 ve egilme dayanimimda %32
azalis oldugu belirtilmistir.

Bu c¢aligmada ana amag, PLA termoplastik
malzemeye cam lifleri katilarak mekanik
ozellikleri daha iyi bir kompozit filament
iretmek ve bu filament ile prototip veya
modellerden ¢ok, kullanilabilir son iiriinlerin
3B yazicilar ile iretilebilmesine imkan
tanimaktir. Bu amagla PLA malzemeye %5,
%10 ve %15 oranlarinda CL katilarak graniil
halinde kompozit malzeme elde edilmis ve bu
kompozit graniillerden de 3B yazici igin
filament  {iretilmistir.  Uretilen  filament
kullanilarak yazdirilan parcalarin mekanik
ozeliklerinin belirlenmesi i¢in ise, doluluk
orani, yazdirma geometrisi ve nozul sicakligi
gibi yazdirma parametrelerinin farkli seviyeleri
kullanilarak pargalar {iretilmis ve optimum
yazdirma parametreleri belirlenmistir.

2. MATERYAL VE YONTEM

2.1. Materyal

Calismada kullanilan ana matris malzemesi
PLA graniil halde Kumru Kimya San. ve Tic.
Ltd. Sti. (Tirkiye) temin edilmistir. Tedarik¢i
firma tarafindan saglanan bilgilere gore
kullanilan PLA’nin teknik ozellikleri Cizelge
1.”de verilmistir.

Cizelgel. PLA graniil teknik 6zellikleri.

Fiziksel Ozellik Miktar (birim)
Yogunluk 1.24 g/cm3

Erime akis indeksi (ISO 1133-A at 210°C/2.16kg) 8 /10 min

Erime akis indeksi (ISO 1133-A at 190°C/2.16kg) 3 9/10 min

Goriliniim Kristalin bayaz graniil
Erime sicakligi Tm (DSC) 155°C

Camsi gecis sicakligi Tg (DSC) 55-60 °C

Takviye elemani olarak ogiitiilmiis cam lifi
(CL) kullanilmustir. Fiber Elyaf Kompozit San
Tic Ltd Sti firmasindan temin edilen cam lifi,
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tedarik¢i tarafindan verilen bilgilere gore, E-
cami yapisinda, 13 mikron ¢apinda ve 7-300
mikron lif uzunluguna sahip toz yapisindadir.
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2.2. Yontem

2.2.1. Kompozit malzeme iiretimi

3B yazicida kullanilacak CL ile gii¢clendirilmis
filament elde edilmesi i¢in oncelikle kompozit
graniil elde edilmis ve bu graniiller kullanilarak
filament {iretimi gergeklestirilmistir. Kompozit
malzeme ve filament {iretimi Anatolia Arge
Makine Elektronik Kimya Otomotiv Ltd. Sti.
firmasindan hizmet alimi yoluyla
gercgeklestirilmistir.

Kompozit malzeme bilesiminde ana matris
olarak PLA kulanilmistir. Takviyeli kompozit
iiretiminde yiiksek oranda takviye kullaniminda
ana matis orant da diismekte ve takviye
elemanindan beklenen katki
saglanamamaktadir. Bu nedenle bu g¢alismada
%5, %10 ve %15 olmak tizere ii¢ farkli oranda
CL karisgimu ile toplam 4 farkli malzeme elde
edilmistir. Kompozit graniil {iretiminde
termoplastik  malzeme PLA ¢ift vidal
ekstriidderin ana besleme haznesinden, katki
olan CL ise belirlenen oranda yan besleme
iinitesinden beslenerek istenen homojen karisim
elde edilmistir. An1 zamanda karisimlarda katki
oranini belirtmek i¢in ¢ok diisiik oranda (%
0,05) renk pigmenti kullanilmigtir. Hizmet
saglayicinin teknik altyapisina bagli olarak
iiretim sartlarma ait bilgiler firma tarafindan
belirtilmistir.

Kompozit malzeme, vida boy/¢ap orani (L/D)
30, vida doniis hiz1 5 dev/dak, besleme bolgesi

sicakligr 20-25 °C, eritme/karistirma bdlgesi
sicaklig1 190-200 °C ve ¢ikis kalip sicakligi 200
°C iglem parametreleri kullanilarak ¢ift vidah
ekstriiderde tiretilmistir. Elde edilen kompozit
kiricida  kirilarak  graniil hale getirilmistir.
Graniil halde elde edilen kompozit malzeme
filament iiretimi 6ncesi 12 saat 80 °C sicaklikta
vakumlu firinda kurutulmustur. Rutubetinden
arindirilan  graniiller tek vidali ekstriider
kullanilarak 1,75 mm c¢apinda filament haline
getirilmistir. Filament {iretimi parametreleri ise,
L/D=24, besleme bolgesi sicakligi 20-25 °C,
eritme bolgesi sicakligi 200 °C ve ¢ikis kalip
sicakligt 210 °C olarak uygulanmistir. Elde
edilen filamentler makaralara sarilarak 3B
yazicilarda kullanilmak tiizere hazir hale
getirilmistir.

2.2.2. Deney Orneklerinin Hazirlanmasi
Mekanik  o6zelliklerin ~ belirlenmesi  igin
kullanilacak deney ornekleri farkli yazdirma
parametreleri kullanilarak Makerbot marka
FDM yazici ile elde edilmistir. Cekme testi,
egilme testi ve darbe testi Ornekleri ilgili
standarda  uygun olarak SolidWorks
programinda modellenmis ve STL dosya
formatinda kaydedildikten sonra 3B yazicinin
yazilimi ile dilimlenmis ve yazdirilmigtir.
Deney orneklerinin elde edilmesinde kullanilan
yazdirma  parametreleri ~ Cizelge  2’de
verilmistir.

Cizelge 2. 3B yazicida iiretilen deney 6rneklerinin yazdirma parametreleri.

Parametre

Parametre alt seviye

Doluluk orani

Yazdirma geometrisi

Yazdirma ekstriider sicakligi

Yazdirma hizi
Katman kalinlig:

%10

%50

%90

Rectilineer

Grid

Full Honeycomb
190 °C

210 °C

45 mm/sn

0,2 mm

Calismanin hedeflerinden birisi malzemenin
mekanik oOzelliklerini 1iyilestirerek daha az
malzeme ile daha hafif parcalar iiretilebilmesini
saglamak oldugundan, doldurma orami olarak
%10, %50 ve %90 oranlar1 secilmistir.
Orneklerin yazdirilmasinda kullanilan
parametrelerden birisi olan yazdirma geometrisi

67

(infill pattern) olarak secilen 3 farkli geometri
sematik olarak Sekil 1’de verilmistir.

2.2.3. Mekanik testler

CL katkisinin ve yazdirma parametrelerinin 3B
yazicilarda iretilecek parcalarin  mekanik
Ozelliklerini  belirlemek amaci ile ilgili
standarda gore yazdirilan Orneklerin, ¢ekme
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dayanimi ASTM D638 (Tip 1) [14], egilme
dayanimi ASTM D790 [15] ve darbe direnci
degerleri ASTM D6110 [16] standardina uygun
olarak tespit edilmistir. Cekme ve egilme

makinesi, darbe direnci testlerinde Devotrans
DVT CD C model centik darbe test cihazi
kullanilmigtir. Her deney grubu i¢in 5 adet
numune kullanilmistir.

testlerinde Zwick/Roel Z50 universal test
RECTILINEAR GRID
\& \ & \\ \ N N,y 4 '
\\\\\\\\\ \\ Al i \ \ ) Ny i ‘‘‘‘‘‘ "‘f =
S A 2 \ N
RO N AN N VAR
SO \A\B NOWNNANY

Sekil 1. Yazdirma geometrisi (infill pattern).

2.2.4. Malzeme Karekterizasyonu

CL katkis1 ile PLA malzemeden {retilen
kompozit malzemede, cam liflerinin matris
icerisindeki dagilimi ve arayiiz etkilesimine ait
degerlendirme taramali elektron mikroskobu
(SEM) (Carl Zeiss Ultra Plus Gemini Fesem)
goriintiileri ile degerlendirilmistir.

2.2.5. Verilerin Degerlendirilmesi

Cam lifi tozu katkili PLA filament ile, farkli
yazdirma  parametreleri  kullanilarak 3D
yazicida yazdirilan numunelerin - mekanik
testlerinden elde edilen veriler, ¢coklu regresyon
analizi ile istatistiksel degerlendirmeye tabi
tutulmustur. Faktdr seviyeleri arasindaki
farkliliklarin tespiti i¢in ise Duncan’s coklu
karsilastirma testi uygulanmugtir.

3. BULGULAR

3.1. Cekme Dayanimi

CL katkili PLA filament kullanilarak farkli
yazdirma parametrelerine gore yazdirilan
orneklerin ¢ekme dayanimi degerleri Cizelge
3’te verilmistir. Elde edilen verilere gore CL
katki oran1 ve yazdirma parametreleri
orneklerin ¢ekme dayanimi {izerinde etkili
olmustur. En diisiik ¢ekme dayanimi degeri
11,07 N/mm? ile saf PLA filamentle,
honeycomb yazdirma geometrisi, %10 doluluk
orani ve 190 °C vyazdirma sicakliginda
yazdirilmig  kontrol  6rneklerinde  tespit
edilmistir. En yiiksek ¢cekme dayanimi degeri
ise 25,69 N/mm? ile rectilinear geometride, %90
doluluk orani ve 210 °C yazdirma sicakliginda
saf PLA ile yazdirilan 6rneklerde ol¢tilmiistiir.

Hem kontrol grubu hem de CL tozu katkili
orneklerin ¢ekme dayanimi arasinda dogrusal
bir iliski ve istatistiksel olarak da Onemli
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(p=0,000) bir fark bulunmaktadir. Cogunlukla
%5 CL katkili gruplarin ¢ekme dayanimimin
digerlerine gore daha yiiksek oldugu ancak %90
doluluk oraninda saf PLA ile yazdirilan
orneklerin ¢ekme dayanimi ile aradaki farkin
cok az oldugu tespit edilmistir. Yazdirma
geometrisinin  ¢ekme dayanimi iizerinde
istatistiksel olarak ©nemli bir etkisi yoktur
(p=0,215>0,05). Yazdirma sicakliginin etkisi
ise nispeten daha az olmaktadir.

CL katki oraninin ¢ekme dayanimi degerleri
iizerindeki etkisini daha anlasilir sekilde ortaya
koyabilmek i¢in doluluk oranindan bagimsiz
olarak degerlendirmek daha uygundur. Doluluk
orani % 10 iken CL katk1 oran1 % 5 oldugunda
en yiksek c¢ekme dayanimi degerleri elde
edilmistir. Yazdirma geometrisinin belirgin bir
etkisi goriilmezken, yazdirma sicakliginin artigt
ile gekme dayaniminin da arttig1 belirlenmistir.
Katki oran1 %10’a ¢iktiginda ise sicakligin artisi
ile ¢ekme dayaniminin kontrol grubuna gore
daha diisiik oldugu belirlenmistir. Katki orant
%15 iken ¢ekme dayanimi kontrol gurubu ile
hemen hemen ayni iken, %5 katki oranmin
degerlerine gore daha disiiktiir. Yazdirilan
orneklerin doluluk orani %50 iken yine % 5 CL
katkili orneklerin cekme dayanimi
digerlerinden yiiksektir. Katki oraninin artisi ile
birlikte ¢ekme dayanimi degerleri de
azalmaktadir. Ozellikle yiiksek sicaklikta
yazdirilan  Orneklerde bu deger kontrol
grubunun da altina diismektedir. Yazdirma
sicakliklan arasinda ise yiiksek sicakligin ¢ok
az da olsa c¢ekme dayanimmi arttirdigi
soylenebilir. Orneklerin doluluk oran1 %90
iken, CL katki oraninin etkisi daha da belirgin
olmakta ve ¢cekme dayanimini azaltmaktadir.
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Katki oram1 arttikca genellikle
dayanimindaki azalis da artmaktadir.

¢ekme

Yazdirma sicakligimin ve geometrisinin ise ¢ok
edilememistir.

belirgin  bir etkisi tespit

Yazdirma doluluk oranina ve CL katk1 oranina
gore ¢ekme dayanimi degigsimi Sekil 2 de
verilmistir. En yiiksek c¢ekme dayanimi
degerleri %5 CL katkili filamentle yazdirilan
orneklerde tespit edilmistir.

Cizelge 3. Cam lifi katkih PLA filamentle yazdirilmis drneklerin ¢ekme dayanimu.

Yazdirma
Yazdirma Sicaklig1 Doluluk Cekme Dayanim (N/m’)

Geometrisi ©) Orani (%) PLA %5CL %10CL %15CL
10 13,02 17,95 15,45 12,56)

(0,42) (0,35) (0,50) (0,46

190 50 15,12 20,64 18,45 15,28)

(1,48) (1,06) (0,66) (0,74)

920 22,76 20,38 19,14 20,54

. (0,69) (0,29) (0,64) (0,63)

Grid

10 15,72 18,08 14,33 15,50

(0,66) (0,22) (0,79) (0,46)

210 50 18,51 21,07 17,20 17,32

(0,63) (0,92) (0,65) (0,66)

20 23,57 23,58 19,99 18,34

(0,29) (0,31) (0,36) (0,77)

10 11,07 17,65 15,80 12,98

(0,97) (0,59) (0,44) (0,60)

190 50 15,87 21,78 19,11 15,12

(0,66) (0,70) (0,84) (1,18)

920 19,62 22,47 17,73 19,35

Honeycomb (0,72) (0,14) (0,15) (0,44)
10 15,76 17,69 14,59 16,15

(0,54) (0,28) (0,53) (0,45)

210 50 20,56 20,94 17,65 18,36

(0,32) (0,72) (0,69) (0,36)

90 23,27 23,55 19,80 18,56

(0,64) (0,56) (0,36) (0,43)

10 12,33 17,90 15,34 12,50

(0,38) (0,98) (0,52) (0,77)

190 50 17,26 20,32 18,30 17,78

(0,33) (1,16) (1,07) (0,61)

920 21,78 22,69 18,63 18,67

Rectilinear (0,66) (0,68) (0,76) (1,01)
10 15,08 17,20 14,21 15,00

(0,54) (0,54) (0,70) (0,63)

210 50 18,43 20,87 17,86 14,58

(0,50) (0,98) (0,68) (1,90)

20 25,69 23,19 19,37 16,75

(1,02) (0,72) (0,43) (0,47)

PLA:Saf PLA kontrol, %5CL:%5 Cam lifi+%95 PLA, %10CL:%5 Cam lifi+%90 PLA,
%15CL:%15 Cam lifi+%85 PLA. Parentez igerisindeki degerler standart sapmayi ifade etmektedir.
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Doluluk orani artik¢a kontrol numunesi ile %5
CL katkili numunelerin degerleri arasindaki
fark azalmakta, %90 doluluk oraninda ise
neredeyse esitlenmektedir. %10 ve %15 CL
katkili 6rneklerin ¢cekme dayanimi sadece %10
doluluk oraninda saf PLA’ninkinden yiiksek
iken, doluluk orani arttik¢a saf PLA dan daha
diisiik degerler tespit edilmistir.

Kontrol numunesinin %10, %50 ve %90
doluluk oranlarindaki ¢ekme dayanimina gore
degisim %5 CL katkili grupta sirasiyla %28, %8
ve %2 artis; %10 CL katkili grupta %18,78,
%2,66 artis, %6,93 azalis ve %15 CL katkili
grupta % 0,61, %16,11 ve %17,92 azalig olarak
gerceklesmigtir. Artan katki oraninin bosluk
oranini arttirdig1 ve bu nedenle ¢ekme ve egilme
dayanimlarinda diislise neden oldugu literatiirde

de belirtilmistir [17,18]. Artan katki orani ile
matrise tutunamayan ve ve yerinden ¢ikan
fiberlerin olusturdugu  bosluklarin gerilme
yigilma  bolgeleri  olusturabileccegi  ve
dayanimda diisiise neden olabilecegi
belirtilmistir [19]. %10 kisa cam lifi katkili PLA
kompozit ile %100 doluluk oran1 ile 3B
yazicida  yazdirllmig  Orneklerin - ¢cekme
dayaniminda %10,8 azalis tespit edilen
calismada [13] hem daha uzun hem de lif ile
matris arasindaki ara yiizey baglanmasinin daha
iyi  oldugu  silanlanmis  cam lifleri
kullanildigindan, bu g¢alismada elde edilenden
daha az diisiis elde edilmis olabilir. Carneiro vd.
[20] ise %30 cam lifi katkili polipropilenden
iirettikleri filamentle % 100 doluluk oraninda
yazdirdiklar1 6rneklerde %40°a varan bir artig
elde etmislerdir.

24
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Sekil 2. Doluluk oranina gére CL katki oraninin ¢ekme dayanimina etkisi.

3.2. Egilme Dayanimi

CL katkih PLA filament ile yazdirilan
orneklerin egilme dayanimlari tespit edilmis ve
ortalama ve standart sapma degerleri Cizelge
4°te verilmistir.

Egilme dayanimi sonuglar1t genel olarak
degerlendirildiginde en diisiik deger 22,62
N/mm? ile % 15 CL katkih grupta, grid
yazdirma geometrisi, %10 doluluk oran1 ve 190
°C yazdirma sicakligi kullanilan érneklerde; en
ytiksek ise 50,87 N/mm? ile kontrol grubu, grid
yazdirma geometrisinde %90 doluluk ve 210 °C
yazdirma sicakligi kullanilan 6rneklerde tespit

edilmistir. Genel olarak doluluk oran1 ve
yazdirma sicakligi artisi ile egilme dayaniminin
da arttig1 goriilmektedir. CL katki oraninin artisi
ile bircok grupta egilme dayaniminin azaldigi
belirlenmigtir. ~ Yapilan  varyans analizi
sonucuna gore CL katki orani, doluluk orani ve
yazdirma sicakligi egilme dayanimi iizerinde
etkili iken, yazdirma geometrisinin istatistiksel
olarak anlamli  bir etkisinin  olmadig1
(p=0,064>0,05) tespit edilmistir. %10 doluluk
orani ile yazdirilan 6rneklerde % 5 CL katkisi
kontrol grubuna gore egilme dayanimini
arttirmig ancak katki maddesi orami arttikca
egilme dayanimi  dismistir. Yazdirma
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sicakligmin belirgin bir etkisi goriilmez iken
honeycomb yazdirma geometrisinin daha
yiiksek egilme dayanimi sagladig: sdylenebilir.
%50 doluluk orami ile yazdirilan pargalarda
yazdirma parametrelerinin ¢ok belirgin etkisi
goriilmemekle beraber, %5 cam lifi tozu
katkisinin az da olsa egilme dayanimini olumlu

etkiledigi soylenebilir. %90 doluluk oraninda
yazdirilmis 6rneklerde yalnizca Grid yazdirma
geometrisi, 190 °C yazdirma sicakliginda
iiretilen grup hari¢ tiim diger gruplarda CL
katkist egilme dayanimi degerini diislirmiistiir.
Yazdirma geometrisinin ve sicakliginin ise
belirgin bir etkisi goriillmemektedir.

Cizelge 4. Cam lifi katkili PLA filamentle yazdirilmig 6rneklerin egilme dayanimi.

Yazdirma < 2
Yazdirma Sicakligi Doluluk Egilme Dayanimi (N/mm)

Geometrisi (°C) Orani (%) PLA %5CL %10CL %15CL
10 3155 34,74 29.45 2262

(2,20) (2,45) (0,59) (6,17)

100 50 32,34 4838 30,36 34,52

(1,03) (3,41) (0,14) (1,83)

90 31,37 4386 34,62 30,62

arid (2,84) (3,38) (0,89) (1,67)
10 30,42 29,76 26,54 28,29

(0,21) (2,33) (0,76) (1,13)

10 50 27.38 30,39 29.13 30,80

(2,51) (0,17) (0,50) (1,46)

90 50,87 33.18 30,19 32.16

(2,35) (1,90) (0,70) (1,20)

10 24,29 42,00 34,37 32,42

(1,34) (1,37) (0,94) (2,10)

100 50 30,90 31,68 29,04 31,60

(0,31) (2,52) (1,89) (6,00)

90 47,99 34,50 30,51 30,53

(1,37) (0,87) (0,14) (0,37)

Honeycomb 10 2908 37.22 27.80 27.39
(1,17) (7,73) (2,11) (2,45)

10 50 30,71 34.75 30,26 30,80

(0,14) (5,06) (0,19) (0,44)

90 41,82 38,57 30,41 3237

(2,51) (5,33) (0,07) (0,46)

10 2572 38,95 27,58 33,04

(1,17) (3,98) (0,82) (1,28)

150 50 29.79 36,87 30,72 30,77

(0,49) (2,46) (0,34) (0,52)

90 46,06 3777 34,72 27.16

o (2,39) (5,92) (0,39) (1,74)
Rectilinear 10 28,61 29,00 24,99 30,23
(1,70) (1,84) (0,91) (0,22)

10 50 36,93 29,96 24.29 30,74

(8,75) (0,44) (0,51) (0,13)

90 4636 29,86 30,54 31,89

(1,27) (0,46) (0,09) (0,95)

PLA:Saf PLA kontrol, %5CL:%5 Cam lifi+%95 PLA, %10CL:%5 Cam lifi+%90 PLA,
%15CL:%15 Cam lifi+%85 PLA. Parentez icerisindeki degerler standart sapmay1 ifade etmektedir.
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CL katk1 oraninin etkisini ortaya koymak i¢in
yapilan Duncan testi sonucu % 5 oraninda katk1
yapilmasinin egilme dayanimini istatistiksel
olarak anlaml derecede arttirdigi, ancak %10
ve %15 oraninda katki yapildiginda diistirdigii
belirlenmistir. %10 ve %15 katkili gruplarin
egilme dayanimi arasinda istatistiksel olarak
onemli bir fark bulunmamaktadir. Literatiirde
de Nisasta/PLA kompozitinin &zelliklerini
gelistirmek i¢in CL kullanildiginda %4 oranimin
en olumlu etkiyi yaptigi, bu oranin iizerine
cikildiginda ise beklenen etkinin saglanamadigi
ve kirillma yiizeylerindeki priizliiliigiin azaldig1
belirtilmistir [21]. Yazdirma doluluk orani ve
CL katki oranina gore egilme dayanimindaki
degisim Sekil 3’te verilmistir.

%S5 CL katkist ile %10 ve %50 doluluk oraninda
yazdirllmig Orneklerin egilme dayaniminda
sirastyla %24,75 ve %12,76 artis elde edilirken,
%90 doluluk oraninda %17,67 azalis meydana
gelmistir. %90 doluluk oraninda bu azalis %10
CL katkisinda %27,78, %15 CL katkisinda ise
%30,8’e ulagsmaktadir. Varsavas [13] %10 kisa
cam lifi katkili PLA kompozit ile %100 doluluk
orani ile 3B yazicida yazdirdiklari 6rneklerin
egilme dayaniminda %17,5 azalis tespit
etmiglerdir. Kullanilan cam lifinin daha uzun ve
silanlanmis olusu elde edilen sonuglarin

farkliligina neden olmus olabilir. Yazdirma
doluluk oraninin artisi ile saf PLA polimer
katmanlar1 arasinda daha iyi bir kaynasma
olustugu ve neredeyse enjeksiyon kaliplama ile
elde edilen yapiya yakin bir sonug elde edildigi,
ancak CL katkisinin polimer ile yeterince iyi
arayliz baglanmasi olmamasinin  mekanik
dayanimlar1  azalttigi  sOylenebilir.  Bu
aciklamayla uyumlu olarak Varsavas [13] %100
doluluk oram1 ile yazdirlan PLA ile
enjeksiyonla iretilen PLA oOrneklerin hem
cekme hem de egilme dayanimlarmin ayni
oldugunu belirtmistir. Chen vd [22] siirekli cam
fiber takviyeli PLA ile yaptiklar1 calismada saf
PLA ile cam lifleri arasindaki arayiizey
baglanmasinin zayif oldugunu ve bu nedenle de
takviyeden beklenen katkinin saglanamadigini
ancak % 3 oraninda 6zel bir uyumlastirict olan
PLA-g-MAH  kullaniminda ise  egilme
dayanimimda %104 artis elde edilebildigini
belirtmislerdir. Yu vd. 23] de,siirekli cam fiber
takviyeli PLA kompoziti ile yazdirilan
orneklerde, CL katki oranmin artmasi ile
yazdirma katmanlari arasidaki asil
baglanmanin  saglandigt PLA  oraninin
azaldigin1 ve bu nedenle de parganin mekanik
dayaniminda azalma meydana geldigini
belirtmislerdir.
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Sekil 3. Doluluk orania gore CL katki oraninin egilme dayanimina etkisi.

3.3. Darbe Direnci
CL katkih PLA filamentle 3B yazicida
yazdirilan 6rneklerin yazdirma parametrelerine
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gore darbe direnci degerleri Cizelge 5’te
verilmistir. Darbe direnci testi sonuglarina gére
en yiksek deger 89,47 J/m ile %10 CL katkili
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filamentle, 210 °C yazdirma sicakligi, grid 210 °C yazdirma sicakligi, rectilinear yazdirma
yazdirma geometrisinde %50 doluluk oraninda geometrisinde %10 doluluk oraninda yazdirilan
yazdirilan pargalarda elde edilmistir. En diisiik parcalarda elde edilmistir.

darbe direnci ise 77,02 J/m ile kontrol grubu

Cizelge 5. Cam lifi katkili PLA filamentle yazdirilmig 6rneklerin darbe direnci

Yazdirma . .
Yazdirma Sicakligi Doluluk Darbe Direnci (J/m)

Geometrisi (°C)  Orani (%) PLA %5CL %10CL %15CL

10 79.76 80,15 8757 81,07

(5,04) (3,06) (4,95) (5,74)

100 50 77.97 85,04 80,14 82.47

(1,5) (1,97) (3,04) (1,01)

90 7787 84.77 81.37 7952

Grid (2,75) (1,61) (2,32) (1,27)

10 77,56 81,81 87,29 84,95

(5,92) (4,86) (2,99) (0,77)

10 50 78,86 79,56 89,47 83,89

(2,18) (2,6) (2,44) (2,1)

90 77.87 81,87 87,34 84,86

(2,58) (3,49 (1,81) (1,97)

10 85,85 83,00 89,08 79,66

(3,79) (3,97) (3,71) (1,51)

- 50 81,9 82,94 84.59 77.32

(2,95) (2,53) (2,11) (2,73)

90 77.86 84.55 8033 7758

(2,69) (1,75) (3,63) 2,17)

Honeycomb 10 78.88 83.18 87.79 80,66

(3,03) 2,73) (4,32) (3,06)

)10 50 81.35 83.46 86,57 81,57

(3,22) (4,2) 3) (3,3)

90 82,26 80,81 82,57 7911

(3,08) (5,3) (4,71) (2,43)

10 80,56 77,75 83.7 77.24

(3,98) (3,07) (3,85) (1,46)

- 50 77.97 80,61 79.63 82,85

(2,23) (3,28) (1,9 (3,33)

90 77.34 83.72 82,19 7931

o (3,07) (3,5) (4,31) (0,94)

Rectilinear 10 77.02 8135 8534 79.96

(4,72) (2,92) (1,28) (1,82)

10 50 79.23 84,36 87,24 853

(4,56) (3,6) (3,82) (3,29)

90 79.16 82,62 83.11 81,58

(5,13) (3,06) (7,02) (2,36)

PLA:Saf PLA kontrol, %5CL:%5 Cam lifi+%95 PLA, %10CL:%5 Cam lifi+%90 PLA,
%15CL:%15 Cam lifi+%85 PLA. Parentez icerisindeki degerler standart sapmay1 ifade etmektedir.

