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ONSOz

“Deprem Simiilatérii Tasarimi ve Yapimi” projesi TUBITAK'in destegi ile Sakarya
Universitesi, insaat Miihendisligi Bolimi’'nde gerceklestiriimistir. Projenin amaci,
insaat Miihendisliginde okuyan lisans ve yiiksek lisans diizeyindeki 6grencilere
deprem muhendisligi ve yapi dinamigi alanlarinda deneysel ¢alisma yapma imkani
vermek; boylece, deprem etkisindeki yapilarin dinamik davranisini daha iyi

anlagilmasini saglamaktir.

Bu projenin maliyeti 12,750YTL dir. Maliyetinin digiik olmasi nedeniyle, TUBITAK
ayni cihazi, diger Universitelerimizin ingaat muhendisligi bolimlerine de tavsiye
ederek sahip olmalari saglanabilecektir. Ayrica, TUBITAK'In bilgisi ve izni dahilinde,
bahsi gecen cihaz, c¢evre illerdeki Universitelerimizin kullanimina da imkan

verilebilecektir.
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OZET

Bu projenin amaci, Sakarya Universitesi, ingaat Miihendisligi Bolimi'nde, lisans ve yiiksek
lisans duzeyinde deprem muhendisligi egitimine katkida bulunmak amaciyla tek eksenli
sinlzoidal deprem simuUlatérinin tasarimini ve imalatini gerceklestirmektir. Tasarlanan
Sarsma tablasinin tahrik Gnitesi, mikroprosesdr kontrolll, degisken hizl, trifaz AC elektrik
motorundan olugmaktadir. Sarsma tablasi 30 kg kapasitelidir. Sistem,1-200 Hz frekansta
cikis saglayan motor, veri toplama toplama Unitesi ve bir bilgisayardan olusmaktadir. Veri
toplama unitesi, LabVIEW yazilimi ile kontrol edilmektedir.

Deprem simulatéri veya sarsma tablasi, deprem muihendisli§i egitiminin bir pargasidir.
Gelecegin ingaat muhendislerine, yap! dinamidi ve deprem muhendisligi ile ilgili bir takim
kavramlarin 6gretilmesinde, sarsma tablasi deneyleri ¢cok etkili bir aractir. Bu proje ile,
Sakarya Universitesi, ingaat Miihendisligi 6grencileri bu imkana kavugmuslardir.

Anahtar Kelimeler: Deprem Simulatéri, Sinlizoidal Sarsma Tablasi

SUMMARY

This project aims to design and manufacture a less costly single-axes sinusoidal shaking
table to enhance undergraduate and graduate education in earthquake engineering. The
Shaking Table will be used in the Civil Engineering Department at Sakarya University. It is
actuated by computer controlled, variable speed, three phase power, AC motor. It supports
maximum payloads from 0.01 to 30 kgs and has frequency ranges between 1 and 200 Hz.
The system is comprised of a shake table, a microprocessor controlled power module, a data
acquisition card, and a PC running control software. The PC receives signals through the
data acquisition card using LabVIEW.

Earthquake simulator tables, or shake tables are traditionally used for experimental research
and education in earthquake engineering. It is an effective means of introducing basic
concepts in structural dynamics and earthquake engineering. Even at the undergraduate
level, concepts in dynamics such as natural frequencies and mode shapes can clearly be
portrayed during such experiments. Experimentation and hands on experience seems to be
the best way to explain complex topics to future structural engineers. The students in civil
engineering department at Sakarya University can now have the opportunity to use the
shake table for their experiments.

Keywords: Earthquake Simulator, Sinusoidal Shake Table.
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Deprem Simiilatorii Tasarimi ve Yapimi

1.0 GIRIS

Gunimiizde, ingaat mithendisligi disiplininin kargilagtigi en 6nemli zorluklardan biri,
kuskusuz, deprem hasarlarinin ve kayiplarinin azaltilmast sorunudur. Bu zorlugu agsmak
i¢in, gelecegin ingaat mithendisleri, yer hareketi etkisindeki yapilarin (binalar, képriiler,
barajlar vb...) dinamik davranigini ¢ok iyi anlamak zorundadir.

Egitim amacl gelistirilen kii¢lik boyutlu sarsma tablasi ile yap1 serbest titresim frekans: ve
yer hareketi frekanst arasindaki iligkinin gézlemlenmesi ve depreme maruz kalan yapilarin
daha giivenli nasil ingaa edilebilecegi konusunda fikir saglayabilecektir.

Bu projenin amaci, lisans ve yiiksek lisans diizeyindeki ingaat miihendisligi egitiminde,
deprem muhendisligi ile ilgili kavramlari, yapilacak bir dizi deneylerle pekistirmektir.

Projede kullanilan laboratuvar araglar1 hakkinda (frekans diizenleyici, hassas ivme olgerler,
veri toplama unitesi, LabView yazilimi, vb... ), 6grencilerin deney tecriibesi kazanmalar:
amaclanmugtir.

Yiksek Lisans diizeyinde ise, matematiksel modellerin, deneysel sonuglarla
karsilastirilmasi; deneysel modal analiz; aktif ve pasif kontrol sistemlerinin gelistirilmesi
konularinda deneylerin yapilabilmesi olanag: saglanmustir.

2.0 GENEL BILGILER

“Deprem Simiilatérii Tasarimi ve Yapimi” projesi TUBITAK’in destegi ile Sakarya
Universitesi, Ingaat Miihendisligi Béliimii’nde gergeklestirilmistir. Sistem sarsma tablas, hiz
(frekans) kontrol initesi, veri toplama {initesi ve bir bilgisayardan olugsmaktadir (Sekil 1).
Bilgisayar, LabView programimi kullanarak veri toplama kartindan sinyalleri
toplamaktadir. 70cm yiiksekliginde bir platforma yerlestirilen sarsma tablasi tek eksen
dogrultusunda ileri-geri hareket etmektedir. Bu hareket, 0.33HP giiciinde 1/5 rediiktor ile
torku arturilmig trifaz AC elektrik motorunun, eksantrisitesi ayarlanabilir aliminyim
krank safta bagli rotu tahrik etmesi ile saglanmaktadir. Motorun tiim hareketleri AC
motor hiz kontrol initest ile verilmektedir.

Hazirlanan yapt modelleri, sarsma tablasina monte edilen klamplarla tutturulmaktadir.
Sistem 30kg a kadar modelleri test edebilmektedir. Toplam stroke +15cm dir. Max ivme
uygulanan hizin frekansina ve ayarlanan stroka bagli olarak degismektedir. Ancak
kullanilan ivme 6lgerlerin max. kapasitesi +2g dir.
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Sekil 1. Deprem simiilatorii projesi.

2.1 Konuyla Ilgili Calismalar

Deprem simiilatorleri veya sarsma tablalari, 1960 ‘li yillardan beri yapi muhendisligi
alanindaki bilimsel aragtirmalarda kullanilmaya baglanmigtir (Penzien vd., 1967; Stephen
vd., 1969). Gunumizde, diinyanin pekcok iilkesinde birebir 6lgekte veya degisik
Olgeklerdeki yapi sistemlerinin test edilmesi amaciyla sarsma tablasi laboratuvarlar:
kurulmustur. Bu baglamda, yap: sistemlerinin deprem etkisi altinda davraniglarinin
incelendigi deprem simiilator cihazlar {i¢ kategoride incelenebilir:

1- Bilimsel aragtirma amagl biiyiik 6lgekli servo-hidrolik tahrikli sarsma tablalar:

2- Toplumun tim fertlerine agik, egitim amagli, deprem deneyimini yasatmak
amactyla kurulmug simiilasyon merkezleri

3- Kigtik olgekli, disik maliyetli, yapt dinamigi veya deprem mithendisligi gibi lisans
derslerinin daha iyi anlagilmasi i¢in gelistirilen elektrikli sarsma tablalari

Deprem miihendisligi aragtirma laboratuvarlarinda yer alan birinci kategorideki sarsma
tablalarina 6rnek olarak, Japonya’daki Hyogo Deprem Miuhendisligi Aragtirma Merkezi,
ABD’ndeki NEES Berkeley Deprem Simiilatér Laboratuvari ve Italya’da, Avrupa Birligi
tilkeleri’nin ortaklaga kurdug: Pavia’daki (EUCENTRE) verilebilir.

