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SIMGELER VE KISALTMALAR

Xiv

Bu calismada kullaniimis bazi simgeler ve kisaltmalar, aciklamalari ile birlikte

asagida sunulmustur.

Simgeler

Kisaltmalar

AC
ADC
API

DAC
DC
FET
HI
HI-Z
HSI
IC
oC
PC

Aciklama

Acisal Momentum

Eylemsizlik
Tork

Gerilim

Yalpa Hiz Vektoru

Acisal Hiz

istikamet Agisi

Senkro Rotor Agisi

Aciklama

Alternatif Akim
Analog-Sayisal Cevirici

Aci Pozisyon Bilgisi isleme Unitesi

Kontrol

Sayisal-Analog Cevirici

Dogru Akim

Gerilim KontrollG Transistor
YUksek Seviye (Lojik 1)
Yuksek Empedans

Yatay Durum Gostergesi

Tumlesgik Devre

Cikis Kontrol

Kisisel Bilgisayar



1. GIRIS

CG-130 modeli istikamet cayrolari (Directional Gyro), gunumuz hava
araglarinda hava aracinin bir bdlgeden baska bir bdlgeye olan uguslari
(seyrusefer) sirasinda yon bulma isleminde kullanilan yurtdisi kaynakl
cihazlardir. Hava aracinin seyruseferi sirasinda ihtiya¢ duydugu istikamet
bilgisi ve manyetik kuzeye gore hava aracinin bas (Heading) bilgileri CG-130
modeli istikamet cayrolari tarafindan saglanmaktadir. CG-130 modeli
istikamet cayrolari, yapisal 6zellikleri ve kullanimlari nedeniyle test ve onarim

islemine sik ihtiya¢ duyulan aviyonik sistemlerdir.

Bu c¢alismada, CG-130 modeli istikamet cayrolarinin; Uretici firma tarafindan
belirlenen Ozelliklere uygun olarak, helikopter Uzerindeki ¢alisma prensipleri
taklit edilerek laboratuar veya atolye ortaminda, yazilim ve bilgisayar destekli
olarak test edilmesine yodnelik tasarim asamalari ile tasarim sonucunda
gerceklestirilen “CG-130 modeli istikamet cayrosu test cihazi’'ndan (test set)”

bahsedilmektedir.

Test cihazinin tasarimi asamalarinda; oncelikle CG-130 istikamet cayrosuna
hava araci Uzerinde referans bas bilgisi saglayan aki detektoért (Flux Valve)
cihazinin Urettigi sinyalin elde edilmesi Uzerinde c¢alisiimis ve oncelikle bu

isareti Uretecek devre tasarlanmigtir.

Ak1 detektorl isaretinin Uretilmesini muteakip, bu isarette meydana gelecek
degisim sonucu CG-130 istikamet cayrosu cikislarinda gorulecek istikamet
ve bas bilgisi degisikliklerinin hesaplanarak analiz edilecedi devre

tasarlanmisgtir.

Son olarak ise CG-130 istikamet cayrosu cikislarinin hava araci Uzerinde
oldugu sekilde bir manyetik yén goéstergesi (Radio Magnetic Indicator)

Uzerinde gorulebilmesi amaciyla, yazilim destekli olarak bilgisayar tUzerinde



bir istikamet gostergesi tasarlanarak CG-130 istikamet cayrosu ¢ikislarinin

goOrulmesi saglanmistir.

Akl detektortu isaretinin, yapilan yazilim Uzerinden kontroli ile CG-130
istikamet cayrosu giriglerinin surekli kontrol iglemi gerceklestirilmigtir. Bunun
sonucunda cayro, hava araci uzerinde komut aliyormus gibi

yonlendirilebilmektedir.

Yapilan tasarim sonucunda gerceklestirilen test cihazi Gzerinde; CG-130
istikamet cayrosu hava araci Uzerinde galigsiyormus gibi izlenebilmekte, girig
ve cikig bilgilerinin kontroli saglanarak dogrulugu ve fonksiyonellik testleri
hava araci Uzerinde test edilmesine gerek kalmadan

gergeklestirilebilmektedir.



2. CAYRO TEMEL KAVRAMLARI VE HAVA ARACI UZERINDEKI
UYGULAMALARI

2.1 Cayro (Gyro) Nedir?

Uzayda konum muhafaza etmek veya uygulanan torku 90 derece yon
degistirmek amaciyla kullanilan, dénen bir kitleye sahip sistemlere cayro
denilmektedir. Cayrolar yapi ve fonksiyonlarina gére 1-eksenli, 2-eksenli ve

platform cayrolar olmak Gzere 3 grupta incelenebilir.

1-eksenli cayrolar tek yalpa ¢emberine sahiptirler ve genellikle kontrol
sistemlerinde hiz algilayicilari olarak kullanilirlar (Sekil 2.1). Dairesel
donmeden kaynaklanan ve cayro donme eksenine etki eden tork 90 derece
yon degistirerek yalpa gemberine yanal eksen istikametinde etkiler. Bu etki
de yalpa ¢emberinde dairesel hizla orantili bir pozisyon degismesine neden
olur.

D6nme Ekseni

Hareket
Algilayicisi

|
I
&

Yanal Eksen
Yalpa Gemberi Ekseni

Sabit Yiizey

Sekil 2.1. 1-eksenli cayro

2-eksenli cayrolarda iki yalpa ¢emberi vardir ve pozisyon belirleme amaciyla

kullanilirlar. Bu tir cayrolar belirli referanslara gére konumlarini sabit uzayda



korurlar. Bu amagla hava aracinin yer duzlemine gore konumunu belirlemek
icin dugey cayrolar ve manyetik kuzeye gore konumunu belirlemek igin
istikamet cayrolari kullanilir. Bolum 2.2°de 2-eksenli cayro olan istikamet

cayrolari detayli olarak anlatiimaktadir.

Platform cayrolar, yer duzlemine gore ve manyetik kuzeye gore hava araci
konumunun belirlenmesi igin, dusey cayrolar ile istikamet cayrolarinin

birlestirilmis halidir.

2.2 istikamet Cayrolari

istikamet cayrolari, dénme ekseni yere paralel olan cayro motorlarina ve 2-
eksende serbestlik derecesine sahiptir. Kullanim amaci, bulundugu hava
aracinin belirlenen bir referansa gore istikamet veya bas acgisini gostermektir.

Bu referans hava araclari igin manyetik kuzeydir.

Sekil 2.2°'de istikamet cayrosunun cgalisma prensip semasi gorilmektedir.
Doénen cayro motoru i¢ yalpa c¢emberine, i¢ yalpa c¢cemberi dig yalpa
cemberine ve dig yalpa c¢cemberi de govdeye yataklanmig durumdadir.
istikamet cayrosunda yercekimi algilayicilari kullanilarak, cayro motoru

dénme ekseni ve i¢ yalpa ¢gemberinin daima yere paralel olmasi saglanir (2).



I
'i Dénen Cayro Motoru

g Yalpa
Cemberi

i(_; Yalpa
+——— Cemberi

= It Yalpa

Cemberi
— Ekseni
-
*..-'
Yatay Referans
Diizlemi

Il g Yalpa
cemberi
Ekseni

Sekil 2.2. istikamet cayrosu calisma prensip semasi

Cayro sistemlerinin temelinde dénen cayro motoru bulunmaktadir. Dénen
cisimler agisal momentuma sahiptirler. Agisal momentum, cismin donme
hiziyla (dairesel hiz) eylemsizliginin vektorel carpimina esittir. Cismin
eylemsizligi, cisim kutlesiyle dogrudan iligkili oldugu igin dénen bir cismin

acisal momentumu kutle ve hizla dogru orantilidir.
H=I x ws [2.1]
Burada; H : Acgisal Momentum

| : Eylemsizlik

ws : Acisal Hiz

2-Eksenli cayrolarin calisma prensibini ifade eden tork buyukliga acisal

momentum ile yalpa hiz vektorunun ¢arpimiyla elde edilir (2).
T=H x wp [2.2]

Burada; T : Cayronun konumunu degistirmek icin uygulanacak tork



Wp : Yalpa hiz vektoru

Cayro motorunun donme vektori sag el kural yontemiyle bulunur. Motor
dénme yonunde kavrandiginda bas parmak dénme vektérinin yoénunu
gOsterir (Sekil 2.3).

DOHME
VEKTORL

Sekil 2.3. Donme vektoranun belirlenmesi

2-Eksenli bir cayroda dénme ekseni, tork ekseni ve yalpa ekseni de sag el
kuralina gore tespit edilir (Sekil 2.4). Cayronun temel kuralini da ifade eden
bu sekle gobre cayro motorunun donme ekseni bas parmak
dogrultusundayken; i¢ yalpa ¢cemberine (veya dis yalpa ¢emberine) isaret
parmagi dogrultusunda bir tork uygulanirsa dis yalpa ¢emberinde (veya i¢

yalpa gemberinde), ekseni orta parmak dogrultusunda olan bir yalpa olusur.



Donen
. S Cayro
TORK VEKTORU / DONME VEKTORU w  Motoru

\ tw\\ TORK VEKTORII
:/‘“ g

/ DOHME VEKTORI

YALPA VEKTORI l

(a)

(b)

YALPA VEKTORD

Sekil 2.4.a) Sag el kuralh
b) Cayro hareket vektorleri

Es. 2.1 ve Es. 2.2'den de anlasilacagi Uzere donme hizi ve cisim kitlesi ne
kadar buylkse cismin sabit uzaya gobre konumunu degistirmek igin
uygulanacak tork da o kadar buyuk olur. Boylece donen cisim, sabit uzayda

belirli buyuklukteki bozucu kuvvetlere kargi konumunu korur (2).

2.3 CG-130 Modeli istikamet Cayrosu Calisma Mantigi, ic Yapisi ve
Cikig Bilgileri

CG-130 modeli istikamet cayrolari SFIM Industries firmasi (FRANSA) uretimi
istikamet cayrolaridir. CG-130 istikamet cayrosunun fiziksel goruntisu

Resim 2.1’de verilmistir.

Ugc adet siispansiyonla govdeye sabitlenmis silindirik kisim cayro ile
senkrolarin bulundugu bolimdur. Elektronik kontrol Unitesi alt kisimdaki
dikdortgen prizma seklindeki bdlimun igindedir. CG-130 istikamet cayrosu

acik devre semasi Sekil 2.5’te goriimektedir.



Resim 2.1. CG-130 istikamet cayrosu

CG-130 istikamet cayrolari 3-faz senkro igaretini referans olarak kabul
ederler. Sekil 2.5’te verilen devre semasindan goruldugu Uzere CG-130
cayro, aki detektérinden gelen 3-faz isareti referans olarak kullanir ( Sekil
2.5'te X, Y, Z girigleri) ve u¢ ayri senkro kontrol transformatériinden yine 3-
faz cikig bilgileri Uretir (Sekil 2.5’te B, C, D cikiglari). Akl detektorinden gelen
3-faz referans isareti cayro Unitesi iginde bulunan ve cayronun bulundugu
bas degerini gosteren bir senkronun ¢ikisiyla karsilastiriimakta ve elde edilen

hata isareti elektronik kontrol Unitesinin girisini olusturur (3).

Elektronik kontrol Unitesi, cayroyu kuzeye dondirecek olan tork motorunu
surmek i¢in uygun kontrol isaretini Uretir. Cayro bas bilgisinin helikopter
uzerinde farkh sistemlere (otopilot, yatay durum gdstergesi vb.)
gonderilebilmesi amaciyla 3 adet senkro kullanilir. Bu senkrolarin rotorlari
cayro Unitesine, statorlari ise cayro gdvdesine mekanik olarak sabitlenir.

Hava araci istikametini degistirdiginde hava aracina sabitlenmis cayro



govdesi de istikametini degistirir. Buna kargi cayro unitesi baslangicta
belirlendigi istikamette (manyetik kuzey) sabit kalir. Boylece cayro govdesiyle
cayro Unitesi arasinda agisal bir fark olusur. Bu agisal fark tam olarak senkro
rotoru ile statoru arasinda da goérulir ve senkro ¢ikisinda fark agi bilgisini

uretir.
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Sekil 2.5. CG-130 Istikamet cayrosu agik devre semasi
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2.4 CG-130 istikamet Cayrosu ile Akl Detektorii Arasindaki iligki

istikamet cayrolarinin referansi hava araglari icin manyetik kuzeydir. Bu
nedenle manyetik kuzeyin mevcut platforma goére konumunu belirleyecek bir
algilayiciya ihtiya¢ duyarlar. Bu algilayicilara aki detektoru adi verilir. Aki
detektorleri, yerin manyetik alan gizgilerini kullanarak tespit ettikleri manyetik
kuzey bilgisini istikamet cayrosuna iletirler. istikamet cayrosu aldigi bu
referansi kullanarak manyetik kuzey dogrultusuna yonelerek konumunu
muhafaza eder. Ayni amagla sadece aki detektért de kullanilabilir, ancak aki
detektorleri manyetik bir malzeme oldugu icin kararl degildirler. Cayronun
kararli yapisi bu amaca hizmet etmektedir. CG-130 istikamet cayrosunun

blok diyagrami Sekil 2.6’da verilmistir.