Varyans analizi sonucuna gore CL katkis1 PLA olarak anlamli fark bulunmaktadir. En yiiksek
orneklerin darbe direncini 6nemli derecede darbe direnci degerleri % 10 katkili 6rneklerde
etkilemekte ve tiim gruplar arasinda istatistiksel Ol¢lilmiistiir. Daha sonra sirast ile %5 CL
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katkili, %15 CL katkili ve en diisiik de kontrol
grubunda darbe direnci  belirlenmistir.
Yazdirma geometrisi  (p=0,058>0,05) ve
yazdirma sicakligr (p=0,072>0,05) pargalarin
darbe direnci iizerinde istatistiksel olarak
anlamli bir fark meydana getirmemistir. Sekil
4’de yazdirma doluluk orani ile CL katkist
oranina gore darbe direncinin degisimi
goriilmektedir. %10 doluluk oraninda %10 CL
katkil1 filamentlerle yazdirilan pargalarda darbe
direnci artist % 8,6 iken, %90 doluluk oraninda

bu artis %5 ve %10 CL katki gruplarinda %5
seviyesinde  olmugtur.  Kullanilan  katki
malzemesinin  toz formunda olmasi, lif
uzunluklarinin ¢ok kisa olmasi nedeni ile darbe
direncinde beklenen artis ger¢eklesmemistir. Li
vd.[24] %5 uyumlastiric ile %4 CL katkili PLA
filamnetle yazdirdiklar1 pargalarin  darbe
dayanimlarinlarinda %13 artis elde etmislerdir.
Takviyeli kompozitlerde uyumlagtirici
kullaniminin 6nemi bu sonuglarla da ortaya
konmaktadir.

=o=PLA =l=%5CL

%10 CL  =#=%15 CL

88
86
‘g 84
3]
: s
=
[
2 82
<
[m)
80 \\

78
%10

%50
Yazdirma doluluk orani

%90

Sekil 4. Doluluk oranina gore CL katki oraninin darbe direncine etkisi.

3.4. Malzeme Karekterizasyonu

CL katkili1 PLA filament tiretimi siirecinde, elde
edilen kompozit malzeme igerisinde Kkatki
maddelerinin dagilimi ve bu parcaciklar ile ana
matris malzemesi arayiiz iligkisi kirtlmig
yiizeylerden elde edilen SEM goriintiileri ile
incelenmistir. Sekil 5°te SEM  goriintiileri
verilmistir.

SEM goriintiilerinde saf PLA kirilma ylizeyinin
daha piiriizsiiz ve bosluksuz yapida oldugu
goriilmektedir. Takviyeli orneklerde CL
parcaciklarmin her {i¢ 6mekte de homojen bir
sekilde dagildigi ve ektruzyon yoniinde
yonlendigi goriilmektedir. Lifler ile PLA matris
arasindaki arayiiz etkilesimi incelendiginde,
aralarida tam bir kaynasmanin saglanamadigi
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ve yer yer bosluklar olustugu goriilmektedir.
Kirmizi renk ile isaretli yerinden ¢ikan liflerin
olusturdugu bosluklar ile sari ile isaretli (tim
bosluklar isaretlenmemistir) lif ile matris
arasindaki bosluklar dikkat ¢ekmektedir. Katk1
oraninin artisi ile bu olusan bosluklarin da birim
alandaki miktar1 artmaktadir. Bu nedenle katk1
miktarinin artis1 ile elde edilen mekanik
ozelliklerdeki degisim paralel olmamaktadir.
Katki oran1 % 15’e ¢iktiginda genellikle 6l¢iilen
mekanik 6zelliklerde diisiis meydana gelmistir.
Ayni tespit Rahimizadeh vd. [19] tarafindan da
yapilmig, yerinden c¢ekilip c¢ikan fiberlerin
olugturdugu bosluklarin  matris igerisinde
porozite artisina neden oldugu ve artan katki
orani ile porozitenin de arttig1 belirtilmistir.
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%10 CL katkili PLA

%15 CL katkili PLA

Sekil 5. CL katkili PLA kompozit filamentlerin kirtlmig yiizeylerine ait SEM goriintiileri (Biiyiitme 500X).

4, SONUC VE ONERILER

Bu calismada 3B yazicilarda kullanilmak amaci
ile cam lifi katkis1 ile giiglendirilmis kompozit
PLA filament tretimi hedeflenmistir. Elde
edilen sonuglar agagida siralanmigtir.

1. SEM goriintiileri incelendiginde cam lifi
parcaciklarinin PLA matris icinde homojen
sekilde dagildig1 ve kompozit hazirlanmasi
ve filament {iretim asamasinda basarili
sonuglar alindig1 goriilmektedir. Ancak CL
ile PLA molekiilleri arasinda yeteri kadar iyi
bir arayliz baglanmasinin olmadig1 da
belirlenmistir.

2. CL katkisinin PLA malzemenin ¢ekme ve
egilme dayanmmmini istatistiksel olarak
anlaml sekilde etkiledigi, %5 oraninda CL
katkisnin ¢ekme ve egilme dayanimim
arttirdig1 ancak bu katki oram arttikga, her
iki dayanimin da diistiigii tespit edilmistir.
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3. CL pargaciklart ile PLA arasinda tam bir

arayiiz baglanmasinm olusmamasi ve katki
oranmin artis1 ile malzemede bosluklu bir
yapmin olustugu, bu nedenle de c¢ekme
dayaniminin diistiigii belirlenmistir. Doluluk
oran1 arttikca, yiiksek katki oranmin
distirticii etkisi daha da belirginlesmektedir.
%S5 CL katkis1 ile cekme dayaniminda elde
edilen artig %13 olarak hesaplanmustir.

. Yazdirma parametrelerinin gekme ve egilme

dayanimi1 tizerindeki etkisi
degerlendirildiginde, en etkili parametrenin
doluluk orani oldugu belirlenmistir. Doluluk
orani ile dayanim arasinda paralel bir iligki
bulunmaktadir. % 10 doluluk orani1 ile %90
doluluk orani arasinda ¢ekme dayanimi %30
luk bir artis gostermistir.  Yazdirma
geometrisinin ise dayanim iizerinde onemli
bir etkisinin olmadigi  belirlenmistir.
Yazdirma sicakligmin ise ¢ok az da olsa
etkili oldugu ve genellikle 210 °C de daha
yiliksek ¢ekme dayanimi ancak daha diislik
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egilme dayanimi degerleri elde edildigi
belirlenmistir.

5. CL katkisinin 6rneklerin  darbe direnci
iizerinde arttirict  bir  etkisi  oldugu
belirlenmistir. Ancak bu arttiric1 etki, katki
orani ile dogru orantili degildir. En yiiksek
darbe direnci degerleri kontrol grubuna gére
%8,6 artis ile %10 CL katkili grupta elde
edilmisgtir.

6. Yazdirma parametreleri agisindan, yazdirma
geometrisi ile sicakligmmin darbe direnci
tzerinde onemli bir etkisi bulunmazken,
doluluk orani etkili olmustur. %10 ile %50
doluluk oranina sahip oOmeklerin darbe
direnci arasinda fark bulunmamaktadir.
Doluluk oram1 artist ile darbe direnci
degerleri diismektedir.

7. CL katkisi ile PLA filamentin mekanik
Ozelliklerini 1iyilestirmek iizere yapilan
caligmalarin sonucuna gore, %5 CLT katkis1
ve 210 °C yazdirma sicakligi Onerilir.
Yazdirma  geometrisi  ise = mekanik
ozelliklerde etkili  degildir. Mekanik
ozellikler, doldurma orani ile dogru orantili
olarak arttigindan, mukavemet gerektiren
parcalarin iiretiminde %90 doluluk oraninin
kullanilmast  uygun olacaktir.  Darbe
dayanimimin o6nemli oldugu parcalarin
tiretilmesinde %10 CL katkisinin ve %90
doluluk oraninin tercih edilmesi 6nerilir.

8. Calismadan elde edilen sonuglara gére CL
katki oraninin artisi ile mekanik 6zelliklerde
elde edilen artis paralel olmamaktadir. Bu
konuda en onemli faktor katki elemani ile
polimer arasindaki arayiiz etkilesiminin
yeterli olup olmamasidir. Katki eleman ile
polimerin yalnizca karistirilmast yeterli
olmayabilmektedir. Bu nedenle iki farkli
karakterdeki malzemenin arakesit
kaynasmasint  saglamak {izere farkh
uyumlastirict islem ya da malzemelerin
kullanilmas1  Onerilir. ~ Eger  arayiiz
kaynasmasi saglanabilirse, katki oraninin
artis1 ise mekanik ozelliklerde elde edilecek
artis da artacaktir.
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ABSTRACT

Maritime operations have now become faster, safer, and more secure than before, as technological
changes in the maritime industry have increased significantly over the past decade. However, no matter
how advanced the technology is, removing the human variable from maritime operations is still
impossible. Cybersecurity is one of the primary concepts that both enhance human adaptation to
technology and reduce risk within the maritime industry. Training and raising situational awareness of
maritime cybersecurity are the most basic of many defences to reduce vulnerabilities resulting from
human beings not adopting technological changes. Therefore, this study proposes that maritime
students’ cybersecurity awareness should be investigated. For this purpose, a questionnaire is used,
including 3 attitude scales. This is presented and applied to a sample group including 168 participants
representing the population. This evaluation of students’ cybersecurity awareness is aimed to provide
taking the first steps to raise cybersecurity awareness in the maritime industry. In this study after a
comprehensive investigation, quite striking findings have been obtained regarding awareness of
maritime students' cyber security, and suggestions are made to increase students’ cybersecurity
awareness in the maritime industry.

Keywords: Awareness, Cybersecurity, Human Factor, Maritime Students.

1. INTRODUCTION Undoubtedly, the maritime industry has been
Despite all that it offers, the effects of the usage and will continue to be affected by
of technology cannot be predicted even using digitalization. Even [5] stated that OT and IT
new technological methods [1]. According to have the potential to completely change
[2], technology is widely used in many maritime operations and ship-related activities.
industries due to its advantages such as

increased security and easy accessibility. (Matt IT and OT are not new concepts for industries,
et al [3]) says that there has been an increase in being instead similar concepts to the Internet of
the number of initiatives to explore new digital Things (loT) [6]. When 10T is mentioned, it
technologies and take advantage of their should not be understood that only devices
benefits and that these initiatives often involve connect to the internet. When objects are
the transformation of core business operations, equipped with sensors and electronic circuits,
products, processes, organizational service they gain abilities to communicate with people
structures, and management concepts. As a and update their status information [7]. In recent
requirement of the global economy, the years, digitization like 10T has emerged as an
concepts of Operational Technology (OT) and important economic driving force that
Information Technology (IT) are gaining more accelerates growth and facilitates job creation
and more importance [4]. According to [5], because its digital connectivity services have
there are multi-level effects of using OT and IT been adopted by consumers, businesses, and
in ensuring the sustainability of digitalization. governments. In the maritime industry, with
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technological developments such as the 1oT and
digitization, there  have been  seen
transformations that provide huge economic
gains, as in the example of Singapore [8].
Digitalization and 10T offer great opportunities
for stakeholders of the maritime industry,
whenever the right planning is made, and the
plan can be implemented with the right tools.
The goal, of course, is that ships should be
completely unmanned, and autonomous ships
may be introduced. The International Maritime
Organization (IMO) is the United Nations (UN)
specialized agency responsible for the safety
and security of shipping and is creating
regulations to deal with completely unmanned
maritime transportation [9]. According to the
most recent IMO regulations, except for fully
autonomous degrees, all ships require certain
human operators and commands. In short,
human beings are an important element of
maritime transportation and will continue to be
so soon. However, human adaptation to
technological  developments  within  the
maritime industry leads to vulnerability. This
vulnerability may be predicted but cannot be
forestalled by taking precautions. Defining and
determining maritime cyber vulnerabilities to
attacks and threats, as well as defences, should
be adopted as an integral part of each maritime
operation. There is a problem with people's
familiarity with cybersecurity.

Cybersecurity is defined as a computing-based
discipline involving the creation, operation,
analysis, and testing of secure computer
systems [10-11]. Maritime cyber vulnerabilities
include those in offices on shore, terminals, the
supply chain, and the onboard infrastructure.
Maritime cyber-attacks include malware, social
engineering, phishing, water holing, port
scanning, built-in software weaknesses, third-
party contributions, brute force, distributed
denial of service (DDoS), spear-phishing, and
subverting the supply chain; maritime cyber
threats are categorized as targeted, untargeted,
intentional, and unintentional. The human
factor is separately examined and considered to
be a threat [12]. Maritime cyber defences are
not exactly specific, but legislation and
educations are essential for defences. Therefore,
first of all, it is necessary to measure seafarers’
awareness of cyber security.

Within (IMO [13]), the IMO developed and
adopted some legal policies such as
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recommendations for managing cyber risks in
the maritime industry, cyber risk management
in maritime security management systems, and
Resolution MSC. 428 (98), recommendations
for cybersecurity on ships. Other authorities like
BIMCO, which is an international organization,
the US Coast Guard, and the UK government
worked to arrange legislation to prevent cyber
threats [14-16]. However, technological
developments are not only improving maritime
transportation but also cybercrime. Cyber
threats and attacks are developed swiftly so
there are still deficiencies regarding what these
threats are and the measures to be taken against
them [17] IMO regulations are basic
legislations ensuring ship safety and security
internationally and include the International
Convention for the Safety of Life at Sea
(SOLAS), Standards of Training Certification
and Watchkeeping (STCW), MET, the
International Safety Management (ISM) Code,
and the International Ship and Port Facility
Security (ISPS) Code. These all work to deal
with the ever-growing threat of cyber security.
Comprehensive and detailed legislation,
including entirely new regulations, is necessary
because technological developments have the
potential to change all maritime operations via
maritime safety and security.

When  maritime  legislation  regarding
technological developments is well-regulated,
its contribution is obvious. This contribution
lies in it providing shipping, accelerating the
cargo handling operations of the ships, and
making the commands and manoeuvres of the
ships more safe and secure [18]. ECDIS, AlS,
communication  devices, and  similar
technological devices speed up maritime
operations and ensure less human activity.
However, the human factor is not completely
removed from operations and, for safe
navigation of the ship, continue to be an
essential part of maritime operations. This in
turn leads humans to be a cause of maritime
accidents and incidents [19]. There could be
security vulnerabilities that result from the
adaptation of humans to advanced technology
[20]. Furthermore, according to [21] human and
machine intelligence are complementary for
solving maritime operations problems. Until
completely unmanned maritime operations are
achieved, humans will continue to be a key
factor in maritime operations. Human errors
however have caused new maritime losses [22].
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Especially human nonadaptation to
technological developments could bring about
maritime losses. For instance, cyber incidents
can lead to loss of life, loss of control over ships
or sensitive data, as well as ship and/or cargo
hijacking [23]. Cybersecurity awareness
measurement, which is the first step in
achieving adaptation, is essential.

Just as the human factor is the key factor for
maritime operations, it is also highly important
for cybersecurity. The human factor is the
weakest link within maritime cybersecurity
[12]. What needs to be done to prevent
economic and operational losses because of
cyber-attacks is clear: to improve education and
increase maritime cybersecurity [24]. Together
with technological developments in the
maritime industry, many issues of Maritime
Education and Training (MET) programs need
to be addressed and investigated to identify their
strengths and limitations [25]. The most
important of these issues is maritime
cybersecurity. It can be thought that cyber
security measures can be achieved in this way,
but it is necessary to measure students' cyber
security awareness in order to develop METSs.
Maritime cybersecurity is a basic concept of not
only maritime security but also all maritime
operations  including  maritime  safety,
navigation, loading and discharging operations,
and maritime communication because, in these
operations, technological devices, networks,
and connections are used. There is an awareness
of increased technological developments in
maritime companies, but it was stated by (Wang
et al. [26]) that this should be supported by
training. Situational awareness on this topic
must urgently be raised because of the dramatic
increase in technological developments in the
maritime industry. According to (Kimberly et
al. [27]), training to raise awareness is the first
line of defense against cyber and cyber-physical
threats, as well as future threats.

In recent years, maritime science has drawn
attention to cybersecurity awareness. In some
studies that present cyber security threats and
weaknesses that may be encountered in
navigation, the lack of cybersecurity awareness
has been pointed out [28-30]. Suggestions have
been made regarding the cyber security threat to
ships, such as the study conducted for ECDIS,
which is a technological and mandatory
requirement on ships [31]. In recent years, some

80

unexpected events like the Covid-19 epidemic
have accelerated digitalization. This increase
has underlined the importance of the concept of
cybersecurity for ships, and the concepts of
cyber awareness have come to the fore in such
studies [32]. There has been also a study that
draws attention to the importance of education
in cyber awareness [20]. In a further study that
included a cyber risk assessment, awareness
was likewise highlighted [33]. It is seen that
awareness and training are considered two
important  topics in the cybersecurity
management system [34]. Survey studies on
seafarers also mention the lack of cyber security
awareness among seafarers [17] [35]. It has
been found that sharing rules and information
does not have a positive effect in terms of
cybersecurity awareness in the maritime
industry [36]. The common conclusion of all the
studies encountered is this: there are
deficiencies in ships’ cybersecurity awareness
[37]. In light of previous studies, it is clear that
raising cybersecurity awareness is one of the
most important conditions required to ensure
more safe and more secure maritime operations,
faster and larger volume transportation, and the
many benefits of technological developments
for the maritime industry are raising
cybersecurity awareness.

The next question to be asked is to whom this
training should be first targeted. Maritime
students are the future of the maritime industry.
Existent seafarers’ awareness is important but
younger students need also to adopt
cybersecurity. It is assumed by many that
maritime students, being largely digital natives,
are more familiar with cyber security; however,
this assumption has not been proven. For this
reason, in this study maritime students’
cybersecurity awareness is investigated. It is,
therefore, possible to interpret the issue of
education promoting cybersecurity, thanks to
maritime students, who are the output of MET.
This study uses a comprehensive 5-point Likert-
type questionnaire to evaluate students’
cybersecurity ~ awareness,  applies  the
aforementioned questionnaire to the sample
representing the relevant universe, and
evaluates the data formed with the results of the
applied questionnaire with the analyses
accepted in the literature. The aim is to have
evaluated maritime students’ cybersecurity
awareness, as a first step to raising
cybersecurity ~ awareness in maritime
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transportation. The target of this study is to take
the first step of predicting incidents caused by
human error, by evaluating maritime students’
cyber security awareness. After that,
researchers will more easily be able to ascertain
ways to improve maritime cybersecurity
awareness.

In this study, firstly, the hypothesis created for
the evaluation of maritime students’
cybersecurity is explained in section 2 and the
method used to evaluate the hypothesis defined
previously is explained in section 3. The
necessary analysis for assessment of the method
is explained in section 4, the findings and results
are included in section 5, and discussions of this
study are included in section 6. Finally,
conclusions are drawn in section 6.

2. HYPOTHESIS

There are many cyber threats in shipping. If
they are categorized in the literature, nine
categories exist physical access, operating
system support, and security patches, operating
system configuration, Internet connection
establishment, authorized access, awareness,
policies and procedures, training, continuous
evaluation, and improvement [31]. The crew's
lack of awareness of general cyber procedures
is considered a threat. It is assumed that the
youth growing up at this age are aware of the
general cyber security required by all forms of
technology. Our first motivation, which is the
starting point of this study, is to investigate
whether this assumption is true.

H1 Maritime students have been made
aware of general cyber security operations.
One of the most important pillars of
cybersecurity is the right to protect personal
data. For this reason, information security is
also considered in cyber security [38]. Before
investigating cybersecurity awareness on ships,
it is necessary to measure information security
awareness, which is essential for maritime
cybersecurity awareness. It is thought that
students have general knowledge about
information security, just as they have general
cyber security awareness. Therefore, our second
hypothesis in this study is that students are
familiar with information security.

H2 Maritime students have taken the
necessary precautions against cyber security
threats related to information security.
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Maritime authorities have intensified their
cybersecurity awareness studies over the last 10
years. Therefore, in its "Guidelines on Maritime
Cyber Risk Management"”, the IMO stated that
effective cyber risk management would be
possible if all seafarers, starting from the
highest rank, adopt maritime cyber risk
awareness [39]. In this respect, awareness of
maritime students who would take part in all
levels of the maritime industry is essential. It is
vital for seafarers, including maritime students,
to be aware of the cyber security hazards and
precautions required on board, in terms of cyber
security [29]. This is also expected from
maritime students.

H3 Maritime students are familiar with
cyber threats on ships and the precautions to be
taken against these threats.

3. METHOD

In this study, alternative hypotheses explained
in section 2 are used. In line with the
hypotheses, a questionnaire is created using the
items shown in Table 1, and a 5-point Likert
scale (from (5) strongly agree to (1) strongly
disagree) is used for the questionnaire. Items in
the questionnaire are shown in Table 1.

Table 1. Item number and items descriptions.

Number Item
I I know the requirements for a strong
password.
12 I am aware of the need for a strong
password.
I would never share my passwords
13 . .
with a friend.
14 I use one strong password for
different websites and accounts.
5 I prefer my devices to be updated
automatically.
16 I am careful when opening email
attachments and links.
I only use reliable and reputable sites
17 when surfing the web or downloading
content.
I take care not to discuss
18 sensitive/critical  information in
public.
I am familiar with appropriate
19 methods for transmitting, storing,
labelling, and processing
sensitive/critical information.
110 | routinely  back up my

sensitive/critical data.
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I always make use of encryptions

111 when emailing my sensitive/critical
data.
112 I know how/when hardware and

mobile devices should be encrypted.
| am aware that posting messages on
social sites or posting sensitive data
or using third-party storage may
violate policies or regulations.
I know how to protect myself from
114 "social engineering" "phishing" and
""cyber-crime".
I understand that the web address
115 displayed in an email may differ from
the link to which it will redirect.
I know that emails with attachments
116 are the most common method of
cyber-attack.
I know what a DDoS attack is and
117 how it can disrupt or slow down the
ship's IT systems or network services.
I am familiar with the manipulations
of seafarers to gain access to the
118 ship's critical systems and networks
and to break a ship's security
procedures.
I know the negative effects of
119 seafarers using their own devices on
board.

113

Seafarers are a key factor in
cybersecurity vulnerabilities.
Concepts of general cyber security and
information  security are interchangeable
concepts. However, in this study according to
hypotheses these concepts are different from
each other based on a similar study in literature
[40]. The general concept of cyber security
specifically addresses what comes with
technology, such as passwords, emails,
automatic updates, and these risks. In the
concept of information security, information
security  topics such as information,
critical/sensitive information, and data are
investigated.

120

Scales for hypothesis, items for scales, and their
references given are shown in Table 2 and are
taken as a basis. As a result of the hypotheses
explained in section 2, the scales and items in
Table 2 are determined to test the hypotheses.
They are taken from the references listed in
Table 2. Items are decided to literature given by
references considering the hypotheses. They are
accepted scales by literature.

Table 2. Hypothesis, Scale, Item number, References.

Hypothesis Hypothesis Scale Item number References
Number
H1 Maritime students have been aware of General 11, 12, 13, 14,
general cyber security operations Cybersecurity 15, 16, 17, 114, [40]
Awareness 115, 116
H2 Maritime students have taken the Information 18, 19, 110, 111,
necessary precautions against cyber Security 112, 113 (40]
security threats related to information Awareness
security
H3 Maritime students are familiar with Ship Cybersecurity 117, 118, 119,

cyber threats on ships and the
precautions to be taken against these
threats

Awareness 120
[23]

The participants in this study are students at all
levels studying in Turkish Maritime Institutes
(Maritime High School, Maritime junior
technical college, Maritime faculty, Advanced
degree institute for Maritime Studies).
Convenience sampling has been used as the
sampling method due to easy accessibility,
volunteerism, and low cost [41]. The
guestionnaire is implemented to the participants
via the internet [42]. Google Forms is used for
administering the questionnaire to the
participants and obtaining the data. The link is
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shared with the sampling group representing the
population. In Turkey, there are totally 22,276
maritime students, 12,165 students are in high
school, 10.111 students are in associate degree
and bachelor’s degree (amount of students in
advanced degree are insignificant) [43]. These

students are the population for this study. 168
participants constitute the sampling group. The
sampling group represents the full population
because their categorical distribution, shown in
Table 3, is almost the same as that of the sample
group. The data is converted to be used in SPSS.



Karaca and Soner /INTERNATIONAL JOURNAL OF 3D PRINTING TECHNOLOGIES AND DIGITAL INDUSTRY 7:1 (2023) 78-89

Therefore, this sample group can be used for the
population. It doesn't look like men and women
are equally spread out in Table 3, but women

constitute a very little bit of currently active
seafarers. So, this is an acceptable distribution.

Table 3. Categorical distribution of participants’ demographical and educational information.