Hyogo Deprem Mihendisligi Arastirma Merkezi’'nde, 20 m x 15 m’lik ebatlarinda ig
eksenli sarsma tablasi bulunmaktadir. Bu laboratuvar, dért katli betonarme bir yapiy:
birebir olgekte test etmek ic¢in kullanilabilmektedir (http://www.bosai.go.jp/hyogo/
ehyogo/index.html).



California Berkeley Universitesi Deprem Simiilatorii Laboratuvari’nda, ABD’ndeki en bii-
yuk Ug eksenli sarsma tablasi bulunmaktadir. 6m x 6ém ebatlarindaki bu sarsma tablasinda,
45 tona kadar olan yapilar, 1.5g’lik maksimum yatay ivme ile sarsabilmektedir
(http://eerc.berkeley.edu/lab/earthquake-simulator-lab.html).

EUCENTRE ‘da bulunan 5.6 m x 7.0 m ebatlarindaki tek eksenli servo-hidrolik tahrikli
sarsma tablasinda 70 tonluk yapilara 1.8g ‘lik ivme uygulanabilmektedir (http://
www.eucentre.it/eng/).

Tiirkiye *de Bogazici Universitesi Kandilli Rasathanesi ve Deprem Arastirma Enstitiisii’nde
yatay tek eksende hareket yetenegine sahip 3m x3m boyutlarinda sarsma tablasi, 2003
yilindan itibaren arasurmacilarin hizmetine sunulmugstur. Burada, 10 ton agirhigindaki
nesneler, servo-hidrolik iticiler tarafindan 0-50 Hz frekans araliginda denenebilmektedir
(http://fatin.koeri.boun.edu.tr/depremmuh/shakingtable/shakingtable.htm).

T.C Igisleri Bakanlig: Sivil Savunma Genel Miidiirliigii, Ankara Sivil Savunma Arama ve
Kurtarma Birligi tesisleri icinde bulunan servo-siirimlii deprem simiilatorii, hareketli
platformu 6.90 metre X 3.90 metre boyutunda olup, ti¢ dogrultuda (3-D) titresebilmekte,
lizerine yuklenen 2 ton'a kadar agirliklarla, MM skalasinda 8+ siddetini agan deprem
hareketlerini canlandirabilmektedir (http://www.ssgm.gov.tr). Simiilator, esas olarak,
insanlara siddetli depremlerde olugan fiziksel kogullari (sarsinti, ses, toz, 1s1k) benzetim
yoluyla yasatma amaciyla gerceklestirilmistir.

Egitim amagli, kigik olgekli sarsma tablalarina ornek olarak UCIST (University
Consortium on Instructional Shake Tables) verilebilir. UCIST, ABD’de Ulusal Bilim
Kurumu’nun (NSF) destekleriyle St. Louis’ deki Washington Universitesi biinyesinde, 23
enstitii ile ortaklaga kurulmustur ( http://cive.seas.wustl.edu/wusceel/ucist/; Ranf, R.T.
and Dyke, S.J., 2001). UCIST tarafindan gelistirilen servo motorlu sarsma tablasinin
calisma kapasitesi 11.25 kg (25 Ibf), maksimum ivme 1g, ¢alisma frekans: 0-20 Hz, boyutlar:
45.72cm x 45.72cm (18 in x18 in) ve stroke +/-7.62 cm (+/- 3 in) dir.

Bogazici Universitesi Kandilli Rasathanesi ve Deprem Arastirma Enstitiisii (KRDAE)’nde
ozel bir firma tarafindan (http://www.ancoengineers.com/shaketable.html ) biiyiik 6lgekli
tek eksenli sarsma tablasi ile birlikte, kiiciik olcekli bir sarsma tablasida kurulmustur. 70
cm x 70 cm Olglerinde, ¢ eksenli servo elektrik sarsma tablast ikisi yatay biri disey
olmak tizere birbirinden bagimsiz tic boyutlu hareket etme o6zelligine sahiptir.100 kg
agirligindaki test nesnelerini 0-40 Hz frekans araliginda denemek miimkiindur. Tablada
+/-12 cm deplasman, 1.2 cm/s hiz ve 10g ‘ye kadar ulagan ivme uygulamak miimkiindiir.

Izmir Yiiksek Teknoloji Enstitiisii (IYTE) Ingaat Mithendisligi Boliimii’'nde de, gerektigi
zaman herkesin (arastirmaci ve 6grenci) rahatlikla kullanabilecegi bir deprem simiilatori
imal edilmigtir. Taginabilir boyutta ve servo motor ile ¢alisan tek boyutlu deprem
simiilatoriiniin hareketli tablas: 40 cm x 40 cm’lik boyutlara sahiptir. 30 kg’lik bir yiikii 2
g’lik ivmeyle hareket ettirebilmektedir. Yer degistirme kapasitesi + 7 cm’dir (Kinay, G. ve
Turan, G. 2006).



Tablo 2. IYTE, Ingaat Mithendisligi Béliimii Sarsma tablasinin Szellikleri

Ozellik Deger Birim
Tabla genel boyutlar1 (L x W x H) 60 x 50 x 9 cm
Tabla boyutlar: (L x W x t) 40x40x 1 cm3
Toplam kiitle 30 kg
Tabla kiitlesi 4.5 kg
Maksimum yer degistirme +7 cm
Maksimum hiz 25 cm/s
Maksimum kuvvet (teorik) 1600 N
Maksimum motor torku 1.274 Nem
Servo motor giicli 400 \\4
Sonsuz vida mili 5 mm/dongii
Vida somunu dinamik yik tagima 780 kgef
kapasitesi

Bogazici Universitesi KRDAE’nde bulunan, kiiciik &lgekli ii¢ eksenli sarsma tablasi,
yiksek maliyeti, isletim zorluklari ve uzman teknik personel gerektirmesi nedeniyle, 6zel
olarak kurulan laboratuvarlarin diginda kullanilmasi kesinlikle mimkiin goriilmemektedir.

IYTE, Ingaat Miihendisligi Boliimii’'nde gerceklestirilen calisma TUBITAK MAG-HD-11
projesi ile ayn1 amaglar1 tasimaktadir. IYTE de iiretilen simiilator, mevcut deprem ivme
kayitlarinin tablaya uygulanabilmesi icin servo motor kullanilmstir. TUBITAK MAG-
HD-11 projesi 6n tasariminda bu alternatif da disiiniilmustii. Ancak, servo kontrollere
entegre olmus PC ile deprem ivme kayitlari sinyallerinin iretilmesi ve bu siyallerle
tablanin urettigi hareket arasinda kalibrasyon sorunu vardir. Bu zorluk Kinay ve Turan’in
calismalarinda vurgulanmaktadir. (Kinay, G. ve Turan, G. 2006).

Depreme dayanikli yapi tasariminda, deprem ivme kayitlarinin kullanilmasi ile ilgili
sorunlardan dolay1 (Kutanis, 2006), frekansa dayali hesap yontemleri (spektral analiz) tercih
edilmektedir. Bu nedenle, TUBITAK MAG-HD-11 projesinde deprem ivme kayitlarinin
kullanilmasindan vazgegilmistir. Bunun yerine, Tablaya 0-200 Hz arasi istenilen frekansta
hareket verilebilmesini saglayan ve higbir yazilim gerektirmeyen pratik bir sistem entegre
edilmistir.