CG-130 istikamet Cayrosu

Helikopter istikamet _
Bas Bilaisi Senkrosu .
A
\\
Referans N
Senkrosu AU
Dis Yalpa i¢ Yalpa
Aki Cemberi Cemberi
Detektorii Tork Ureteci Tork Ureteci
Karsilastirici
I Yikselteg

Sekil 2.6. CG-130 istikamet cayrosu blok diyagrami

Cayro calistiginda i¢ yalpa ¢cemberi (gimbal), kullandigi seviye algilayicisi ile
cayroyu yere paralel konuma getirir. Aki detektérinden alinan manyetik
kuzey referansi ile referans senkrodan alinan cayro bas bilgisi
kargilastirilarak elde edilen hata isareti ile dig yalpa ¢emberi tork motoru
surulerek cayronun kuzeye yonelip konumunu muhafaza etmesi saglanir.
Cayroya mekanik olarak irtibatlanmis istikamet senkrosu ise cayro

istikametini ¢ikiga iletir.



12

2.5 CG-130 Model istikamet Cayrosunun COUGAR Helikopterleri
Uzerindeki Uygulama Ornegi

CG-130 istikamet cayrosu, helikopter Uzerinde manyetik kuzeyi belirlemek
amaciyla aki detektérinden referans bilgisi alir, bu bilgiyi referans olarak
kullanarak hava araci bas bilgisini hesaplar. Hesapladigi hava araci bas
bilgisini 1. pilot yatay durum goOstergesine (Horizontal Situation Indicator
(HSI)), kontrol Unitesi (Nad-10 Computer) Uzerinden 2. pilot HSI’'sina ve
helikopter ugus kumanda sistemlerini kontrol eden otopilot sistemine
gonderir. Aki detektord ile CG-130 istikamet cayrosu arasinda
kompanzasyon Unitesi (Compensation Unit) bulunur. Kompanzasyon unitesi
hava aracinin yapisindaki yumusak ve sert metallerin, yerin manyetik alan

cizgileri Uzerindeki bozucu etkilerini en aza indirmek icin kullanilir.

Helikoterler Uzerinde, uygulamaya bagl olarak degismekle birlikte, genelde
iki adet olarak kullanilan CG-130 istikamet cayrolarinin helikopter Gzerindeki
sistem blok semasi Sekil 2.7°’de gdsterilmistir. Sekil 2.7°de gorulen cayrolar
ve ilgili sistemler bagimsiz gérinmelerine ragmen aslinda tamamen bagimsiz
sistemler degillerdir. Sistemler uygun anahtarlama matrisleriyle diger sisteme
ait bir alt sistemi besleyebilmektedir (6rnegin: 2 numarali cayro istenirse 1
numarali HSI'y1 besleyecek sekilde anahtarlanabilir). Uygulamadaki
degisiklikler sistemlerin hava aracina montajindaki aviyonik sistem
tasarimina dogrudan baghdir. Cayrodan alinan u¢ ayr c¢ikis, ilgili bas
pozisyonunda ayni deQere sahip olmakla beraber farkli yerlere veri

goéndermek igin kullanilr.
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Aki Kompanzasyon CG-130 HSI #1
Detektorii #1 P Unitesi #1 > # >
HSI #2
Aki Kompanzasyon CG-130 NADIR
Detektorii #2 P Unitesi #2 > #2 > islemci
Otopilot

Sekil 2.7. CG-130 Istikamet cayrolarinin helikopter (izerindeki sistem
blok semasi

2.6 Aki Detektorii

CG-130 istikamet cayrosuna manyetik kuzey bilgisi referansini aki
detektorleri saglar. Bu nedenle test cihazinin olusturulmasinda benzetimi
yapilacak aki detektoru sinyalinin elde edilmesinin anlasilabilmesi amaciyla

aki detektoru calisma prensibine girilmesi uygun olacaktir.

Bu boéliumde, Cougar helikopterlerinde kullanilan SFIM Industries Gretimi aki
detektorleri Uzerinde durulacaktir. Akl detektorleri yerin manyetik alaninin
yatay bilesenini algilayarak bu bilgiyi elektriksel isarete donusturen

algilayicilardir. ilgili aki detektorii Sekil 2.8’ de gérilmektedir (4).
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Sekil 2.8. Aki detektorl

Algilayict kisim bir transformatorden olusmaktadir. Bu transformatoriun
primeri tek faz, sekonderi ise geometrik olarak 120° araliklarla yerlegtiriimig
3-faz sarimdan olusur. Algilayici hareketli bir dizleme monte edilmistir ve bu
hareketli dizlem sdnumlendirici bir sivinin iginde bulunur. Hareketli dizlemin
amaci hava aracinin 30 dereceye kadar yatiglarinda algilayicinin yere

paralelligini korumasidir.

Algilayict kismi olusturan transformatorun primer sarimini Gzerinde tasiyan
cekirdek Sekil 2.9’da goérulmektedir. Primere sinls seklinde bir isaret
uygulandiginda akimin dugsuk oldugu yerlerde yerin alan cizgileri, manyetik
direnci havadan daha dusuk olan metal cekirdek Gzerinden gegcmek
ediliminde olur (Minimum Enerjilendirme Akimi). Akim tepe degerlere
ulastikga (pozitif tepe veya negatif tepe) metal cekirdek manyetik olarak
satlrasyona girer. Bu nedenle yerin alan ¢izgileri herhangi bir bozulmaya
ugramaz ve normal seklini korur (Maksimum Enerjilendirme Akimi). Bu
durum Sekil 2.10'da gorulmektedir. 400HZ'lik uyartim akimindan 800HZ'lik
alan gizgileri salinimi olusturulur. Bu da sekonder sarimlarinda 800HZ’lik bir

gerilimin endiklenmesini saglar (4).
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Artis

400 Hz
AC

Maksimum Enerjilendirme Akimi Minimum Enerjilendirme Akimi
(a) (b)
Sekil 2.9. Metal gekirdegin yapisi;

a) Uyartim akimi (+) maksimum (manyetik doyum),
b) Uyartim akimi minimum (doyum yok)

400 Hz A.C (A)

¥
I
I
I
L
I
I
I
I
I
I

I
Yerin
manyetik alani

A

I
|
|
|

z
|
I
|
I
|
|
I

>

/I‘ (8 > Gekirdekteki manyetik

\J_/ alan degeri

I

|

|

|

|

| Elde edilen 800Hz dalga
s (maksimum 1 I\Iolt)

VARV

Sekil 2.10. Uyartim isareti, yerin manyetik alani ve ¢ikis isareti dalga sekilleri

S

—
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Algilayici kisim transformatori sekonder sarimlarindaki gerilimlerin genligi
sarimin manyetik kuzeye gobre konumuna bagh olarak dedisir. Her bir
sarimdaki gerilimin genligi, ilgili sarimin boylamsal ekseniyle manyetik kuzey
arasindaki acgisinin kosinusu ile orantili bir degerdir (Sekil 2.11). Bu agi 90°
veya 270° oldugunda gerilimin fazi 180° degisir. Sekonder sarimlarinin
gerilim genligi ve fazi tamamen manyetik kuzeye gore olan konumla
degismektedir. Yani aki detektoru c¢ikis gerilimi tamamen bir senkro (kontrol

transformatoéri) cikisidir.
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Hava araci
| merkez hatti

S Yer manyetik
I~ alaninin yéni
(sabit)

Toplayici
parga

Cekirdegin
ustten
gorinimii

Hava araci sabit istikamette Hava araci istikamet
ucarken (Kuzey) degistiriyor (Saga 90°).
Cekirdek yatayda 90° doner.

Sekil 2.11. Sekonderde gerilim enduklenmesi

Genellikle aki detektdort yaklagsimlarinda, aki detektoranan ilgili bas
degerlerinde Urettigi isaretin farkh yollarla Uretilmesi yoluna gidilir. Bu
yontemin en buyuk dezavantaji surekliligin saglanmasindaki gugcluklerdir.
Ozellikle analog sistemlerde sadece belli bas degerleri (0°, 30°, 60°, 90°,
120°, 150°, 180°, 210°, 240°, 270°, 300°, 330°) icin aki detektoru cikiglar
uretilir, ara degerler goz ardi edilir. Ara degerlerin Uretilebilmesi ancak uygun
bir sayisal algoritma ile mUmkdn olur. Bu da donanim ve yazilim olarak

karmasiklik getirir (4).
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3. CG-130 MODELI iSTIKAMET CAYROSU TEST CiHAZI TASARIMI

3.1 Test Cihazi Tasariminda Kullanilan Teorik Yaklagim Mantigi

CG-130 istikamet cayrolarinin manyetik kuzeyi belirleyip elektriksel olarak
gOsteren aki detektoru cihazlarini referans alarak galistiklarini belirtmistik. Bu
tur cayrolar referans olarak manyetik kuzeyi kabul ederler ve referans
gOsterilen manyetik kuzeye yodnelmis durumda calisirlar. Bu nedenle, tim
istikamet cayrolarinin testinde kullanilan ana sinyal giris aki detektoru cikt

isaretidir.

Aki detektorleri Sekil 3.1°de i¢ yapisi verilen, esas olarak senkro isareti
ureten sistemlerdir. Uyartim olarak kabul ettigi 400HZ'lik tek fazli isareti yerin
manyetik alan ¢izgilerini kullanarak 800Hz, 3-faz isarete donusturip CG-130
istikamet cayrosuna referans olarak gonderirler. Bu nedenle laboratuar
ortaminda bir CG-130 istikamet cayrosu cihazini galistirmak ve test etmek
amacilyla ilk olarak, test cihazi Gzerinde aki detektorl isaretini Ureterek CG-

130 istikamet cayrosuna gondermemiz gerekmektedir.

Test cihazinin giris sinyali tek faz 400HZ’lik bir sebeke sinyali olarak
disundlmustir. Dolayisiyla cayro igin ihtiyag duyulan 3 faz referans bilgiyi
uretmek amaciyla; tek faz 400HZ’lik giris isaretinden, tek faz 800HZ'lik bir
isaret Uretimi saglanacak, uretilen bu isaret bir senkro kontrol transformatoru
kullanilarak 3 faz 800HZz’e donusturilecektir. Boylelikle standart aki detektori

isareti test cihazi Uzerinde saglanmigs olacaktir.
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Sekil 3.1. Akl detektorl i¢ yapisi

ikinci olarak dikkate alinmasi gereken husus, CG-130 istikamet cayrosunu
istenilen bas (heading) ya da istikamet deQerine surecek olan devreyi
tasarlamaktir. Cayronun istenilen bas bilgisini vermesi cayronun fiziksel
olarak dondurilmesi ile saglanabilecegi gibi, aki detektérli isaretinin

degistiriimesi ile de saglanabilecektir.

Bu amacla, test cihazi Uzerinde aki detektorl isaretinin degisken olarak
kullanilabilmesine izin verecek bir yapi olusturulmalidir. Akl detektori
isaretinin kontrol edilerek degisken olarak kullanilabilmesine izin verecek
devre gergekte bir servo sistemdir. Bu nedenle test cihazi tasariminda ikinci

adim servo dluzeneginin tasarlanmasidir.

Uclincli asama olarak CG-130 istikamet cayrosu bas veya istikamet
degerinin test cihazi Uzerinde kullaniciya sayisal bir veri olarak gosterimi
amaclyla, hava aracinda kullanilan yapida bir gosterge tasarimidir. Alinan
bas degerini goruntulemek amaciyla bir istikamet gostergesi tasarlanmalidir.
istikamet gdstergesi yazihm destekli bir yapida bilgisayar ekranina taginmis

bir gosterge olacaktir.
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Tam bu kontroller ve verilerin degerlendiriimesi islemleri (servo sistem
kontrolu ve ac¢l pozisyon bilgisi isleme unitesinden (API) alinan verilerin
islenip goruntulenmesi) bir bilgisayar yardimiyla yapilacaktir. Bilgisayarda
yapilacak islemlerde yazilim olarak Visual Basic alt yapisi kullanimi uygun

olacaktir.