% %

%

%

Student of Age  Class Sex
27.38 26.19 8.33 88.69
High school 13-17 Preparatory Male
2.38 60.12 25 11.31
Associate degree  18-23  First-year Female
69.64 125  19.05
Bachelor’s degree  24-30 Second-year
0.6 119  17.26
Advanced degree 30+ Third-year

30.36

Fourth-year and more

To continue, the next step is analysis. In this
study, descriptive analysis is used to investigate
the hypothesis. However, Analyses regarding
the validity and reliability of the data used in the
study will be explained in the next section.

4. ANALYSIS
For analysis, IBM SPSS Statistics 20 is used in
this study. Cronbach’s coefficient alphas are

used for Reliability analysis. The value of the
number of components, and Cronbach’s Alpha,
are given for all scales in Table 4 for reliability
analysis. KMO values and Cumulative (%)
rotation values are used for the adequacy of the
sample and the validity of the descriptive
analysis to be made. The cumulative rotation is
reasonable and does not suffer from an
insufficient number of participants.

Table 4. Results for reliability and validity analysis.

Number of Cronbach’s KMO Cumulative (%)
Scale .
components Alpha value rotation
General Cybersecurity 10 95 911 62 89
Awareness
Information Security 6 914 888 70.25
Awareness
Ship Cybersecurity 4 852 793 69.32
Awareness
Total 20 .957 .932 56.67
Also, for advanced analysis, a Normality test is convenient, and the data is suitable for

conducted. Skewness and Kurtosis values were
found to be between -1.5 and +1.5 for all items.
It is possible to say that the data is normally
distributed [44]. Therefore, a parametric test is
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descriptive analysis [45].
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5. FINDING AND RESULTS
Firstly, basic statistics are examined for all
items, considering scales.

m Std. Deviation

= Mean

Ship
Cyberse
Awaren
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Security

Information curity

Awareness
—
=
(=]

General
Awareness
—
i

Cybersecurity

Figure 2. Values of items” basic statistics according to scales.

As a result of the normality test explained in the
section Analysis, it was said that our data were
normally distributed. It is possible to achieve
meaningful results by interpreting values of
mean and standard deviations. In Figure 2, all
values for all items according to scales are
shown. It appears that, although the items have
included simple and general cybersecurity
measures such as strong passwords and critical
information, which are concepts that students
are expected to be familiar with, items' mean,
and standard deviation values show that
maritime students' awareness levels for all
scales are not sufficient for the safe usage of
technological devices within the industry. There
was no significant difference in score between
the scales’ items’ values of mean and standard
deviation because maritime students' awareness
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levels for all scales are average or below
average. To be satisfactory, it must be
influenced. Therefore, maritime students’
awareness of all scales should raise.

For the scale of ship cybersecurity awareness,
items’ mean, and standard deviation values
show that ship cybersecurity awareness needs to
rise because participants’ responses to items are
unsatisfactory. The deficiency in ship
cybersecurity awareness is at the point where it
cannot be ignored, and ship cybersecurity
awareness is needed urgently. Human beings
should adopt technological changes in the
maritime industry because students are the
primary resource of the future maritime
industry. Cybersecurity is one of the basic
concepts to ensure human adaptation to
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technological  development. The  future
maritime industry will include more complex
technology and will need more complex

concepts-based  cybersecurity.  Therefore,
situational  cybersecurity —awareness —must
improve.

In Figure 2, one of the most remarkable values
is 120's values, which are in the scale of ship
cybersecurity awareness. 120 is “I know
Seafarers are an important factor for ship cyber
security.” Students responded "agree" to 120. It
was stated in the previous chapter that human

120
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beings are a cause of loss from cyber-attacks,
whether intentionally or unintentionally. The
descriptive statistic of 120 is proof that students’
intentions are not bad. It can be deduced from
this that attention should be paid to the
classification of unintentional cyber threats.
This finding will help to determine precautions
to raise awareness on this topic. In addition, this
statistic explains that there is an awareness
among students that they are important to
cybersecurity.
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Figure 3. Items’ distribution for ship cybersecurity awareness scale according to education level.

Items’ distribution for ship cybersecurity
awareness scale according to education level is
shown in Figure 3. Advanced degree is omitted
because the number of students in advanced
degree programs is not sufficient to interpret.
According to Figure 3, as the level of education
increases, awareness increases for 120. This
confirms literature and supports the motivation
of this study. [26][23]. In general, it is seen
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Figure 3  that the response distributions at
education levels are similar except for 120. For
117, 118, and 119, response distributions of
students in all education are similar. Therefore
it is thought that all METs stakeholders are
raising cybersecurity awareness similar level.
This level is not satisfactory. If MET is thus
updated to include maritime cybersecurity,
situational awareness is ensured.
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Figure 4. Items’ distribution for ship cybersecurity awareness scale according to education level according to

Variation of items belonging to the scale of ship
cyber security awareness according to age is
shown in Figure 4. 30+ is omitted because the
number of students aged 30+ is not sufficient to
interpret. The rates of responses “Agree” and
“Strongly agree” increased with increasing age.
It is also possible to say that awareness
increases with age. Although the rate of young
individuals in technology use is high, it can be
considered according to Figure 4 that as age
increases, careful usage of technology also
increases. It can be interpreted that careful use
of technology should be ensured for young
people.

Values of Cronbach’s Alpha and Cronbach’s
Alpha if the item is deleted according to scales
are shown that Figure 1. This figure shows that
all items have relatively high internal
consistency.

6. DISCUSSION

The maritime industry will grow and develop
with the benefits of technological development
like IT and OT, IloT, and digitization.
Undoubtedly, safer, more reliable, faster, and
more sea transportation is possible with
technology. For the latest technology that
automatic vehicles are introducing, IMO has
even arranged the process for automatic ships
[9][19][21]. Although the maritime industry has
been convinced of the importance of awareness
of cybersecurity, maritime training does not
support that and situational awareness for
seafarers does not ensure it completely. This is
an issue that needs urgent action. The number
of cyber threats will grow in the future and

age.
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cyber-attacks will also be more challenging
[11]. If human adaptation to technology
development in the maritime industry is to be
ensured, the question of how to deal with the
cyber vulnerability that may occur in the future
should be discussed [21].

Human beings, one of the most crucial factors
causing accidents in maritime transportation
and trade, have not adapted to technological
developments in the maritime industry. This
means that the worker who is the cause of
accidents may cause new accidents without
being aware of technological developments. A
human being can be the cause of cyber incidents
and losses  both  intentionally  and
unintentionally. Neither METs nor STCW, the
most important legal basis of METs, are
compliant with cybersecurity [10]. With this
study, it was noticed that maritime students do
not have sufficient awareness of cybersecurity,
and this may jeopardize the safety of the
industry in the future. Several steps need to be
taken to ensure this. First, STCWs must be
regulated; secondly, MET must offer new
training about cybersecurity; then the training
needs to develop. Otherwise, not ensuring
awareness of cybersecurity will cause marine
losses. These losses will lead to larger economic
losses for the maritime industry and the global
economy [17].

The wvulnerability caused by not ensuring
complete awareness of cybersecurity affects all
maritime operations [21]. Trade, loading,
discharging, anchoring, navigation, and safety
operations are affected by cybersecurity
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vulnerabilities. These operations are a part of
huge economic activities. These operations are
related to not only maritime stakeholders such
as the ship and port but also to also coastal
stakeholders. Cybersecurity attacks in the
maritime industry affect coastal units where
maritime operations are located and indeed the
entire region could be affected. Therefore,
cybersecurity awareness in the maritime
industry should be enhanced [35]. The
importance of increasing this should be
discussed as soon as possible.

7. CONCLUSION

Because completely unmanned vehicles do not
yet exist in the maritime industry, human beings
are not yet remote from maritime operations.
Although there are many vulnerabilities
resulting from human  adaptation to
technological developments in the maritime
industry, reducing these vulnerabilities is
possible by investigating maritime
cybersecurity, precautions for maritime cyber
threats, and defenses against maritime cyber-
attacks. Raising situational awareness and
developing training about cyber security will
facilitate human adaptation to technological

developments in the maritime industry.
Therefore, in this study, cybersecurity
awareness was investigated, and this

investigation was conducted on students
engaged in maritime training, the future leaders
of the industry. The study presented a first-step
investigation to raise maritime students'
cybersecurity awareness.

Although it is expected that students' cyber
security awareness should be satisfactory since
they are digital natives, the cybersecurity
awareness of maritime students’ needs to be
improved swiftly. Students' cybersecurity
awareness in the maritime industry is at a lower
level than expected. In a period when
technology advances and cyber-attacks are
intensifying and developing, measures should
be taken to close the gap caused by humans or
to reduce the risk arising from this gap. Raising
awareness and new training in cybersecurity for
the maritime industry should be the target.
Situational awareness of cybersecurity and
maritime training is not sufficient to educate
students who will have to deal with cyber-
attacks. Technological developments in the
maritime industry will supply faster, safer, and
more secure maritime operations and these
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operations will ensure a larger trade volume for
the global economy if situational awareness and
training about cybersecurity in the maritime
industry are achieved. Otherwise, no matter
how much technology improves, the losses
caused by cyber security vulnerabilities may be
as great as the returns of it.

There is a requirement that studies examine
cybersecurity in METs. They could portray the
different stances among the younger
generations and how this would change the
curriculum of MET. Besides, this study is a
local study conducted in Turkey, and a future
study can be expanded internationally. It
covered students’ awareness: this can also be
expanded. This is also a first step study, and
future studies must be done to raise students’
cybersecurity awareness.
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Bu makalede, CSS kod kiitiiphanelerinin bir sonraki adimi olan CSS ¢atilarinin (Framework) ortaya
cikis, kullanim nedenleri ve web gelistirme siireglerine olan etkileri incelenmektedir. Web tasariminda
CSS catilarmin kullanimi1 birbirinden ayrigmayan web tasarimlarinin ortaya ¢ikmasma neden
olmaktadir. Bir grafik tasarim ortami ve 6gesi olarak CSS catilar1 hem bir biitiin olarak hem de
ogelerine ayrilarak irdelenmektedir. Ogeler ayri ayr dzgiinliik ve islev baglaminda incelenmekle
birlikte ayn1 zamanda grafik tasarim ilkeleri baglaminda da irdelenmektedir. S6z konusu ilkeler
biitinliik, farklilik, vurgu, denge, diizen, alan, Kkarsitlik, tartim (ritim), tamamlayicilik, devamlilik,
oran/oranti vb. olarak belirlenmistir. CSS ¢atilarin1 olusturan 6geler ve birbirleri ile olan iligkileri ilgili
ilkeler baglaminda incelenmektedir. CSS catilarin 6gelere ayrilip incelenmesinde 6zellikle CSS ¢ati
ogelerinin tasarimini etkileyen kullanict deneyimi (UX) ile kullanilan teknolojilerin etkileri ve
smirliliklar1 g6z 6niinde bulundurulmaktadir. incelemenin baska bir 6lgiit olan islevsellik agisindan
degerlendirmeler yapilirken &zellikle kullanici deneyimi ve teknik Ozelliklerin etkileri tizerinde
durulmaktadir. Yapilan degerlendirmeler sonucunda elde edilen verilerden hareketle web tasariminda
nitelikli grafik etkiler elde etmek i¢in CSS ¢atilarinin 6nemi ortaya konmakta ve bu baglamda 6nerilerde
bulunulmaktadir.

Anahtar Sozciikler: Grafik Tasarim, Web Tasarimi, Arayiiz Tasarimi, CSS, HTML, CSS Catisi,
Uygulama Catis1, Kullanici Deneyimi.

USER EXPERIENCE AND ORIGINALITY PROBLEMS IN
USING CSS FRAMEWORKS

ABSTRACT

This article examines the emergence of CSS frameworks which is the next step of CSS code libraries,
the reason for their usage and the impacts on web development processes. The use of CSS frameworks
in web design leads to the emergence of inseparable web designs. As a graphic design environment
and element, CSS frameworks are examined both as a whole and by separating them into
elements. While elements are individually examined for both genuineness and functionality, they are
also examined in the context of graphical design principles. The principles are determined as integrity,
explanation, emphasis, balance, order, area, contrast, rhythm, completion, continuity,
ratio/proportion. The CSS framework elements and their relationships are examined in the context of
the principles. In the analysis of CSS framework elements, the user experience (UX) that affect the
design of CSS framework elements and the effects and limitations of the technologies used are
especially taken into consideration. While making evaluations in terms of functionality, which is
another criterion of the examination, especially the effects of user experience and technical features are
emphasized. As a result of the analysis, it reveals the importance of CSS frameworks to obtain desired
graphic effects in web design and suggestions are provided in this context.

Keywords: Graphic Design, Web Design, Interface Design, CSS, HTML, CSS Framework,
Application Framework, User Experience.
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1. GIRIiS

Web tasariminda CSS c¢atilari  kullanici
deneyimine olan olumlu etkilerinden dolay1
tercih edilirken; s6z konusu ¢atilar1 kullanarak
olusturulmus  web  sitelerinin  6zgiinliik
sorunlar tartigmalara neden olmustur. Cagdas
endiistri toplumlarinda iiretim basarisi; tiriiniin
miimkiin olan en kisa siirede, en diisiik
maliyetle ve kabul edilebilir kalite sinirlarinda
sunulabilmesi ile dogrudan ilgilidir. Bu ilke bir
grafik tasarim ortami ve ogesi olan web sitesi
tasarimi icin de gecerlidir. Web sayfalarinda
etkilesim gereksinimleri, farkli boyut ve
aygitlarda goriintiilenebilme ve gereksinim
duyulan sayfalarin iiretim hacminin katlanmasi
gibi nedenlerden dolay1 “terzi isi” web
sayfalarinin ~ yerini CSS  catilart  ile
hizlandirilmis ve yiiksek tutarlilikta seri tiretim
web sayfalarina birakmasina neden olmustur.
Bu durum farkli hedef kitlelere hitap eden ve
farkli igeriklere sahip web sitelerinin benzer
araylizlere sahip olmalar1 gibi bir olumsuz
sonug ortaya ¢ikarmistir. Shenoy ve Prabhu’a
gore CSS catis1 veya gercevesi (Framework),
web siteleri ve web uygulamalar1 gelistirme
gorevini kolaylastiran 6nceden tasarlanmis bir
dizi kavram, modiill ve standartlagtirilmig
Olgiitlerin tiimiine verilen addir (Shenoy ve
Prabhu [1]). Bu ¢alismada CSS ¢atilarinin web
tasarimina olan etkilerinin yani1 sira bu etkilerin
sonuglari da  degerlendirilmektedir.  Bu
calismada amaglanan, konu ile ilgili sorunlar
belirlemek, nedenlerini aciklamak ve s0z
konusu sorunlarin ¢éziimil igin Oneriler
sunmaktir. Tasarim dili odakli bir CSS catisi
gelistirmek web tasarim siirecine olan bakis
acisint degistirmek agisindan Snemlidir. Bu
calisma ile CSS catilarinin sadece yazilim
siirecini iyilestirmek ic¢in degil ayni zamanda
0zgiin ve kullanici dostu siteler gelistirmek igin
de 6neminin ortaya konmasi amaglanmaktadir.
CSS Catis1 framework teknolojisine alternatif
olabilecek  seviyede benzer teknolojiler
bulunmadigindan bu makalede bir
kargilastirmaya yer verilmemistir.

2. TANIMLAR ve KAVRAMLAR

Bu c¢alismada kullanilan ve agiklanmasina
gereksinim duyulan terimler ile kavramlar
asagidaki gibi tanimlanabilir:

Web Sitesi, ortak bir alan adiyla tanimlanan ve
en az bir web sunucusunda yayinlanan web
sayfalart ve ilgili igeriklerin timi igin
kullanilan bir s6zctiktiir.
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UX (User Experience'in / Kullanici Deneyimi),
kullanicilarin alg1 ve davraniglarini etkilemek
amact ile onlarin belli bir kurum ile olan
deneyimlerini etkileyecek ogelerin
olusturulmasi ve senkronize edilmesidir (Unger
ve Chandler,[2]).

CSS, Cascading Style Sheets (Basamakli Stil
Sablonlar1 ya da Basamakli Bi¢im Sayfalari,
bilinen kisa adiyla CSS), HTML’e ek olarak
metin ve format bi¢imlendirme alaninda
fazladan olanaklar sunan bir isaretleme dilidir.

Web Sayfasi ise internette ulagilabilen; goriintii,
komut dosyalar1 ve genellikle bagka sayfalara
baglantilarin yer aldigi hiper metin dosyalar
icin kullamilmaktadir. (The Free Dictionary,

(3D

Ul (User Interface / Kullanici Arayiizii),
kullanicilarin  bir makine, cihaz, bilgisayar
programi ya da karmagik aletlerle etkilesimini
saglayan yontemlerin bileskesine verilen ad
olarak tamimlanabilirken; Internet Tarayicist
icin web sayfalarinin goériintiilendigi bilgisayar
yazilimidir, denebilir.

CSS Reset Dosyast (veya reset.css), HTML
elementlerinin, tarayicilara 6zgii stil kodlarini
sifirlayan kod dosyasi olarak tanimlanabilirken;
Kod Kiigiiltme, islevini degistirmeden tim
gereksiz karakterleri, yorumlanmis
programlama dillerinin veya bicimlendirme
dillerinin kaynak kodundan kaldirma islemi
icin kullanilmaktadir.

Drupal, fcretsiz, agik kaynakli bir igerik
yonetim dizgesi (sistemi) ya da icerik yonetim
odakl bir altyap1 yazilimi iken; Duyarli Web
Tasarim1 (Responsive Web Design), bir web
sitesinin kendisini herhangi bir aygita ya da
ekran genisligine uyarlamasini saglamak igin
sayfa diizeni (mizanpaj) c¢alismalarinda
uygulanan tekniklerin tiimiine verilen ad olarak
aciklanabilir (Eva Harb, [4]).

Icerik Yénetim Sistemi: CMS (ing. Content
Management System), sayisal (dijital) igerigin
herhangi bir kod yardimma gereksinim
duyulmaksizin iiretilmesi ve yonetilmesine
olanak saglayan bir ¢evrimici web yazilimidir.
Animasyonlu GIF, tek bir dosyada bir dizi
gorlintli veya cerceve igeren ve kendi grafik
kontrol uzantis1 tarafindan islenen, Ingilizce
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Grafik Degistirme Bicimi anlamma gelen
Graphics  Interchange Formating  (GIF)
kisaltmasi olan kodlanmisg bir goriintii tiirtidiir.
WYSIWYG, ingilizce'de "What You See Is
What You Get" teriminin bas harflerinden
olusan bir bilgisayar terimidir. Tiirkgesi “Ne
Goriiyorsan Onu Alirsin” demek olup ekranda
goriilene ¢cok benzer bir ¢ikt1 alinacagi ortamlari
tanimlamaktadir.

W3C (Ing. World Wide web Consortium), iiye
organizasyonlarin, tam zamanl g¢alisanlarin ve
halkin web standartlarin1 gelistirmek igin
birlikte calistiklar1 uluslararast bir topluluktur.
Web’in mucidi ve Yoneticisi Tim Berners-Lee
ve CEO’su Jefferey Jaff tarafindan
yonetilmekte olan W3C’nin misyonu, web’in
tam potansiyeline ulasilabilmesidir (W3C, [5]).

3. CSS CATILARI

Temel amagclart yazilimcinin igini hizlandirmak
olan CSS c¢atilan web sayfalar1 veya
uygulamalart gelistirmek icin kullanilabilecek
araglarin ve gorsel 6gelerin biitiinii barindiran

bir yazim ¢atis1 tliridiir.  Bilgisayar
programlamasinda, yazilim catisi, genel
islevsellik  saglayan yazilimm, kullanici

tarafindan yazilan ek kodlarla segici olarak
degistirilebildigi ve iizerine  gelistirme
yapilabilen temel kod kaynagidir. CSS
catilari1  incelemeden Once genel olarak
yazilim catilarinin ne oldugunu, 6zellikle nesne
yonelimli ~ kullanim  nedenlerini  anlamak
gerekmektedir. Beck ve Johnson’a gore nesne
yonelimli yazilim catist en genel tanimiyla,
dizge ve alt dizgelerin, siniflar ve bu smiflarin
etkilesimi sayesinde tekrar kullanilabilir kod
parcaciklarmin  bir biitiniidir (Beck ve
Johnson, [8]). Yazilim catilar1 ¢alisilan alan ve
hedef platformlara gore {i¢ ana 6bekte (grupta)
toplanabilir: i) mobil platformlar igin
gelistirilmis catilar, ii) veri bilimi ve makine
Ogrenimi i¢in gelistirilmis catilar ve iii) CSS
framework’lerin de dahil oldugu web uygulama
yazilim ¢atilart.

CSS  kullaniminin  yayginlagsmasi, sadece
HTML den olusan web sitelerinin gorsel
zenginlik ve kullanici deneyimi agisindan
yetersiz kalmasi nedeniyle olmustur. CSS
sozciigii Tiirkceye Basamakli Stil Sablonlari ya
da Basamakli Bi¢cim Sayfalar1 olarak
cevrilebilir (Ing. “Cascading Style Sheets”). ik
ticari web site olarak bilinen Global Network
Navigator (GNN) web sitesini tasarlayan

92

Jennifer Niederst, buradaki “cascading”
kavramini yukaridan agagiya birbirinin iizerine
yazarak (bu ayni dokiiman i¢in veya farkh
dosyalar tarafindan yapilabilir) olusturulan ters

hiyerarsiyi  aciklamak i¢in  kullanildigini
belirtmektedir (Niederst, [6]).
CSS framework’lerin  temelinde tasarim

oriintiileri (Ing. design patterns) ve kod
kiitiiphaneleri (kod kitapliklar1) vardir. Bir
kitaplik kullanmanin avantaji, kullanilmak
istenen oOzelligin veya calistirilmak istenen
algoritmanin kiitiiphane kullanicis1 tarafindan
tekrar kodlanmasi  gereksinimini  ortadan
kaldirmasidir. Bunun yerine kiitiiphanenin
yapisal tarafi i¢in talimatlara uyularak sonug
elde edilebilmektedir (Meiert, [7]).

Gilinimiizde yaygin olarak kullanilan CSS
Catilarinin birgogu biiyiik web sitleri tarafindan
i¢ gereksinimler igin gelistirilmis ve daha sonra
actk kaynak olarak internette paylasilan
projelerdir. Baslangigta Twitter Baseline olarak
adlandirilan Bootstrap birgok gelistirici i¢in ilk
kapsamli CSS ¢atis1 olmustur. Mark Otto ve
Jacob Thornton tarafindan Twitter'da dahili
araglar arasinda tutarliligi tegvik etmek i¢in bir
gergeve olusturmak amaci ile gelistirilmeye
baslanmigtir. Bootstrap'tan 6nce, kullanici
araylizii gelistirme ic¢in kullanilan ¢esitli
kiitiiphaneler, tutarsizliklara ve yiiksek bakim
yiikiine neden olmustur. Tiim bu ¢aligmalar tek
catt altinda toplanarak ilk olarak “Twitter
Blueprint” daha sonra da 2011 Agustos ayinda
Boostrap olarak yayinlanmistir (Otto, [9]).

CSS catilarinin ortaya ¢ikma nedeni olan biiytik
web projeleri birden ¢ok ekip tarafindan
gelistirilen, bazen yiizlerce yazilimer ve
tasarimcinin  bir arada ¢alistigr  stirekli
giincellenen ve gelisen kapsamli projelerdir. Bir
ekip tarafindan olusturulan bir modiiliin bagka
bir ekip tarafindan kolaylikla kullanilabilmesi
ve hatta gelistirilebilmesi veya
degistirilebilmesi gerekmektedir. Gilintimiizde
yaygin olarak kullanilan framework’lerin ¢ogu
biiylik web projeleri tarafindan gelistirildikten
sonra agik kaynak kod olarak paylasilmigslardir.
Twitter’mn Bootstrap ve Facebook’un React
frameworkii en bilinen site, proje es
orneklerdendir (Cizelge 1). CSS Framework
kullanim1  yayginlastikca, yazilimci  ve
tasarimcilardan  olusan  genis  camialar
olusmustur. Bu da yazilim ¢atilarinin test ve
gelistirilmelerine katki saglamigtir. Herkese
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acik olarak yayinlanan CSS cercevelerin, onu
kullanan, test eden ve gelistiren birgok
gelistiricisi  bulunmaktadir. Genis topluluk
tarafindan gelistirilen ve test edilen kod hem
giincel kalmakta hem de daha az hata
icermektedir.

Cizelge 1. Farkli CSS ¢atilarinin webde kullanim
oranlari1. (bir web sitesinde birden ¢ok CSS ¢atist
kullanilabilmektedir). (Web Technology Surveys,

[21]).
Bootstrap % 78.9
Animate % 39.3
Foundation % 2.3
Ulkit % 0.7
Skeleton % 0.6
Tailwind % 0.5
Materialize % 0.5
Material Design Lite % 0.3
Semantic Ul % 0.3
Bulma % 0.2
MetroUlI % 0.1

Genis web tasarimci kitleleri tarafindan diizenli
olarak framework’lerin kullanilmasi,
iyilestirmek i¢in bir yol bulundugunda veya
karsilasgilan sorunlara ¢oziim iiretildiginde, geri
bildirimlerle  framework’lerin  tasarimlara
etkileri 6zyinelemeli hale gelmektedir (Bradley

 [10]).