3.0 SISTEM OZELLIKLERI

3.1. Sarsma Tablas1
Kullanim

Tabla

Titresim y6ni

Calisma Kapasitesi
Tabla ¢alisma ytksekligi
Deplasman

Max ivme

Tahrik mekanizmas:

Tahrik tinitesi
Motor kontrol

Gereken gii¢
Gerekli caligma alani

Egitim amagli “Deprem Mithendisligi” ve “Yapi
Dinamigi” deneyleri

PVC malzemeden imal 60x42x2 (cm)

Tek eksenli yatay, siniizoidal hareket

30 kg

72 cm

+150mm stroke

+2g

Eksantrisitesi ayarlanabilir aliminytim krank safta
bagli rod (Sekil 2)

0.33HP motor, 1/5 rediiktorli

0-200 Hz degisken frekans tiretebilen, Medel A.C
Trifaz Motor hiz kontrol {initesi

220V monofaz

2.0m x 3.0m

ALUMINYOM

Sekil 2. Sarsma tablasi tahrik {initesi

3.2. Motor Hiz Kontrol Unitesi

3.2.1. Genel Bilgi

MEDEL ELEKTRONIK A.C Motor hiz kontrol initeleri, 0.75 KW tek faz girisli
cthazdan, 300 KW ii¢ faz girigli cithaza kadar A.C motor hiz kontroli alaninda
kullanilabilmektedir. Kontrol bolimii, son derece yiiksek performansa sahip (40MHz)
mikroiglemci ile dizayn edilmigtir. Glig boliimiinde en yiiksek teknolojiye sahip IPM
(Intelligent Power Modules) Akilli Giig Modilleri kullanilmigtir. Dolayisiyla en yiiksek
giivenilirlik ve esneklik saglanmstir. Ozel PWM modiilasyonu ve 8 khz tetikleme frekansi

sayesinde son derece sessiz motor ¢aligmasina sahiptir (Sekil 3).



Sekil 3. Motor Hiz Kontrol Unitesi

3.2.2. Motor Hiz Kontrol Unitesi Ozellikleri

e Yiiksek kalkis momenti.

e RS 232 seri portu ile bilgisayardan programlayabilme, motor doniis bilgilerinin
ekrandan goriilebilmesi.

¢ Biitiin otomasyon uygulamalarina cevap verebilecek kumanda baglantisi ve
programlama mendisi.

e Kullanici i¢cin LCD Ekran 2x16 karakter ve membrane tus takimi. Ekrandan motor
frekansi, dontis yonii ve d/dk”sini gorebilme.

e Motor set degeri, doniis yonu ve diger parametrelerin enerji kesilse dahi flash
eeprom’da siirekli saklanmasi.

e Cikis frekansinin (motor hizi ile orantili) 6 ayri yerden ayarlanmas:.

e Programlanabilir yumusatmasi ile ayarlanabilir hizlanma / yavaslama zamanlari.
(00.0.....999.9 saniye)

o Besleme voltajt MONOFAZE : 220V %20 Tol. Faz, Notr. (154 & 264 )
TRIFAZE : 380V %20 Tol. 3Faz, Notr (304 & 456)

e Cikig0..220 & 380 Volt A.C.

e Sicaklik 0-55 C.

e Frenleme %30.

e Gii¢ nominal %150 Asir1 yiik %200.

e CosQ0.99

EEPROM : elektrikli silinebilir programlanabilir sadece okunabilir hafiza. Sadece elektrik sinyalleri
tarafindan silinebilir veya programlanabilir ROM.



3.3. Veri Toplama Unitesi (DAQ)

Veri toplama tnitesi ivmedlgerler (ICS 3140 Signal Conditioned Accelerometer, Ek-1),
PowerDAQ Veri Toplama Unitesi (PDL STP konnektor blok, PCI Veri Toplama karti,
PowerDAQ yazilim stiriictleri, Ek-2) ve LabVIEW veri igleme yazilimindan olugmaktadir.
Ivme 6lgerler 12 VDC ile beslenmektedir. Ivmedlgerlerin topladigi sinyaller, PDL STP
konnektor blok (DAQ plug in board) tarafindan toplanir, islenir, depolanir ve yazilimin
istedigi bicimde bilgisayara sinyaller gonderir. Bilgisayara gelen sinyaller kullanicinin istegi

dogrultusunda LabView ile degerlendirilir (Sekil 4).

Signal 12 VDC
Conditioned O
Accelerometer we T\:IDFL
PDL 4
. CABLE g
| < / ?

PDL STP

Sekil 4. Veri toplama iinitesi sematik olarak gdsterilmesi

Ivme Olcerler, genel amacli mutlak hareket 6lciimlerinde, sok ve titresim OSl¢iimlerinde
kullanilirlar. Sismik ivmedlgerler, yer, bina, képri tzerinde deprem, ingaat, madencilik
calismalari, blytk nakliye wvasitalarin yol agugi titresimleri olgebilirler. Tim
ivmedlcerlerde bir sismik kiitle, yay ve damper sistemi vardir. Sismik kiitlenin {izerine
etkiyen atalet kuvvetinin yarattigi ivme olgtiliir (Sekil 5).

T E ~

Srial Liclan
Fiezoelakil
hdzeme

Sekil 5. Minyatiir, tek eksenli ivmedlger.



Veri toplama iinitesi DAQ (Data Acquisiton), (a) sensoOrlerden, transdiiser ve test problari
veya fikstiirlerinden alinan elektrik sinyalleri toplamak ve Olgmek, ve girilen verileri
bilgisayar ortamina islemek i¢in sokmak; (b) bir bilgisayara takilmis A/D (Analogdan dijitale)
veya DIO (djjital girdi/cikt1) bordlariyla ayni ¢esit elektrik sinyalleri toplayip 6l¢gmek ve ayn

bilgisayarda D/A ve/veya DIO bordlariyla kontrol sinyalleri iiretmek amaciyla kullanilir.

3.4. LabView

Labview, National Instruments (2006) firmasinin yazdigi programlama yazilimidir.
Grafiksel bir yaklagimi vardir. Her islem, fonksiyon, degisken bir kutucukla ifade edilir ve
bunlar birbirine baglanarak programlar yazilir. Daha ¢ok “instrumentation/instrument
control” gibi konularda kullanilir. Veya kisaca Labview, veri toplama ve kontrolinde, veri
analizi ve veri sunumunda kullanilan, G programlama dili tabanli bir grafiksel program
gelistirme ortamidir (Ek-3).

Labview programlari genellikle “sanal enstrimanlar”veya VIler (virtual instruments)
olarak adlandirilirlar. Labview’da kullanici araylizii olarak, sistemin aktif kontrolinu
saglayan kullanici *6n paneli” olugturulur. VI’ lerin 6n paneline kontrol paletinden secilen
saysal gostergeler, Olgekler, metreler, termometreler, LED’ler, ¢izelgeler, grafikler ve daha
fazlasini yerlestirilebilir. Her sey tamamlandiginda galisan VI’ ler, bir anahtari tiklanarak,
bir siirgii oynaularak, grafige zoom yapilarak veya klavyeden bir deger girilerek, 6n
panelden kontrol edilebilir. VI'ler programlanirken, bilinen programlarda ortaya ¢ikan pek
cok sintatik (syntax error) detayla ugrasmadan, blok diyagram olusturulur. Nesneler,
fonksiyonlar (Functions) paletinden segilir ve bir bloktan digerine tel ¢ekilerek birbirlerine
baglanir.

Bloklarin igerigi basit aritmetik fonksiyonlardan, ileri veri toplama ve analiz islemlerine,
network ve dosya I\O islemlerine kadar cesitlilik gostermektedir. LabVIEW deki isletim
strast, ardarda metin satirlart seklinde degil, bloklar arasi veri akigt seklindedir ve ayni anda
calisan diyagramlar olusturmak miimkindir. LabVIEW, ayri1 yollardan farkli igler
gorebilen bir sisteme sahiptir (multitasking and multithreaded system). LabVIEW VI’
larinin dizayni modiilerdir. Bu sayede VI'lar kendi baglarina kosturulabilir veya bagka bir
VI’nin pargast olarak kullanilabilir.



4.0. UYGULAMA: 3 BOYUTLU 2 KATLI CELIK CERCEVE
MODELININ SARSMA TABLASI DENEYI

4.1. Genel

Bu deneyin amacu:
1. Kiigtk boyutlarda imal edilen 2 katli bir ¢elik yapinin dinamik karakteristiklerinin
belirlenmesi
2. Test yapisinin yer hareketine olan cevabini, analitik yontemlerle edilelen sonuglarla
karsilagtirilmasi.
3. Kuvvetli yer hareketi etkisindeki yapilarda deprem frekansi ile yapi frekansi
arasindaki iligkinin 6neminin gosterilmesi

4.2. Test Yapisinin Mekanik ve Geometrik Ozellikleri

A
26x26x0.5cm §
celik levha =
/ e
3
<
@5 capinda /vl A
celik kolonla
S
S
oS
25.00

Sekil 6. Test edilen ¢elik cerceve detaylari.