Son asama yazilimin yapilarak test sistemi kontrolinin saglanmasidir.

Bu bilgiler kullanilarak tasarim ve dizayni yapilacak CG-130 istikamet
cayrosu test cihazinin sistem blok semasi Sekil 3.2’de gosterildigi sekilde
olusturulabilir. Sekil 3.2'de goérilen “Mekanik Baglanti”, servo motor rotoru ile
aki detektort isaretini Ureten senkro kontrol transformatoérinin rotorunu

mekanik olarak 1:1 oraninda birlestirmek amaciyla kullaniimistir.

CG-130 ISTIKAMET CAYROSU TEST CIHAZI {SISTEM])
BLOK DIYAGRAMI

————————————————————————— —————
| TEST SISTEMI |
Giig Kaynain : Servo Motor I
00Hz, 110V , Siriiei [ & Bitven ] I

i
H 1
b e e B e - L
| .
1 | Frekans Katlayici . ! I
I Devre Senkro Kontrol | Mekanik | gy potor Bilgisayar I
! lag 800Hz, TekF brii !
I Cikig e az Transformatérii Baglant I
| 5 |
| ! 1
I H I
1 Elde Edilen Akl Aci Pozisyon ! 1
| Detektdrd lgareti Y|z Bi‘{gisi i§|gme ............... i !
I 800Hz, 3Faz Unitesi 8 Bit Veri I
L I S s e J

CG-130 Istikamet
Cayrosu

Sekil 3.2. Istikamet cayrosu test cihazi sistem blok semasi
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4. TEST CiHAZI TASARIMININ GERGEKLESTIRILMESI

Uclincli bdlimde aciklanan tasarim manti§i izlenerek CG-130 istikamet
cayrosu test sistemini olugturan devre tasarimlari ve programlama mantigi

asagida anlatildigi sekilde gerceklestiriimistir.

4.1 Test Cihazi Donanim (Devre) Tasariminin Gergeklestirilmesi

4.1.1 Frekans katlayici devre

Tasarimin gercgeklestiriimesinin ilk asamasi olarak; 800Hz senkro kontrol
transformatérini sdrebilmek igin, sebeke sinyali olarak kullanilan 110V,
400HZ’lik giris isaretini, tek faz 800Hz'e doénustlren sinlzoidal referans
kaynak tasarlanmistir. Bunun amaci; aki detektoru simulatoru (benzetimci)
olarak kullanacagdimiz senkro kontrol transformatoérine, tek fazl sintzoidal bir

referans gerilimi saglamaktir.

Bunun icin tek faz 400Hz gerilim kaynagdi kullanilarak frekans katlayici devre
tasarlanmistir. Sebekeden saglanan 115V 400Hz isaret dnce transformator
yardimiyla 26V’a indirilmis, daha sonra Sekil 4.1’de gorulen frekans katlayici

devre tasarlanmistir.

D2

(o}
©

2 Vin Vout
14 I
1N645 0.1 u
200 V
; T3
T2 1
1 5 ! 54 n - J_ 5.7V
2.7 KJR1 63 V —= C10 n-r 800 Hz
115 Vv 6 4 8
400 Hz T
4 8
2 2| R3
1 3
50 K
1N645
2 ‘

D3

Sekil 4.1. Frekans katlayici devre
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Girig gerilimi 115V 400Hz T2 transformatori ile 26V 400Hz’e dusuralur. Elde
edilen 26V 400Hz gerilim D2 ve D3 diyotlari ile ters yonde dogrultulur. C9
kondansatord; tam dalga ters dogrultma geriliminin ortalama deg@erini sifira
cekmek igin (bir tam periyotta kondansator Uzerindeki ortalama gerilim = 0)
sinyalin seviyesini yukari ¢geker. C10 kondansatoru ile T3 transformatérinin
primer sariminin kagak enduktansi bir L-C rezonans devresi olusturmaktadir.
Rezonans devresi kullanilarak; dogrultulmus ve seviyesi kaydirilmig isaretin
keskin degisimi kondansatér dolma-bosalma edrilerine benzetilir. T3
transformatorinin primerinde ve dolayisiyla sekonderinde diizgin bir 800Hz
sinlzoidal igaretin elde edildigi deneysel calismalarda gozlenmistir. T3
transformatori yaklasik 2:1 sarim oranina sahip bir yUksek frekans
transformatérudir. Sekonderde elde edilen isaret (yik olarak senkro kontrol
transformatért baglandiktan sonra) R3 potansiyometresi ile 5,7 Vrms 800Hz

seviyesine dusurulmustar.

Rotoru, bu devrenin cikisi ile beslenen senkro kontrol transformatéri CG-130
istikamet cayrosuna referans kaynagi olarak baglanmis ve cayronun ilgili

referansa uygun olarak yonlendigi ve sabitlendigi gozlenmistir.

4.1.2 Servo motor siiriicii

Frekans katlayici devre tasarimi sonrasinda senkro kontrol transformatorin(
ilgili bag degerine surecek servo surucu devresi tasarimi gergeklestirilmistir.
Kontrol Unitesi olarak bilgisayar kullanilacagi i¢in surlcu devresinin girisi
sayisal bitlerden olusmaldir. Uygulanan sayisal igsaret analog isarete
donusturilmis ve servo motor suricl devreye uygulanmistir. Servo motor
surucu devresinin blok semasi Sekil 4.2’de; servo motorun resmi de EK-5'te

verilen Resim 3’te gorulmektedir.
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%’": Tampon DAC | Servo R

: ! = | DG
= ! (Sayisal Sardcd

L ve i Analog Motor sinyali airti?
2 . | Dénustiriic N »

@~ Tutucu ! 5) Surticu

Pozisyon Geribeslemesi

Sekil 4.2. Servo motor surtcl blok semasi

Tasarimda 8-bitlik veri kullanildidi icin, 2 derece 1 bit ile ifade edilmigtir. Yani
1 bit degisimi, servo motorda (dolayisiyla senkro kontrol transformatorinde)
2 derecelik bir degisim saglayacaktir. Servo motor slricl devresinin agik

semasi Sekil 4.3’'te gorulmektedir.

Kullanilan tumlesik devrelerin (IC) gorevleri kisaca su sekilde acgiklanabilir;
741.S245 tumlesik devresi; sayisal isaretler (digital signal) igin tampon
(buffer) gorevi yapar, girilen sayisal sinyal ayni sekilde cikisa iletilir. 74LS573
tutucu (latch), en son girigsine uygulanan sayisal igaretlerin istenildigi kadar
tutulmasini ve ¢ikisa uygulanmasini saglar. Bunun igin kontrol uglari vardir
(OC: Cikis Kontrol, C: Kontrol). OC, c¢ikisin aktif (enable), HI-Z olmasini; C
ise verinin tutulmasini saglar. AD7226, sayisal-analog ceviricidir (DAC) ve
girisine uygulanan 8-bitlik sayisal isaretin analog esdegerini Uretir. Referans
gerilim 5 volt oldugu i¢in tum bitler HI (lojik 1) oldugunda c¢ikisi analog 5 V’luk
sinyal olarak gorulir. LF147, islemsel ylUkselte¢ olmasina karsin burada
gerilim karsilastirici olarak kullaniimistir. DAC ¢ikis akimi disuk oldugu igin
gerilim girigli (FET girigli) bir karsilagtirict kullanilmigtir. Servo motor,
rotorunda (mil) dairesel potansiyometre bulunan ve geribesleme amagli
kullanilan 6zel bir motordur. Bu potansiyometre sayesinde motorun mil
pozisyonuna iligskin bilgi (pot (K) ucu) surtici devreye geri besleme olarak
gonderilebilmektedir. Kargilagtiricinin negatif girisine DAC ¢ikisi, pozitif

girisine ise motor potansiyometresinden gelen geribesleme sinyali



baglanmistir. Boylece DAC araciligiyla

iletilen ve kullanicinin
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istedigi

pozisyon ile motor milinin mevcut pozisyonu kargilastiriimistir. Karsilastirici

cikisindaki hata sifir oldugunda motor mili istenilen pozisyona ulasmis
olacaktir. Surtcu devresindeki push-pull transistorler (2N2218 ve BC160)
motor akimini guglendirmek igin kullaniimiglardir.

U4 U4 U6
»%——{ VOUTB At E_‘L—':" c ocp DIR
N 20 | VOUTAWR P = = 12 9 11 9
1uF X—3g7| VOUTCDB? |5 73 Q8 D8 ¢ 77188 A8 g —=D7
I %—5- VOUTDDBS 74197 D7 3BT AT 7
1 4 VSS_ DB5 5 75 Q6 D6 & 74B6 A6 g
= = 5| VREF DB4 [ 761 Q5 D5 5 51B5 AS[p—
6| AGND DB3 [—3 771 Q4 D4 T6B4 MIT—
75| DGND DB2 3 751 Q3 D3 3 71B3 A3 fm—
VDD  DB1 [ 791 Q2 D2 51B2 AHp—
+5VDC DBO Q1 D1 B1 A1p——=0D0
+12VDC AD7226 7415245

7418573

100 ohm —

Sekil 4.3. Servo motor surtclu devresi

Bilgisayar paralel portu ve Visual Basic programlama dili kullanilarak,
tasarlanan ve S$ekil 4.3’te gorulen suricu devreye 8-bit sayisal sinyaller

uygulanmigtir. Deneysel cgalismalar sonucunda devrenin kararli bir sekilde

calistigi gozlenmistir.
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4.1.3 Aci pozisyon bilgisi igleme unitesi (API)

APl tasarimindaki amag, cayrodan alinan bas bilgisinin igslenmesi,
goéruntilenmesi ve uygulanan referans ile karsilastirma imkaninin elde
edilmesidir. Bas bilgisi, senkro kontrol transformatéri sinyali (3-faz, 400Hz,
sintzoidal) ile cayrodan digariya aktariimaktadir. Dolayisiyla bas bilgisinin
PC’de goéruntllenebilmesi igin analog isaretin sayisal isarete donusturdlmesi
gerekmektedir. Bunun igin analog-sayisal ceviriciler (ADC) kullanilmigtir. 3-
faz senkro kontrol transformatérinin c¢ikisi DC’ye donustirilerek ADC’lerin
girisine uygulanacaktir. Bu amacla oncelikle 3-faz AC isareti tek faz AC
isarete donustirmek ve daha sonra elde ettigimiz tek faz AC isareti DC
isarete donustirmek gerekmektedir. Bu veriler 1siginda tasarlayacagimiz
API'nin 3 bdlimden olusacagi soOylenebilir, bunlar; 3-fazdan tek faza

donusum, AC-DC donusum ve analog-sayisal donuasumdur.

Faz Duyarl Analog-Sayisal —— Sin-Bilegenine
VAC (sin)| Dogrultucu | VDC(sin) | panigtardci | | Ait Sayisal
Y # L Cikaglar
(8 Bit)
3-faz Scott
senkro o
isareti Transformatorii —I—
Faz Duyarh Analog-Sayisal —— cos-Bilegenine
VAC (cos)| Dogrultucu | VDC {cos) | pgnugtiirtict | Ait Sayisal
#2 iz i GCikiglar
(8 Bit)

Sekil 4.4. Agi pozisyon bilgisi isleme Unitesi
Sekil 4.4'te gorulen API'nin sayisal c¢ikiglari bilgisayara alinip uygun bir
programla olusturulan algoritma yardimiyla hesaplatilarak agi degeri elde

edilecektir. Agi degerini (6) bulmak icin yapilacak hesaplamalar asagida

goOrulmektedir.

tg(0) = sin(6)/cos(0) [4.1]

0 = tg”'[tg(0)] [4.2]
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3-Faz — 1-Faz donusumiu

Bu donusum icin uygulamada scott transformatord kullanilir.  Scott
transformatoéru 3-faz senkro kontrol transformatoéru isaretini giris olarak kabul
eder ve ¢ikis olarak 2 adet tek faz sintzoidal ¢ikis verir. Bu cikiglardan birisi
3-faz senkro kontrol transformatoru isaretinin genlik olarak sin bilesenini,
digeri ise cos bilegsenini ifade eder. Boylece ilgili senkro kontrol

transformatoérine ait pozisyon agisinin sin ve cos bilesenleri elde edilir.