4. CSS CATISI
AVANTAILARI

CSS Catist kullanmanin en biiylik avantaji
gelistirme hizim1 ve iretkenligi artirmasidir.
Herhangi bir tasariya (projeye) baslamadan
once lizerine gelistirme yapilabilecek temelin
hazir olmasi ¢alismaya baglama yolunda
kolayliklar  saglamaktadir. ~CSS  catist
kullanilmadan gelistirilen web sitelerinde
projenin baslangi¢ siireci uzamakta ve farkli
cOziiniirliiklerde tutarlilik sorunlar1 ortaya
¢ikmaktadir. Ozellikle, kullanilan tarayici
cesitliliginin artmasi1 nedeniyle, olusturulmasi
gereken ilk proje dosyasi artik reset.css
olmaktadir . Farkli tarayicilarda girdi alanlari
(Ingilizce; input fields), agilir liste meniileri
(Ingilizce; drop-down), ipuclari, etiketler,
tablolar, sirali ve swrasiz listeler farkh
yorumlandigindan CSS catilarinin sagladigi
sifirlama  ozellikleri  reset.css  dosyasi
gereksinimini de karsilayabilmektedir. CSS
catilarinda uyar pencereleri, bildirim iletileri,
butonlar ve bircok tekrar kullanimina
gereksinim duyulan tasarim o6gelerinin hazir

KULLANIMININ
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bulunmasi nedeniyle dogrudan ve hizli bir
bigimde web sitesinin tasarimina baglanmasi
kolaylagsmaktadir. Cok 6zel durumlar disinda
web tasariminda ve genel olarak yazilim
gelistirmede uygulama ¢atis1 kullanmanin daha
avantajli oldugu sdylenebilir. Standartlagmis
kod temelinin olusturulmast hem bireysel hem
de kurumsal kullanimda, CSS ¢at1 kullaniminin
tercih edilmesinin en O6nemli nedenlerinden
biridir. Ozellikle gegmise doniik bakim, destek
caligmalarinda ve yeni 6zellikler ile modiillerin
eklenmesinde CSS Catis1 kullanimi zamandan
ve emekten tasarruf saglayabilmektedir. Takim
olarak ¢alismay1r kolaylastirmasi, yazilim
sitketlerinin CSS yazilim catilarin1 tercih
etmelerinin en 6nemli nedenlerinden biridir.
CSS’e organize yaklagim saglamasi ve sirket ici
egitim maliyetlerini diisiirmesi bagska bir
nedendir. Yukaridaki agiklamalar baglaminda
denebilir Kki; yazilim g¢atis1 kullanmak hem
takim olarak hem de bireysel kullanimda dogru
tasarim aligkanliklar1 gelistirilmesi agisindan
cokca onemli ve gereklidir.

Cizelge 2. meyerweb.com web sitesinden alinmis
ornek CSS Reset Dosyasi. (CSS Tools: Reset CSS.

[22])

html, body, div, span, applet, object, iframe,
h1, h2, h3, h4, h5, h6, p, blockquote, pre,
a, abbr, acronym, address, big, cite, code,
del, dfn, em, img, ins, kbd, g, s, samp,
small, strike, strong, sub, sup, tt, var,
b, u, i, center,
dl, dt, dd, ol, ul, I,
fieldset, form, label, legend,
table, caption, thody, tfoot, thead, tr, th, td,
article, aside, canvas, details, embed,
figure, figcaption, footer, header, hgroup,
menu, nav, output, ruby, section, summary,
time, mark, audio, video {

margin: 0;

padding: 0;

border: 0;

font-size: 100%;

font: inherit;

vertical-align: baseline;

}
article, aside, details, figcaption, figure,
footer, header, hgroup, menu, nav, section {

display: block;
}
body {

line-height: 1;
}
ol,ul {
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list-style: none;
}
blockquote, g {

quotes: none;

blockquote:before, blockquote:after,
g:before, g:after {

content: ";

content: none;

}

table {
border-collapse: collapse;
border-spacing: 0;

}

5. CSS CATISI KULLANIMININ
DEZAVANTAJLARI

Grafik tasarim agisindan CSS  Catisi
kullaniminin istenmeyen en onemli

sonuglarindan biri ortaya ¢ikan web sitelerinin
Ozgiinliikten yoksun olmasidir denebilir. Bunun
nedeni CSS catisinin, gelistirildigi platformun
tasarim dilini tagiyor olmasidir. Biiyilk web
tasarilar i¢in gelistirilen CSS ¢atilarindaki s6z
konusu tasarimlarm kurumsal izlerini silmek
icin teknik smirliliklarin  bilincinde olan
tasarimcilar tarafindan yapilan diizenlemeler ve
bu diizenlemelerin koda uygulanmasi ile bu
sorun asilabilmektedir. Bu diizenlemelerin
uygulama maliyeti yiiksektir. Web tasariminda
CSS catist kullanmanimn getirisinin  Otesine
gecmesinden dolayr bu tarz Ozgiinlestirme
caligmalarmin ¢ogu CSS catisinin kullanimini
sinirlamaktadir. Buna ek olarak belli bir
tasarmin gereksinimleri i¢in gelistirilmis CSS
catilar1 kod yapist ve modiil igerigi bakimindan
tam  olarak  genel kullanima  uygun
olmayabilmektedir. Buna karsin herhangi bir
catt  kullanmadan  yapilan  gelistirmeler
Ozglinligi kisitlaya bilecek teknik
sinirliliklardan azat olmaktadir.

CSS catilarinin web tasarimina olan etkileri
konusunda farkli bakis agilar1 s6z konusudur.
Bu etkiler kimilerine gore olumlu, kimilerine
gore ise ¢esitli olumsuzluklar baglaminda
degerlendirilebilmektedir. CSS Catilarinda
uygulanan grafik tasarimlarda Kkarsilagilan
Ozginlik  sorunlar1  grafik  tasarimcilar
acisindan bir kayip olarak goriiliirken, bircok
gelistirici ise bu durumun kullanict deneyimine
olumlu yansidigini diistinmektedir.
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CSS catilarinin yaygin olarak kullanilmasinin
en biiyiikk etkisi duyarli web tasarimlarmin
yayginlasmas1 olmustur. Ozbahge’ye gore
Tiirkge’ye “duyarli” olarak gevrilen bu kavram,
heniiz evrensel kullanimi olan “responsive”
kadar yaygilasmamustir (Celik Ozbahge, [11]).
Bootstrap gibi CSS catilar1 sayesinde birgok
web tasarimei farkli platformlarda galigabilen
akiskan ve hatasiz web sitesi tasarlayabilme
olanagina kavusmustur denebilir. CSS ¢atisinin
parcalarini kullanarak hizli bir sekilde web
sitesi olusturma olanaklar1 web sitelerinde
ozgiinliik sorunlarina yol acabilmektedir. Oyle
ki, bu baglamda tiim sitelerin birbirinin benzeri
haline geldigi elestirisi siklikla ortaya
atilmaktadir. CSS ¢atilar1 hazir birgok gorsel
modiilii sunarken, bu modiillerin kullanimini
zorunlu da kilmamaktadir. Tasarlanan web
siteleri igin  Ozgiin  bir kurumsal Kkimlik
olusturmak yerine dogrudan CSS catilarinin
sundugu oOgeleri kullanmak, tasarimcilarin
siklikla tercih ettigi Ozgiinliikten yoksun
uygulamalardir. Ise yeni baslayan duyarli web
tasarimcilarinin  veya web sitesi tasarlayan
duyarli yazilim uzmanlarmin CSS ¢atist
kullanmasi; zaman zaman 6zgiin olmayan web
sitelerinin ortaya ¢ikmasi sonucunu
dogurmakta ise de hem gorsel hem de islevsel
anlamda ¢ok da kotii olmayan web sitelerinin
tasarlanmasina da yol agabilmistir. Denebilir ki;
CSS catillarinin kullanimi bir kartopu etkisi
yaratarak hem CSS catilarim1 hem de web
tasarim ilkelerini degistirebilmektedir.

Web sitelerinin  kullanilan aygitlara gore

kendini sekillendirebilmeleri genel olarak
sayfalardaki arayiiz yapilarin sagladigi
esneklikler ile saglanabilmektedir. Ciinkd,

aygitlara 6zellikli davranis gésterme eylemleri,
web sitelerini olusturan sayfalardaki arayiiz
yapilarinin  kendilerini aygitlara uydurmasi
olanagi ile de gerceklesebilmektedir.

Web siteleri, genellikle belirli aygitlarin
goriintiilik  (ekran)  boyutlarina  gore
gelistirilebilmektedir.  Cilinkii  tasarimcilar,

hangi boyutta uygulama gelistireceklerine,
hedef Kkitlelerinin yogun olarak kullandig1
aygita ya da diinya genelinde en yogun olarak
kullanilan  aygit boyutuna gore karar
vermektedirler. Aygit boyutuna gére uygulama
gelistirme siirecinde birden fazla goriintiiliik
boyutundan so6z edildigi zaman ise, isler biraz
daha karmasiklasabilmektedir. EWT (Esnek
Web Tasarimi) tanimi ortaya ¢ikmadan once
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tasarlanan  web siteleri, ziyaretcilere,
cogunlukla masaiistii bilgisayar ortaminda
hizmet verirken, zamanin popiiler goriintiiliik
boyutuna gore tasarlanmislardir.  Ancak,
zamanla Internet erisim 6zelligi bulunan farkli
aygitlarn da insan yasamina girmesi bu
durumunun degistirilmesin neden olabilmistir.
Bu nedenledir ki, farkli aygitlarin kullanim
oranlarinin artmasi ve oOzellikle de mobil
aygitlarin oldukca yogun bir sekilde kullanima,
EWT’nin gitgide daha fazla 6nem kazanmaya
baslamasina neden olmustur (Budak ve Gezer,
[12]). CSS c¢atilarinin kullanimi duyarli web
sitelerinin tasarlanmasini hem yayginlastirmig
hem de kolaylagtirmistir. Esnek tasimlarin
akiskan yapilarinin yetersiz kaldigi durumlarda,
yani genis yelpazede cesitlenen boyutlara sahip
mobil aygitlar icin CSS3 Medya sorgulari
(Ingilizce; Media Queries) kullanilmasi
gerekmektedir.

Medya sorgulart, belirli bir tiir gériiniim igin bir
O0geye birden fazla CSS atanmasina olanak
taniyan bir sorgu tiiriidir. Bu sorgular,
gOriintiiliik tipine ve ¢ozlintirligiine gore stilleri
yeniden yapilandirarak geniglik, yiikseklik, yon
ve hatta c¢Oziiniirlik gibi  6zellikleri
degistirmeyi kolaylastirabilmektedir (Turan ve
Sahin, [13]). Dolayisiyla, akiskan tasarim ve
mobil uyumluluk sorunlari CSS c¢atilarinda
¢Oziimiinii bulmus sorunlardan olmustur.

Yazilim Kkiitiiphaneleri ve CSS c¢atilarinin
eskiden beri en ¢ok dile getirilen bir sorunu da
gereginden fazla kod barindirmalari olmustur.
Bazen kod kiitliphanesinin sadece %35 ne
gereksinim duyulmasina karsin, bu
kiitliphanenin tiim uygulamaya dahil edilmesi
gerekebilmektedir. Ama bu sorun, giiniimiizde
bilgisayar ve telefonlarin islem ve goriintii
isleme giiclerinin artmasi ve internet hizlarinin
kod temelli dosyalart yiiklerken yeterli
seviyede olmasindan dolay1r -6zel durumlar
harig- ciddi  bir  dezavantaj olarak
goriilmemektedir. Ayrica CSS g¢atist kodlari
genellikle kod kiigiiltme (Ingilizce;
Minification) islemi yapilarak dagitilmaktadir.

6. YAYGIN KULLANILAN CSS
CATILARININ KARSILASTIRILMASI

CSS gatilarinin gelistirilme nedenleri, kullanim
amaclari, hedef kitleleri ve ortaya c¢ikma
oykiileri farkli oldugundan birgok CSS ¢atisinin
birbirleri ile kategorik karsilastirilmas: pek
dogru  olmayabilmektedir.  Gelistirici  ve
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tasarimcilar ~ framework  tercih  ederken
oncelliklerini belirleyip onlara en uygun CSS
catist ile devam etmeyi se¢cmektedirler. Bu
kararlar bireysel veya kurumsal olmalarindan
bagimsiz olarak gergeklestirilecek tasarinin
kapsammna  gore  belirlenmektedir.  Eger
kullanilan teknoloji giincel ise genellikle en
yaygin olan uygulama catisin1 segmek bazi
durumlarda  Ozgiinliikten 06din  vermek
anlamma da gelebilmektedir. CSS ¢atisinin
yaygin olarak kullaniltyor olmasi ve 6zgiin web
siteleri olusturabilmeye uygun olmasi istenen
en temel Ozelliklerdir. Bu iki ekten birbirini
simirladigindan  dolayi, bu kisir  dongi
genellikle geligsen teknoloji ile ¢ozlilmektedir.

CSS catis1 kullanmada iki temel yaklagim s6z
konusudur. Bunlardan birincisi CSS ¢atisini
temel alip onun mevcut siniflarmin iizerine
Ozellestirilmis siniflar yazarak ilerlemektir. S6z
konusu yaklagim genellikle daha geleneksel
CSS c¢atilarinin kullanicilarn igin gegerlidir ve
sonugta ortaya cikan siteler biiylik farkliliklar
gosterebilmektedirler. Diger bir yaklagim ise
CSS c¢atilarindaki smiflar1 tasarim genelinde
eksiksiz kullanmaktir. Bazi durumlarda s6z
konusu on tanimh c¢ati simiflann yetersiz
kalabilmektedir. Boylesi durumda ise kullanici
topluluklarinin veya iiglincii taraflarin sagladigi
eklentiler kullanilmaktadir.

Tim CSS c¢atilar1 sunduklart 6zellikleri farkl
sekillerde siniflandirmaktadirlar. Bunun nedeni
bazen CSS catisinin tarihsel gelisimi bazen de
catty1 gelistirenlerin anlamsal (semantik) bakis
acisidir. Bazi CSS ¢atis1 belgelerinde listelenen
siniflandirmalar agagidaki gibi siralanabilir.

Aeon: Sadece 1zgara sisteminden olugsmaktadir.

Bootstrap:  Yerlesim, Igerik, Formlar,
Bilesenler, Yardimcilar, Araclar.
Bulma: Siitunlar, Elemanlar, Bilesenler,
Formlar, Yerlesim, Yardimcilar.
Materialize CSS: Bilesenler, JavaScript

Ogeleri, Forumlar, Mobil, Temalar.
Milligram: Tipografi, Blok Alintilar, Butonlar,
Listeler, Formlar, Tablolar, lzgara, Kod,
Araglar.

Pure CSS: Izgara, Formlar, Tuglar, Tablolar,
Meniiler, Araglar, Ozellestirme.

Semantic Ul: Elemanlar, Koleksiyonlar,
Goriintiileme, Modiiller, Davranislar.
Tailwind CSS: Ozellestirme Araclari, Temel
Stiller, Yerlesim, Flexbox ve Izgara, Bosluk,
Olgiilendirme, Tipografi, Fonlar, Cergeveler,
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Efektler, Filtreler, Tablolar,
Animasyonlar, Doniigiimler,
SVG, Erisilebilirlik, Eklentiler.
UIKit: Bilesenler.

YAML: Normallestirme Bilesenleri, Diizen,
Izgara Sistemi, Siitiin Yapisi, Form Elemanlari,
Yiizen Ogeler, Erisilebilirlik.

ZURB Foundation: Araglar, Tipografi,
Kontroller, Navigasyon, Konteynerler, Media,
Eklentiler, Kiitiiphaneler.

Gegis  ve
Etkilesimler,

Bu listeden de anlasilabilecegi gibi, CSS
catilarmm  web tasarimma  yaklagimlan
arasinda birgok ortak ve ayrisan nokta
bulunmaktadir. Bu durum CSS ¢atilarinin islev
ve Ozglinliik bakimindan farkli ve birbirlerinin
esdegeri olmadiklarmi gostermektedir.

CSS Catilarinin geligimi Izgara sistemlerine
ihtiya¢ duyulmas ile baslamaktadir. Tiim CSS
catilarmin  temellerini  1zgara  sistemleri
olusturmaktadir. 960 Grid Sistem, yaygin
olarak kullanilmaya baglanan ilk 1zgara
sitemidir (960 Grid System, 2021). S6z konusu
sistemin ilk yaymlandigi donemde ekran
coziiniirliikleri giiniimiizdeki gibi cok yiiksek
degerlerde olmadigindan maksimum genigligi
960 piksel olarak sabitlenmistir. Bu degerin
belirlenmesindeki bagka bir etken de 960°1n , 3,
4,5, 6,8, 10, 12, 15, 16, 20, 24, 30, 32, 40, 48,
60, 64, 80, 96, 120, 160, 192, 240, 320 ve 480
ile boliinebilmesidir. Daha sonra gelistirilen
birgok CSS c¢atisinda da benzer bir yol
izlenmistir.

Ozellikle hem iige hem de ikiye béliinebildigi
icin 12’lik sistem 2000’lerin ortalarinda yaygin
olarak kullanilan Drupal gibi igerik yonetim
sistemlerinde de kullanilmistir. Bootstap’in
12°lik 1zgara sisteminin temelinde de benzer bir
mantik vardir (Sekil 1). Bu 1zgara sistemlerinin
kullannmi  CSS g¢atilarinin  giiniimiiz  web
sitelerinin plan ve yerlesimini 6nemli derecede

etkilemistir. Birgok web sitesinin  benzer
oranlara sahip olmasinin temel nedeni
Bootstrap 1zgara sistemidir. Bu sekilde

sayfalarin bdliinmesi tasarimimn biitiinliigiine,
ritmine ve Ogelerin birbirileri olan oran
iligkilerini olumlu olarak etkilemektedir.

96

.col-md-8 .col-6 .col-md-4

.col-6 .col-md-4 col-6 .col-md-4 .col-6 .col-md-4

col-6 col-6

Sekil 1. Boostrap 5'in farkli genisliklerdeki
kolonlarina 6rnek
(https://getbootstrap.com/docs/5.0/layout).

7. CSS CATILARININ OGELERI
BAGLAMINDA INCELENMES]

7.1. Platformlar arasi uyum

Platformlar aras1 uyum sorunu CSS Catilarinin
¢Oziim getirdigi sorunlarin basinda
gelmektedir. Duyarli tasarim sadece ana
1zgaranin Ol¢iilendirilmesinde degil, buton,
menil, gorsel gibi diger tim &gelerin
tasariminda da belirleyici olmustur. Igerik
kolonlara yerlestirilirken igerigin tiiriine gore
farkli  boyutlandirmalar — gerekebilmektedir.
Ormnegin bir metin yerlestirilirken satirlarin
¢ogalip metnin boyunu uzatmasi sebebiyle
metin kesme islemini On yiizde yapmak
gerekebilmektedir. Gorseller boyutlanirken en
boy oranimi  koruyarak  boyutlandirmak
onemlidir.  Onceleri, tasarimlarin  uyum
saglamasi gereken aygit boyutlar1 bu kadar
fazla degilken, her boyut igin Ozellestirilmis
tasarimlar yapilmis ve yazilimlar uyarlanmistir.
CSS medya sorgulart boylesi sorunlarin
¢Oziimi igin geligtirilmistir. CSS sorgular tek
basina yeterli olmayacagindan, Ol¢li birimi
olarak piksel ve punto yerine ylizde
kullanilmaktadir. Bu tasarim yaklasimi duyarli
web tasarimi (Ing. Responsive Web Design)
olarak adlandirilmaktadir. Duyarli bir web
sitesinde igeriklerin yer aldig1 paneller
belirlenmis alan1 tam kaplayacak sekilde
yerlestirilmektedirler. Eger icerigi gdstermek
icin yatayda yeterli alan bulunmazsa sagda
bulunan 6ge soldakinin altina gegerek yine
yataydaki genisligi doldurmaktadir (Sekil 2).
Bu yerlesim tarzi1 da sadece mobil cihazlarda
degil genel olarak web tasariminda kullanici
deneyimini biiyiik Ol¢lide olumlu etkileyen
dikey akigin dnemini artirmistir.
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Sekil 2. Farkli ¢oziiniirliiklerde web sayfasini
olusturan bloklarin yerlesiminden goriintiiler.

7.2. Dikey Akis

Insanlar giinliik yasamlarinda genellikle yatay
diizlemde hareket ettiginden, ufka baktiklarinda
gozlerini sagdan sola ya da soldan saga hareket
ettirmektedirler. Dolayisiyla ilk web sayfalarn
da yatay monitorlere uygun olarak yatay
tasarlanmistir. Mobil aygitlarin gelisimi ile bu
durum degismistir, tek parmak hareketi ile tim
icerigi dikey gezmek zorunlulugu ortaya
cikmustir. 11k basta mobil aygitlar icin secenekli
tasarimlar  gelistirilirken  o6zellikle CSS
catilarinin  yerlesimi ile standartlagtirma
cabalarindan dolay1 biitiinlesik ¢oziimler ortaya
cikmistir. Bunun sonucunda dikey akis web
sitelerinin genelinde yayginlagmustir.

Dikey akisin CSS ¢atilarinda temel yonelim
olmasinin nedeni sadece mobil aygitlarla
uyumlulugu yakalamak degildir. Konuya
psikolojik acidan bakildiginda da &gelerin
gorsel olarak nasil algilandigiyla ilgili en tinlii
kuramlardan biri, aslen 19. yiizyilin sonlarinda
Almanya'da ortaya ¢ikan psikolojik bir kavram
olan Gestalt ilkesidir. “Gestaltin Kapanig
Yasas1” geregi yatay tasarimlarda kapali bir
blok igerindeki igerigin devami olmadigi var
sayilir ve daha fazla bilgi aranmaz. Sonug
olarak sayfanin geri kalan1 gdzden kagirilabilir
(Margalit, [14]). Cok genis ekranlarda CSS
catilarinin  1zgara sistemleri  kullanilarak
kullanicilara  igerigin  bitmedigi  mesaji
verilmektedir. Goziin siirekli kesilmis gorselleri
tamamlama dirtiisii  ile sayfa kullanici
tarafindan kaydirilmaya devam edilmektedir.
Boylece yatayda yan yana duran icerikler bile
dikey akista bir devamlilik saglayabilmektedir.
Dikey akis1 saglamak icin dikdortgen kutular ve
yatay kurallar, igerigin sona erdiginin gorsel bir
gOstergesini ekler ve aksi takdirde sonraki

icerik  Ogesini  goriintiileyebilecek  dikey
pikselleri  kullanir. Bu 0Ogeleri ortadan
kaldirmak ve sayfanin dikey boyutunu

daraltmak, ziyaret¢inin daha fazla kaydirma
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olasihgmi arttirmaktadir. Web sayfalarinin
dikey bir akis igerisinde yer almasi, ritim,
devamlilik ve denge baglaminda
incelendiginde grafik tasarim agisindan olumlu
sonuglar dogurmakla beraber tasarimin 6zgiin
ve etkileyici goriinmesini saglayan zithk ve
vurgu ilkelerinden 6diin verebilmektedir.

7.3. Konteynirlar

CSS catilarinin web tasariminda kullaniminin
yayginlagmasina 6nayak olan bagka bir kavram
“konteynir’dir.  Konteynir  kullanilmadig1
zaman sayfadaki metin iceriklerinin gazete
sayfalarinda oldugu gibi gorsel igeriklerin
etrafin1 sarmasi ve bosluklar1 doldurmasi genel
kabul goren tasarim yaklagimidir. CSS c¢ati
kullanimi metin iceriklerinin ayr1 bir blok
icinde gorsellere denk degerlendirilmesini
saglamistir. Konteynir terimi bazi CSS ¢atilar
tarafindan igerigin bulundugu tiim 6geler i¢in
kullanilirken, digerleri tarafindan sadece igerik
ve Ogeleri kapsayan en dig cergeveler i¢in
kullanilmaktadir. Dis ¢erceveler yeniden
boyutlanabilir ana 06geler olduklar1 igin,
sitelerin ekran boyutlarma gore yerlesime ve
icindeki O6gelerin kendi aralarindaki diizenine
etki etmektedir. Konteynirlarin konumlar1 ve
gorevleri kullanicilar tarafindan iyi bilinmekte
bu da sayfalarin kullanighligini artirmaktadir.
Kanvasi bolerek olusturulan konteynirlarin
yani sira, bir diger konteyner tiirii de ‘sticky on
scroll’  konteynirlardir. Bu  konteynirlar,
sayfanin {istiinde, altinda veya kenarinda
bulunan ve referans noktalar1 sayfanin kendisi
olan “kanvas”m boéliinmesiyle olusanlarin
aksine, tarayici kenarinda bulunan yapiskan
konteynirlardir.  Ozellikle mobil aygitlarin
yayginlagmasi ile aktif olarak web tasariminda
kullanilmaya baglanmis ve CSS catilarin
Oonemli parcalarindan biri haline gelmistirler.
Bu tir konteynirlara 6rnek olarak mobil
sayfalardaki ana menii konteynirlart veya
sayfanin bir kenarmmda bulunan iletisim
butonlar1 verilebilir (Sekil 3). Bu ve benzeri
standartlasmalar  birbirine benzeyen ama
kullaniciy1 hi¢ zorlamayan web sablonlarimin
olugsmasma neden olmustur. Bu diizende
biitiinliik, denge, tartim (ritim) ve alan
kullanimi gibi grafik tasarim ilkelerine uyum
saglanirken, farklilik ve vurgu gibi tasarimin
ayit  ediciligini  artiran  grafik  tasarim
ilkelerinden 6diin verilmektedir.
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Sekil 3. Rollsrein.de sitesinin mobil gériiniimiinde
sag altta yer alan telefon simgesi.

7.3. Tipografi

CSS catilan1 ve CMS’ler dinamik metin
igceriklerinin web sitelerine eklenme
yontemlerini de etkilemistir. Dinamik sitelerde
icerik  veri tabanindan iki  yOntemle
gelmektedir. Bunlardan birincisi WYSIWYG
araci kullanilarak yapilan girdilerin
gosterilmesidir. Son kullanicilar tarafindan
ozellikle diger tasarim kurallarin1 ezecek
sekilde olusturulan igeriklerin CSS c¢atilan
tarafindan formatlanmasi ¢ok zordur. Genel
gOriiniim i¢in yonetim paneli kullanicist
tarafindan yapilan bazi diizenlemelerin sayfay1
sekillendirmesine izin verilmekle beraber
Ozellikle mobil goriiniim i¢in birgok tasarim
diizenlemelerinin gecersiz kilinmas1
gerekmektedir.