Sekil 6’ da test edilen gelik gerceve gorulmektedir. Tek agiklikli 2 katli olarak tasarlanan
kare ¢ercevenin bir kenar1 260mm ve kat yiiksekligi 480mm’dir. Kat diizlemleri 4mm
kalinligindaki ¢elik levhadan olusturulmustur. Kolonlar ®5 ¢apli ¢elik ¢ubuklardan
yapmigtir. Kat agirligs 2.8kg dir.



4.3. Deney Diizeneginin Hazirlanmasi

Oncelikle, hazirlanan deney elemanlari 60x42 boyutlarindaki sarsma tablasinin iizerine
klamplarla (Sekil 7) sikistirilmas: gerekmektedir. Daha sonra deneyin amacina bagli olarak,
input verisini kaydetmek amaciyla tablanin {izerine ve output verisini kaydetmek amaciyla
da yapt modelinin tepe noktasina ICS 3140 Signal Conditioned sensorler yerlestirilir.
Labview bilgisayar programinda kodlanmis yazilim c¢alisuriir. Motor hiz kontrol
tinitesinde istenilen motor hiz frekansi ayarlanir. Boylece sistem hazir hale getirilir.

IVMEOLGER

-
SARSMA TABLASI

Sekil 7. Deney ¢ercevesinin sarsma tablasina klamplarla sikigtirilmas:.

4.4. Analitik Modelinin Incelenmesi

Deney cergevesinin dinamik karakteristiklerini belirlemek amaciyla analitik model
olusturuldu. Cergevenin serbest titresim periyotlar: hesaplandi. Yapinin Birinci serbest
titresim periyodu T1=0.41sn, ikinci serbest titresim periyodu Ti=0.16sn olarak
hesaplanmigtir (Tablo 1, Sekil 8).
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Tablo 1. Analitik inceleme ile elde edilmis model yapinin dinamik karakteristikleri.

Mod Periyot Frekans Agisal Frekans | Eigenvalue
(sn) (devir/sn) rad/sn (rad’/sn’)
1 0.418623 2.3888E+00 1.5009E +01 2.2528E+02
2 0.160906 6.2148E+00 3.9049E +01 1.5248E+03
3 0.003384 2.9552E+02 1.8568E +03 3.4477E+06
4 0.003382 2.9572E+02 1.8580E +03 3.4523E+06
5 0.003185 3.1401E+02 1.9730E+03 3.8927E+06
6 0.003151 3.1735E+02 1.9940E +03 3.9758E +06
7 0.001304 7.6688E +02 4.8185E+03 2.3218E+07
8 0.001304 7.6694E +02 4.8188E+03 2.3221E+07
9 0.001292 7.7404E +02 4.8634E+03 2.3653E+07

Sekil 8. Titresim mod sekilleri.

4.5. Deney Sonuglari

Boliim 4.2°de verilen boyutlarda hazirlanan deney gergevesi, Hiz Kontrol Unitesinden 20
Hz, 30 Hz ve 45 Hz te yapilan ¢ikis degerleri ile test edilmistir. deneyde iki ivme 6lger
kullanilmugtir. Tvme Scerlerden birincisi Sarsma Tablas’nin {izerine; ikinci ivmedlcer ise
yap1 modelinin tepe noktasina yerlestirilmistir (Sekil 9).
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IVMEOLGER 2

IVMEOLGER1 - ..

Sekil 9. Ivmedlcerlerin konumu.

Deneyden alinan dlgtimler, ivmenin zamana bagli olarak degisimi seklindedir. Bu dl¢timler,
elektrik motorunun titresimi, Sarsma Tablasi Platformu’nun titresimi, 6l¢limiin yapildigt
binanin titresimi, bilgisayar kasasinin titresimi gibi farkli kaynakls giiriiltiiler icermektedir.
Bu gurdltilerin temizlenmesi amaciyla SeismoSignal (2005) program: kullanilarak
filtreleme ve temel ¢izgisi hatast diizeltmeleri yapilmigtir (Sekil 10).

12



PH " setsmoSignal - F:\Belgelerim\1 TUBITAK\HIZLI DESTEK\RAPOR\data\Test 29Haz\test_45.xls L=
File Edit Miew Tools Help

=W BEs ol KT 8 emaa

0 | Time Series I Fourier and Power Spectra ] Elastic/Inelastic Response Spectra | Ground Motion Parameters

Baseling Correction Filkering
v Apply Baseline Correction P T " " " Fiter Gain
% Constant Filter Type Filter Canfiguration
o L
¥ Apply Filtering  Unear Bulterworth . h?;‘;?:s 1
I Show Uncorrected Results (grey line) " Quadratic ¢ Chebyshey &+ Bandpass
.
" Cubic e (" Bandstap
Palynomial Coefficients Order & Frequencies E
al = 0.13645949 Order ,7J7 4 -
Refresh al=0. . . . ! . . . .
az=0. [ I
a3=0. 70 0o 0 000 00 0o
————— [fm o
Ffzg@ % o = « o ¢ 0 o o o o

g 50 100 150 200 250 300 350 400 450 500
Frequeney, Hz

Uncorrected
Time Acceleration -~ T [ St Sl et Bl ) Rl T Sl T S it RS IR T Rt Ry ARt b
0.000 0.0580 P (R SR S AT H __ I o SO . O ' R B L1 Al D gat ]

| | | i H .
0,001 0.0610 £, ik .l ! |“ f ! || l ” I i I

g YV P Y R /N
0.002 0.0490 < Y COURE SRS S R S . [0 01 ' O 11K Tt vy i (N LI I
0,003 0.0510 T T T T T T T T T T g T T T T T T

@ 1 é 3 L3 E 3 7 8 4 n k 12 13 ¢ 1% 18

0.004 0.0510 ~ Time [sec]
Carrected
Time: bcceleration | [ =

=3
0.000 -0.0000 £ 24

1 I
0001 -0.0003 s '

@

3
0.002 -0.0011 < -1}-
0,003 10,0030 1
0,004 -0,0064 ™ Titne [sec]

Acceleration: g Velocity: cm/sec Displacement: cm

Sekil 10. SeismoSignal programu ile filtreleme.

20 Hz, 30 Hz ve 45 Hz lik Hiz Kontrol Unitesi ¢ikiglar: icin alinan sonuclar Sekil 11, Sekil
12, Sekil 13, Sekil 14, Sekil 15 ve Sekil 16 ‘da gosterilmektedir.

Sekil 11d, Sekil 13d ve Sekil 15d ‘de verilen tabla titresimine ait %5 soniimlii ivme
spektrumunun incelenmesinden, her spektrumda genellikle iki pik degerin yer aldigt
goriilmektedir. Burada yiiksek frekansl birinci pik degerin Hiz Kontrol Unitesi ¢ikisinin
oldugu (1/20; 1/30; 1/45 sn); ikinci pik degerin ise yap: birinci mod serbest titresim
periyoduna (T1=0.42sn) ait oldugu agik¢a goriilmektedir.

Sekil 12d ve Sekil 14d ’de verilen yapi titresimine ait %5 sontimli ivme spektrumunun
incelenmesinden ise, biiylik genlikli pik ivmenin yapi birinci mod serbest titresim
periyoduna (T1=0.42sn) ait oldugu, diisiik genlikli pik degerin ise yap: ikinci mod serbest
titresim periyoduna (T1=0.16sn) ait oldugu anlagilmaktadir.