Bu calismada dogrudan scott transformatora kullaniimamig, onun yerine iki
adet 400HZ’lik senkro kontrol transformatoru ile scott transformatort esdegeri
elde edilmistir (EK-5, Resim 4). Cayrodan c¢ikan 3-faz senkro kontrol
transformatoéru isareti (bas bilgisi) iki adet senkro kontrol transformatorine
girilmektedir. Senkro kontrol transformatoru ¢ikislari mil (rotor) pozisyonlarina
bagli olarak herhangi bir degerde olabilir. Bir senkro kontrol
transformatérinden sin, digerinden cos bilesenini elde edebilmek i¢in her iki
senkro kontrol transformatért milinden ayar yapilmaktadir. Bir senkro kontrol
transformatoru c¢ikisi sifira (sin(0)=0), diger senkro kontrol transformatori
cikigi maksimum gerilim degerine (cos(0)=1) ayarlanip sabitlendiginde
istenen bilesenler elde edilmis olmaktadir. ligili baglanti Sekil 4.5'teki gibi

yapilarak sin ve cos bilesenleri elde edilmektedir (5).

sin senkro
sin
hilegen
cayro X
cikig! ¥
Z cos senkro
cOS
bilegen

Sekil 4.5. Sin ve cos bilesenlerinin elde edilmesi
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Sin ve cos bilesenleri negatif degerler de alirlar, bunu sintizoidal bir isaret ile
ifade etmek icin faz degisimi kullanilir. Negatif agiya sahip bas degerlerinde
sintzoidal isaretin fazi pozitif degerlere gére 180 derece kayar. Yani pozitif
bir agi degerini gostermek icin sintzoidal isaretin fazi sifir derece ise negatif

bir aci degerini gostermek icin sintizoidal isaretin fazi 180 derecedir.

AC — DC donlisumu

AC isareti DC isarete donustirmek icin bilinen kdpra diyot dogrultucu bu
sistemde kullanilamaz. Negatif agilar 180 derece faza sahip AC igaret ile
gosterildigi icin faza duyarli bir dogrultucu kullanmak gerekir. Yani AC isaretin
fazi Sekil 4.6'da gosterilen referans gerilime (15V,400Hz) goére sifir derece
iken cikis pozitif, 180 derece iken c¢ikis negatif olmaldir. Sekil 4.6’da faz

duyarh dogrultucunun (6rnekle ve tut) semasi gorulmektedir.

Bu devre esasen tepe segici olarak calisir. Sin ve cos bilesenleri ylkseltece
giriimekte ve uygun bir oranda vyukseltiimektedir. Yukselte¢ c¢ikisindaki
FETler n-kanalli olup normalde iletimdedir, negatif gerilimle kesime
sokulurlar. Dolayisiyla sin ve cos bilesenlerinin tepesinin segilmesi igin
FET lerin kapilarina surekli negatif gerilim uygulanmali ve sadece tepe
anlarinda pozitif gerilim uygulanmalidir. Bunun i¢in 400HZ’lik isareti referans
giris olarak kabul eden $ekil 4.6'daki devre kullanilir. A noktasinda sintizoidal
isaret, B noktasinda negatif DC isaret vardir. Q1 transistoranin emiter
gerilimi, C1 kondansatorinin gerilimini sadece referansin pozitif tepe
degerlerinde asar ve Q1 transistoru iletime geger. Bu anda C noktasinda
pozitif gerilim gorulir ve FET’ler iletime gecger. Diger durumlarda Q1
transistoru kesimde oldugu i¢in C noktasinda negatif gerilim vardir ve bu
nedenle FET’ler kesimdedir. Sin veya cos bilesenlerinin fazi 180 derece
olursa FET tarafinda secilen tepe negatif tepe olur. Bdylece faza goére isaret
belirlenir. FET c¢ikigindaki kondansator dogrultucu kondansatordur ve
darbeler seklinde elde edilen isareti DC isarete donusturur. 1558 gerilim

takipgisinden sonra sin ve cos bilesenleri DC isaret olarak elde edilmis olur.
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1N645 2N5679 1N645
— A 1 3 C 31K B
400Hz REF (15VAC)
220uF ——
> —E 35V
REF GND
1NB45 1N645 —
+12VDC -
N
1
0K : DC sin
SINHI [__> - J2N4858 5k 6 bilesen
SINLO 31+ 1uF == 5 7' y
11 n T
<l =
-12VDC
50 K
+12 VDC
T
1 3
50 K
[ee]
10K Y DC cos
COS HI > - 1 J2N4858 2K bilesen
10K 3 | 1558 7
cosLo [_> + 1uF —————°
o s J2 T
4 ~ —
<t -
-12vDC
50 K

Sekil 4.6. Faz duyarli dogrultucu devresi

Analog — Sayisal donisimu

Analog-sayisal donisimu icin AD574 ADC'’si kullaniimaktadir. Bu elemanin
en Onemli Ozelligi pozitif ve negatif analog girigleri sayisal veriye
donusturebilmesidir. Maksimum 12 bitlik ¢ikis verebilmesine karsin PC
paralel portunun kapasitesi nedeniyle bu uygulamada 8 bitlik ¢ikis kullanilir.

Bu nedenle API hassasiyeti ¢cok yiuksek olmamasina karsin cayro referans
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takibi igin yeterli bir hassasiyettir. Bu donisim icin tasarlanan devre Sekil

4.7'de gorulmektedir.

U13A
D—ZC Y3 ol—
p— ) =
——q v =g
0—=d Yo - Parallel Port
74LS139
U1 U us
DZ—? STATUS DBO g? 21 D1 Q1 g A1 Bl ? g DO
6%V DB1 [~55 4 D2 Q27 4]1A2 B2 e
+5VDC | 2| CE AD574A DB2 |55 5 D3 Q3 [; A3 B3 = D2
AQ_ DB3 |55 5 D4 Q4 A4 B4 [ = D3
RIC DB4 55 71 D5 Q5 |74 A5 BS 7 D4
5 Cs- DBS5 [5¢ 5 D6 Q6 A6 B6 5 BZ
12/8 DB6 D7 Q7 A7 B7
Analog =t AC 087 (L 1 bg Qs [ A8 B8 o1 o7
Giri ~— bC DB8 71 74LS573 745245
Iris DBY [HL— c 1 1 biR
13 18 o T
10VSPAN  DB10 [—g—0 s) o
% 14 pB11 20 +5VDC
C——— 20VSPAN 12 1 100 5 | o)
= 7 BIP OFF [
2N\ +12 VDC'I +15V  REFOUT (5 3 ) ;
S \-12vDC -15V REFIN I 1 4 €0
100 = o
- c2
o 17| €3
u2 U4 "¢ ue
02 stATUS DBO 51 D151 g g A1 B1 g
| [ 6| +5V AD574A DB1 4| D2 Q2 7 4 | A2 B2 3
+5VDC | 7| CE DB2 5 D3 Q3 5 5{A3 B3 [
AQ_ DB3 5 D4 Q4 5 A4 B4
RIC DB4 55 71 D5 Q5 3 7|A5 B5
2% Dee |22 107 ar CH e
Analog L +58oc D87 (L b8 Qs 9 1ae B8
Giris - AC ggg LDD o | | or
13 1 10vsPAN  DB10 [—He—01 74LS5TY J_ 7415245
14 DB11 21 100 ®
00— 20VSPAN +5VDC
7 BIP OFF ;2 ! 3 e —
+12 VDC'I +15V  REFOUT [—5—% 7
-12VDC 15V REFIN N

Sekil 4.7. Analog — sayisal donisum devresi

Devrede gorulen 74LS573’ler veriyi tutabilmek amaciyla kullanilan tutucu ve
74L.S245'ler ise tampondur. Devre bu haliyle suricu devreden bagimsiz

olarak denenmis ve olumlu sonuglar alinmistir.

4.1.4 Servo motor suriucu devresi ile API’nin birlestirilmesi

Sdrucu devre ile APl tamamen bagimsiz iki devre olmasina ragmen PC
paralel port pinlerini ortak kullanmaktadirlar. Birlestiriimis sistem devre
semasi EK-2’de gorllmektedir. Cayronun bas bilgisinin bilgisayara alindigi
pinlerden ayni zamanda surtcu devreye kontrol bitleri gonderilmektedir. Bu
islem zaman paylasimi ile yapilabilmektedir. Cayronun bas bilgisi okunurken

U6 entegresindeki 8 bitlik data sabit tutulur ve surtcli sistemin kararlihgi
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saglanir, bu sirada API tamponlari girislerini ¢ikislarina iletir. Strme islemi
sirasinda API tamponlarinin ¢ikisi kesilir (disable) ve suricu tutucusunun

(U6), girisini ¢cikisa aynen iletmesi saglanir.

4.2 Test Cihazi Yaziliminin Gergeklestirilmesi

Test cihazi i¢in kontrol ve goruntiuleme amagl olarak kullanilan program,
kodlama ve gorsellik Ozelliklerindeki kolayliklardan dolay!r Visual Basic
programlama dilinde yazilmis ve uygulama dosyasi (.exe) olarak derlenmistir.
Programin caligtirilacagi bilgisayar Windows 98 isletim sistemine sahip
olmalidir. Ayrica paralel portun kullanilabilmesi igin C:/Windows/system ve
C:/Windows/system32 klasorleri igerisine Inpout32.dll sistem dosyasinin

kopyalanmasi gerekmektedir. Hazirlanan yazilim kodlari EK-4’te verilmigtir.

Program, devrenin teorisine gore iki ayri kisimda incelebilir. Birinci kisimda
cayronun belirli bir degere konumlanmasini saglayan referans sinyalin
(istenilen agi degerinin) devreye uygulanmasi saglanir. Bunun icin kullanici
arayuzu (EK-5, Resim 5) “HEADING ENTRY” bolumundeki butonlar ve
goOsterge degerleri kullaniimaktadir. Programin ikinci kisminda ise, cayrodan
gelen senkro sinyalinin ac¢i pozisyon bilgisi isleme Unitesi devreleri (3-faz — 1-
faz donlsum devresi, AC-DC donusum devresi, analog-sayisal dontisum
devresi) ile sin ve cos DC bilesenlerine ayrilmasi sonucu elde edilen degerler
okunarak arayuzdeki “Measured Values” bolumunde goruntulenir. Bu iki
degerden gerekli hesaplamalarla elde edilen gercek aci degeri “AIRCRAFT
HEADING” bélumunde verilir. Kodlama asagida verilen akis diyagramlari géz

onune alinarak yapilmistir (Sekil 4.8, Sekil 4.9).



4.2.1 istenen agi degerinin devreye uygulanmasi

HEADING ENTRY

A A\
NANAN 4

100 =10 =1

Butonlardan Bas
Bilgisi Girisi

Girilen deger
320’den
blyik ma?

Text5=0
Text6=0
Text7=0

Text5, Text6 ve Text7 degerlerinden derece degiskeninin
hesaplanmasi
derece = Val(Text5) * 100 + Val(Text6) * 10 + Val(Text7) * 1

|

2°lik degisimin bir bite karsilik gelmesi
icin
derece = (derece / 2)

v

Duslk gerilim degerlerindeki mekanik salinimin engellenmesi
icin
derece = (derece / 2)+8

v

Derece decimal degiskenin binary dataya donustirtimesi
(derece)qo =(dataportdata),

v

dataportdata’nin paralel port data adresine
yazdiriimasi

Sekil 4.8. istenen aci degerinin devreye uygulanma akis semasi
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4.2.2 Cayro istikamet bilgisinin hesaplanmasi ve goriintilenmesi

—Meazured Values
Text17 Text23
K cos
component
K*sin
component

Kontrol portundan yapilan secimle Gyro’dan gelen Digital
Cosinlis
DC bilesenin okunmasi (ByteRead)

I

ByteRead digital degiskenin ByteRead2 decimal dataya
donustirilmesi
(ByteRead2),o = (ByteRead),

'

ByteRead2 degiskeninin isaret analizinin
yapiimasi
ByteRead2 = ByteRead?2 - 128

'

Kontrol portundan yapilan segimle Gyro’dan gelen Digital
Sinus
DC bilesenin okunmasi (ByteRead)

!