Ikinci bir yontem ise web tasarrmi agisindan
daha saglikli olan, igeriklerin veri tabanina saf
metin olarak kaydedilmesi ve gosterilirken
tiimiiyle CSS catilarina ait siniflar tarafindan
sekillendirilmesidir. Bdylece son kullanicilar,
ellerindeki yonetim paneli araglari ile genel
tasarimin  bitiinliigiini bozmamis olurlar.
Kullanicilarin sinirlandirilmasi ayni zamanda
icerige yogunlagsmalaria yardimc1
oldugundan, daha etkin bir yonetim deneyimi
saglamasina katkida bulunmaktadir. CSS ¢atis1
kullanimi bdylece web sitelerinin biitiinliigiine
de olumlu katki saglamis olmaktadir.
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Metin temelli iceriklerin gdsterilmesinde Tiim
CSS c¢atilar1 var olan HTML etiketlerini aktif
olarak diizenlemektedirler. Bunlar <h1>, <h2>,
<h3>, <h4>, <h5>, <h6> gibi hiyerarsik baglik
etiketleri, <p>, <mark>, <del>, <s>, <ins>,
<u>, <small>, <strong> ve <em> gibi temel
diizenleme etiketleri ve <ul>, <ol>, <li> gibi
ozel listeleme etiketleridir. Bu etiketler
genellikle temel hiyerarsi ve karakter korunarak
minimum diizeyde sekillendirilir, zira bu tir
ana Ogeler sitenin tasarimmi  temelden
etkilediginden tasarimet tarafindan
diizenlenmeye birakilmalidirlar. Tema veya
web sitesi tasarimcist tarafindan
Ozellestirilmeden birakilan temel etiketler
sitelerin O0zgiinliiklerini kaybetmelerinde en
onemli etkendir. Temel HTML etiketlerin yani
sira yardimer siniflar da birgok CSS catisi
tarafindan kullanilmaktadir. Metin hizalama,
Ozel paragraflarin ayristirilmasi, temel listelerin
yani sira 0zellestirilmig listelerin olusturulmasi
ve alternatif baslik hiyerarsilerinin belirlenmesi
icin de yardimci smiflar kullanilmaktadir. CSS
catilarmnin HTML igerindeki tipografik 6gelerin
hiyerarsik  yapisiyla  uyumlu  ¢oziimler
sundugundan dolayr web tipografisinde
biitinliigl, dengeyi, zithigi ve vurguyu hem
CSS catist 6geleri kullanarak hem de g¢ati
tizerine ekleme yaparak saglamak miimkiindiir.

7.4. Tablolar

Yine temel HTML &gelerinden olan tablolar,
web tasarim tarihinde c¢ok Onemli bir yere
sahiplerdir.  Internetteki  igerigin  sadece
metinlerden olustugu donemde, igerigin dikey
ve yatay yerlesimini HTML tablolar
saglamiglardir. Modern web tasariminda satir
ve stitunlarin olusturulmasinda HTML tablolar
kullanilmaktadir. Tablonun ilk siitunu ve ilk
satir1 digerlerinden ayristirilarak ve satirlan tek
ve ¢ift olarak renklendirerek temel goriiniim
saglanmaktadir. Tablolarin yapisi neredeyse
tim CSS catilarinda aymdir. Farkliliklar
genellikle isimlendirme ve renklendirmeler ile
siirhdir. JavaScript kullanilarak listeleme ve
filtreleme  Ozellikleri de eklenmektedir.
Tablolarin mobil aygitlarda goriiniimii en sik
karsilagilan  sorunlardandir. Bu yerlesim
sorunlarmin iki temel ¢dziimii vardir. Birincisi
aslinda sorunu gormezden gelerek, tabloyu
yatayda siiriiklenecek sekilde yerlestirmektir.
Bu ¢o6ziim mobil sitelerdeki dikey akisi
bozdugundan daha az tercih edilmektedir.
Ayrica tablolarin bu sekilde yerlestirilmesi
denge, oran/orant1 ve alan gibi grafik ilkeleriyle
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ters digmektedir. Diger bir ¢oziim tabloyu
mobil goriiniim igin yeniden tasarlamaktir.
Stitunlar kaldirip igerikleri kartlar olarak satira
yerlestirerek ya da bazi icerikleri kapatip agarak
yatay bir tabloyu dikey ekrana yerlestirmek
miimkiindiir (Sekil 4).

Kullanici No Isim Soyad Yas

0000001 Anar Musayev 40

0000002 Ayse Kaya 37

0000003 Mehmet Yiimaz 55

0000004 Fatma Oztlrk 28

0000005 Ahmet Kara 95

Sekil 4. Farkli ekranlarda tablo goriiniimii 6rnegi.

CSS catilarmin  bilesen listeleri  biyiik
farkliliklar gostermektedir. Bazi CSS catilarn
internette  kullanilabilecek tiim modiilleri
kapsarken digerleri oldukca sinirli ana bilesen
havuzuna  sahiptir. ~ Kullanilan  ¢atmin
gelistirilecek olan web sayfasmin kurumsal
kimligi tizerindeki etkisini azaltmak i¢in
bilesenlerin  tasarim  kodlarinin  kiiresel
dosyalara  yazilmast  Onemlidir. ~ Yazi
karakteri/boyutu ve renk paleti gibi 6zelliklerin
tek bir yerden yonetilebilir olmast CSS
catilarmimn  kullanim kolayligim1  artirmakla
beraber,  diizenlenmesi ek is  yiki
getirmeyeceginden tasarlanan web = sitesinin
Ozglinliigliniin korumasini da
kolaylastirmaktadir.

7.5. Menii ve Baglantilar

CSS cat1 bilesenlerinde hiyerarsik olarak en
basta meniiler gelmektedir.  Meniilerin
yerlesimi -kat1 kurallara bagli olmasa da- web
sitelerinde genellikle sol veya en {istedir. Bunun
nedeni ekranmn alt bolimiiniin  isletim
sistemlerinin, yonetim c¢ubuklar1 tarafindan
sahiplenilmis olmasidir. Yatay konumlama ise
sayfa dilinin alfabesinin yazim yonii ile
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alakalidir; baska bir degisle meniiler genellikle
ekranin sol tarafinda yer almaktadir. Mobil
tasarimda bu yerlesim ergonomik sebeplerden
dolay1 tiimiiyle degismistir. Isletim sistemi
bildirim ekranlar1 tepededir ve kapalidir. Bu
durum butonlarm bir kisminin sayfanin altinda
ve yatayda ¢ok yer tutan menii baglantilarinin
da hamburger ikonu olarak da bilinen ve iig
yatay ¢izgiden olusan tek bir simgenin altinda
gruplanmasina neden olmaktadir. Bu tercihte
yazi  yoniinden ziyade insanmn  alet
kullanmasinda 6nemli rolii olan bagparmak
etkili olmustur. Bazi1 CSS ¢atilari, gelistiricilere
baglantilarin yan1 sira arama alanlar1 ve 6zel
bazi  butonlar yerlestirme olanagi da
sunmaktadir. Her durumda mobil goriiniim i¢in
yeniden yerlesim yapilmaktadir (Sekil 5). Bu
sekilde meniilerin CSS c¢atilar1 tarafindan
standartlastirilmasi farklilik, vurgu, alan, zithik
(karsitlik), ritim (devamlilik) gibi grafik
tasarim ilkeleri baglaminda
degerlendirildiklerinde sonucun olumlu oldugu
pek soylenememektedir. Ama  kullanict
deneyimi agisindan bu yapmin vazgegilmez
oldugu kabul edilmektedir.

Search

Navbar Home

Search

Sekil 5. Bootstrap Navbar, bilgisayar ve mobil
aygitta goriiniimii (Bootstrap, 2018).

Metin ve biiylik gorsellerin yani sira web
tasariminda simgelerin 6zel bir yeri vardir.
Bir¢cok simge takimi farkli CSS catisi ile
uyumlu calismaktadir. Bunlardan en yaygin
olarak kullanilan1 Font Awesome’dur. Ilk
versiyonlarinda adindan da anlagilacagi gibi
simgeleri font karakteri olarak kullanima sunan
Font Awesome en giincel versiyonunda SVG
dosya  formatinin  tiim  olanaklarindan
yararlanmaya olanak tanimaktadir. Sonug
olarak, ister CSS c¢atilar1 i¢in tasarlanmis olsun,
ister bagimsiz proje olarak gelistirilmis olsun,
genellikle simgeler ¢apraz olarak kullanilabilir
durumdadir. Tasarimdaki 0zglinliigiin
korunmasi adina simgelerin tasarima 6zel
olarak hazirlanmasi1 dogru segenek olarak
goriilmektedir.
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7.6. Uyar1 ve Mesaj Pencereleri

Uyart ve mesaj pencereleri kullanicilar
bilgilendirmek i¢in kullanilan  genellikle
metinden ve bazen de bilgilendirici

simgelerden olusan ogelerdir. S6z konusu
ogeler genellikle yapilan bir islem sonucu veya
islem Oncesi uyar1 ve bilgilendirilme amaci ile
yerlestirilmektedir. Bazi 6zel durumlarda
iizerlerinde  kiiciik  butonlar da  yer
alabilmektedir. CSS catilarinin  biiylik bir
béliimiinde bulunan bu uyarilar; bilgi (ing.
info), dikkat (Ing. alert), basar1 (ing. success),
temel (Ing. primary), uyari (Ing. warning),
tehlike (Ing. danger) gibi anahtar sozciikler ile
adlandirillarak  kullanim amaglarma uygun

renklerle  eslestirilip  siniflandirilmaktadir.
Semantic Ul drneginde oldugu gibi sadece
renklerin Ingilizcedeki isimleri de

kullanilabilmektedir. Bu tiir uyar1 pencereleri
gereksinim duyulan alana yerlestirilmek igin
<div> etiketleri igerisinde olusturulmaktadir.

Web 2.0 ile yayginlasan etkilesimli web
sitelerinin  kullanicidan girdi almasinin en
onemli yollarindan biri web formlardir.
<input>, <textarea>, <select> <option>,
<checkbox>, <radio>, <file> form etiketleri ile
olusturulan forum elemanlar1 <label> etiketi ile
isimlendirilmektedir. Kullaniciy1 yonlendirmek
icin en basit sekliyle girdi alanlarinin tizerine
yazilan <label> etiketleri bazen ayni satirda
bazen de ylizen etiket olarak
tasarlanabilmektedir. Girdi alanlar1 sade metin
temelli girdiler diginda aralik, tarih, zaman ve
renk gibi seciciler i¢in  Ozellestirilmis
tasarimlarla  gelmektedir. Form  alanlar
doldurulurken bir¢ok kullanicinin yetersiz
yonlendirilmesi kullanici deneyimini negatif
etkilemektedir. Bos birakilamaz alanlar i¢in
uyarilar, girilen igerigin tlirlinin uygunlugu
gibi 6n denetimlerin yapilmasi gerekmektedir.
CSS catilarinda JavaScript ile yazilmig
dogrulama araglarinin tespitlerini uyar1 olarak
kullaniciya iletmek amacgli renklendirme ve
uyart/bilgilendirme metinleri kullanilmaktadir.

7.7. Tuslar veya Butonlar

Tuslar veya butonlar web sitelerinde hem
sayfalar arast yonlendirmeyi hem de
zamanlanmig  gorevler hari¢, yiiriitmeyi
saglayan onemli o6gelerdir. CSS Catilarinda
farkli gbrevleri iistlenen ve hem goriiniim hem
de iglevsellik bakimindan farklilik gosteren tus
birim ve gruplart bulunmaktadir. Tuslar
genellikle tizerine gelince (hover) renk veya
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form degistiren icerisinde metin ve/veya simge
barindirabilen  <input>, <a>, <button>
etiketleridir. Gelismis CSS Catilarinda
degisimler  canlandirmalar ~ (animasyon),
hareketlendirmeler ile gergeklesebilmektedir.
CSS c¢atilarinda semantik veya kurumsal
renkler dogrultusunda renklendirme olanaklari
sunulmaktadir.

7.8 Etiketler

Farkli CSS catilar1 tarafindan Ingilizce “tag”,
“label”, “ribbon”, “badge” veya “tooltip”
olarak adlandirilan, i¢erige ikincil bir agiklama
olarak eklenen cesitli etiket tiirleri vardir.
Kiciik bir gorsel ile desteklenen etiket,
kullanici listeleme ekraninda veya herhangi bir
listelemede renklendirmenin de yardimiyla
Ogeleri ayrigtirmaya yardimci olabilmektedir.

CSS catilan tarafindan animasyonlu GIF veya
daha modern bir yaklasim olan CSS
canlandirmalar1 ~ kullanilarak ~ olusturulan
haraketli ilerleme veya Onyiikleme gostergeleri
(ing. Preloader, Loader, Progress Bar,
Spinners) farkli catilar tarafindan farkh
isimlendirilmektedir. Ozellikle AJAX
kullanilarak igerik olusturulurken, simge ve
yiiklenme ¢ubuklart s6z konusu icerigin
yiikleniyor oldugu bilgisini vermek icin
kullanict deneyimi goz 6niinde bulundurularak
tasarlanmustir.

7.9. Sayfalama ve Yonlendirme Bilesenleri
Web tasarimlarinda kullaniciyr yonlendirmede
kullanilan bir baska oOnemli uygulama da
sayfalama bilesenleridir. Genellikle tablolarda
sayfalara numara koymak i¢in kullanilan sayfa
numaralandirmalarinda ~ 6nemli ~ gorevler
iistlenen CSS catilarinda kartlardan olusan
haber  basliklari gibi igerikler de
sayfalanmaktadir. Bir genel geger olarak,
sirasiz liste etiketleri igerisine yerlestirilen
(<ul>, <li>) numarali sayfa ve yonlendirme
baglantilarimdan da olusan CSS catilarmin
neredeyse timiinde benzer yap1 ve goriiniimler
s0z konusudur.

Grafiksel kontrol 6gesi olan Breadcrumbs
(Turkge: Ekmek Kirmtist), bir sayfanin ara
yliziinde kolay gezinmeyi saglayan bir cesit
gezinti menisiidiir. Bu niteleme Hansel ve
Gretel masalinda iki kardesin eve doniis yolunu
hatirlamak igin yerlere serptigi ekmek
kirmtilarindan faydalanmalaria bir
gondermedir (Levene, [15]). Breadcrumb’lar
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Sayfalama aracinda oldugu gibi neredeyse tiim
CSS c¢atilarinda benzer yap1 ve tasarima
sahiptir. Ya “/” ya da “>” simgesi ile ileri sayfa
hiyerarsisi gosterilmektedir. Ornegin Anasayfa
/ Hakkimizda / Vizyonumuz vb. Burada en
sagda yer alan ve genellikle digerlerinden yaz1
karakteri agirlig1 veya renk bakimindan farkli
olan 6ge aktif sayfanin adidir. Genellikle <a>
etiketleri igerisine yerlestirilen baglantilar
aktiftir. Modern interaktif sitelerde kullanimi
yaygimlasan baska bir sayfalama 0Ogesi de
adimlardir. Admmlar asamali  islemlerin
sayfalanmasinda  kullanilmaktadir. CSS
Catilarinin ~ birgogu bu  alanda  yeterli
olmadigindan  genellikle framework  dist
¢Ozlimler aranmaktadir. Basarili 6rneklerden
biri Semantic Framework’ii tarafindan saglanan
Step bilesenidir. Sirasiz liste etiketleri i¢erisine
yerlestirilen (<ul>, <li>) bilesenleri duyarl
tasarim (Ing. responsive) 6zelligindedir (Sekil
6).

w Shipping
Choose y ip

[-— =
v Shipping v Billing 3 Confirm Order
v Shipping
v Billing
®  Conf Drder
Shipping $ Billing
”‘ osey Enter billing informatio

Sekil 6. Semantic Ul adimlar bileseni
(Semantic Ul Steps, [16]).

Yukarida s0z edilen bilesenler
(uyarilar/mesajlar, form bilesenleri, tus/tus
gruplart, etiketler/rozetler, sayfalama

bilesenleri) CSS catilarmin g¢ogu tarafindan
biiyiik 6l¢iide saglanmaktadir. Bu bilesenlerin
kullanilmas1 kullanic1 deneyimini olumsuz
etkilese de dogru tasarlanmis 6zgiin bilesenlerle
degistirilmeleri web tasarimlarin1 daha 6zgiin
ve bitiinlik, farklilik, vurgu, karsitlik, ritim,
devamlilik ve oran/orant1 gibi grafik tasarim
ilkeleri ile de uyumluluk gostermektedir.

7.10. Acilir Pencereler

Uyari, yonlendirme, vurgulama ve sayfalama
gibi bilesenlerin yani sira bircok CSS catist
segenekli igerik gosterimi igin agilir pencereler,
genisleyen ve kayan Ogeler ve Kkartlar gibi
bilesenler sunmaktadir. Aktif sayfayr terk
etmeden kullanictya daha fazla bilgi vermenin
yaygin bir yolu farkli acilir pencereler
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kullanmaktir.  Web  tasariminm  gelisimi
stirecinin ilk yillarinda tarayicilar tarafindan
saglanan agilir uyar1 pencereleri kullanilmistir.
Genellikle otomatik acilan ve reklam gibi
istenmeyen igerikler iceren bu pencereler pop-
up olarak adlandirilmistir ve kisa siirede yine
tarayict ile antiviriis yazilimlart tarafindan
engellenmeye baslanmistir. Bu donemde modal
pencerelerin kullanimi yayginlagmistir.
Bootstrap tarafindan yayginlastirilan bu bigim
birgok diger CSS c¢atisi tarafindan da
benimsenmistir. Modallar genellikle tiim igerigi
kapatacak sekilde acilan bir fonla gelmektedir
ve modal icerigi sayfanin odak noktasina
yerlesmektedir. Daha kiigiik (miitevazi) agilir
pencerelere gereksinim duyuldugunda ise
Bootstrap ~ kullanicilara ~ Toast  olarak
adlandirilan sayfanin farkl koselerinde agilan,
gerektiginde saydam (transparan) olabilen
secenekli bir bileseni sunmaktadir. Benzer
bilesenler diger CSS ¢atilan1 tarafindan Rail,
FeatureDiscovery gibi isimlerle farkli ve 6zgiin
olarak tasarlanmistir. Semantic Ul tarafindan
tasarlanan Railler sadece pencerenin degil ayn1
zamanda sayfayr olusturan konteynerlerin
icinde veya disinda konumlanabilmektedir.

7.11. Diger Bilesenler

Uste ve yana agilan pencereler diginda
bulunduklar1 yerde genisleyen bilesenler,
akordeon ya da Ingilizce ‘collapse’ pencere
olarak adlandirilmaktadirlar. Akordeon,
etiketler veya kiigiik resimler gibi dikey olarak
y1gilmis 6geler listesi igeren bir grafik kontrol
Ogesidir. Her 6ge, o 6geyle iliskili icerigi ortaya
c¢ikarmak  igin "genigletilebilir" veya
"daraltilabilir" 6zelliktedir. Akordeonlar Stkca
Sorulan Sorular gibi igeriklerin gosteriminde
ozellikle  tercih  edilmektedir.  Arayiiz
tasariminda, sekmeli belge arabirimi (Ingilizce;
tabbed document interface, kisaca TDI) veya
sekme olarak da adlandirilan bu bilesenler
aslinda kagit dosyalara veya kart dizinlerine
eklenen  geleneksel kart sekmelerinden
esinlenerek tasarlanmiglardir. Tablar veya
Sekmeler, belge kiimeleri arasinda gegis
yapmak ic¢in bir gezinme aract olarak
kullanilarak birden ¢ok belgenin veya panelin
tek bir pencerede yer almasina izin veren
grafiksel kontrol 6gelerindendir.

Agilan 6gelerin yani sira carouseller gibi kayan
O0geler de birgok CSS catis1 tarafindan
sunulmaktadir. “Carouseller web tasariminda
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genellikle iki sekilde kullanilir. Bunlardan
birincisi sayfada gezinti aninda kullanicilara
sadece tek bir goriintiiniin sunuldugu diizendir.
Genellikle ileri geri ve sayfalama tuslar ile
gecisler yonlendirilmektedir. Cok fazla mesaj,
hic mesaj anlammma geldiginden, ozenle
tasarlanmigs  Carouseller, afig korliigiiniin
kurban1 olur ve igerigi ¢ogu kullanicinin
dikkatinden kacar” (What is a carousel in web
design, [17]). Bu nedenle web sitelerinin ana
sayfalarinda degisken fon goriintiisii olarak
resmi olarak kullanilirlar. Carousellerin ikinci
kullanim1 bagka bir web tasarim bileseni olan
kartlarin sergilenmesi amaglidir. Bu secenek
ozellikle sayfada cok fazla bilgi yer aldiginda,
s0z konusu bilgiyi daha kompakt bir sekilde
gruplamaya yardimei olmaktadir. Ath karinca
icerisine resimler eklemek, otomatik diizeni
etkinlestirmek, devre  dist  brrakmak,
ayarlayabilmek ve tasarimi &zellestirmek
miimkiindiir. Ideal olarak, her kart, kullanicinin
soldan ve sagdan goz atabilecegi farkli bir 6ge
igerir. UIKit (Slider) ve Bootstap (Carousel) en
CSS catilarinda sunulan en kapsamli ath
karinca bilesenleridir.

Bazi CSS catilant tarafindan geleneksel web
bilesenlerine ek olarak “Paralax” veya “Iraklik
agis1” gibi modern web bilesenleri de
sunulmaktadir. "Paralaks terimi ilk olarak,
derinlik yanilsamasi yaratmak amaciyla farkl
hareket hizlarindaki fon goriintiisii kullanan, iki
boyutlu ve yandan kaydirmali video
oyunlarimin gorsel etkisinden / efektinden
gelmektedir. Bu etki, genellikle oyunun arka
planmin daha uzakta goriinmesi i¢in 6n plana
gore daha yavas hareket ettirilmesiyle
saglanmaktadir” (Brown, [18]). Bir paralaks
web sitesi, arka planda yerinde tutulan sabit
goriintiiler  icermektedir ~ ve  kullanici,
gorlintiiniin  farkli  boéliimlerini  gérmek igin
sayfayr asagi kaydirabilmektedir. Gorselin
farkli boliimlerinin yanmi sira gorsel iizerine
yerlestirilmis  igerik {istiinde de sayfa
kaydirildik¢a degisikler olabilmektedir. UlKit
tarafindan sunulan bir Paralaks 6rneginde sayfa
asag1 kaydirildikca gorselin - renk  tonu
degismekte ve iizerindeki yazili metin asamali
olarak  kaybolmaktadir. Bu gibi farkh
uygulamalar web sayfalar1 farklilik ve ritim
bakimindan ayrigmasini saglamaktadir.

HTML 5 ve CSS 3 sayesinde CSS c¢atilarina
eklenen canlandirmalar ve gegis etkileri en son
ozellikler olarak siralanabilir. S6zde sinif olan
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‘hover’  yillardir  ilkel  canlandirmalar
olugturmak i¢in kullanilmigtir. 2009 yilinin
mart ayinda W3C tarafindan resmen
duyurulmasiyla sadece CSS kullanilarak sinirh
da olsa HTML etiketleri igerisine yerlestirilen
gorsel ve metinler bu smf kullanilarak
hareketlendirilmeye baslanmistir. {lk versiyonu
2012 yilinda yaymmlanan “CSS ANIMATIONS
LEVEL 17 projesi W3C tarafindan
yonetilmektedir (World Wide Web Consortium
(W3C), [19]). Giiniimiizde tarayici destegi
biiyiik dl¢lide saglanmis olmakla beraber, bazi
sorunlarin tiimiiyle ¢oziilmemis olmasindan
dolay1 CSS catilarinda CSS canlandirma
kullaninmi  hala  gelisim  asamasindadir.
TailwindCSS canlandirmalar, UIKkit ise gegisler
adi ile s6z konusu ozellikleri kullanicilara
sunmaktadir. Bunun yani sira Bootstrap gibi
yaygin kullanilan birgcok CSS catisinin da
JavaScript tabanli animasyon bilesenleri
mevcuttur.

Paralaks ve canlandirma / hareketlendirme
kullanim1 vurgu, zithk ve denge gibi grafik
tasarim ilkeleri baglaminda
degerlendirildiginde tasarima ¢okg¢a olumlu
etkiler katmaktadir. Ciinkii, web ortamlarinin
gorilinlir olmasini saglayan temel dgeler olarak
grafik tasarim yapitlari ve uygulamalar1 ile
karsilasilmaktadir. “Grafik tasarim yapitlarmin
da giicli, niteligi, etkisi vd. Ozelliklerinin
bilimsel irdelemesi ancak kendine 6zgii tasarim
ilkeleriyle gergeklestirilebilmektedir” (Sayin
[20]). Dolayisiyla Paralaks daha ¢ok teknik bir
ozellik olmasindan kaynakli olarak web
sayfalarinin 6zgiinliiklerine negatif bir etki
gostermemekte, hatta tam tersi yaratici grafik
tasarim ¢Oziimleri igin olanaklar sunmaktadir.

CSS c¢atilar1 tarafindan sunulan bir bagka
Ozellik de temalardir. Temalar geleneksel CSS
catilarinin kapsaminin disinda olmakla beraber,
catinin goriinen yiizii oldugundan genellikle
temanin 6rnek uygulamalar1 hazirlanmaktadir.
CSS Catisin1 temel alacak bir projenin renk
paleti, yazi tipi Ol¢egi, yazi tipleri, kesme
noktalart ve kose yarigap degerleri tema
dosyalarinda tanimlanmaktadir. Ozellestirilmis
temalarm  kullannomi  web  tasariminda
Ozgilinliikkten yoksun kalinmasinin  temel
nedenlerindendir. Cat1 kullanicilart iiriin veya
kurumsal kimlige en yakin temay1 tercih
edecekleri ig¢in temanin kullanildig1 her yerde
ayni  butonlar ve uyar1 metinleri ile
kargilagilabilmektedir. CSS catilar1 genellikle
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acik kaynakli ve iicretsizdirler. Ama CSS
catilarinda kullanilmak {izere iigiincii taraflarca
hazirlanan sablonlar templatemonster.com gibi
sitelerde satiga sunulmaktadir. CSS catilarina
biitiinlesmis temalarin da daha kii¢iik 6l¢ekli bir
pazari mevcuttur. MaterializeCSS gibi bazi
CSS catilar1, temalar1 ayr1 bir iicret karsiligi
resmi sitelerinde sunmaktadir. Temalarm hem
kullanici deneyimi hem siirdiiriilebilirlik hem
de grafik tasarim ilkeleri agisindan profesyonel
anlamda kullanimidan kaginilmaktadir.