Hiz Kontrol Unitesi ¢ikisi 45 Hz olan deneyde elde edilen sonuglarda bir olagandisilik

yoktur. Sekil 15 ve Sekil 16 ‘nin farkli ¢tkmasinin nedeni, Motor Hiz Kontrol Unitesi’nin
bir “ramp” fonksiyonu ile motor hizini arttirmasindan kaynaklanmaktadir.
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Sekil 11a. 20Hz ¢ikis frekansinda tabla tizerinde kaydedilmis diizeltilmemis ivme kaydi.
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Sekil 11b. 20Hz ¢ikis frekansinda tabla hareketi diizeltilmis ivme kaydi.
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Sekil 11c. 20Hz ¢ikig frekansinda tabla hareketi deplasman kaydi.
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Sekil 11d. 20Hz ¢ikis frekansinda tabla titresimine ait %5 séniimli ivme spektrumu.
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Sekil 12a. 20Hz ¢ikis frekansinda yap1 tepesinde kaydedilmis duzeltilmemis ivme kayd:.
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Sekil 12b. 20Hz ¢ikis frekansinda yapi tepesinde diizeltilmis ivme kayd:.
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Sekil 12¢c. 20Hz ¢ikis frekansinda yapi tepesinde deplasman kayd:
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Sekil 12d. 20Hz ¢ikis frekansinda yapu titresimine ait ivme %5 sontimli spektrumu
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Sekil 13a. 30Hz ¢ikis frekansinda tabla tizerinde kaydedilmis diizeltilmemis ivme kaydi.
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Sekil 13b. 30Hz ¢ikis frekansinda tabla hareketi diizeltilmis ivme kaydi.
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Sekil 13c. 30Hz ¢ikis frekansinda tabla hareketi deplasman kayd:

22 — Damp. 5,0%'

Response Acceleration [g]
D

—

02 AN
0.1 ™~

—~

0.1 02 03 04 05 06 07 08 09 1 1112 13 1415 16 17 18 19 2
Period [sec]

Sekil 13d. 30Hz ¢ikis frekansinda tabla titresimine ait ivme%5 soniimli spektrumu
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Sekil 14a. 30Hz ¢ikis frekansinda yap1 tepesinde kaydedilmis duzeltilmemis ivme kayd:.
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Sekil 14b. 30Hz ¢ikis frekansinda yapi tepesinde diizeltilmis ivme kayd:.
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Sekil 14c. 30Hz ¢ikis frekansinda yapi tepesinde deplasman kayd:
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Sekil 14d. 30Hz ¢ikis frekansinda yap titresimine ait ivme %5 sontimli spektrumu
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Sekil 15a. 45Hz ¢ikis frekansinda tabla tizerinde kaydedilmis diizeltilmemis ivme kaydi.
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Sekil 15b. 45Hz ¢ikis frekansinda tabla hareketi diizeltilmis ivme kaydi.
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Sekil 15¢. 45Hz ¢ikis frekansinda tabla hareketi deplasman kayd:
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Sekil 15d. 45Hz ¢ikis frekansinda tabla titresimine ait ivme%5 soniimli spektrumu
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Sekil 16a. 45Hz ¢ikis frekansinda yap1 tepesinde kaydedilmis duzeltilmemis ivme kayd:.
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Sekil 16b. 45Hz ¢ikis frekansinda yapi tepesinde diizeltilmis ivme kayd:.
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Sekil 16c¢. 45Hz ¢ikis frekansinda yapi tepesinde deplasman kayd:
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Sekil 16d. 45Hz ¢ikis frekansinda yap: titresimine ait ivme%5 séniimli spektrumu
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4.6. Yapisal Soniimiinun Belirlenmesi
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Sekil 17. Yap: modelinin serbest titresimi.

Yap1 modelinin sontimii “Logaritmic Azalim” yontemi ile bulunmugtur (Cheng, 2001). Bu
amagla yapinin serbest titresimi kaydedilmigtir. Serbest titresimin maksimum genligi
6.49cm iken, 28 devir sonra maksimum genlikte %84.6 azalma olmustur (Sekil 17).

B logaritmik azalim; & yapisal soniim; e logaritma sabiti; X genlik miktari olmak tizere:

. X
Bir devir igin: ef = Zn

X

n+l

Yoo N 649
X, 0.15-X,

28 devir i¢in: (e’g )28 =

28 f-In(e) = In(6.49) denkleminden,

B=0.066 olarak elde edilir. S6niim orani:

= P =0.01063 = %1.063 olarak bulunur.

_\/i4-7z2+ﬂ2i

1 X,
Yaklagtk metotla yapisal soniimiin hesaplanmasinda, & = --In — | bagintst
2-m- ] X,

i+j

kullanilabilir. Burada j terimi devir sayisidir. j=1 igin, serbest titresimin birinci genligi
X1=6.49 cm; ikinci genligi, X>=5.92 cm dir.

Bu kogullar altinda yapisal sontimiin degeri, £=0.0146=%1.46 ¢ikmaktadir.
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5.0. SONUC VE ONERILER

Bu proje ile Universitelerimizin Ingaat Miihendisligi Béliimlerinde, deprem miihendisligi
ile ilgili lisans diizeyinde aragtirma ve demostrasyon amagli kullanilabilecek bir sarsma
tablast tasarlanmis ve imalati gergeklestirilmistir. Sistemde tahrik tretimi, AC hiz
kontrollii 0.33 hp giiciinde bir elektrik motoru ile tiretilmektedir. Verilerin toplanmast igin
veri toplama dunitesi olusturulmugstur. Veri toplama initesinin denetimi, LabVIEW
bilgisayar programi ile kodlanan bir yazilim ile gergeklestirilmigtir.

Imal edilen sistem, iki katly, tek agiklikli celik malzemeden inga edilen yap: modeli ile test
edilmigtir.  Boylece, deney sonuglari ile analitik ¢6ziim sonuglari kargilagtirilmigtir.
Tatminkar sonuglar elde edilmistir.

Yapilan deneysel ¢aligmada kargilagilan en 6nemli zorluklardan biri, elde edilen titresim
kayitlarinda yer alan giirtiltiiniin yok edilmesiydi. Bu sorun SeismoSignal yazilimi ile
asilmustur,

Bu proje ile, Sakarya Universitesi, Insaat Miihendisligi Boliimii’ne “Deprem Simiilatorii”
cihazi kazandirilmugtir. Cihazin maliyeti, SAU katkist 2,500YTL ve TUBITAK katkisi
10,250YTL olmak tzere toplam 12,750 YTL dir. Benzer teknik 6zelliklere sahip cihaz i¢in
(veri toplama nitesi ve yazilimlar harig) 28,0008 teklif verilmistir. Veri toplama tnitesi ve
gerekli yazilimlarin maliyeti yaklagik olarak 5000€ dur.

Bu proje ile ilgili olarak, ileri agamada, tahrik tnitesinin degistirilmesi Onerilebilir. Bu

amagla 100kN tahrik glicinde, servo kontrolli hidrolik tahrik tinitesini baglamak uygun
olabilir.
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Model 3140

Signal Conditioned Accelerometer
0.5 to 4.5 VDC Output

Intergral Temperature Compensation
High Performance

FEATURES

Bolt Mount

+0.5% Non-linearity (typicall
+2.0% Temperature Performance
DC Response

Built-in Damping

Built-in Overrange Stops

vyvyvyvYyTYyYYyYyeyvy

Low Power

STANDARD RANGES

Range g
+2 L ]
+5 L]
+10 L]
+20 [ ]
+50 ]
=100 [ ]

===FENSORS

Vibration /Shock Testing
Geophysical Monitoring
Modal Analysis
Structural Analysis

Elevator Ride Control

DESCRIPTION

The Model 3140 is a high performance accelerometer intended
for instrumentation applications. The 3140 provides a fully sig-
nal conditioned output with performance similar to traditional
instrumentation accelerometers but at a much lower cost.

The accelerometer consists of a silicon micro machined
accelerometer with signal conditioning electronics in a light-
weight Valox™ housing that can be easily attached to a mount-
ing surface.

The sensing element is a micro machined silicon mass sus-
pended by multiple beams from a silicon frame. Piezoresistors
located in the beams change their resistance as the motion of the
suspended mass changes the strain in the beams. Silicon caps on
the top and bottom of the device are added to provide over-
range stops. This design provides for a very low profile, high
shock resistance, durability and built-in damping over a wide
usable bandwidth.