ByteRead digital degiskenin ByteRead1 decimal dataya
dontstirilmesi
(ByteRead1):o = (ByteRead),

'

ByteRead1 degdiskeninin isaret analizinin
yapilmasi
ByteRead1 = ByteRead1 - 128

Sekil 4.9. Cayro istikamet bilgisinin hesaplanmasi ve goruntilenmesi akis
diyagrami

32



EteRead2 =0
™"

EteReadl =00

Texetd=180

b ac1= Atn(BEyteReadl J ByteReads) * 120 f pi

EvteRendl < 0
e
ErteRead? < 0

EyteReadl = 1)
Te
EpteRead2= 00

Textd=am+150 Textd=ar1+ 180 Textd=ar1+360

Teaxtd=0

33

b A EyteRead? ninbasamak deferlerive aynhp o

2 s s :

r

ByteFeadl ‘inb sarmak degedenne aynhp
E*sin component i brviinde zéirdiileromes1

r

Aordeferiin analog g8 terzede zéfimtilermmesi
Aiv] Headingndicator = Vali Textd)

r

Decmal an bilgis minbasamak deferlerine aymbp
ATRCEAFT HEADING bibiminde géviirilenrmesi

Sekil 4.9. (Devam) Cayro istikamet bilgisinin hesaplanmasi ve
goruntulenmesi akig diyagrami
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5. ISTIKAMET CAYROSU TEST CiHAZI MATLAB BENZETIiMI
(SIMULASYONU)

Bu bolimde, tasarlanip gergeklestiriimis test sistemine iligkin MATLAB
benzetimi c¢alismasi Uzerinde durulmaktadir. Akl detektord isaretinin
uretiimesi, acglI pozisyon gostergesi ve detektorin ilgili bas degerine
yonlendiriimesinin benzetimi yapiimistir. Bu c¢alisma ile, tasarlanmis olan
sistemin  ideal kosullarda  modelinin  olusturularak  dogrulanmasi
amaclanmistir. Bu amacla fiziksel sistem ve benzetim modeli kullanilarak
farkli noktalardan alinan isaretler karsilastirimis ve bu karsilastirmalar

sonucunda gozlenen farklar Uzerinde tartigiimistir.

Benzetim temelde; Akl Detektori Benzetim Modeli, Agi Pozisyon Gostergesi
Modeli ve basit bir istikamet Cayrosu modelinden olugsmaktadir. Aki detektér
simulatort istikamet cayrosuna manyetik kuzeye iliskin referans bilgisi
gondermekte ve cayro da gosterdigi bas degerini agi pozisyon gostergesine
iletmektedir (Sekil 5.1).

A " wlret x Cayro X|——w|aP1 x
oooo . y
00 |»GucGirisi A yb——wRef y Cayro Yl—»lapi ¥ aprcikisil—wl__ 0]
rers Hava Araci
15V _
400 Hz Bas Degeri
Kaynak i
A z—wiRef 2 Cayro_ Z—wlap 7
Aki Detektdr istikamet Cayrosu Aci Pozisyon
Simiiiatdri {CG-130) Gistergesi (AP])

Sekil 5.1. istikamet cayrosu test cihazi MATLAB benzetim blogu
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5.1 Aki Detektorii Simulatori

Bu blok igin 400Hz duslUren transformator, dogrultucu, frekans katlayici
devre, 800Hz dusuren transformatéor ve 800HZzlik senkro modelleri
kullaniimistir. Transformatorler ideal transformator olarak distntlmuas ve bir
katsay: ile ifade edilmistir. Diyot dogrultucuyu modellemek igcin mutlak deger
(abs) fonksiyonu kullaniimistir. Frekans katlayici devrenin frekans alanindaki

matematiksel modeli [5.1] olusturularak kullanilmigtir (Sekil 5.2). [5.1]
esitliginde s; karmasik frekansi, i ise karmasik sayi bilesenini (\/—_1) ifade

etmektedir. T3 transformatértiinin kacak endiuktansi 170 mH’dir.

D2

O
©

2 Vin Y Vout
1IN645 0.1 u
200 V
T3
T2 1 J_ :
1 5 54 n | 27 n= 5.7 VZ
400 Hz —°
4 8
2 2| R3
1 3
50 K
1IN645
jL_+‘__
Sekil 5.2. Senkro referans isareti Uretim devresi
% o2
Vout = 0.64935% s in [5.1]
(s —6200i)(s + 6200i)
Vi : R1 direncinin uglari arasindaki gerilim

Vo : C10 kapasitorunun uglari arasindaki gerilim

T3 transformatorinin cikisi 800HZ'lik senkroya referans isareti olarak
girilmistir. Senkro modelinin olusturulmasi igin senkronun matematiksel
fonksiyonlari kullaniimistir (Es. 5.2). R1 ve R2 uglarindan referans isaret

girildiginde statorun uglari arasindaki gerilimler asagidaki ifadelerle verilir
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(Sekil 5.3). Esitliklerde kullanilan 8, rotor pozisyonunu ifade etmektedir (rotor
ekseniyle stator ekseni arasindaki agi). ‘R’ katsayisi (senkro) transformator

doénusum oranini temsil etmektedir ve bu g¢alisma igin R=(1/7)’dir.

.-;'.f:/., P ;r"ﬂ
'*f\#T:a“° STATOR
—h s EKSEN
Lav ‘Tq
3 pe
) 5
i
ROTOR
EKSENI

Sekil 5.3. Senkro i¢ yapisi
S1-S3 =R *[A *Sin(wt)]*Sin(6)

S3-82 = R *[A *Sin(wt)]*Sin(0 +120°) > [5.2]

S2-S1=R*[A*Sin(wt)]*Sin(0+240°)

Aki detektdri simulatérinin modeli Sekil 5.4'te gortlmektedir. 400HZ'lik
transformatorin dontsum orani 1/7, 800HZlik transformatorinki ise
(1/1,1364)’tir. 10 Kohm’luk seri direngten sonra elde edilmis olan isaretin
DC seviyesinin sifira yaklastiriimasi igin gergek uygulamada 27 nF’lik bir
kapasitor kullaniimistir. Bu RC devresinin transfer fonksiyonu da Es. 5.3’teki

gibi elde edilmistir. Gug girisi 115Vrms, 400Hz’dir.

=100y, [5.3]
s+ 3700
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Sekil 5.4. Aki detektort simulatori MATLAB modeli

800HZ'lik senkronun cikiglari aki detektori referansi olarak istikamet
cayrosuna girilmektedir. Senkronun rotor pozisyonu (aki detektdrinin
goOsterdigi kuzey) ayrica girilmektedir (Sekil 5.5). Girdigimiz bu deger

cayronun gostermesini istedigimiz bas degeridir.

Refarans
Gerilim (200 Hz
1 % & 4 =101
n 01 f (1)
——{In2 Out1
Subsystem
P01
oz (7
—Inz Outz
Subsystem
P01
03— (5 )
Fuf ] InZ Outz
Ratar
From Fozisyonu Subsystemnz
Makspace

[Fotor Fozisyonu)

Sekil 5.5. Senkro MATLAB modeli
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5.2 istikamet Cayrosu Benzetimi

istikamet cayrosu referans olarak aldi§i 800Hz senkro isaretini kullanarak
ayni pozisyonu gosteren ve referansa gore ¢ok daha kararli olan 400Hz
senkro isareti Uretir. istikamet cayrosunun simiilasyonunda bu prensip
kullanilmigtir (Sekil 5.6). Yani bu model tam bir cayro simulasyonu olmayip,

cayronun giris isaretine bagimh ¢ikis isaretlerinin simulasyonudur.

oooo
o0 P! In1 Cayro_X
Senkro Rotor
Girisi
Ini Cayro_
Fw_x
In2 Out! ] U1 Fpid180 |— ] In2
Py _y out3
[eg. - Rad. —
Fu_z Senkro (00 H
A Pozisyon enkre ¢ 2
Ghstargesi

Sekil 5.6. istikamet cayrosu MATLAB modeli

Bunun icin aki detektérinden gelen 3-faz isaret agi pozisyon gdstergesine
girilir. Ag1 pozisyon gostergesi, aki detektorinun gosterdigi manyetik kuzeye
gore aclyr goruntuler. Derece olarak hesaplanan bu deger radyana
donusturulerek 400HZ'lik cayro senkrosuna rotor pozisyonu olarak girilir.

Rotorun elektriksel referansi igin bir sinyal tUreteci kullanilir (26Vrms, 400Hz).
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5.3 Aci Pozisyon Bilgisi isleme Unitesi Benzetimi

Bu bolimde agi pozisyon gdstergesinin donanim ve vyazilimi simule
edilmistir. Cayronun senkro c¢ikiglari scott transformatdrine  girilir,
transformatér cikisi cayronun gdsterdigi bas degerinin sin ve cos
bilesenleridir. Scott ¢ikiglari AC oldugu i¢in dogrultmak amaciyla ornekle-tut
devresi kullanilir. Elde edilen sin ve cos bilesenlerine ait DC degerleriyle

yapilan hesaplamalar sonucu bas degeri elde edilir (Sekil 5.7).

S [ I
Sin Sin (D)
r—
{1 —int Sin
In_x Ot e I Out1 — e In
(2 —w{n2 ot
In_" Cos Bas Deger
Otz I Ini2 Otz —sy ] Ini2
In_& _ e
Soott Ornekle & Tut Al Pozisyon
Trafo Gistergesi
azilim
] |
Cos Cos (DL

Sekil 5.7. Agli pozisyon bilgisi isleme Unitesi MATLAB modeli

Scott transformatord, rotorlari 90 derece farkli sabitlenmis 2 adet senkro ile
gerceklestirilir. Senkrolarin statorlari uyarilmis ve rotordan isaret alinmistir.
Bunun icin senkronun ters dénusum esitlikleri elde edilmistir. Stator tek faz
isareti S1=V1*Sin(wt), S2=V2*Sin(wt), S3=V3*Sin(wt) kabul edildiginde Sekil
5.3'Un kullanimi ile ters donugsumleri agsagidaki sekilde elde edilmektedir.
Burada;

S1 : Statorun 1 numaral fazinin gerilimi

S2 : Statorun 2 numarali fazinin gerilimi

S3: Statorun 3 numarali fazinin gerilimi

V1 : Statorun 1 numarali faz geriliminin tepe degeri
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V2 : Statorun 2 numarali faz geriliminin tepe degeri
V3 : Statorun 3 numarali faz geriliminin tepe degeri

W : Stator geriliminin agisal frekansi

or = (1/R)* S1* Sin(0)+ (1/R)* S2* Sin(@ + 120) + (1/R)* S3* Sin(0 + 240)  [5.4]
Es. 5.4’te kullanilan (1/R) transformatér donisum orani, 6 ise rotor ekseni ile
stator ekseni arasindaki agidir. Senkro rotorlari bu uygulamada sabitlendigi
icin bu deger sabittir. Senkrolardan birisi sin, digeri cos bileseninin elde
edilmesinde kullanildigindan sin i¢in  8=0°, cos igin 8=90° alinmistir (Sekil

5.8). Bu durumda Es. 5.4 asagidaki hale gelmektedir.

V sy = (1/R)* SI* Sin(0) + (1/R) * S2 * Sin(0 + 120) + (1/R) * S3 * Sin(0) + 240)
V,irteos) = (1/R)* SI* Sin(90) + (1/R)* S2 * Sin(90 + 120) + (1/R) * S3* Sin(90 + 240)
In1 el In1
iz B lnz 0wt
In2 ol In Outd
In3 (Senkro CT)

L lind

I Out1
3 Outz
L

Cos
(Senkro CT)

Sekil 5.8. Ters donusimun MATLAB modeli

Ornekle-tut devresi, gerceklestiriimis sistemde faz duyarli dogrultucuyu

simule etmektedir. Sistemde kullanilan faz duyarli dogrultucu bir 6rnekle-tut
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devresidir. AC isaretin tepe noktasinda drnek alinmakta ve ¢ikistaki integral
alici yardimiyla elde edilen bu darbeler DC isarete donusturilmektedir.
Periyot icinde daima ayni noktadan oOrnek alindigindan 180 derece faz
degisimi, ¢ikisa negatif bir DC isareti seklinde yansiyacaktir. Kazang bloklari
yukselteci ifade ederler ve katsayilari (1/5,8)'dir (Sekil 5.9).

I

£
CO—»ff b oM (D
In1

Ot

Sample
and Hold

J {sin)

Pulze

Genergtor ﬁ

Ot

Sample
and Hald
(s

Sekil 5.9. Ornekle ve tut devresi MATLAB modeli

Elde edilen sin ve cos bilesenlerinin DC degerleri, bas agisini hesaplanmak

Uzere agl pozisyon gostergesi modulune girilir (Sekil 5.10).