8. SONUC

CSS Catilarinda uygulanan grafik tasarimlarda
kargilagilan  6zgilinlik  sorunlart  grafik
tasarimcilar acisindan bir kayip olarak
goriilmekte iken, bir¢ok gelistirici ise bu
durumun  kullanici  deneyimine  olumlu
yansidigini diisiinmektedir. Web tasariminda
CSS catist kullanimi biiyiik 6lgiide kullanici
deneyimini olumlu etkilemektedir. Yazilim
maliyetlerini diislirmesinin yani sira bazi
projelerde kullanic1 deneyimi agisindan tercih
edilmektedir. Web sitesi tasarimlarinda
Ozgiinliige olan olumsuz etkileri en aza
indirmek teknik ve tasarim c¢ozimleri ile
olanaklidir. Bu makalede s6z konusu ¢éziimler
iizerinde durulmus var olan ¢Oziimler
incelenmis ve yeni Oneriler sunulmustur. Bu
makalede uzman yazilm ve tasarimcilar
tarafindan CSS c¢atisinin sundugu bilesenlere
yapilan modifikasyonlar ile Ozgiinlik ve
kullaniglilik  dengesini  saglamanin  6nemi
anlagilmistir. CSS ¢atilarinin sadece kullanici
deneyimi ve teknik agilardan avantajh
oldugunu soylemek yanhs olur. Ciinkii
biitlinliik, oran/oranti, denge ve ritim gibi grafik
tasarim ilkeleri baglamimda web tasarimina
olumlu etkileri s6z konusudur. Grafik tasarim
egitimi veren yiiksekdgretim kurumlarindaki
ilgili bolimlerde web yazilimlar ile ilgili bir
dersin ya da derslerin okutulmasi, s6z konusu
CSS catilarindan yararlanan grafik
tasarimcilarin  6zgiinliik ve estetik agisindan
cok daha nitelikli yapitlar ortaya koymasi igin
onemli katkilar yapacaktir.
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ABSTRACT
Lattice structures are widely preferred because they have good properties such as lightness, high energy
absorption capacity, and strength. Moreover, these lattice structures can be produced by utilizing a 3D
printer. Therefore, this study aimed to explore the effect of the mechanical behavior of the different
printing parameters on the lattice structures. Firstly, FBCC and FBCCZ lattice structures were printed
with various printing parameters such as nozzle diameter of 0.25 mm-0.4 mm and layer thickness of 0.1
mm-0.15 mm. Then, quasi-static compression tests were performed to determine the mechanical
behavior of lattice structures. Force-displacement behavior, equivalent elastic modulus, and energy
absorption capabilities of lattice structures printed with different parameters were calculated from the
results of the quasi-static compression test. According to the results, it was observed that the mechanical
behavior was significantly affected when the nozzle diameter and layer thickness were changed. It was
determined that the strength and energy absorption of the structures printed with a nozzle diameter of
0.25 mm and a layer thickness of 0.15 mm were decreased. In addition, it was observed that the influence
of the printing parameters on the mechanical performance can be different according to the lattice type
and lattice rod diameter. The combination of small nozzle diameter and high layer thickness caused a
decrease in mechanical strength in both lattice types. Moreover, the highest specific energy absorption
value was obtained in the samples printed with a 0.4 mm nozzle diameter and a 0.15 mm layer thickness.

Keywords: Lattice Structure, Printing Parameters, Mechanical Behavior, 3D Printing, PLA.

1. INTRODUCTION structures can be produced with different
Industrial revolutions undoubtedly have a great methods for the desired material. Some of these
impact on our lives. When these revolutions are methods can produce 3D structures in layers by
examined, it is observed that knowledge is melting powder or filament materials,
constantly developing and changing. With each solidifying liquid materials, or injecting the
development, a higher quality, faster, lower material [5,6].

cost, more functional, safer, and more accurate

industrialization is aimed. 3D printing Additive manufacturing employs a variety of
technology, which comes to the fore when the techniques, and among them, Fused Deposition
cornerstones of the sector are examined and has Modeling (FDM) is one of the most widely
become the focus of attention of a wide utilized and popular processes. With the FDM
segment, is an important technological process, the thermoplastic filament material is
development that will shape the current and melted and combined layer by layer with a
future manufacturing process. The additive moving nozzle to obtain the desired geometry
manufacturing method is universally used in [7,8]. In addition, different types of polymeric
various fields from defense to the aerospace materials such as Polylactic acid (PLA),
industry, from the automotive to the biomedical Polypropylene (PP), Acrylonitrile butadiene
sector [1-4]. Thanks to the developments in the styrene (ABS), Polycarbonate (PC), and
field of additive manufacturing, complex composites can be used in this method and thus
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structures can be produced according to
different strength and thermal requirements [9].
In addition, the mechanical behavior of FDM-
printed structures is influenced by a variety of
manufacturing  factors.  The literature
predominantly focuses on investigating the
influence of manufacturing parameters on the
mechanical characteristics of tensile test
specimens printed via FDM [10-12]. Many
studies show that various parameters such as
layer thickness [13,14], building direction
[15,16], infill densities [17-19], nozzle diameter
[20], and printing speed [20,21] have notable
effects on the mechanical features of FDM
printed structures.

One of the most significant gains of additive
manufacturing to production technologies is the
ability to easily print structures that cannot be
produced by traditional production methods. In
this sense, lattice structures are prominent
examples of situations where strength and
lightness are desired together. Many different
lattice structures have drawn the attention of
researchers for wvarious reasons. Lattice
structures can be optimized for specific
applications using generative design software,
allowing for greater material efficiency and
reduced weight without sacrificing mechanical
performance [22, 23]. This makes them ideal for
a range of industries, including aerospace,
automotive, and medical, where weight
reduction is critical for improved performance
and efficiency. In addition, tattice structures
provide a high level of design flexibility and
customization, enabling the production of
intricate geometries that would be challenging
or unfeasible with conventional manufacturing
techniques. Giirkan and Sagbas [24]
investigated Ti6AIl4V star, octahedral, and
dodecahedron lattice structures for biomedical
applications. In other studies, a 25% weight
reduction was observed in the engine hood by
using pyramidal lattice structures and 19% in
gears thanks to honeycomb lattice structures
[25,26]. Nasrullah et al. [27] studied the
crashworthiness of eleven different types of
lattice structures. Poyraz et al. [28] numerically
investigated the elastic and physical properties
of simple cubic, face-centered cubic, and body-
centered lattice structures. Tang et al. [29]
examined how the mechanical properties of
PLA lattice structures are impacted by changes
in both printing speed and printing temperature.
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In this paper, equivalent young's modulus and
energy absorption characteristics of face-and-
body-centered cubic (FBCC) and FBCC with Z-
strut (FBCC2Z) lattice structures with different
production and structural parameters were
investigated.

2. MATERIALS AND METHODS

2.1. Lattice Design

For lattice structure design, cubic structure, one
of the most widely used types in the research
studies, was considered. FBCC and FBCCZ
unit cells, which were determined to have
superior mechanical properties among cubic-
based structures in the literature review, were
selected for the lattice structure design [30, 31].
The authors selected two distinct cell types to
ascertain whether the impact of diverse
parameters on mechanical properties remains
constant, irrespective of the unit cell type
utilized. The computer-aided design (CAD)
models of the unit cell and lattice structures that
were employed in this research were presented
in Figure 1.

d: rod diameter

' Lattice Structures
(@ (b)
Figure 1. CAD model of the unit cell and lattice
structures; (a) FBCC, (b) FBCCZ.

The unit cells were designed as 8x8x8 mm, as
in many studies in the literature [32,33]. As the
number of repetitions of the unit cell increases,
the lattice structures better satisfy the periodic
boundary conditions. On the other hand, the
high number of repetitions of the unit cell leads
to long printing time. Thus, the lattice structures
were composed of 5x5x5 cells. The rod (strut)
diameters of unit cells were determined as 0.75
mm and 0.1 mm as structural parameters. In this
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way, a total of 4 different lattice structures, 2
FBCC, and 2 FBCCZ, were designed.

2.2. 3D Printing with FDM

The designed lattice structure CAD files were
converted to STL format for manufacturing
with FDM. The Ultimaker 3 Extended 3D
printer was used for the additive manufacturing
of lattice samples as shown in Figure 2.
Ultimaker PLA filament with a diameter of 2.85
mm was utilized as the material. The
mechanical properties of the PLA material for
flat printing orientation were given in Table 1.

Table 1. Properties of the PLA material.

Property Value Unit
Young’s modulus 3250 MPa
Yield stress (tensile) 52.5 MPa
Breaking stress (tensile) 45.5 MPa
Maximum elongation 7.8 %
Flexural modulus 3019 MPa

Figure 2. Manufacturing of lattice specimen with

the 3D printer.

In order to print the lattice samples on the 3D
printer, adjustment of the printing parameters
and the G-code transformation of the STL data
were performed with Cura software. All lattice
samples, except for variations in nozzle
diameter and layer thickness, were printed using
constant printing parameters as listed in Table
2.
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Table 2. Printing parameters.

Parameter Value
Nozzle diameter 0.25 mm - 0.4 mm
Printing speed 30 mm/s
Build plate temperature 60 °C
Nozzle temperature 200 °C
Infill density 100 %
Filament diameter 2.85mm

Layer thickness 0.1 mm—0.15mm

This study's goal was to find out how variations
in nozzle diameter and layer thickness, as
production parameters, impact the mechanical
performance of lattice structures. Accordingly,
two nozzle diameters, 0.4 mm, and 0.25 mm
were selected utilizing diverse print cells that
are compatible with the 3D printer. Also, as
another production parameter, layer thicknesses
were determined as 0.1 mm and 0.15 mm. Layer
thicknesses were chosen considering the
limitations of nozzle diameters for production.
Table 3 lists the notation describing the
combination of production and design
parameters used in this research. A and B
indicate the rod diameter as 0.75 mm and 1 mm,
X and Y indicate the nozzle diameter as 0.4 mm
and 0.25 mm, and 1 and 2 indicate layer
thickness as 0.1 mm and 0.15 mm.

Table 3. Specimen combinations notation.

Specimen R.O . NO.ZZIE gayer
D dia. dia. thickness

(mm) (mm) (mm)
FBCC_AX1  0.75 0.4 0.1
FBCC_BX1 1.0 0.4 0.1
FBCC_ AY1 075 025 0.1
FBCC_BY1 1.0 0.25 0.1
FBCC_AX2  0.75 0.4 0.15
FBCC_BX2 1.0 0.4 0.15
FBCC_AY2 075 025 0.15
FBCC_BY2 1.0 0.25 0.15
FBCCZ_AX1 0.75 0.4 0.1
FBCCZ BX1 1.0 0.4 0.1
FBCCZ AYl 075 025 0.1
FBCCZ BY1 1.0 0.25 0.1
FBCCZ_AX2 0.75 0.4 0.15
FBCCZ BX2 1.0 0.4 0.15
FBCCZ AY2 075 025 0.15
FBCCZ_ BY2 1.0 0.25 0.15
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Variable parameters, such as nozzle diameter
and layer thickness, were observed to affect the
appearance of printed samples in a non-
macroscopic manner. Hence, the pictures of
FBCC_BX1 and FBCCZ_BX1 were given in
Figure 3 as examples of printed samples.

(a) (b)
Figure 3. Example pictures of printed lattice
structures: a) FBCC_BX1, b) FBCCZ_BX1.

2.3. Experimental Setup

The Shimadzu AG-X universal testing machine
with a 250 kN load cell was used for the
compression test of the lattice specimens.
Experimental tests were carried out at room
temperature. Compression speed was applied as
1 mm/min to provide quasi-static condition. As
seen in Figure 4, the lattice specimen was
placed on the fixed base table and subjected to
compression load with the movable fixture.
During the test, data were collected with
TRAPEZIUM X software, and force-stroke
values were obtained.

‘o

Movable
fixture
X

¥

[ AG-X .- EEI d
Figure 4. Compression test setup.
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3. RESULTS AND DISCUSSION

3.1. Force-Displacement Behavior

In order to observe how production and
structural parameters affect the crushing
behavior of lattice structures, force-
displacement curves of all samples were plotted
in the same graph. As a result of the material's
accumulation due to deformation during the
test, the reaction forces increased significantly
towards the end of the test, but this increase was
not caused by the characteristics of the lattice
structure. Therefore, all the graphs were plotted
for 20 mm deformation. Figure 5 illustrates the
force-displacement behavior of all FBCC
samples.

20000
—— FBCC_AX1
—— FBCC_BX2
—— FBCC_AX2
—— FBCC_BY1

FBCC_AY1
—— FBCC_BY2
—— FBCC_AY2
—— FBCC_BX1

15000

10000

Force (N)

5000

0

T T T
o 5 10 15 20
Displacement (mm)

Figure 5. Force-displacement curves of FBCC
samples.

It was seen that all FBCC samples show a linear
behavior in reaction force increase to the first
peak. It was observed that the first peak forces
of the samples with a rod diameter of 1 mm
were higher as expected. Samples FBCC_BX1
and FBCC_BX2 with layer thickness of 0.1 and
0.15 mm printed with a 0.4 mm nozzle exhibited
similar behavior. However, it was observed that
the curve characteristics of the FBCC_BY1 and
FBCC_BY?2 samples printed with a 0.25 nozzle
were very different. The compressive strength
of the 1 mm rod diameter FBCC_BY2 sample,
which includes the combination of small nozzle
diameter and high layer thickness, was
considerably lower than the other 1 mm rod
diameter samples. On the other hand, examining
the results of the samples with a rod diameter of
0.75 mm, it was found that the compressive
strength of the samples printed with a 0.4 mm
nozzle was higher than that of those printed with
a 0.25 mm nozzle. In addition, it was observed
that the effect of the layer thickness was not
much for the 0.4 mm nozzle, whereas the low
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layer thickness value increased the strength in
the samples printed with the 0.25 mm nozzle.

It was investigated whether parameter changes
in the FBCCZ lattice structure gave similar
results. Figure 6 illustrates the force-
displacement behavior of all FBCCZ samples.

—— FBCCZ_AX1
FBCCZ_BX2
—— FBCCZ_AX2
—— FBCCZ_BY1
FBCCZ_AY1

25000

20000 - —— FBCCZ BY2

—— FBCCZ_AYZ
—— FBCCZ_BX1

15000

Force (N)

10000 A

5000 4

N—

T T
0 5 10 15 20
Displacement (mm)

Figure 6. Force-displacement curves of FBCCZ
samples.

0

When the graph is examined, it was seen that all
FBCCZ samples have higher compressive
strength compared to FBCC samples printed
with the same parameters, thanks to the Z strut
structures. Among the FBCCZ samples with a
rod diameter of 1 mm, the strength of the sample
printed with a nozzle with a diameter of 0.25
mm and a layer thickness of 0.15 mm is
significantly lower than the others. Similar to
the findings for the FBCC structures, it was
observed that the structures printed with a 0.4
mm nozzle exhibited greater strength,
particularly for the 0.75 mm rod diameter
samples.

3.2. Equivalent Elastic Modulus

Elastic modulus is defined as resistance against
deformation in the linear-elastic region and is
one of the essential material properties. The
equivalent elastic modulus approach is
widespread to characterize the mechanical
behavior of lattice structures. The lattice
structure is considered as a continuous medium
when calculating the equivalent elastic
modulus. The equivalent elastic modulus was
determined by using linear regions of force-
displacement curves in Figures 5 and 6. Results
of equivalent elastic modulus were given in
Figure 7.

Figure 7 shows that FBCCZ lattice structures
have higher equivalent elastic modulus than
FBCC lattice structures since FBCCZ lattice
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structures contain additional vertical struts in
the compression test direction. As the bar
diameter changes from 0.75 mm to 1.00 mm,
the porosity ratio decreases, and the equivalent
elastic modulus increases for both FBCC and
FBCCZ structures. Therefore, lattice structures
with a rod diameter of 1.0 mm exhibit more
robust mechanical behavior. In lattice structures
with a rod diameter of 0.75 mm, as the nozzle
diameter decreases, the equivalent elastic
modulus decreases for each lattice structure and
layer thickness.

400

e FBCC
FBCCZ

w
Q
=}

7
%
v
/
¢
.
%
P
.
AX1 BX1 AY1 BY1 AX2 Bx2 AY2 BY2
Specimen ID

Figure 7. Equivalent elastic modulus of FBCC and
FBCCZ samples.
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It was determined that the model with the
highest equivalent elastic modulus among all
samples was the FBCCZ_BY1 model with a
value of 383.79 MPa. Furthermore, among the
FBCC lattice samples, the BY1 model reached
the highest equivalent elastic modulus value.
The lowest equivalent elastic modulus was
obtained as 50.57 MPa for the FBCC_AY2
model. On the other hand, for the FBCCZ lattice
type, the lowest value was obtained in the AY1
model. In the circumstances, lattice samples
printed with 0.75 mm rod diameter and 0.25 mm
nozzle diameter appear to be the worst
combination for the equivalent elastic modulus.
In combinations where the rod and nozzle
diameters were kept constant and the layer
thickness changed, no significant changes were
observed between the results of the AX1-AX2,
BX1-BX2, and AY1l-AY2 models. On the
contrary, increasing the layer thickness to 0.15
mm at 0.1 mm in the samples in which the
lattice structures with a rod diameter of 1 mm
were printed with a 0.25 mm nozzle resulted in
a decrease of more than 50% in the equivalent
elastic modulus.
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3.3. Energy Absorption Characteristics important, the total energy absorption index
Determining a lattice structure's capacity to may not be an adequate comparison or
absorb energy is one of the important indicators evaluation parameter [34-35]. The specific
used throughout the mechanical evaluation of energy absorption (SEA) wvalue, which
that structure. The total energy absorption (E7) additionally considers the structure's mass, can
is defined as the area under the force- be applied in this circumstance. SEA can be
displacement graph and is expressed as shown calculated by the formulation in Equation (2).

in Equation (1).
SEA=Er/m (2)
8
Er fo Fldx @ In this formula, the mass of the structure is
denoted by m. The total energy absorption and
SEA values obtained as a result of the test
applied to all samples were given in Figure 8.

where & is the total displacement during the
compression test and F is the crushing force. In
cases where the weight of a structure is also

= =

200 4 Z . ez FBCCZ
2250 - % % .
"Exzoo- - % @
2 ' % s
< 150 4 - % E
=) . % @
LU 100 %

. %

AX1 BX1 AY1 BY1 AX2 BX2 AYZ BY2 AX1 BX1 AY1 BY1 AX2 BX2 AY2 BY2
Specimen ID Specimen ID
(@) (b)

Figure 8. Comparison of lattice samples: a) total energy absorption values, b) specific energy absorption values.
When Figure 8a is examined, it is seen that the with a 0.25 mm nozzle for both FBCC and
Z-supported structures absorb more energy. The FBCCZ lattice structures.
structures that absorb the most and the least
energy were FBCCZ_BX2 and FBCC_AY2 In the production of thermoplastic materials
with the values of 380.18 J and 23.97 J, with additive manufacturing, the mass of the
respectively. It is also an expected result that lattice structure is affected by the production
structures with a 1 mm rod diameter absorb parameters [36]. It was necessary to take into
more energy than structures with a 0.75 mm rod account the change in the mass of the structures
diameter. Among the structures with a rod caused by the layer thickness and nozzle
diameter of 1 mm, the combination that diameter variables. Therefore, in addition to
absorbed the most energy was the BX2 samples total energy absorption, SEA values were
produced with a layer thickness of 0.15 mm and calculated and shown in Figure 8b. Similar to
a nozzle diameter of 0.4 mm for both lattice the total energy absorption graph, the highest
types. When the results of 0.75 mm rod SEA value was obtained in the FBCCZ_BX2 as
diameter structures are examined, the layer 10.85 J/g. Although it was observed that the
thickness did not have a significant effect on FBCCZ structures absorb more energy in
energy absorption in the samples printed with general, it was determined that the FBCC
0.4 mm nozzle diameter, while the lower layer structure reaches a higher SEA value inthe AY1
thickness gave better results in the samples and AY?2 models with the combination of 0.75
printed with 0.25 mm nozzle diameter. mm rod diameter and 0.25 mm nozzle diameter.
Considering the nozzle diameter as the only This was due to the lighter mass of the samples
variable, samples printed with a 0.4 mm nozzle printed with the 0.25 mm nozzle compared to
absorbed more energy than samples printed the 0.4 mm nozzle. On the other side, it was

found that increasing the layer thickness led to
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the creation of lighter PLA structures, resulting
in higher SEA values. While the structure with
the worst performance in total energy
absorption was FBCC_AY2, when the SEA
values were considered, the lowest value
belongs to the FBCCZ_AY2 structure with 1.85
Jg.

4. CONCLUSIONS

In this research, the mechanical performances
of FBCC and FBCCZ lattice structures printed
with different parameters using FDM under the
guasi-static compression test were investigated.
Two different layer thicknesses and two
different nozzles were considered as printing
parameters, and the effects of these parameters
on structures with 0.75 mm and 1 mm rod
diameters were evaluated. The experimental
study's results were condensed and presented in
the following manner:

e The Z structure added to the FBCC structure
increased the initial reaction force under
loading by an average of 48% in samples
with a 0.75 mm rod diameter and by an
average of 44% in samples with a bar
diameter of 1 mm.

e Among the lattice structures with a rod
diameter of 1 mm, the structures with the
lowest strength were the samples printed
with a nozzle diameter of 0.25 mm and a
layer thickness of 0.15 mm. The initial
reaction force of the samples printed with
this combination decreased by about 83%
and 62% for FBCC and FBCCZ,
respectively, compared to the other samples.

o When the effect of production parameters on
the equivalent elastic modulus was
examined, it was observed that the effects
changed according to the rod diameter of the
lattice structures.

o Regardless of the lattice type and rod
diameter, the best results in total energy
absorption were obtained with the
combination of 0.4 mm nozzle diameter and
0.15 mm layer thickness. When only the
nozzle diameters were compared, the
structures printed with 0.4 mm nozzle in all
sample types absorbed more energy.

o |t was determined that the combinations of
0.15 mm layer thickness - 0.4 mm nozzle
diameter and 0.1 mm layer thickness - 0.25
mm nozzle diameter were more effective in
terms of energy absorption.
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e The effect of printing parameters was more
notable on SEA. While the total energy
absorbed by FBCC and FBCCZ structures
with 1 mm rod diameter was approximately
4.1 times higher than for 0.75 mm diameter
structures, this rate decreased to 2.6 for
FBCC structures and 3.4 for FBCCZ
structures in SEA.

e The combination of small nozzle diameter
and high layer thickness caused a decrease in
mechanical strength in both lattice types.

e It was determined that the effect of the
nozzle diameter on the mechanical
properties is more significant compared to
the other parameters.

o Although there are different research studies
examining the printing parameters, this
study showed that the effect of the
parameters may have different results
depending on the lattice type and porosity
ratio.
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ABSTRACT

This paper presents a comparative study on precision metrology systems such as Coordinate Measuring
Machine (CMM), 3-Dimensional Scanning (3DS) and Computed Tomography (CT) for polymer
additive manufacturing. A special test sample was designed and manufactured by Fused Deposition
Modeling (FDM) and Selective Laser Sintering (SLS) AM systems. The manufactured parts were then
measured by three different precision metrology systems and the results were compared in terms of
different measurement and AM methods. Uncertainty analyses were conducted based on the results of
CMM measurements. The benchmark highlighted the difference between part characteristics
manufactured by FDM and SLS, where FDM part represented higher surface roughness and more
deviation to the nominal design. Furthermore, expanded uncertainties computed for the FDM
manufactured part were almost three times of the uncertainties computed for the SLS manufactured part.
It was also demonstrated that one of the major contributors to the expanded uncertainty occurred because
of rougher surface of FDM manufactured part. Similar tendency of part to nominal deviations were
observable in all metrology systems including CMM, CT and 3DS. Findings of the study revealed the
need of standardized measurement for inspection and control of AM parts.

Keywords: 3-Dimensional Scanning (3DS), Coordinate Measuring Machine (CMM), Computed
Tomography (CT), Additive Manufacturing (AM), Fused Deposition Modeling (FDM), Selective Laser
Sintering (SLS).

1. INTRODUCTION production lead times and allows the application
Additive manufacturing, also known as “3- of different materials even for a single
dimensional (3D) printing” or “rapid component. AM, which is categorized into
prototyping”, is a group of emerging process seven major classes can be applied for various
technologies. AM enables its users to produce material families such as polymers, metals,
high-value, lightweight, complex, and ceramics and their composites [2], [3].
individually customized components without

significant increase in production costs [1]. In Among the so-called material families, polymer
contrast to  conventional —manufacturing materials are being developed since the first
techniques, AM accomplishes its success introduction of the AM technology, and for the
through joining materials to make objects from current state-of-the-art both thermosetting and
3D model data usually layer upon layer [2]. In thermoplastic polymers are available to process
this way, the need for using cutters for [4]. Furthermore, many of the AM classes have
traditional machining or molds/dies for the ability to process polymers including
injection/deformation processes is eliminated. photopolymerization, powder bed fusion,
On top of aforementioned design advantages, material extrusion, material jetting and binder
AM working principle provides flexibility in jetting. On the other hand, powder bed fusion
production  volumes, reduces design-to- and material extrusion-based AM technologies
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are reported to provide good strength, and thus
they are utilized for functional parts production
in addition to prototype manufacturing [4], [5].
However, there are still challenges to be
overcome in miscellaneous research areas
including product design, process parameter
optimization, material characterization and
component verification.

Component verification is of critical importance
to the end users and industry in terms of
functional part production. It practices all the
issues related with the design specifications
covering material, physical and geometrical
properties. However, there are many gaps on
the inspection and quality assurance of complex
AM components in terms of geometrical and
dimensional properties [6], [7]. Studies are
being conducted to fill these gaps and
researchers evaluate AM components by means
of different measurement techniques including
Coordinate Measuring Machine (CMM), 3D
Scanners (3DS) and Computed Tomography
(CT) [8]-[12]. Minetola et al. adopted ISO 286
standard and conducted CMM measurements
for verification and benchmarking of low cost
Fused Deposition Modeling (FDM) machines
based on a reference part [9]. Authors of the
study highlighted the importance of inspection
and came up with the results showing that the
accuracy of FDM process is influenced by
filament and nozzle diameter. In another study
conducted on metrology of FDM parts, Sagbas
and Durakbasa characterized specially designed
test artifacts by optical systems instead of CMM
and accentuate the faster inspection opportunity
with optical systems [6]. Gillaugh et al.
captured the geometrical characteristics of a
turbo engine stream vane component by optical
systems using structured light [10]. Poyraz et al.
presented a specially designed and additively
manufactured test artifact for surface roughness
characterization, and benchmarked tactile
systems with the optical ones to show the
differences on curved surfaces [7].
Furthermore, Liou et al. employed optical
vision systems during AM process and alter
process parameters according to the received
information from the optical system [11].
Stavroulakis and Leach reviewed optical form
metrology for industrial-grade metal additive
manufactured parts and emphasized the
research needs on new metrology tools,
procedures, tolerancing rules and
characterization methods for to cope with the
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complexity of AM parts [12]. Additional works
on CT systems were also presented to capture
the geometrical characteristics of internal
surfaces or porosities of AM produced parts
[13], [14]. In depth assessment on application of
CT measurement for high quality metal additive
manufacturing was studied by Du Plessis and
lattice structures were included on top of
geometrical features [15]. CT and CMM was
also applied to benchmark stereolithography
and Selective Laser Sintering (SLS) by Shah et
al. [16]. Finally, CT and CMM was applied for
the verification of high-speed sintering AM
produced parts by Gomez et al. considering the
uncertainty values [17].