A lower cost version of the 3140 is available for applica-
tions that do not require the temperature performance otfered
with the 3140. Please refer to the Model 3145 for additional

information.

DIMENSIONS

— .90 [22.9]

45 [11.4] == e 0.12 {2.9] DIA THRU
/ 2 PLCS

¢ ! 1 .
90 [*22.9] 73 L83} [11.4] ﬁ.
NOTES CEMIER

©
* B OF MASS OF SENSOR
73 [18.5]——| —
ToP 011 [2.8) DA 12 LONG
SHIELDED CABLE
i {+) MCCELERATION
.45 [11.4] 25—5.6] m—.—
I SOE Dg

FEMALE CONNECTOR
TERMENALS WITH
STANDARD 0.10 SPACING

ALL SMENSIONS ARE N INCHES
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Signal Conditioned Accelerometer Model 3140

PERFORMANCE SPECIFICATIONS

Supply Current: 12 VDO
Ambient Temperarure: 25°C (Unless otherwise specified)

RANGE
PARAMETERS 26 +5G +10G +206 +50G +100G
Fraquency Response [MIN] - Sese notes 2, 8 0-200 0-300 0-400 0-500 0-600 0-1500
Mountad Resonant Frequency [MIN]  See note 2 450 s00 950 1500 2750 3000
Sangitivity [Nominall 1 Vi A400mVig 200mvig 100mvig 40mvg 20mvig
PARAMETERS MIN TYP MAX UNITS NOTES
Full Scale Output Span 3.82 4,00 4.08 Volts 1,2
Zero Acceleration Output 2.45 2.50 2.54 Volts 1,2
Accuracy 0.5 1.0 =05 Span 3
Transverse Sensitivity 1.0 3.0 =0 Span
Temperatura Error - Span [-20°C to +85°C) 1.0 2.0 +0h Span 2,4
Tamperatura Error - Zero [-20°C to +85°C) 1.0 2.0 +09 Span
Supply Volcage 8.0 12.0 30.0 Volts
Supply Current 5.0 ma
Refarance Volcage 2.5 \olts 5
Output Rasistance 0.1 Q
Output Moise 0.5 mv p-p B
Output Load Resistance 5 kil
Accelaration Limits 20K Rated
Oparating Tamparatura -20°C to +85°C
Storage Tempearature -40°C to +125°C
Waight (Including Cable) 13 Grams
Notes
1. The output voltage increases from the Zaro Acceleration Output for output signal is preferred (0. 5-4.5 VOC], make no connaction to Fin 2.
positive accelaration and decreases for nagative accaleration. The To avoid damage to tha internal voltage regulatar, do not connect Pin 2
sansitivity is then 2V/Range. For exampla, the £59 ranga has a to Pin 1 [gnd). Minimum load resistance connectad to Pin 2 wichout
sansitivity of 2v/5g or 400mVig, affecting output is 100 kL.
2. Actual test data for this parameter is included on the calibration sheet 5. 10Hzto 1 kHz
provided with each senson 7. Touse an alternate electrical connector, refer to the following color code
3. Includes repeatability, hysteresis, and linearity (best fit straight linel for proper electrical connections: Pin 1 - Grean; Pin 2 - Yallow;
4, Compensated temperature range: -20°C to +85°C in refarence to 25T, Pin 3 - Red; Pin 4 - Blue; Pin 5 - Bhisld. Note: Remaving the connector
5. Pin 2 provides an optional 2.5V reference which may be used, if desirad, pRiElLhE productivanranty:
to provide a stable zero-g reference. Thus, the full scale differential 8. The useful frequancy range is defined as the range of frequencies over
output betwesn Pin 2 and Pin 4 would ba + 2 VOC. I a single ended which the device sensitivity is within £5% of the DC value,

ORDERING INFORMATION CONNECTIONS

3140 - 002 |— ______ —

WOLT |

3

’7 REG —'—O +5UPPLY
2

l—l—o 2.5V REF

Acceleration Rangs
Model

TEMP

QUTPUT

—l—g SHIELD

June 2001
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PowerDAQ Lab PCl Multifunction Board

NN ——

Features

* 16 single-endad /16 pseudo-differential or 8 differential A/D channels
* 16-bit; 50 kS/s sampling rate

+ Two 12-bit analog outputs; FREE Software Included:

48 digital 1/0 lines; 5 :
three 24-bit counter/timers eI SR Al
+ P DAQ for Li RTLi
+ Simultaneous operation of all owetAQon Linur/RIENUX
subsytems * ProfessorDAQ Lite Excel Add-In

* Wide channel list (patent pending)  * Drivers for:

Windows /Linux, QNX* (optional)
* Stream-to-disk capability LaIbVIEW{I'EE,.fVEEOneLabptI
TestPoint, DasylLab, DIAdem,

e 5 .
Calibration certificate included MATLAB/XPC Target

General Description

The data-acquisition community has come to appreciate the power and flexibility of the architecture in the PowerDAQ Il family of PCl data-
acq cards. They've also come to value the easy programming this architecture affords as well as the extensive support software that accom-
panies each board. Now UEl is making it even easier for users to take advantage of these features by lowering the entry-level price. This
comes with the most recent member of the PCI-bus PowsrDAQ family: the PowerDAQ Lab card.

Mot only does this latest member drop the price considerably over the previous member with similar functionality, it doss so in a short-slot
card, making it suited for positioning in chassis slots shortened by peripherals or in laptop PCs with limited slot sizes. Nonetheless, it does
not sacrifice on any of the functionality users have come to expect in a PowerDAQ card, because this multifunction card supplies a full
complement of analog 1/0 as well as digital 1/0—and all these subsystems can run simultaneously.

Eazernal Analog /igital 1/0 Conrector > S I
'g E‘ = (3}
= 2 .
o ==
: E =[* Courttar
- = it
Upgradable] 3|
* m T S B |
W ltigherer = =
jh 1
o ¢ 02
3 PowerDAQ I Digtd
= Data Acquisition L
Control and =
<: Timing Legic
—
St
{Driver)
U
Outpet
Amphfiers
Canfiguration
Calibration
EPROM
PowerDAQ PDL-MF Block Diagram PowerDAQ PDL-MF Analog/Digital Connector (J1)

www.PowerDAQ.com

o 3 A ’: '_I. ) :‘_ ! ‘. y | : ﬁ = ._ix: (78 1)@21_2891
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. PowerDAQ Lab PCl Multifunction Board

» e
e e

_aEm.
Analog Inputs Analog Qutputs
Parameter Value Parameter Value
Resolution 16 bits Mumber of Channels 2
Resolution 12 bits
f Cha o
N:m;ir_é)n'dggann% 16 Update Rate 100 k5/s each
Pseudo-Differential 16 Onboard FIFO Size 2k samples
Differential 8 Anglog Quiput Range +10V
Maximum Sampling Rate 50 k5/5 Current Output £20 mA max
(single or multiple channel) Output Impedance 03Q typ
Onboard FIFO Size Tk samples Capacitive Drive Capability 1000 pF
{upgradeable to 32k) 64k samples with SRAM option Nonlinearity +1L5B
Protection Short circuit to analog ground

Channel-Gain List

64 entries

Power-on Voltage

OV £10 mV

Input Ranges i;l?"ﬂov Setting Time o 0.01% of FSR 10 ps, 20V siep
{_’oftlvgre selectable) 1 5, 100 mV step
- > Slew Rate 30 V/us
Programmable Gains 1,2,5 10
Drift T

Zero 30 pv/C Dlgltal m]

Gain +30 ppm/~C
Inout Impedance 10 MQ Parameter Value

- Input Bits 24
Input Bias C t +20 nA
nput Bias Curren n Output Bits 22
Inout Overvoltage =55 EEiL High-level Input Voltage 2.0V min
10 mA max Low-level Input Voltage 0.8V max
A/D Conversion Time 27 ps High-level Input Current 20 pA
A/D Settling Time 20 s Low-level .Input .Current -20 |_|A. :