0.7265
1 zin
- Tangent
In
cos * i
A atan — | (1P 1300 , : g
COut1
Inz Froduct Trigonometric  Rad.- Deg.
Function
In1 Crt1
In1 ot 4. Bilge
Driizeltmesi
2. we 3. Bilge
Diizeltmesi

Sekil 5.10. Agi pozisyon gdstergesi yaziliminin MATLAB modeli
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Bu modulde yapilan ana iglem, tan(y) degerini, buradan da ters déntsumle
Y’yi elde etmektir. Burada g, cayronun gosterdigi bas degerini ifade
etmektedir. tan™(tan(y)) fonksiyonu girisine uygulanan degerlere karsilik
birim ¢emberin sadece 1. ve 4. bdlgesinde degerler vermektedir. Gergek y
degerini bulabilmek icin cos’un isaretine bakilir. Cos’un isareti negatif ise agi
degeri birim gemberin 2. veya 3. bdlgesindedir. Bunun igin tan™(tan(y))
fonksiyonu sonucu elde edilen agi degerine 180° derece eklenmektedir (2. ve
3. Bolge Duzeltmesi, Sekil 5.11a). Agi 4. bolgedeyse dederi negatif isaretli
olarak verilmekte, bunu duzeltmek icin sadece aginin igaretine bakilmakta ve

negatifse agiya 360° eklenmektedir (4. Bolge Duzeltmesi, Sekil 5.11b).

1k I |u] k3
Int >< =
Fbs ’_b dutt
Froduct Fen
(€))
-— —{ U] ———
In1 % e fu
Abs dut1
Froduct Fen
(b)

Sekil 5.11. Birim gember duzeltme modulleri, (a) 2. ve 3. bolge duzeltmesi
moduliu (b) 4. bolge duzeltmesi modulu

5.4 Test Cihazindan Elde Edilen Ciktilar ile MATLAB Simulasyonunun

Karsilagtiriimasi

Gergcek model (test cihazi) Uzerinde Sekil 5.12 ve Sekil 5.15’te gosterilen
numaralandiriimig noktalardan osiloskop yardimiyla isaret sekilleri alinmistir.
MATLAB simulasyonunda karsilik gelen noktalardan da oOl¢gumler alinarak
sonuglarin karsilagtirilmasi yoluna gidilmigtir. Kargilastirmalar gerilim (Volt) -

zaman (saniye) grafikleri ile incelenmistir. ilk olarak Sekil 5.12'deki 1 ve 2



numarall

gOruldugu noktalardir.

T2

1
115 W
400 Hz

4
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J.I'I6451

noktalar karsilastirimistir.  Bu noktalar 800HZlik frekansin
Lz cs l
- @
1ME45 0.1 u
oo v l
T3
1 1
- j ¢ |
o AW
— Ed n oo
= Cln i g7 n §00 Hz
B TRCEL eny 4 2|58
g I
B3
1 3
L0 K

Sekil 5.12. Frekans katlayici devre dlgim noktalari



1 numarali 6lgum noktasi isaret kargilastirmasi

i (=53

Sekil 5.13.b. Simulasyondan elde edilen 1 numarali 6lgim

44
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2 numarali 6lgum noktasi isaret kargilastirmasi

Sekil 5.14.b. Simulasyondan elde edilen 2 numarali 6l¢gim

1 numaral 6lgim noktasindan alinan isaretle simulasyon sonucu birbirine
benzemektedir. Her iki isaretin de frekansi 400Hz, negatif tepe degeri
yaklasik 10 V ve pozitif tepe dederi yaklasik 14 V’dur. Simulasyonla elde
edilen isaretin negatif yari dalgasinda bir bozulma olusmaktadir. Bu bozulma
gercek modelde ¢ok daha dusik seviyededir. DC seviyeyi sifilamak ve

negatif yari dalgadaki bozulmadan kurtulmak icin 800Hz transformatoér
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cikisinda bir RC devresi kullaniimigtir. Uygulamada ve similasyonda elde
edilen igaretler sinuse ¢ok yakin isaretlerdir, genlikleri ve frekanslari 6zdestir.
Simulasyonda ve uygulamada yaklasik 0,5 V’luk bir DC offset vardir.

Sekil 5.15’te 3, 4, 5 ve 6 numarali noktalardan o&lgumler alinmistir. Bu
noktalarin isaret seviyeleri girilen bas degerine bagiml oldugu igin dlgumler
farkh bas degerleri (0°, 70°,150°, 220°, 300°) igin alinmigtir. Ayni bas
degerleri igin simulasyondan da ilgili noktalardan oélgumler alinarak gergek

model c¢iktilariyla karsilagtiriimigtir.
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Sekil 5.15. Faz duyarl dogrultucu devresi dlgim noktalari

Hata hesaplarken simulasyondan alinan deger referans deger olarak

alinacak ve gercek modelden alinan degerin bu referansa gore % hatasi
bulunacaktir.

% hata = {(Re f I()((?)erg‘ek)}



0° icin 3 numarali 6lgim noktasi isaret karsilastirmasi

Sekil 5.16.b. 0° icin simulasyondan elde edilen 3 numarali lgim

Her iki deger de sifir oldugu icin hata hesaplamaya gerek yoktur.
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70° icin 3 numarali 6lgcim noktasi isaret karsilastirmasi

2.00 Mpts

Sekil 5.17.b. 70° icin simllasyondan elde edilen 3 numaral 6l¢gim

Gercek modelden alinan deger : 20,43 Vrms
Simiilasyondan alinan deger : 29/+/2 =20,51 Vrms

(20,51-20,43)
100

Y%hata = { } =%0,08
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150° igin 3 numarali 6lgim noktasi isaret kargilastirmasi

taore
[1af2)

Delete
Al

Sekil 5.18.b. 150° igin simulasyondan elde edilen 3 numarali 6lgim

Gergek modelden alinan deger : 10,79 Vrms
Simiilasyondan alinan deger : 15/+/2=10,61 Vrms

(10,61-10,79)

Y%hata = { .

}:%&@J&
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220° icin 3 numarali élgim noktasi isaret kargilastirmasi

Sekil 5.19.b. 220° igin simulasyondan elde edilen 3 numarali 6lgim

Gergek modelden alinan deger : 14,03 Vrms
Simiilasyondan alinan deger : 20/+/2 =14,14 Vrms

(14,14 —14,03)

Y%hata = { .

} =%0,11
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300° icin 3 numarali 6lgim noktasi isaret karsilastirmasi

_'_;_'."" - i B
taore 200 ms/ m - _M mi‘ e

[Taf2)

Delete
All

Sekil 5.20.b. 300° icin simllasyondan elde edilen 3 numarali 6lgim

Gercek modelden alinan deger : 18,83 Vrms

Similasyondan alinan deger : 26,5/+/2=18,74 Vrms

(18,74 -18,83)

Y%hata = [ 100

} = %(—0,09)



0° icin 4 numarali 6lgcim noktasi isaret karsilastirmasi

2.00 Mpt=

1162 1.164

Sekil 5.21.b. 0° i¢in simulasyondan elde edilen 4 numarali 6lgim

Gercek modelden alinan deger : 21,88 Vrms
Simiilasyondan alinan deger : 31/+/2=21,92 Vrms

(21,92 - 21,88)
100

Y%hata = [ } = %0,04
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70° icin 4 numarali 6lgcim noktasi isaret karsilastirmasi

taore
[1af2)

Delete
All

1.032 1.034 1.036 1.038 1.04 1.042 1.044 1.046

Sekil 5.22.b. 70° icin simllasyondan elde edilen 4 numaral l¢gim

Gercek modelden alinan deger : 7,27 Vrms

Similasyondan alinan deger : 10,5/+/2=7,43 Vrms

(7,43-17,27)

Y%hata = [ 100

}: %0,16
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150° igin 4 numaral 6lgim noktasi isaret kargilastirmasi

2.00 Mpt=

More
[1af2)

Delete
All

0408 0.41 0.412 0.414 0416 0418

Sekil 5.23.b. 150° icin simllasyondan elde edilen 4 numarali 6lgim

Gercek modelden alinan deger : 19,03 Vrms
Simiilasyondan alinan deger : 27/+/2=19,09 Vrms

Yehata = [(19,091 ; 01 9,03)

} = %0,06
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220° icin 4 numarali 6lgim noktasi isaret kargilastirmasi

1.034

Sekil 5.24.b. 220° igin simulasyondan elde edilen 4 numarali 6lgim

Gercek modelden alinan deger : 16,63 Vrms
Simiilasyondan alinan deger : 23,5/+/2=16,62 Vrms

(16,62 —16,63)
100

Y%hata = { } = %(—0,01)



300° icin 4 numarali 6lgim noktasi isaret karsilastirmasi

100 Hiass 2.00 Mpts

Sekil 5.25.b. 300° icin simllasyondan elde edilen 4 numarali 6lgim

Gercek modelden alinan deger : 11,04 Vrms

Similasyondan alinan deger : 15,5/+/2=10,96 Vrms

(10,96 —11,04)

Y%hata = [ 100

} = %(—0,08)
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0° icin 5 numarali 6lgim noktasi isaret karsilastirmasi

Sekil 5.26.b. 0° i¢in simulasyondan elde edilen 5 numarali 6lgim

Gergek modelden alinan deger : 5,39 VDC
Simulasyondan alinan deger : 5,37 VDC

(5,37 —5,39)

Y%hata = { 100

} = %0,02
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70° icin 5 numarali 6lgcim noktasi isaret karsilastirmasi

Sekil 5.27.a. Gergek modelin 5 numarali noktasindan 70° igin alinan 6l¢gim

Sekil 5.27.b. 70° i¢in simllasyondan elde edilen 5 numarali 6l¢im

Gercek modelden alinan deger : 1,86 VDC
Simulasyondan alinan deger : 1,84 VDC

(1,84 —1,86)

Y%hata = [ 100

} = %(—0,02)
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150° igin 5 numarali 6lgim noktasi isaret kargilastirmasi

Sekil 5.28.b. 150° igin simllasyondan elde edilen 5 numarali 6lgim

Gergek modelden alinan deger : -4,60 VDC
Simulasyondan alinan deger : -4,65 VDC

Y%hata = {(_4’65)1 ;0(_4’60)} = %(-0,05)

60
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220° icin 5 numarali élgim noktasi isaret kargilastirmasi

taore
[1af2)

Delete
All

Sekil 5.29.b. 220° icin simllasyondan elde edilen 5 numarali 6lgim

Gergek modelden alinan deger : -3,99 VDC
Simulasyondan alinan deger : -4,11 VDC

(—4,11) = (-3,99)
100

Y%hata = [ } =%(-0,12)
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300° icin 5 numarali 6lgcim noktasi isaret karsilastirmasi

taore
[1af2)

Delete
All

Sekil 5.30.b. 300° igin simulasyondan elde edilen 5 numarali dlgim

Gergek modelden alinan deger : 2,78 VDC
Simulasyondan alinan deger : 2,68 VDC

(2,68 —2,78)

Y%hata = { 100

} = %(~0,10)
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Tum bas degerleri icin simulasyon sonuglari ile gercek modelden alinan
Olcimler genlik ve frekans olarak uyum icindedir. Bas dedgerinin
hesaplanmasinda (sin/cos) orani kullanildigi i¢cin simalasyon ile gergek model

arasinda gozlenen kuguk genlik farklari ¢ikisa etki etmemektedir.

Sin ve cos bilesenlerini dogrultmak amaciyla kullanilan 6rnekle-tut devresi
AC igaretinin tepe noktalarinda ornekler almaktadir. Gergek modelde
anahtarlama elemani olarak kullanilana FET (J2N4858) normalde iletimde
olup negatif gerilimle kesime sokulmaktadir (n-kanalli). Kullanilan FET, AC
isaretin tepe noktasinda pozitif gerilimle surulerek iletime sokulmakta ve AC
isaretin tepe noktasi 6rneklenmis olmaktadir. Simulasyonda farkli bir drnekle-
tut modeli kullanildidi i¢in anahtarlama isaretlerinin seviyeleri farkhdir. Test
cihazi Uzerinden olgulen ve simllasyondan alinan anahtarlama isaretleri (6

numarall nokta) sirayla Sekil 5.31.a ve Sekil 5.31.b’de gorulmektedir.