Although research have been done about the
subject, there is still lack of standards, scientific
or industrial procedures for identification of
optimum measurement system for novel AM
processes to consider the characteristic of AM

technology, specifications of measurement
systems, available accuracy, risk of
uncertainties and the ease of inspection

activities [8], [12].

This paper presents a comprehensive study on
the metrology for functional polymer AM
components. In this respect, a special test part
was designed and manufactured by FDM and
SLS additive manufacturing systems to provide
a benchmark for different part characteristics
considering low and high-cost polymer AM
processes. The manufactured test parts were
then measured by CMM, 3DS and CT precision
metrology systems, and the results were
compared in terms of different measurement
and AM methods. Uncertainty analysis per
JCGM 100:2008 were conducted based on the
results of repeated CMM measurements [13].
To the authors' knowledge, there is no study
comparing FDM and SLS AM methods by three
precision measurement systems in terms of
dimensional accuracy. With these aspects, this
study, which provides novel and important
contributions to scientific knowledge, presents
the comparison of two different polymer
additive manufacturing methods with three
different measurement systems.

2. MATERIALS AND METHOD

2.1. Test part design

The use of benchmark and test parts have found
a widespread application area among AM
research, and they have been used for various
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purposes including machine selection, AM
process comparison, parameter optimization
and production strategy evaluation [18]. The
developed artifacts were able to asses minimum
feature size, repeatability, surface quality,
dimensional and geometrical accuracy of the
processes [19], [20]. In this study, the test part
used for the comparisons was designed to meet
a set of criteria in terms of manufacturing and
metrology (see Fig. 1). In this regard, the outer
dimensions of the parts were kept as minimum
as possible to fit into the build volume for most
of the FDM and SLS systems available in the
market, to spend less material and to be

-0 4
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manufacturable in a relatively short cycle time.
In addition to that, metrological evaluation was
considered during design as the main aim of the
study. For this reason, it was designed as stiff as
possible to avoid warping effects and thinner
sections were excluded from the part.
Moreover, test part was designed with a
constant cross section perpendicular to the build
direction, and by this way the need for support
structures was eliminated and the risk for stair
stepping effect was reduced. Lastly, diversified
metrological benchmark capability —was
provided adding different features such as
holes, radii, planes and angular faces.

2 .
AT
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Q=

Radial iy, ,

7 0,08

Figure 1. Test artifact with the dimensions.

2.2. Manufacturing of test artefacts

Thanks to the developments in AM technology
and similar to the other material families
available for AM, functional part productions of
polymer materials are continuously increasing
their application areas. In accordance with the
purpose of functional part production, a
sufficient level of strength is required and
several AM techniques are reported to ensure
good strength [3]. Among these, FDM and SLS
are highlighted as low and high cost AM
technologies  considering  the  machine
investment and material prices [4]. These two
techniques were selected for the current study to
benchmark two polymer AM technologies
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compatible for functional part production and
representatives for diverse budget ranges.

FDM, also known as “fused filament
fabrication”, is an extrusion-based AM
technology and it feeds polymer materials in
filament form by means of an extruder. The fed
filament materials are melted by a heating
element and extruded through a nozzle. The
movable extrusion system follows part cross
section in the layer plane axes and the build
platform is indexed one layer down (Fig. 2a).
This cycle is repeated until the part reaches its
full height. On the other hand, SLS is a powder
bed fusion based AM technology, and it feeds
polymer materials in powder form by means of
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a re-coater. Part cross-section is scanned by a
laser directed by mirrors. After the scanning of
the part cross-section is completed, build
platform moves one layer down and this cycle
is repeated until the part reaches its full height
(Fig. 2b). In the scope of this study, Mfact 3D
printer was used as FDM and EOS P110 as SLS
systems. As the part materials, typical grades
for each system were selected. Acrylonitrile
butadiene styrene (ABS) was applied in FDM
and polyamide (PA) was applied in SLS.

The optimum process parameters recommended
by the suppliers were selected for
manufacturing of the sample parts. These
parameters were presented consecutively in
Table 1 and Table 2.

X &Y axis
Scanner *
system

|, Laser
source

Workpiece = Powder

re-coater

Sliding

Powder |

, Powder
bed

supply

Build
platform

Z axis part
elevation

. Z axis powder
elevation

a)

Filament |
spool

, Filament
spool
Extruder «

, Heating
element

*Nozzle

* Workpiece

Build
platform

Z axis part |
elevation

b)
Figure 2. Working principles of a) FDM and b)
SLS technologies.

Table 1. FDM process parameters.

Parameter Unit Value
Layer thickness mm 0.2
Printer speed mm/min 3000
Extruder temperature °C 205
Shells Number 3
Infill percentage % 35
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Table 2. SLS process parameters.

Parameter Unit Value
Layer thickness mm 0.1
Scanning speed mm/s 2500
Hatch distance mm 0.25
Laser power W 30

2.3. CMM Measurements and uncertainty
analysis

CMM measurements in this study were carried
out at the Interchangeable Manufacturing and
Industrial Metrology Laboratory of the Institute
for Production Engineering and Laser
Technology of Vienna University of
Technology. The reference temperature range
of the relevant laboratory was kept at
20°C+0.1°C and relative humidity was 45%=5.
In addition to these, vibration isolation was
maintained and maximum ground amplitudes at
frequencies greater than 5 Hz was 0.05 um. The
CMM was Aberlink Axiom Too equipped with
a probe having 3 mm diameter and the parts
were fixed on top of the CMM table with the
help of a vise. A sample view of the CMM set-
up consisting of the vise and the SLS part is
given in Fig. 3 and the CMM specifications are
provided in Table 3. All the geometrical
features of the test sample were five times
measured under the same conditions.

Figure 3. CMM set-up consisting of the vise and
the part.
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Table 3. CMM specifications.

Characteristic Unit Value
Volumetric accuracy* pum (2.1+0.4L/100)
Scale resolution pum 0.1
Optimum temperature range  °C 18-22
Max velocity vector mm/s 866
Max acceleration vector mm/s? 1200

* Maximum Permissible Error MPECMM according to
1ISO 10360-2. 2009 within the thermal limits defined for
optimum temperature range.

Since the tactile coordinate metrology is
commonly used a reference method, uncertainty
analyses were conducted following to CMM
measurements. According to related standards
and guides [22], uncertainty can be estimated
using two type of evaluations.

Type A evaluations estimates the uncertainty by
the statistical analysis of series of observations,
and in this study, repeated measurements were
considered to estimate the Type A uncertainty
of the CMM. First of all, average value for a
series of n measurements were calculated using
Eq. (1), where x is measurand and x is average
value of measurements.

n
Zi:lxi

n

X =

@)

Subsequently, standard deviation was studied
using Equation (2) and is expressed with S,.

Ziz (xi—%)*

Sy = (n-1) 2)
Finally, Type A uncertainty based on
repeatability of measurements, wup, was
estimated using Equation (3).

In contrast to Type A evaluations, Type B
evaluations estimates the uncertainty by non-
statistical methods considering other issues
such as measuring system, measured
workpiece, environmental conditions and past
experiences. Among these issues, uncertainty
contributions of measuring system can be added
to the combined uncertainty budget as
calibration uncertainty, u;, and can be
expressed using Equation (4). MPE;y, is the
maximum permissible error of the CMM
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system and was defined in the specifications
given in Table 3.

Uncertainty  contributions of  measured
workpiece and the effect of environmental
conditions can be considered together as u,,, and
expressed using Equation (5), where u; is the
uncertainty of the work piece, caused by
temperature variations and ug is uncertainty of
the workpiece caused by surface roughness.

Uy, = UZ + Ui

However, this study neglects the effect of
temperature variations since the temperature
was under tight control (20°C+0.1°C) at the
laboratory where measurements were carried
out. On the other hand, surface roughness was
especially considered to reveal the differences
between two processes in terms of metrological
evaluation. For this reason, surface roughness
was measured with a 5 um diameter probe and
8 mm cut-off length, and average values
R, mean = 96.63 pym and R, mean =
48.5 um were obtained for FDM and SLS
manufactured artifacts  respectively. up
uncertainty was calculated using the R, nean
values and Equation (6). V3 was considered
following to the observations and likelihood of
a rectangular distribution.

()

Ug = (Rz.mean/z)/\/§ (6)

Estimated Type A and Type B values were
integrated into a single uncertainty, ucyu,
magnitude by combining those using Equation

).

Ucym = ’u,% +u? +ul

Finally, expanded uncertainty was calculated by
multiplying the combined uncertainty with k =
2 as coverage factor for a confidence level of
95% (Equation (8)).

(7)

Uemm = kucum (8)
2.4. CT Measurements

CT scan measurements were performed in the
same laboratory with the CMM measurements
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and Werth Tomo Scope Technology XS was
used as the measurement system. The
measurement system consisted of X-ray source
tube, detector and a rotating table between
source tube and detector. The resolution of the
system was 0.1 pm and maximum permissible
error MPE . was defined with MPE . = 7.5 +
L/50 where L is the measuring length in mm
comparable to 1SO 10360. To construct 3D
model of the measured workpiece, images were
taken at different angular positions by fixing the
part on the table and rotating the table between
source tube and detector. Taken images were
combined using the necessary algorithms
provided by WinWerth® software. A sample
view of CT set-up consisting of the table and the
SLS part is given in Fig. 4 and CT scan
parameters are provided in Table 4.

Figure 4. CT set-up consisting of the table and the
part.

Table 4. CT scan parameters.

Parameter PA2200
Voltage (kV) 146
Current (nA) 408
Filter material Copper
Filter thickness (mm) 0.2
Voxel size (upm) 34.07

2.5. 3DS Measurements

As the last measurement system, Solutionix
Rexcan 3D optical scanner was used. The
system had twin camera with phase shifting
optical triangulation. Laser light was projected
on to the measured workpiece and by means of
a beam deflecting mirror, the workpiece was
scanned. Triangulation angle defines the
resolution of the system and 0.003 mm was used
in this study. Before the scanner was calibrated
to minimize the errors, the workpiece was spray
coated and target points were placed on
necessary regions. ezScan and Geomegic
Control-X were used as scan and evaluation
software. A sample view of 3DS set-up
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consisting of the table and the SLS part is given
in Fig. 5.

3. RESULTS AND DISCUSSIONS

Results were evaluated for the identified
tolerance ranges based on the average value of
selected FDM and SLS system manufacturer
specifications, following to repeated CMM
measurements of 14 different geometrical
features (Table 5).

Figure 5. 3DS set-up consisting of the table and the

part.
Table 5. CMM measurement results.
_ . Ref FDM  SLS
Dimension value Tol. (ABS) (PA)
Actual Actual
Angular Dim.1 (°) 60 60.471 61.850
Angular Dim.2 (°) 60 60.696 61.540
Linear Dim.5 (mm) 15 0.1 14963 14.986
Linear Dim.6 (mm) 40 0.1 39.870 39.893
Linear Dim.7 (mm) 45 0.1 44.884 44891
Linear Dim.8 (mm) 10 0.1 9.883 9.880
Linear Dim.10 (mm) 17 0.1 17.002 17.071
Radial Dim.1 (mm) 10 0.1 9.733 9701
Radial Dim.2 (mm) 10 0.1 9.698 9.698
Radial Dim.3 (mm) 15 0.1 15.325 15.356
Radial Dim.4 (mm) 7 01 6.874 6.978
Radial Dim.5 (mm) 7 0.1 6.841 6.928
Radial Dim.6 (mm) 6 0.1 5829 5.948
Radial Dim.7 (mm) 6 0.1 5826 5.942
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Considering the nominal value and tolerance
ranges of the workpiece, both the FDM and SLS
systems showed similar performance in terms
of linear dimensions. On the other hand, SLS
manufactured  workpiece showed better
performance for the curved features which were
represented with the radial dimensions. For this
trend, the only outlier were the angular features.
The reason for this was interpreted as the lack
of sufficient flat surface of FDM manufactured
parts after excluding the unintended radii in the
corner of the angular faces.

Uncertainty analyses were conducted for 5

selected features following to initial
benchmark. Selected 5 features represent
different properties like linear length,

inner/outer radial dimensions and center to
center distances. As can be seen from the Table
5 and Table 6, the difference between FDM and
SLS manufactured parts is more pronounced in
uncertainty values comparing to measurement
values.

It is obvious that all the uncertainty values are
elevated in FDM parts. Detailed interpretation
of Table 6 reveals the major contributors to the
combined uncertainty are Type A uncertainty
(up) based on the repeatability of measurements
and Type B uncertainty based on surface
roughness (u,,).

Table 6. Uncertainty budgeting and benchmark for
the CMM measurements in pm.

Part Feature Up U Uy Ucum Ucum
Hole
(Radial Dim.3) 30.1 231 139 333 665
. Holetohole
g distance (Linear 1.0 231 138 142 284
= Dim.5)
§ Radius
5 (Radial Dim.1) 339 229 140 367 734
Plane to plane
distance 08 243 137 141 282
(Linear Dim.7)
Hole
(Radial Dim.3) 20 231 70 76 153
Hole to hole
Y distance (Linear 0.3 231 7.1 74 148
= Dim.5)
g .
] Radius
f) (Radial Dim.1) 88 229 69 115 229
Plane to plane
distance 04 243 68 72 144

(Linear Dim.7)
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The results of the interpretations are comparable
with previous studies. Santons et al. designed,
characterized and estimated a benchmark
artefact using high-speed sintering additive
manufacturing and estimated uncertainty values
based on CMM measurements [23]. They have
presented 80 um uncertainty for a 10 mm
cylinder diameter with 75 um R, ;peqn Which is
a close value to the current study achieved for
the Radial Dim. 3b (cylindrical hole) having 15
mm diameter [23]. Related study has also
emphasized the dependence of CMM
uncertainty on the surface roughness of high-
speed sintering AM parts [22]. Additional to
this, Zanini et al. characterized a lattice
structure part of Ti6Al4V manufactured by laser
powder bed fusion AM process and estimated
uncertainty values based on CMM and CT
measurements [24]. They reported a CT
uncertainty of 45 pum by using substitution
method and including the contribution of
surface roughness [24]. Moreover, they
highlighted the need for further investigations
on multiple measurement approach whether it
gives sufficient weight to the effect of surface
roughness [24]. A study conducted by Minetoal
et al., benchmarked three different polymer AM
methods and highlighted that SLS part’s
dimensional accuracy is better than FFF part
[25]. The authors of the study have associated
the findings with the smaller layer thickness
providing a better definition and higher
dimensional accuracy of the part dimensions of
part dimensions in line with this studies
benchmark between SLS and FDM [25]. In this
regard, it can be stated that increased surface
roughness of FDM manufactured part leads to
errors and uncertainties during tactile
measurement techniques such as CMM. Fig. 6
shows a benchmark of all manufacturing and
measurement systems.

In Fig. 6, horizontal axis shows the dimensional
magnitude of measured feature in mm where the
vertical axis shows absolute value of deviation
from nominals. Table 7 shows the measurement
results with CT and 3DS. The results obtained
by non-tactile measurement systems of CT and
3DS were also benchmarked in the scope of this
study. As can be observed from Table 7 and Fig.
6, similar tendency of higher deviations in FDM
manufactured parts can be observed for non-
tactile measurement systems. The reason for
that could be the rough nature of the FDM
manufactured part but also evaluation and
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reporting errors occur as a result of intermediate
steps carried out in non-tactile measurement
such as fitting.

It is clear from Table 5 and Table 7 that
measurement results of the parts taken by three
different systems varied from each other for
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some of the dimensional features. These
variations, which have different values for
angular, linear and radial dimensions, were
recorded at the highest rate in measuring
angular dimensions while they were lowest in
linear dimension measurements.

» 1>
.

13 15 17

The dimensional magnitude of measured feature (mm)

m FDM measured by CMM a FDM measured by CT = FDM measured by 3DS mSLS measured by CMM a SLS measured by CT =SLS measured by 3DS

Figure 6. Benchmarking of manufacturing and measurement systems.

Table 7. CT and 3DS measurement results in mm.

. . 3DS X-Ray CT
Dimension
FDM SLS FDM SLS
Angular Dim.1 (°) 60.09 61.123 60.465 61.223
Angular Dim.2 (°) 60.14 61.405 59.574 60.484
Linear Dim5 (mm)  14.97 15.001 15.013 14.988
Linear Dim.6 (mm)  39.89 39.947 39.867 39.920
Linear Dim.7 (mm)  44.86 44.919 44.816 44.878
Linear Dim.8 (mm) 9.84 9.969 9.797 9.928
Linear Dim.10 (mm) 16.941 17.094 16.649 17.383
Radial Dim.1 (mm)  9.841 9.846 10.051 9.778
Radial Dim.2 (mm)  9.892 9.823 10.015 9.947
Radial Dim.3 (mm) 14.854 15.313 14.880 15.364
Radial Dim.4 (mm)  6.725 6.972 6.699 7.011
Radial Dim5 (mm) 6.690 6.981 6.753 7.000
Radial Dim.6 (mm) 5758 5.960 5.572 5.928
Radial Dim.7 (mm) 5740 5.958 5.479 5.922

Variations between radial dimensions were also
different for each measurement system. For
instance, deviation of the FDM part angular
dimension 2 from its nominal value recorded as
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0.140 mm by optical scan while it was recorded
as -0.426 mm and -0.695 mm for XCT and
CMM respectively. Similarly, for SLS part
angular dimension 2, the deviation was
recorded as 1.205 mm, 0.484 mm and 1.815 mm
for optical scan, XCT and CMM respectively.
These deviations may arouse by different
measurement procedures, algorithms and
measurement parameters such as probe
diameter for CMM [26], voxel size, voltage,
current, filter materials and its thickness for
XCT. [14] Collecting the measured point data
from insides, diameter of the holes and inclined
geometries is more difficult than simple linear
geometries. Therefore, measurement errors and
deviations can be seen at a higher rate in these
regions. Also, the variability is more
pronounced in FDM parts. This may be as a
result of relatively higher surface texture
irregularities and roughness.

Although, providing generation of 3D complex
geometries, AM techniques also bring some
challenges at the point of metrological
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evaluation of parts with these geometries. For
dealing with these challenges measurement
procedures have to be developed for AM parts
manufactured with different materials by
different AM methods.

The focus of this study was comparison of three
most widely used precision metrology system in
terms of dimensional inspection of polymer AM
parts. Further analyses are needed by different
measurement system parameters on different
AM parts to develop measurement procedures
and standards.

4. CONCLUSIONS
This study presented a benchmark for two
polymer additive manufacturing technologies
and their metrological evaluation using three
different measurement systems of CMM, CT
and 3DS using a special test artifact. As can be
seen through the items listed below, the study
revealed the superiorities and shortcomings of
dimensional measurement systems relative to
each other in products fabricated by polymer
additive manufacturing. It can be concluded
that;

e The benchmark highlighted the difference
between part characteristics manufactured
by FDM and SLS, where FDM part
represented higher surface roughness and
more deviation to the nominal design.

e Expanded uncertainties computed for the
FDM manufactured part were almost three
times of the uncertainties computed for the
SLS manufactured part. It was also
demonstrated that one of the major
contributors to the expanded uncertainty
occurred because of rougher surface of
FDM manufactured part.

e In general consideration, similar tendency
of part to nominal deviations were
observable in all metrology systems
including CMM, CT and 3DS. However,
values of these deviations were in different
ranges which revealed the need of
standardized measurement and evaluation
procedures for inspection and control of
AM parts.

e Further comparative studies with different
measurement  system parameters, on
different AM methods and materials would
be valuable to development of required
inspection procedures.
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ABSTRACT

In recent years, there has been an outbreak of research on natural fiber-reinforced materials to reduce
non-recycled material effects and produce environmentally friendly products. In parallel with the
increasing popularity of additive manufacturing, the development of new natural fiber-reinforced
materials in this field has also increased to improve pure material characteristics and reduce raw
materials usage. This study presents the manufacturing process of 5% waste jute-reinforced PLA
filaments and the characteristics of 3D printed parts. For the production of jute-reinforced filaments,
polylactic acid (PLA) granules were pulverized to increase the material surface for better bonding
between materials in the composite matrix structure. The effectiveness of pulverizing PLA granules was
exposed by comparing it with the production of the same composite matrix with PLA granules. Both
matrices were formed into filaments to produce 3D parts in Fused Filament Fabrication technology.
Thermo-gravimetric analysis (TGA) and differential scanning calorimetry (DSC) will be presented in
filament form. Besides, the mechanical properties of 3D parts will also be presented. Within the scope
of the study, it is aimed to reveal the material size effect for producing natural fiber-reinforced filaments
for additive manufacturing.

Keywords: PLA, Jute, Additive Manufacturing, FFF, Pulverization.

1. INTRODUCTION materials indispensable for doped polymeric
3-Dimensional (3D) printing has gained a lot of materials for any application. The type and
attention and popularity with the help of number of doped materials, the aspect ratio esp.
producing complex geometries without special for fibers, and the interface between the
tools in good accuracy, and ease of production polymer and the reinforced materials are highly
for prototyping. Various technologies have effective parameters on the final performance of
been presented for 3D printing. Fused Filament produced bio-composite filament [3]. The main
Fabrication (FFF) is probably the most popular drawback of bio composite filament
used 3D printing technology [1]. In the working manufacturing is to achieve homogeneous filler
principle of FFF printers, filament-form dispersion. The effect of wood amount on
material is fed through a heated nozzle, and tensile properties of PLA was studied [4]. It is
designed parts are produced by the deposition determined there is an optimum particle content
of molten polymers on the printing bed. There for the improvement of the tensile properties of
has been increasing attention to research on PLA. In another paper, it is stated lower wood
producing different types of polymers and/or particle size can ease the fabrication of wood-
particle-doped filaments via FFF printers. reinforced PLA filament [5]. The particles

particularly cellulosic materials can also be
treated with  different physical/chemical
methods to improve particle distribution along

Recently additives from natural sources have
been utilized for sustainable and ecologically
friendly filament manufacturing [2]. Ease of
availability and low cost also make these
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the filament and also facilitate 3D printing [6-
9].

The properties of the polymer can play an acting
role in particle-doped filament manufacturing.
The polymer can be modified by grafting and/or
can be pulverized to enhance particle/polymer
interface and particle distribution [10,11].
Pulverization of the polymer granules may
enhance the homogeneity of the ground
particle/polymer mixture prior to the extrusion
processes. This study presents the
manufacturing process of 5% waste jute-
reinforced PLA filaments with FFF and the
characteristics of 3D printed parts. For the
production of jute-reinforced filaments, jute
fibers were ground and polylactic acid (PLA)
granules were pulverized with the aim of
increasing the material surface for better
bonding between materials in the composite
matrix structure. Then, thermal degradation
behavior is investigated by a thermogravimetric
analyzer (TGA), and the mechanical properties
were determined by means of maximum tensile
strength, elasticity modulus, and breaking at
elongation. The uniformity and distribution of
jute particles in PLA filament were observed via
fluorescence microscopy. In order to realize the
effect of pulverization and dopping of jute,
pristine PLA as in the granule form was tested
as a control sample.

2. MATERIALS AND METHODS

2.1. Materials

PLA was used as matrix material in this
research. This PLA was the product of FKuR
Kunstsoff company, and its label is Bio-Flex
F7510. The density of the used PLA is 1.25
gr/m3, the melting temperature is 155 °C and

the melt flow rate is 2-4 g/10min. This material
is efficiently processed with the FFF method
and 100% recyclable raw material. PLA can be
destroyed in the same way as petro-based
plastics. However, it has the nature of
biodegradability, which is an environmental
advantage. PLA materials converted into
different forms were modified with 5% jute by
weight. No pre-treatment was applied to the
reinforced jute fibers which were doped to
increase the mechanical properties. Jute wastes
were obtained from the carpet factory.

2.2. Preparation of PLA matrix
In order to pulverize PLA, polymer sizes were
reduced by grinding in a mechanical shredder
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using liquid nitrogen and the surface area was
increased. Liquid nitrogen has been found to
contribute greatly to this grinding process. The
particle size has been reduced from 5 mm to an
average of 400 pm.

2.3. Preparation of Re-Jute

Jute fibers are produced from natural hemp by
grinding in the Retsch SM 100 device. The
ground hemp fibers were passed through a 500
um sieve. Jute fibers have an average density of
0.86 g/cm3, a diameter of 10400 p and a length
of 100-1200pu. No surface treatment has been
applied to jute fibers.

Figure 1. Grinded jute fibers.

2.4. Compounding

The jute addition to the powder and graded PLA
matrices was carried out with a mechanical
mixer. The weight ratio was determined with
digital precision balance (Accuracy: 0.001)
branded Weightlab Instruments WI 303l
Recycled Jute additives and PLA matrices were
mechanically mixed with Thermo Digital's
vortex mixer. Two different compounds were
prepared in powder and granule form.

Figure 2. Jute and powder PLA mix, before
entering the mixer.
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2.5. Filament Production

Filament production was carried out with Arya
Flux brand single screw extruder by using 5%
re-jute added powder PLA and 5% re-jute added
graded PLA compounds by weight. In order to
produce samples with the FFF method,
filaments with a diameter of 1.75 mm(-
/+0.15mm) were produced.

Figure 3. (a) Pellet PLA + jute, (b) Powder PLA +
jute Fiber

2.6. Production of Samples

The effect of an 5% re-jute additive to two
different PLA forms on the mechanical
properties and thermal properties was
investigated.

Tensile test specimens were produced in
accordance with ASTM D-638 standard by
using the FFF method using filaments having
two different PLA forms. Due to the long
production times in the FFF method, type-5
sample sizes, the sizes of which are specified in
figure 2, were preferred.