- Output Driver High Voltage 2.5V min, 3.0V typ (Igs=-32 mA)
DEfccnacy Output Driver Low Voltage 0.535V max (lg. = 64 mA)
Menlinesrity +1 LSB Current Sink -32/64 mA max, lines 8-16
System Moise 12 LSB -24/24 mA man, lines 0-7
AC Accuracy 250 mA per port
Effective Number of Bits 14.8 [: t /I
Total Harmonic Distortion+ 91 dB ounter/frmer
MNonlinearity+Noise
Channel Crosstalk -80 dB Parameter Value

@ 1Kk5/s Number of Channels 3
Clocking and Trigger Input Resolution 24 bits
Maximum A/D Pacer Clock Maximum Freguency 16.5 M5/s for external clock and
Agaregate Throughput 50 k5/s 33 Ms/s for internal DSP clock
@ 0.01% Accuracy Minimum Freguency 0.00002 Hz for internal clock, no low
External A/D Sample Clock " limits for external clock

M.ax. um Fr_qu_ﬂ.c-, ROk Minimum Pulse Width 20 ns

Minimum Pulse “"”_dth 20 ns Output High Level 2.0V min @ -4 mA
External Digital (]'FL}'[rugger Output Low Level 0.5V max @ 4 mA

High-level Input Voltage 2.0V min - = " - -

Low-level Input Voltage 0.8V min Protection 7 kV ESD, £30V overshoot/undershoot

Minimum Pulse Width 20 ns Input Low Voltage 0.0-0.8V
Analog Trigger 2 channels-level and edge Input High Voltage 2.0-5.0v
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PowerDAQ Lab PCl Multifunction Board

PDL-MF Screw-Terminal Panel

The PDL-STP is a 16-channel screw-terminal panel with two 50-way header for direct
connection to 50-way cables. The PDL-STP includes metal standoffs for use on a
desktop or for mounting on a custom panel.

PDL-STP

Technical Specifications

5 5

g 8 ¢ 3 B &

£ 8 = g g £ (5] - g
o 5 (=] = S e K3 3 2 E
1] (*] b= b i E E g x 2
™ 3 4 n 2 - [w] [w] g 4 H
v '§ § £ 5 £ o o ] '! 2
m Loyl = = a = E
& < < =} S & < < GE 2 a

POL-5TP upto 16 SE/8 DI 2 ag 3 1 1 1 1 Yes 5.3 x 2.8 (134 x 71 mm)

PDL-CBL-100 Cable

L ]
Ribbon cable that connects to a 100-way connector on PDL-MF board and is termi-
nated with two 50-way IDC connectors
PDL-CBL-100 . . . . ... .. ... 18T
PDL-CBL-100
Ordering Information
PDL-MF e 90 K55 16-Dit, 165E/16PDI or 8DI; gains: 1, 2, 5, 10; 2 D/As; 3 counter/timers; 48 digital 1/0
Accessories
B ST P ettt ettt ettt 1B-CPIENNED SCrEW terminal panel
PDL-CBL-100 ... eeeveeereenee....Dual 50-way ribbon cable, 18°
PDL-B4MEM ... ..B4k samples A/D and D/A memory upgrade
PDL-MF-CONM ... .Connector for direct connacting to PDL-MF board

e, P

www.PowerDAQ.com

—
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NATIONAL INSTRUMENTS™

LabVIEW

Welcome to LabVIEW — graphical programming for data acquisition, instrument /O, measurement
analysis, and visualization. This card provides information about getting started with LabVIEW quickly.

Installing LabVIEW

Complete the following steps to install LabVIEW.

1. Run the setup program on the CD.

2. Be sure to register online on www.ni.com/register. You also can fill out the LabVIEW Product
Registration Card and return it to National Instruments. Registering qualifies you for support,
upgrades, and other important product information.

3. If you are new to LabVIEW, complete the LabVIEW Tutorial by starting LabVIEW and clicking the
LabVIEW Tutorial button.

')
EI
o
x
A
i
®
-
®
=
Q
®

B LabVIEW

NATIONAL INSTRUMENTS™

LabVIEW

National Instruments offers several toolkits that expand LabVIEW |
capabilities. Consult the National Instruments web site (www.ni.com)
or catalog for more information. [

Newt || | Esit |

[~ Do not show this window when launching

Read and complete the exercises in the Getting Started with LabVIEW manual. For data acquisition
or instrument /O examples, click the DAQ Solutions button. The DAQ Solutions button is available on
Windows and Macintosh only. For other examples, click the Search Examples button.

Where to Go Next

While you are in LabVIEW, select Help»Show Context Help to display the Context Help window.
Select Help»Contents and Index to display the LabVIEW Help. Refer to the following manuals for
additional LabVIEW information:

E— =]
Data Acquisition LabVIEW Measurements Manual — %
Instrument Control LahVIEW Measurements Manual —
LabVIEW programming— [ abVIEW Help or LabVIEW User Manual

Refer to www.ni.com/library for LabVIEW books and other resources.

i@ Copyright 1897, 2000 Mational Instruments Corporation. Al rights reserved. Product and company names listed are frademarks or trade names of their respective companies.

321353C-01
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{9 LabVIEW Environment

Fie bk Operale Tock Browse Widow Heb .

3| i [0 ol |2 | 150 AeosionFom |+ 5 o

A

The block diagram is the source code for the VI.
You build the block diagram by wiring together
ohjects that send or receive data, perform specific
tasks, and control the flow of execution.

The front panel contains
controls that supply data
to the block diagram of the
VI. Indicators display data
the block diagram acquires
or generates.

—— The VI Hierarchy window displays a
graphical representation of the calling

é hierarchy for all Vls in memory. Select
‘ ﬁ ;i ﬁ ;i Browse»Show VI Hierarchy to display
e i i B ] a5 the VI hierarchy.

|5 ot
Wiring Techniques
o Click to tack down a wire o Double-click to tack down a temporary wire
/tadﬂdnwn wire
I> tack down a

temporary wire

. <

Use space bar to change direction of wire | o Remove last Winraws SHille L sick
o S€ 5P - ang i i - Magintosh:  Option-click
[> |> : geapoi UNIX: Middle-click
E press space bar : E:D' == |:';> --------- 1
i ! : ! last tack point
: —_— : .
| > 14

@ T g
: @

o Highlight wire segments

DBL b DBL b DBL En-----ﬁ_>
ceeefp> eeeefi s

single-click double-click triple-click

==
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Functions,

Controls,

I Functions

=

Numeric

l

Structures

=
[AT]

=

Array

»

B

String

Time & Dialog

-

Comparison

&

Waveform

fe at

B

i

-

)
% e

Data Acquisition

Motion & Vision

b
N

Instrument /O

Z

[@]B

Application Gontrol

¥
Communication 4|—i§?

Report Generation

Tutorial

Select aVI...—@

Boolean

——— Gluster

File VO

Analyze

Mathematics

Graphics & Sound

Advanced

User Libraries
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& Tools Palettes

MNumeric

Array & Cluster

Ring & Enum

Dialog Controls

Decorations

i Controls

Boolean

L »
i}i’.’éé

labe ¥

Fath| |

1o

String & Path

el

= Enum™

‘w8

List & Table

Graph

[&0] BEFH |
o
|

al’

»

Refnum

-

Glassic Gontrols
& @
W

P

Select a Gontrol

Active X

-

LT
o0

—— User Gontrols

DRE

4|

i

NNEGEHGIEEE

Operating Tool—Ghanges the value of a
control or selects the text within a control.

Positioning Tool—Paositions, resizes, and
selects objects

Labeling Tool—Edits text and creates
free labels.

Wiring Tool—Wires objects together on
the block diagram and connects control o
connector pane.

Object Shortcut Menu Tool—Opens the
shortcut menu of an object.

Scroll Tool—Serolls the window without
using the scroll bars.

Breakpoint Tool—Sets breakpoints on Vis,
functions, wires, loops, sequences,
and cases.

Probe Tool—Greates probes on wires.

Color Copy Tool—Gopies colors for pasting
with the Golar Toal.

Color Tool—Sets the foreground and
background colors.