6 numarali 6lgum noktasi isaret kargilastirmasi

2.00 Mpts

B B

B¢

Sekil 5.31.b. Similasyondan alinan anahtarlama isareti

64



65

6. AKI DETEKTOR iSARETININ URETILMESINDE HATA ANALIZzi

Bu bolimde test cihazinin, yaziim Uzerinden girilen referans degerlere
karsilik verdigi tepkinin dogrulugu analiz edilmeye calisiimistir. Bu amagla
donanim igerisinde yer alan servo motor surlicu devresi igin hata analizi

yapilmistir.

6.1 Servo Motor Siiriicii Devresi i¢in Hata Analizi

Sistemde kullanilan kapali dongu motor silricu devresi, eleman
toleranslarindan ve servo motor igerisinde yer alan geri besleme potundan
dolay! hata Uretebilmektedir. Hata degerleri testlerde en ¢ok kullanilan bas
degerleri (0°, 30°, 60°, 90°, 120°, 150°, 180°, 210°, 240°, 270°, 300°) igin
Olgulmus ve grafige yansitiimistir. Farkli bas degerleri icin farkh hata elde
edilmesinin en blyuk nedeni geri besleme potundaki dogrusal olmama
problemidir. Olglimler sonucunda en kiiclik hata degeri 60 ve 90 derecede,
en blyudk hata degeri ise 300 derecede elde edilmistir. Gozlenen hata
degerleri testler icin kabul edilebilir tolerans olan +1° aralidi icerisindedir.
Elde edilen hata degerleri Cizelge 6.1’de, hata degisimi de Sekil 6.1°de

goOrulmektedir.



Cizelge 6.1. Servo motor surlcu devresi igin hata analiz verileri
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Referans Bas Olgiilen Bas
Degeri () Degeri (o) Hata (- o)
(Derece) (Derece)
0 0,100 -0,100
30 30,140 -0,140
60 60,010 -0,010
90 90,010 -0,010
120 120,120 -0,120
150 149,940 0,060
180 179,850 0,150
210 209,770 0,230
240 239,944 0,056
270 269,886 0,114
300 299,550 0, 450
0,500
0,400 - /
< 0300
§ 0,200 A /
9«? 0,100 - /./ \\.,/J
T 0,000 ‘ ‘ ‘ ‘
-0,100 T. ,/. .\\{
-0,200
0 50 100 150 200 250 300 350
Referans Bas Degeri (Derece)

Sekil 6.1. Servo motor surtcu devresi i¢in hata grafigi
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7. SONUG VE ONERILER

Teorik ve deneysel galismalar boyunca test cihazi tasariminda iyilestirmeye
yonelik cesitli degisiklikler yapilmistir. Servo motora ilk yol verme aninda hiz
yuksek oldugu icin referansi yakalayamama sorunlari yasanmistir. Sorunun
¢cozumune yonelik olarak, motoru yuklemek amaci ile bir sivi silikonlu

sonumlendirici mekanizmasi tasarlanarak devreye uygulanmigtir.

Yapilan teorik hesaplamalar ve MATLAB benzetimi yontemiyle alinan
sonuglar; tasarlanan CG-130 modeli istikamet cayrosu test seti ile yapilan
gergek test ¢iktilariyla kargilastiriimis ve sonuglarin birbirine gok yakin oldugu
gorulmustlr. Boylece yapilan tasarimin uygulama ile tam anlamiyla ortistagu
tespit edilmistir. Test cihazi ile test edilen cayro sistemlerinin helikopterler
uzerine monte edildikten sonra yapilan helikopter testlerinde sorunsuz

cahistigi gozlemlenmigtir.

Cayro Ureticisi firmalar tarafindan CG-130 cayro testlerinde kullaniimak Gzere
Onerilen test sistemleri ortalama fiyatlari 400 000 — 500 000 Amerikan Dolari
dir, gelistirilen test cihazi maliyeti ise yaklagik 4 000 dolardir. Cayrolarin
onarim ve test islemlerinin yurt diginda yaptiriimasi durumunda cihaz basina

0denecek onarim bedelinin 15 000 — 20 000 dolar arasi olacagi bilinmektedir.

CG-130 modeli cayrolarin geligtirilen test cihazi ile atolye ortaminda test
edilebilir hale getiriimesi sonucunda, daha 6nceden helikopter Uzerinde
yapillmak zorunda olan testlere ait, test sureleri ve test maliyetlerinden
tasarruf edilmistir. Arizali olarak helikopterlerden sdkilen, onarim ya da
kalibrasyon gerektiren cayro sistemlerin yurt digi onarim merkezlerine
gonderilmeleri engellenmis, onarim Ucretleri ve bir yila yaklasan onarim
surelerinden kazang¢ saglanarak, goreve hazir helikopter oranlarinda artis

saglanmigtir.
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EK-1 Cevirisi yapilan kavramlarin ingilizce karsiliklari

2 Eksenli Cayro

Acl Pozisyon Gdstergesi
Aki Detektoru

Aktif

Bas Bilgisi

Benzetim

Cayro

Dikey

Havacilik Elektronigi (Aviyonik)
istikamet Cayrosu
Kesmek

Kompanzasyon Unitesi

: 2-Degree of Freedom Gyro
: Angle Position Indicator
: Flux Valve

: Enable

: Heading

: Simulation

: Gyro

: Vertical

: Avionics

: Directional Gyro

: Disable

: Compensation Unit

Maksimum Enerjilendirme Akimi :Maximum Energization Current

Manyetik Yon Gostergesi
Minimum Enerjilendirme Akimi
Sayisal isaret

Tampon

Test Cihazi

Tutucu

Yalpa Cemberi

Yatay Durum Gostergesi

: Radio Magnetic Indicator
:Minimum Energization Current
: Digital Signal

: Buffer

: Test Set

: Latch

: Gimbal

: Horizontal Situation Indicator
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EK-3 Cayro test cihazi devre elemanlari listesi

Frekans katlama devresi parca listesi

Semboll

C9
C10
D2, D3
R1

R3

T2
T3

Flux valf devresi parca listesi

Semboll

C

C

C

C
1IN645
2N5679
2N2218

BC160
J2N4858

J UV UV U U O XD

Miktari

1 Adet
1 Adet

4 Adet
1 Ade

1 Adet
1 Adet
1 Adet

Miktari

5 Adet
1 Adet
1 Adet
1 Adet
4 Adet
1 Adet
1 Adet
1 Adet
2 Adet
2 Adet
1 Adet
2 Adet
5 Adet
2 Adet
2 Adet
1 Adet

Tanimlamasi

0.1 uF, 200 V Kondansator
54 nF, 63 V Kondansator

IN645, 225V, 0,4 A
2,7 KOHM %1, Ya W

50 KOHM Pot, Y2 W
115/26 V 400 Hz orta uclu
26/26 V 400 Hz

Tanimlamasi

1 uF, 16 Vdc Kondansator

1 uF, 50 V Kondansattr

100 nF, 16 Vdc Kondansatotr
220 Uf, 35 V Kondansator
225V, 0,4 A

100 V, 1A 1 W Transistor
60V, 0,8 A 0,8 W Transistor
40V 1 A 0,75 W Transistor
40 V Idss>0,8 A Transistor (N-FET)
15 KOHM %1, YaW

5,1 KOHM %1, Ya W

10 KOHM %1, ¥4 W

50 KOHM Pot, Y2 W

2 KOHM %1, ¥4 W

1 MOHM %1, Ya W

50 OHM %1
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EK-3 (Devam) Cayro test cihazi devre elemanlari listesi

Flux valf devresi parca listesi

Sembolii

R

U

U

Ul, U2

U3

U4, U5, U6
U7, U8, U9
U13A

Port

Miktari

4 Adet
2 Adet
1 Adet
2 Adet
1 Adet
1 Adet
3 Adet
1 Adet
1 Adet
1 Adet

Tanimlamasi

100 OHM Pot, Ya W

LM1558 Entegre (Op-amp, Dual)
LF411 Entegre (Op-amp)

AD574A Entegre (12 Bit ADC)

AD7226 Entegre (8 Bit DAC)

74L.S573 Entegre (8 Bit Latch (Tutucu))
7415245 Entegre (8 Buffer (Tampon))
74L.S139 Entegre

Parelel Port (1x8)

Servo Motor



EK-4 Test cihazi yazilimi kaynak kodlari
“giris” FORMUNA AIT PROGRAM

“*Genel form degiskenlerinin ve tiplerinin berlirlenmesi
Dim indis As Integer

Dim arx As Integer

Dim arx1 As Integer

Dim arx2 As Integer

Dim donum As Integer
Dim yuz As Integer

Dim on1 As Integer

Dim ayirma As Long

Dim readyuz As Integer
Dim readon As Integer
Dim readbir As Integer
Dim readyuzbin As Integer
Dim readonbin As Integer
Dim readbin As Integer

“Formun yliklendigi anda degigken tiplerinin ve baslangi¢ degerlerinin

belirlenmesi

Private Sub Form_Load()
Command1.Cancel = True
indis =0

Dim EcrPortData As Integer
Dim DataPortData As Integer
Dim ByteRead As Integer
Dim ByteRead1 As Double
Dim ByteRead2 As Double
Dim BitNumber As Integer
Dim BitValue As Integer

Dim ControlPortData As Integer
Dim aci As Integer

Dim derece As Integer

Dim data As Integer

Dim arx As Integer

Dim arx1 As Integer

Text8 = Time

StartUp

arx=0

arx1=0

arx2=0

donum =0

ControlPortData = 11
ControlPortWrite BaseAddress, ControlPortData
DataPortData = 0

74



EK-4 (Devam) Test cihazi yazilimi kaynak kodlari

DataPortWrite BaseAddress, DataPortData
ControlPortData = 8

ControlPortWrite BaseAddress, ControlPortData
Fori=1To 1000

Next

ControlPortData = 11

ControlPortWrite BaseAddress, ControlPortData
ByteRead = EcrPortRead(BaseAddress)
BitSet ByteRead, 5

BitReset ByteRead, 6

BitReset ByteRead, 7

EcrPortWrite BaseAddress, ByteRead
Text3.TabStop = True

Text3.Tablndex =0

Text5=0

Text6 =0

Text7 =0

Text9=0

Text10=0

Text11 =0

ayirma =0

Text14 =0

Text15=0

Text16 =0

data=0

Text17 =0

Text18 =0

Text19=0

Text20 ="."

Text21 =0

Text22 =0

Text23=0

End Sub

“Kullanicinin text lizerinde mouse ile degisiklige neden olmamasi igin

75

Private Sub Frame17_MouseMove(Button As Integer, Shift As Integer, X As

Single, Y As Single)

If Text17.Enabled = False Then Text17.Enabled = True
If Text18.Enabled = False Then Text18.Enabled = True
If Text19.Enabled = False Then Text19.Enabled = True
If Text20.Enabled = False Then Text20.Enabled = True
If Text21.Enabled = False Then Text21.Enabled = True
If Text22.Enabled = False Then Text22.Enabled = True
If Text23.Enabled = False Then Text23.Enabled = True
If Text9.Enabled = False Then Text9.Enabled = True



EK-4 (Devam) Test cihazi yazilimi kaynak kodlari

If Text10.Enabled = False Then Text10.Enabled = True
If Text11.Enabled = False Then Text11.Enabled = True
If Text12.Enabled = False Then Text12.Enabled = True
If Text13.Enabled = False Then Text13.Enabled = True
If Text14.Enabled = False Then Text14.Enabled = True
If Text15.Enabled = False Then Text15.Enabled = True
If Text16.Enabled = False Then Text16.Enabled = True
End Sub

“Kullanicinin text lizerinde mouse ile degigiklige neden olmamasi igin

76

Private Sub Frame13_MouseMove(Button As Integer, Shift As Integer, X As

Single, Y As Single)

If Text7.Enabled = False Then Text7.Enabled = True

If Text6.Enabled = False Then Text6.Enabled = True

If Text5.Enabled = False Then Text5.Enabled = True

If Text9.Enabled = False Then Text9.Enabled = True

If Text10.Enabled = False Then Text10.Enabled = True
If Text11.Enabled = False Then Text11.Enabled = True
If Text12.Enabled = False Then Text12.Enabled = True
If Text13.Enabled = False Then Text13.Enabled = True
If Text14.Enabled = False Then Text14.Enabled = True
If Text15.Enabled = False Then Text15.Enabled = True
If Text16.Enabled = False Then Text16.Enabled = True
End Sub

“*Kullanicinin text tizerinde mouse ile degisiklige neden olmamasi icin

Private Sub Frame12_MouseMove(Button As Integer, Shift As Integer, X As

Single, Y As Single)