9.5310.08
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Figure 4. D638 ASTM standard type V tensile test
sample.

The drawings of the test specimens were created
with the AutoCAD Fusion 365 named CAD
program. Using the drawing files in STL format, the
gcode file required for production with FFF methods
was created with the CAM program named CURA.
Production parameters are given in table 1. Standard
production parameters of PLA material were used.
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Table 1. FFF Production Parameters.

Parameters Value
Nozzle diameter 400micron
Infill Density 100%
Printing Temperature 200°C
Build Plate Temperature  70°C
Material Flow 100%
Print Speed 15 mm/s
Cooling Fan Speed 50%
Support None
Build Plate Adhesion None

Figure 5. D638 tensile test specimen, (a) Pellet
PLA + jute, (b) PLA, (c) Powder PLA + jute Fiber,

2.7. Experimental Testing
2.7.1 Tensile Tests

Ultimate tensile strength

(M Pa)

40
35
30
25
20
15
10
5
0

PLA (pure) PLA 5% Jute PLA 5% Jute

fiber (Powder fiber (Pellets

form) form)

Figure 6. Tensile test results.

Tensile tests were performed according to the
related standard (D638 ASTM). 5 samples were
used for each configuration. Instron 1114
testing machine was used with its data
acquisition system at a constant crosshead speed
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of 0.5 mm/min. Pulverized PLA compound
clearly, gives better results than Pure PLA and
pellets PLA + jute as seen in figure 6.

2.7.2 Thermal Analysis

Thermogravimetric analysis (TGA) is used to
investigate thermal resistance. The results show
that pulverized PLA approximately 5%
degraded due to liquid nitrogen application
during grinding as seen in figure 7 and 8.

Onset|: 262.93°C ) | End 7 356.01°C
I

Delta Y = 94.378 %
Step: Inflection Point = 339.66 °C

Peak = 33742 °C
Area = -394 716 %

200 300 400
Temperature (-C)

Figure 7. TGA analysis for Powder PLA + jute.

T
Onset : 29713 ‘C\ \ )

End = ‘350.55 °C
1

Delta¥ = 94 615 %
Step: Inflection Point = 339.29 °C

Peak = 338.60 °C
Area =-95.385 %

200 300 400

Temperabe (°C)
Figure 8. TGA analysis for Pellet PLA + jute.

127

3. CONCLUSIONS

This study shows that if a natural fiber
supported compound is to be made, same fiber
and matrix sizes for single screw extrusion will
increase the homogeneity of the mixture and the
interfacial bonding, which is clearly seen in the
tensile tests. The compound made with powder
PLA gave better results mechanically, but it is
anticipated that such a mixture will be made
with twin screw extruder for future studies will
give better results. If access to twin screw
extrusion is not available, pulverizing the
granule can be seen as an alternative and
successful method.
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ABSTRACT

Recently, humans have resorted to the use of renewable energies for the purpose of reducing global
warming problems that affect the safety of the environment. Wind energy has started to occur in the
first place among renewable energy types. However, it is difficult to obtain wind energy in areas where
the wind speed is relatively low, so this study dealt with how to increase the production of wind energy
in areas where the wind speed is relatively low by designing buildings that increase the wind speed by
using of the phenomenon of venturi. How wide the high velocity values take place, how homogenous
the distribution of the velocity is, and the turbulence values were calculated by CFD for four cases. It
has been determined which of the four cases in which the wind turbine selected can operate most
efficiently. One-year wind speed data measured at 10 m above the ground were taken from the Karabiik
Ovacik meteorological station. Annual energy calculations were made using the power characteristics
of the selected wind turbine and Weibull graphs. It has been concluded that the amount of energy that
can be obtained with the proposed building geometry layout in the mentioned region can be increased
by 4 times.

Keywords: Wind Turbine, Buildings, Windspeed, Venturi Effect, Weibull, CFD.

1. INTRODUCTION that cause global warming[4]. It is extracted
The rapid development of technology, science, from the kinetic energy of the wind by means of
and industries, as well as the occurrence of wind turbines to produce electrical energy, as it
significant improvements in the standard of is considered abundant and renewable energy
living, have greatly increased human needs in [5]. The wind turbines are installed especially in
the areas of planning and living[1]. The need for regions where annual wind power distribution is
energy has also increased to keep pace with the sufficient. It is important to choose turbines
developments that have occurred recently, compatible with annual statistical data of wind
leading people to consume fossil energy greatly, speed[6]. While vertical axis wind turbines are
but there are significant negatives such as selected in regions where the wind speed
environmental pollution caused by carbon changes frequently, horizontal axis wind
dioxide released into the atmosphere, and high turbines are selected to take advantage of the
costs. After the occurrence of oil crisis in 1973, increasing wind speed as it rises from the
oil costs also increased. Therefore, people were ground [7]. For local electricity needs, turbines
forced to find inexpensive and environmentally that are small and have a battery system for
friendly energy, so they started relying on a new energy storage can be used. However, in areas
energy source, which has been called renewable with high wind speed throughout the year,
energy [2]. The use of renewable energy has commercial large wind turbines connected to
spread widely in the world, as special the grid are used [8]. Wind turbines cannot be
complexes have been established to invest this used in residential areas due to buildings and
energy[3] .This energy come from the sun, other obstacles that negatively affect wind
wind, and soil. Wind energy is one of the types speed. In addition, there are negative effects
of renewable energy that does not emit gases such as noise [9]. However, due to the increase
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in wind speed with height, special designs have
been applied in very high buildings, and
applications have been made by placing
turbines in the buildings and meeting some of
the building's electricity needs [10]. In addition,
successful results have been achieved in
obtaining energy from the wind placing turbines
while adding special designs to the roofs of
buildings that are not very high [11]. There are
also studies to obtain energy from vertical air
movement on building facades by placing
specially designed wind turbines on the side
surfaces of the buildings[12]. There are
experimental and CFD studies in the literature
investigating and analysing how the wind
moves around buildings [13]. In some of these
studies, how the comfort of life inside the
building is affected by the air movement outside
the building was examined, while in another
part, how the wind affects the building statics,
especially in  high-rise  buildings was
investigated[14-16].

Many studies examining the increase in velocity
of the air by narrowing the distance between
buildings with Computational Fluid Dynamics
(CFD) are encountered in the literature. This is
also called the venturi effect[15-18].

The focus of this study has been on benefiting
from the wind energy in areas where the wind
velocity is relatively low, not enough to operate
wind turbines. It can be done by suitable
placement of buildings in order to get the
venturi effect. The buildings have been placed
in a semi-parallel manner, and an attempt was
made to narrow some areas of the buildings in
order to increase the velocity of the wind flow.
Four different cases were obtained by
symmetrical placement of four different
placement of building geometries in this study.
They were analysed by CFD. After comparing
the results of CFD study for the four cases of the
buildings, the most suitable case has been
chosen, and the power at which the wind
turbines start to operate was checked. Finally,
graphs were presented about Weibull
distribution and the annual energy production.
The main objective of this study is to fill in the
existing literature gap on how to benefit from
wind energy even in areas where the wind speed
is low.
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1.1. Theoretical Background

1.1.1 Mass Conservation

The conservation of fluid mass principle states
that the product of density, velocity and cross-
sectional area of the fluid passing through a
certain cross-section will remain constant. This
creates the possibility of increasing the low
wind speed by placing the two building
geometries in a way that narrows the cross-
sectional area [19].

According to the law of conservation of mass,
the mass flow of a fluid (air) for steady flow is
DinM=Doue M (1)
Where m;=m; When m; Indicates mass flow
rate of fluid (air) (kg/sec).

)

m;=Q1p1
Q; Is the volume flow rate (m3/sec)

Whereas Q;=V,4,,V is the velocity of air
(m/sec). A is the cross-section area (m?)

Somy=p V4 4;.

p1V1A1=p,V2A; 3)
So V,A;=V,A, because the fluid (air) is
incompressible in this case.

From here, it was reached that the smaller the
area, the wvelocity increases, that is, the
proportionality between the fluid velocity and
the  cross-sectional area is  reversed,
Accordingly, the design of the buildings has
been chosen and the area where the air velocity
reaches the highest possible was determined for
the purpose of operating the wind turbines.

1.1.2. Weibull Distribution

In a given location, the wind speed does not
remain constant throughout the year. So how
much energy is obtained from the wind blowing
in this place during a year is related to how the
wind speed changes throughout the year. This
evaluation is mostly done with the Weibull
distribution [20].

The Weibull probability graph is obtained
through the use of Equation (4) by taking the
hourly average speed values in the
measurements made during the year (in order to
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obtain more reliable results, or a few years) in
the region where the turbine will be
installed[21].

Figure 1. Graphs by parameters of the Weibull
distribution[22].

Forv; <v<vi 1

plv v = e (<[ (3)]) -

({62

Where A and k are found for a given site on the
Equation(4) [23].

4)

In this function k and A values are
measurements of how wind velocity is
distributed in a year. Every placement has its
own k and A values. Weibull graphs shows the
relation between probability and velocity
values, for different k values, shown in the
figure 1 [22]. A wind turbine should be chosen
according to the Weibull distribution.

In this study, k and A values were calculated as
1.2 and 7 respectively by using the wind data
values at the meteorology station for Karabiik-
Ovacik in 2021.

1.1.3. Efficiency of wind turbine

The amount of energy to be obtained in a year
from a wind turbine installed in a certain
location depends on the Weibull values at that
location, and also on the efficiency and power
curve of the wind turbine. The overall efficiency
of the turbine depends on rotor aerodynamic
efficiency, mechanical efficiency and electrical
efficiency. These efficiencies are shown
mathematically in the equations[23].

From Betz’s equations about the maximum
power available in the wind [24]. Power is
defined as Equation. (5).
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161 3
=—=p.Vi. A
272 PV

()

Pmax

Where Cp = Cp per, = 16/27 was used .

In Equation (5) A is the swept area of the rotor,
and in the following we define this area as

A = (m/4).D? (It has been neglected that some
part of the hub area is not producing any power).

The rotor efficiency is defined as.

— Protor (6)

nmax P
max

Where Protor is the power in the rotor shaft.

The rotor efficiency can be calculated on the
basis of a Blade Element Momentum (BEM)
Theory. The efficiency of the rotor is derived
from the product of three efficiencies. As shown
in Equation (7).

Nrotor = Nwake-Ntip-Nprofile (7)
Where “wake” indicates the loss because of
rotation of the wake, “tip” represents the tip loss
and “profile” represents the profile losses. The

wake loss can be calculated on the basis of
Schmitz’ theory [23].

Figure 2. indicates the components of a wind
turbine.

Ciencrator

[7“.1\

[ e e

Figure 2. Main components in wind turbine[22].

The total efficiency of such a turbine can be
defined as Equation (8).

_ Pgria _
Ntotal = P -

max

(8)

Nrotor -Ngearbox -Ngen - Nconv
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Where

_ Protor

nTOtOT’
Pmax

l:’HS

ngearbox P
rotor

Pgen
PHS

Ngen =

_ Pgrid

Nconv
Pgen

Where the indices stand for “LS” = low speed
(shaft); “gen” = generator; “conv” = frequency
converter and “grid” = grid net. So typical
values for the efficiencies are — at nominal
power Gearbox:0.95-0.98, Generator: 0.95-
0.97, Converter: 0,96-0,98 at part load, the
lower values can be expected[22].

In this study, maximum efficiency (1,4, ) Of the
wind turbine chosen is 0.4.

The turbine power curve shows at which wind
speed the turbine starts to operate (cut in), after
which wind speed it is stopped (cut out), and in
which wind speed range it produces maximum
(nominal) power. This characteristic is a result
of turbine efficiency values and design
parameters [23].

In this study, cut in velocity, cut out velocity,
nominal velocity of the selected wind turbine
are 3 m/s, 26 m/s, 11 m/s respectively.

1.1.4. Annual Energy Calculation

The energy that the turbine can produce in a
year depends on the wind speed statistics of the
region where the turbine is located and the
power graph of the turbine. The total amount of
energy that can be obtained annually is
calculated by the Equation (9)[23].

If the power for the turbine at a given wind

speed is P(v,,), the annual production can be
calculated as:

Eqnn = 2{8766h.p(v; <v<V;11). P(vin)} (9)

Where v,,is the mean value of v; and v;,; i.e.

Vi = (Vi +Vi41)/2
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1.1.5. Wind homogeneity and turbine
efficiency
Frequent changes in the magnitude and/or
direction of the wind speed over time cause the
turbine rotor to be under the influence of
inhomogeneous wind. This situation negatively
affects the energy to be obtained from the
turbine. Therefore, the homogeneity of the wind
should be taken into account in the place where

the turbine will be installed[25].

1.2. Computational Fluid Dynamics (CFD)
Computational Fluid Dynamics is based on the
numerical solution of partial differential
equations expressing the conservation of mass,
momentum and energy of fluids in a large
number of cells created in the defined flow area.
Boundary conditions of the defined flow area
are defined[26].

In this study, inlet boundary velocity, output
boundary pressure, solid surfaces ‘wall’, and
flow field boundaries ‘symmetry’ are defined,
and conservation equations are solved in the
cells (mesh) created, and velocity in each cell,
static pressure values as well as turbulence
Kinetics are determined. Energy equations are
not solved in this study. Because energy
equations are solved in analyses involving heat
and temperature and/or compressible fluid
analysis.

In CFD calculations, there are three basic
calculation  methods:  Reynolds-Averaged
Navier-Stokes (RANS), Large Eddy Simulation
(LES) and Detached Eddy Simulation (DES).
RANS equations are the most widely used CFD
approach for practical engineering applications.
They solve for time-averaged flow properties
and are typically used for steady-state
simulations. However, this approach is not
suitable for predicting unsteady or transient
flow phenomena, where large fluctuations in the
turbulent flow field can have a significant
impact on the results. The choice of CFD
approach depends on the specific application
and the level of accuracy required. RANS is the
most widely used and computationally efficient
CFD approach for practical engineering
applications, while LES and DES are more
suitable for predicting unsteady or transient
flow phenomena and complex flow regions [27].
The easiest and most widely used RANS was
used in this study.
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The most common turbulence models used in
RANS simulations are the Spalart-Allmaras, k-
omega, and k-epsilon models. The Spalart-
Allmaras model is a one-equation model that
solves for a single variable to represent the
turbulent viscosity, and it is particularly useful
for attached boundary layers and external flows.
The k-omega model is a two-equation model
that solves for both the turbulent kinetic energy
(k) and the specific dissipation rate (omega),
and it is particularly useful for flows with strong
vortices and shear layers. The k-epsilon model
is also a two-equation model that solves for the
turbulent kinetic energy (k) and the rate of
dissipation of turbulence Kkinetic energy
(epsilon), and it is particularly useful for flows
with complex turbulence structures.

There are also many sub-varieties of these
models, which include modifications and
enhancements to improve their accuracy or to
account for specific flow characteristics. For
example, the RNG k-epsilon model is a
modification of the standard k-epsilon model
that includes additional terms to improve its
performance in swirling flows. The SST k-
omega model is a hybrid model that combines
aspects of both the k-epsilon and k-omega
models to improve its accuracy in a wide range
of flow regimes [28]. In present CFD
simulations, the SST k-omega model was used.

2. METHOD

2.1.  Numerical Calculations

From the literature[29], four different two-
dimensional (top view) building geometries
were taken, and four different cases were
obtained by bringing together two symmetrical
buildings as shown in the figure 3.
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Figure 3. The geometry of the four cases of the
buildings [25].

For these four cases, flow fields were created as
shown in the figure. On the left edges of these
flow areas, the wind entering edge, the wind
entry velocity is defined. Since this study is for
regions with low wind speed, the velocity
values taken are 2, 4, 6 m/s.

The dimensions of four different cases are
shown in the figure 4.
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Figure 4. The geometry of the four cases of the
buildings that were studied with their parameters.

The fluid domain used in this CFD simulation
is shown in Figure 5. The left edges of the flow
field are named as ‘inlets’. For ‘inlet’, the wind
is defined as perpendicular to the left edge with
the speed value. The building geometries are
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defined as ‘wall’, the upper and lower edges of
the flow area are defined as ‘symmetry’ and the
right edges are defined as ‘outlets’. Zero
effective pressure value is taken for the outlet.

Symmety2 % = s fors
n )

Figure 5. Named sections of the geometry.

2.2. Mesh quality and independence

There are different methods to see the accuracy of the
results obtained from the computational fluid dynamics
analysis. The most important of these are validation,
comparison of calculation results with theoretical
formulas, comparison with test results for the same
geometries and under the same conditions. However,
verification, on the other hand, is one of the most
important ones to show whether the computational
fluid dynamics results are consistent within themselves
or not, to show that the quality of the cells created in
the flow field is good enough and to show that the
results obtained do not change when the number of
cells is increased[31]. Figure 6 indicates the mesh
structure in Case3.

Figure 6. Mesh structure.

When the mesh number was increased from
2000 to 7000, it was seen that the results (output
velocity values) changed very little and after
7000 cells the results did not change at all
(Figure 7). Apart from this, in order to have high
mesh quality in CFD simulations, it is
recommended to have skewness values below
0.5 and orthogonality values above 0.7 [31]. In
the CFD study conducted here, it was ensured
that the mesh quality was high enough.
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2.3. Setup

The following physical conditions and numerical
solution criteria are taken into account in the
computational fluid dynamics solution:

1.The solution was taken as steady.

2.Energy was turned off.

3. Viscous Model is k- (SST). It was chosen
because it achieves better and more accurate
results when the mesh is very fine near the wall
[32].

4.Boundary conditions:

*At inlet velocity is (2,4,6 m/sec)

*In this study, walls are designed as no-slip
*Neglected direction of velocity

5.Solution method is coupled

6.Number of iterations is 500.

3. RESULTS AND DISCUSSIONS

The maximum wind speed values that can be
obtained between and around the building
geometries were calculated using the same inlet
speeds in four different situations (Table 1).

Table 1. Maximum velocity flow for four cases to

the buildings.
Inlet
Velocity | Casel | Case2 | Case3 | Case4
(m/sec)
2 6.64 4.04 5.18 5.91
4 13.3 8.07 9.77 12.2
6 20 12.7 15.3 18.3

While the largest maximum speed values for all
input speeds were obtained in Casel, the
smallest maximum speed values were obtained
in Case2. But this does not necessarily mean
that Casel is the best one.
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The case of wind turbine placement cannot be
evaluated based on this result alone. Because
the general distribution and homogeneity of the
wind speed to which the turbine rotor is
exposed, as well as the turbulence situation
should also be taken into account.

For the Casel, we can see how the velocity
value changes around the building geometry
from the contour graph given in figure 8.

Figure 8. Velocity contour in Casel.

In Casel, when looking at the streamlines,
vortices formed around the building geometries
can be noticed. As shown in Figure 9.

=

Figure 9. Streamline contour for velocity Casel.

It can be concluded that, in Casel, the velocity
distribution does not have enough homogeneity
and stable velocity although it has the largest
maximum velocity value.

Therefore, how wide the highest speed values
are spread, how the distribution of high-speed
values is in the section where the turbine can be
placed between two buildings, what the
turbulence values are will affect the efficiency
of the turbine to be used. All these properties of
the flow around the building geometries were
investigated in CFD study. When all of this
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criterion was analysed for four different cases,
Case 3 was found to be the best.

L

Figure 11. Streamline of Velocity contour for
Case3.

|

Figure 12. Turbulence intensity contour for Case3.

How the velocity values for the Case3 change
around the two buildings can be seen from the
velocity contour shown in figure 10 and the
velocity streamlines shown in figure 11. Also,
considering the turbulent Kinetic energy
distribution contour shown in Figure 12, the low
values between the two buildings and the
homogeneous velocity distribution give a clue
that the Case3 may be suitable for turbine
installation. Therefore, Case3 should be
examined more closely.
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The velocity distributions and turbulent kinetic
energy changes between and around the
buildings for four different cases were
examined and it was concluded that the most
favourable situation would be obtained in the
Case3 with homogeneous velocity distribution
of high velocity values.

Figure 13. Pressure line.

The static pressure change on this line is shown
in figure 13. It is seen that the pressure first
decreases rapidly along the line and then does
not change much. As shown in figure 14.

Figure 14. Pressure graphic between two buildings
on the pressure line.

In order to specify the placement of the wind
turbine in between the two buildings in Case3,
pressure, velocity and turbulence conditions
were examined in 6 different positions taken on
the line drawn in the middle between the two
buildings and the best position where the
turbine could be placed was determined. Those
positions are shown in the figure 15.
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Figure 15. Lines for the possible positions of the
wind turbine.

Figure 16 refers to the wind speed graphic at the
six positions identified in Figure 15.

It was found that the wind speed increases
gradually at the 4%, 5% and 6" position,
especially in the side that is in the middle of the
two buildings and achieves the highest value at
the line 6. As shown in the graphics, the wind
speed starts to increase at one of the buildings
until it reaches an area in the middle of the two
buildings, where it will see a state of stability in
the wind speed, but then it gradually decreases
when it reaches the edge of another building.
The wind speed has been studied in the six sites
in order to discover that the high wind speed is
maintained for long distances between the two
buildings for the purpose of selecting the
appropriate wind turbines.

Figure 17 shows the graphic of wind turbulence
between the two buildings at position 6 that
were previously divided. Whereas it is
necessary to study wind turbulence and its
amount, because wind turbulence has a great
impact on the work of wind turbines, as wind
turbulence causes vibrations and fatigue in the
turbine blades, which leads to reducing
efficiency and increasing wear in the turbines. It
was noticed that the wind turbulence graphic is
opposite to the wind speed graphic. The
turbulence begins with its highest value at the
edge of the one of building. It gradually
decreases in the central region between the two
buildings, and then gradually increases until it
reaches the edge of another building. The two
graphics have been studied in detail for the
purpose of determining the appropriate area for
placing the wind turbine, as well as determining
the type of turbine suitable for this study and its
dimensions. Table 2 indicates the value of
velocity and turbulence at position 6 that were
previously divided.

137

Table 2. Velocity value and Turbulence
intensity in each line.

Velocity Turbulence
Line (m/sec) intensity
1 1.80641 0.006
2 4.02142 0.016
3 4.2449 0.028
4 4.25129 0.027
5 4.25726 0.028
6 4.43688 0.109

The distribution of velocity values and
turbulence intensity values obtained as a result
of computational fluid dynamics analysis at
these 6 different locations are compared with
graphs (Figures 16 and 17). It can be said that
the position where the highest velocity is
obtained, the velocity distribution is most
homogeneous, and the lowest turbulent
intensity value is obtained is line 2.

Since the distance at the selected location
between the two buildings where the turbine can
be placed is slightly more than 6 m, the turbine
rotor diameter can be chosen as 5 m. The
selected horizontal axis wind turbine has a start
speed (cut in) of 3 m/s, stop speed (cut out) of
26 m/s, nominal speed of 11 m/s. Its rated power
is 1.22 kWatt. The power curve of this turbine
is shown in figure 18.

Power curve of the wind turbine
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Figure 18. Annual power of wind turbine.
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Figure 17. Diagrams of the turbulence intensity between two buildings in each of the lines ((1,2,3,4,5,6) respectively.
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As a suitable example for the low wind speeds
mentioned in this study, energy calculations
were made using one-year wind speed data
obtained from the meteorology station located
in the Ovacik region of Karabiik province. New
speed values were obtained by interpolation,
considering the wind speeds of this region and
the results of the Case2 analysed with
computational fluid dynamics. The Weibull
distributions of the velocity values of the region
at a height of 10 m and the two building
placements in Case3 were obtained and
compared as shown in Figure 19.

Comparison of weibull graphs
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Figure 19. A windspeed probability density
function.

It is seen that the velocity values between 1 m/s
and 19 m/s in the region reached values between
1 m/s and 29 m/s with the placement of the two
buildings as in Case3 (Figure 19). More
importantly, it can be seen from the graphs
given in Figure 19 that the Weibull probability
values increase for the turbine’s operating range
of 3 m/s and 24 m/s speed values (especially for
the speed range between 3 m/s and 19 m/s).

When the annual energy calculation is made for
Case2, the amount of energy (energy-1)
obtained by the wind turbine (shown in blue) at
different wind speeds in the region without the
venturi effect and the amount of energy
(energy-2) obtained by the same wind turbine
(shown in green) according to the new speed values
obtained by placing two buildings are
compared. Graphics are given in Figure 20.
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Figure 20. Annual power production.

4. CONCLUSION

In this study, a solution has been proposed to
meet some of the electricity needs of the
buildings in regions where the wind speed is not
sufficient to operate the wind turbine efficiently
and where a new settlement can be established.
The creation of a venturi effect by placing two
symmetrical buildings in the direction of the
wind was analysed by computational fluid
dynamics. Four different situations were
created with four different building geometries,
and the wind speeds of 2, 4, 6 m/s in each of
them were calculated by CFD, up to which
speeds could be increased by the venturi effect.
The homogeneity of the wind and the
turbulence situation were also analysed to
determine the state where the turbine can
operate most efficiently. Since there isa 6 m gap
between the two buildings, a 5 m diameter
horizontal axis wind turbine installed ona 10 m
high tower was chosen.

One-year wind speed data measured in the
meteorological station area in the Ovacik region
of Karabiik province and Weibull statistical
graphics for the new speed values obtained as a
result of CFD analyses were used to calculate
the amount of energy that can be obtained in this
region for a year, and the results were
compared.

While the amount of energy that can be obtained
in a year with a wind turbine with a diameter of
5 m and used in this chosen location is 2126.58
kWatt-hours, this amount increases to 8272.58
kWatt-hours with the effect of venturi resulting
from the proper placement of the buildings. It
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has been observed that the amount of energy
that can be obtained with the proposed building
layout in the mentioned region can be increased
by approximately 4 times.

In this study, the change of wind direction was
not taken into account. The heights of the
buildings were not taken into account in the
CFD study. However, the speed of the wind
increases as it rises from the ground.

If the wind direction values are taken into
account in the data taken from the meteorology
in a region taken as an example, more accurate
results will be achieved. Taking into account the
roughness coefficient values of the region will
cause the study results to be more reliable.

Considering the heights of the buildings, more
accurate results will be achieved if both the
variation of wind speed with height and how the
vertical surfaces of the buildings affect the air flows
are taken into account.
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