VI Navigation

1. Find terminals, local variables, references, invoke nodes, Right-click the control on the front panel and select Find
and property nodes on the block diagram associated with a from the shorfcut menu to locate the terminal, local variable,
front panel control reference, invoke node, or property node on the block diagram.
2. Find text and objects in memory Select EditsFind or:

Windows:  Girlf
Macintosh:  Gommand-f
UNIX: meta-f

3. Find a VI, global variable, or type definition in the VI hierarchy Select Browse»Show VI Hierarchy then select EditsFind
or type object name

4. Open subVI front panel Double-click subVI

5. Open subVI| block diagram Double-click subVI while pressing:
Windows:  Girl
Macintosh:  Option

UNIX: meta
Debugging Technlques
Technique Icon Descr! rtcut Keys
Probe Tool Displays intermediate values on a wire in a running VI.

B> B-@ 1Pt [Pk
B (e sl || (T —

Breakpoint Tool Specifies node you pause on during execution.
(4]

Execution Highlighting Animates the movement of data on the block diagram using bubbles

that move along the wires.

Fause Temporarily stops execution to debug a portion of VI

Step Into Single-steps into a subV Windows:  Gtrl-4
or structure to debug it. Macintosh: Command- £
Sun: Meta-1
HP-UX: Alt-2

Step Over Executes a subVI or structure Windows:  Girl-=
and resumes single-stepping Magintosh:  Gommand-=
in next main function. Sun: Meta-=

Windows: Alt-=

Step Out Executes a subV| or structure Windows: Ctrl- fr
and resumes single-stepping Magintosh:  Gommand- it
in calling VI or structure. Sun: Meta-

Windows:  Al-1

Gall Ghain Lists the chain of callers from the top-level VI down 1o the opened subVI.
When you choose a VI from the ring control, the block diagram of the VI
opens. The ring control is in the toolbar when the subV| executing or running
is in Execution Highlighting on single-step mode. If a subV| has multiple

instances, you can observe which instance is executing.
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Block Diagram Navigation

Description Technique

1. Create subVI from selected block diagram objects. Select block diagram objects and select
EditsCreate SubVI.
2. Greate constant, control, or indicator on block diagram Right-click terminal and select Createn Constant, Control, or

Indicator from the shortcut menu.

Create a constant on the block diagram Drag front panel control to block diagram.
Create a control on the front panel Drag block diagram constant to front panel.
3. List errors Aight-click broken wire and select List Errors from shortcut menu
or-
click the Run arrow that appears broken.
4. Delete broken wires Windows: Gtrl-b
Macintosh:  Gommand-b
Sun: Meta-b
UNIX: Meta-b
HP-UX: Alt-b
or-

select EditnRemove Broken Wires.

Wire Types

GEETYD 2D Array

) o
Controls Indicators @ NOTE: Array wires are thicker than scalar wires, and
Data Source Data Display array terminals have | ] around base type

@ NOTE: Gontrols have thicker borders

Terminal Data Types wire styles and colors are unique for each data type

Signed Integers 8-bit 16-bit 32-bit
Unsigned Integers 8-bit 16-hit 32-bit
Real Floating-Point Single Double Extended
Complex Floating-Point Single Double Extended

Path

Variant

Boolean String

Cluster of mixed
data type

Waveform [

Refnum Cluster of

numerics

1/0 Name
Control

Polymorphic

@ NOTE: The Polymorphic Terminal Data Type represents a terminal to which multiple data types can be input or output.
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Keyboard Shortcuts

L File

Ctrl-N New VI (skips New dialog box) Ctrl-Y Adds to VI Revision History
Ctrl-O Opens file
Ctrl-W Gloses file
Ctrl-S Saves VI m
Ctrl-P Prints Ctrl-E Displays block diagram/front panel
Ctrll Displays VI properties Ctrl-L Displays error list
Ctrl-Q Quits LabVIEW Ctrl-T Tiles the block diagram and front panel windows
Ctrl/ Adjusts window to full size
G
Ctrl-v Pastes object -}E_
Ctrl-Shift-F Displays search results -
Ctrl-B Removes broken wires Ctrl-H Displays context help
Ctrl-C Gopies an object Ctrl-? Displays help contents and index
Ctrl-D Allows you to redraw (VI Hierarchy window only) Ctrl-Shift-L Locks context help
Ctrl-F Finds a terminal, local variable, reference,
invoke node or property node
cuix Guomeer
Ctrl-Z Allows you to undo last action Ctrl-0 Displays Font dialog box
Ctrl-Shift-Z Allows you to redo last action Ctrl-1 Changes Application font
Ctrl-2 Changes System font
Ctrl-3 Changes Dialog font
Ctrl-4 Changes Current font
Ctrl-R Runs VI
Ctrl-M Changes to run/edit mode
Ctrl-. Aborts VI Ctrl-A Adds a comment (VI Revision History

window only)
Shows all Vs (VI Hierarchy window only)
Performs last alignment

LabVIEW Web Resources
m Instrument Drivers

www.ni.com/support www.zone.ni.com/idnet
* KnowledgeBase — searchable database of tips,
commaon questions, and more

- Troubleshooting Wizards Additional LabVIEW-Related Sites
- Application notes and white papers
- Wishlist (online suggestions) www.vimarket.com

www.ltrpub.com

Training
www.ni.com/custed Developer Resources

+ Gourse schedules, descriptions, and
registration information
- Self-paced training information

zone.ni.com

- Aesource Library — example programs,
technical presentations, and tutorials

- Developer Exchange

5 - Product Advisor
Consulting - Measurement Glossary

{Alliance Program Members)
www.ni.com/alliance
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PROJE OZET BiLGiI FORMU

Proje Kodu: MAG-HD-11(105M082)

Proje Basghgr:
DEPREM SIMULATORU TASARIMI VE YAPIMI

Proje Yirutiicusii ve Yardimci Aragtirmacilar:
Y.DOC.DR. MUSTAFA KUTANIS

Projenin Yurutuldugu Kurulus ve Adresi:

Sakarya Universitesi, Mithendislik Fakiiltesi, Insaat Miih. Bolimi,
Esentepe Kampist, 54187-Adapazari-Sakarya

Destekleyen Kurulug(larin) Adi ve Adresi:

TUBITAK- MAG, Atatiirk Bulvart 221  06100-Kavaklidere/ANKARA

Projenin Baslangi¢ ve Bitis Tarihleri: 01.10.2005-01.05.2006

Oz

Bu projenin amaci, tek eksenli sintizoidal deprem simiilatériintin tasarimini ve imalatini
gerceklestirmektir. Tasarlanan Sarsma tablasinin tahrik tnitesi, mikroprosesor kontrolli,
degisken hizli, trifaz AC elektrik motorundan olusmaktadir. Sarsma tablast 30 kg kapasitelidir.
Sistem, 1-200 Hz frekans araliginda ¢ikis saglayan motor, veri toplama toplama tnitesi (PCI
DAQ board, konnektor, akseleratérler) ve bir bilgisayardan olusmaktadir. Veri toplama
tnitesi, LabVIEW yazilimu ile kontrol edilmektedir.

Deprem simiilatorii veya sarsma tablasi, deprem mithendisligi egitiminin bir par¢asidir.
Gelecegin insaat mithendislerine, yapt dinamigi ve deprem mithendisligi ile ilgili bir takim
kavramlarin 6gretilmesinde, sarsma tablast deneyleri ¢ok etkili bir aracgtir. Bu proje ile, Sakarya
Universitesi, Insaat Mihendisligi 6grencileri bu imkana kavusmuglardir.

Anahtar Kelimeler: Deprem Simiilatori, Sintizoidal Sarsma Tablast

Projeden Kaynaklanan Yayinlar: Kutanis, M. “Egitim Amacli Bir Deprem Simiilatoriinin
Tasarim1” 6. Ulusal Deprem Mihendisligi Konferansi, 16-20 Ekim, 2007, ITU, Maslak
Istanbul.

Bilim Dali: INSAAT MUHENDISLIGI

Docgentlik B. Dali Kodu: 911




	TUBITAK_MAG_HD11_105M082
	Ozet_Bilgi Formu


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