If Text9.Enabled = False Then Text9.Enabled = True

If Text10.Enabled = False Then Text10.Enabled = True
If Text11.Enabled = False Then Text11.Enabled = True
If Text12.Enabled = False Then Text12.Enabled = True
If Text13.Enabled = False Then Text13.Enabled = True
If Text14.Enabled = False Then Text14.Enabled = True
If Text15.Enabled = False Then Text15.Enabled = True
If Text16.Enabled = False Then Text16.Enabled = True
If Text7.Enabled = False Then Text7.Enabled = True

If Text6.Enabled = False Then Text6.Enabled = True

If Text5.Enabled = False Then Text5.Enabled = True
End Sub

“*Kullanicinin text tizerinde mouse ile degisiklige neden olmamasi icin
Private Sub Text9 MouseMove(Button As Integer, Shift As Integer, X As

Single, Y As Single)
Text9.Enabled = False



EK-4 (Devam) Test cihazi yazilimi kaynak kodlari

Text10.Enabled = False
Text11.Enabled = False
Text12.Enabled = False
Text13.Enabled = False
Text14.Enabled = False
Text15.Enabled = False
Text16.Enabled = False
End Sub

“Kullanicinin text lizerinde mouse ile degigiklige neden olmamasi igin
Private Sub Text10_MouseMove(Button As Integer, Shift As Integer, X As
Single, Y As Single)

Text9.Enabled = False

Text10.Enabled = False

Text11.Enabled = False

Text12.Enabled = False

Text13.Enabled = False

Text14.Enabled = False

Text15.Enabled = False

Text16.Enabled = False

End Sub

“Kullanicinin text (izerinde mouse ile degigiklige neden olmamasi igin
Private Sub Text11_MouseMove(Button As Integer, Shift As Integer, X As
Single, Y As Single)

Text9.Enabled = False

Text10.Enabled = False

Text11.Enabled = False

Text12.Enabled = False

Text13.Enabled = False

Text14.Enabled = False

Text15.Enabled = False

Text16.Enabled = False

End Sub

“*Kullanicinin text tizerinde mouse ile degisiklige neden olmamasi icin
Private Sub Text12_MouseMove(Button As Integer, Shift As Integer, X As
Single, Y As Single)

Text9.Enabled = False

Text10.Enabled = False

Text11.Enabled = False

Text12.Enabled = False

Text13.Enabled = False

Text14.Enabled = False

Text15.Enabled = False
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Text16.Enabled = False
End Sub

“Kullanicinin text lizerinde mouse ile degigiklige neden olmamasi igin
Private Sub Text13 _MouseMove(Button As Integer, Shift As Integer, X As
Single, Y As Single)

Text9.Enabled = False

Text10.Enabled = False

Text11.Enabled = False

Text12.Enabled = False

Text13.Enabled = False

Text14.Enabled = False

Text15.Enabled = False

Text16.Enabled = False

End Sub

“Kullanicinin text (izerinde mouse ile degigiklige neden olmamasi igin
Private Sub Text14_MouseMove(Button As Integer, Shift As Integer, X As
Single, Y As Single)

Text9.Enabled = False

Text10.Enabled = False

Text11.Enabled = False

Text12.Enabled = False

Text13.Enabled = False

Text14.Enabled = False

Text15.Enabled = False

Text16.Enabled = False

End Sub

“*Kullanicinin text tizerinde mouse ile degisiklige neden olmamasi icin
Private Sub Text15_MouseMove(Button As Integer, Shift As Integer, X As
Single, Y As Single)

Text9.Enabled = False

Text10.Enabled = False

Text11.Enabled = False

Text12.Enabled = False

Text13.Enabled = False

Text14.Enabled = False

Text15.Enabled = False

Text16.Enabled = False

End Sub

“Kullanicinin text lizerinde mouse ile degisiklige neden olmamasi igin
Private Sub Text16_MouseMove(Button As Integer, Shift As Integer, X As
Single, Y As Single)
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Text9.Enabled = False
Text10.Enabled = False
Text11.Enabled = False
Text12.Enabled = False
Text13.Enabled = False
Text14.Enabled = False
Text15.Enabled = False
Text16.Enabled = False
End Sub

“Kullanicinin text lizerinde mouse ile degisiklige neden olmamasi igin
Private Sub Text5 MouseMove(Button As Integer, Shift As Integer, X As
Single, Y As Single)

Text7.Enabled = False

Text6.Enabled = False

Text5.Enabled = False

End Sub

“Kullanicinin text (izerinde mouse ile degigiklige neden olmamasi igin
Private Sub Text6_MouseMove(Button As Integer, Shift As Integer, X As
Single, Y As Single)

Text7.Enabled = False

Text6.Enabled = False

Text5.Enabled = False

End Sub

“*Kullanicinin text lizerinde mouse ile degisiklige neden olmamasi igin
Private Sub Text7_MouseMove(Button As Integer, Shift As Integer, X As
Single, Y As Single)

Text7.Enabled = False

Text6.Enabled = False

Text5.Enabled = False

End Sub

“* Programdan ¢ikmak ve yapilacak degisiklikleri aktif hale getirmek igin
Private Sub ShockwaveFlash1_GotFocus()

Dim ControlPortData As Integer

Dim DataPortData As Integer

DataPortData = 8

DataPortWrite BaseAddress, DataPortData
ControlPortData = 8

ControlPortWrite BaseAddress, ControlPortData
Fori=1To 1000

Next

ControlPortData = 11
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ControlPortWrite BaseAddress, ControlPortData
End
End Sub

“Kullanicinin text lizerinde mouse ile degigiklige neden olmamasi igin
Private Sub Text20 MouseMove(Button As Integer, Shift As Integer, X As
Single, Y As Single)

Text17.Enabled = False

Text18.Enabled = False

Text19.Enabled = False

Text20.Enabled = False

Text21.Enabled = False

Text22.Enabled = False

Text23.Enabled = False

End Sub

“*Kullanicinin text lizerinde mouse ile degigiklige neden olmamasi igin
Private Sub Text17_MouseMove(Button As Integer, Shift As Integer, X As
Single, Y As Single)

Text17.Enabled = False

Text18.Enabled = False

Text19.Enabled = False

Text20.Enabled = False

Text21.Enabled = False

Text22.Enabled = False

Text23.Enabled = False

End Sub

“*Kullanicinin text tizerinde mouse ile degisiklige neden olmamasi icin
Private Sub Text18 MouseMove(Button As Integer, Shift As Integer, X As
Single, Y As Single)

Text17.Enabled = False

Text18.Enabled = False

Text19.Enabled = False

Text20.Enabled = False

Text21.Enabled = False

Text22.Enabled = False

Text23.Enabled = False

End Sub

“*Kullanicinin text tizerinde mouse ile degisiklige neden olmamasi icin
Private Sub Text19 MouseMove(Button As Integer, Shift As Integer, X As
Single, Y As Single)

Text17.Enabled = False
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Text18.Enabled = False
Text19.Enabled = False
Text20.Enabled = False
Text21.Enabled = False
Text22.Enabled = False
Text23.Enabled = False
End Sub

“Kullanicinin text tizerinde mouse ile degisiklige neden olmamasi igin
Private Sub Text21_MouseMove(Button As Integer, Shift As Integer, X As
Single, Y As Single)

Text17.Enabled = False

Text18.Enabled = False

Text19.Enabled = False

Text20.Enabled = False

Text21.Enabled = False

Text22.Enabled = False

Text23.Enabled = False

End Sub

“Kullanicinin text (izerinde mouse ile degigiklige neden olmamasi igin
Private Sub Text22_MouseMove(Button As Integer, Shift As Integer, X As
Single, Y As Single)

Text17.Enabled = False

Text18.Enabled = False

Text19.Enabled = False

Text20.Enabled = False

Text21.Enabled = False

Text22.Enabled = False

Text23.Enabled = False

End Sub

“*Kullanicinin text lizerinde mouse ile degisiklige neden olmamasi igin
Private Sub Text23 MouseMove(Button As Integer, Shift As Integer, X As
Single, Y As Single)

Text17.Enabled = False

Text18.Enabled = False

Text19.Enabled = False

Text20.Enabled = False

Text21.Enabled = False

Text22.Enabled = False

Text23.Enabled = False

End Sub

™ Yazilan datanin génderimesi ve gelen datanin okunmasi islemi igin
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Private Sub Timer1_Timer()
Dim EcrPortData As Integer
Dim DataPortData As Integer
Dim ByteRead As Integer

Dim BitNumber As Integer

Dim BitValue As Integer

Dim ControlPortData As Integer
Dim kanal As String

Dim aci As Double

Dim ByteRead1 As Double
Dim ByteRead2 As Double
Dim StatusPortData As Integer
Dim derece As Integer

Dim data As Integer

Dim pi
Text8 = Time
pi =4 * Atn(1)

fE*Yazilan datanin génderilmesi*******x****
ControlPortData = ControlPortRead(BaseAddress)
ControlPortData = 11
ControlPortWrite BaseAddress, ControlPortData
derece = Val(Text5.Text) * 100 + Val(Text6.Text) * 10 + Val(Text7.Text) * 1
derece = (derece / 2) + 8
If derece - 128 >= 0 Then
BitSet DataPortData, 7
derece = derece - 128
End If
If derece - 64 >= 0 Then
BitSet DataPortData, 6
derece = derece - 64
End If
If derece - 32 >=0 Then
BitSet DataPortData, 5
derece = derece - 32
End If
If derece - 16 >= 0 Then
BitSet DataPortData, 4
derece = derece - 16
End If
If derece - 8 >= 0 Then
BitSet DataPortData, 3
derece = derece - 8
End If
If derece - 4 >= 0 Then
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BitSet DataPortData, 2
derece = derece - 4

End If

If derece - 2 >= 0 Then
BitSet DataPortData, 1
derece = derece - 2

End If

If derece - 1 =0 Then
BitSet DataPortData, O
derece = derece - 1

End If
Fori=1To 1000
Next

DataPortWrite BaseAddress, DataPortData
ControlPortData = 8

ControlPortWrite BaseAddress, ControlPortData
Fori=1To 1000

Next

ControlPortData = ControlPortRead(BaseAddress)
ControlPortData = 11

ControlPortWrite BaseAddress, ControlPortData
ControlPortData = ControlPortRead(BaseAddress)
BitValue = BitRead(ControlPortData, 2)

If BitValue = 0 Then

ControlPortData = 45

ControlPortWrite BaseAddress, ControlPortData
Elself BitValue = 1 Then

ControlPortData = 41

ControlPortWrite BaseAddress, ControlPortData
End If

Fori=1To 100

Next

xxxx* Gelen datanin okunmasy******

ByteRead = DataPortRead(BaseAddress)
ControlPortData = ControlPortRead(BaseAddress)
ControlPortData = 11

ControlPortWrite BaseAddress, ControlPortData
BitValue1 = BitRead(ByteRead, 0)

bitvalue2 = BitRead(ByteRead, 1)

bitvalue3 = BitRead(ByteRead, 2)

bitvalue4 = BitRead(ByteRead, 3)

bitvalue5 = BitRead(ByteRead, 4)

bitvalue6 = BitRead(ByteRead, 5)

bitvalue7 = BitRead(ByteRead, 6)
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BitValue8 = BitRead(ByteRead, 7)

ByteRead2 = 128 * BitValue8 + 64 * bitvalue7 + 32 * bitvalue6 + 16 *
bitvalue5 + 8 * bitvalue4 + 4 * bitvalue3 + 2 * bitvalue2 + BitValue1
ByteRead2 = ByteRead2 - 128

Text1.Text = ByteRead2

ControlPortData = ControlPortRead(BaseAddress)
ControlPortData = 42

ControlPortWrite BaseAddress, ControlPortData

ByteRead = DataPortRead(BaseAddress)

ControlPortData = 43

ControlPortWrite BaseAddress, ControlPortData

Fori=1To 1000

Next

BitValue1 = BitRead(ByteRead, 0)

bitvalue2 = BitRead(ByteRead, 1)

bitvalue3 = BitRead(ByteRead, 2)

bitvalue4 = BitRead(ByteRead, 3)

bitvalue5 = BitRead(ByteRead, 4)

bitvalue6 = BitRead(ByteRead, 5)

bitvalue7 = BitRead(ByteRead, 6)

BitValue8 = BitRead(ByteRead, 7)

ByteRead1 = 128 * BitValue8 + 64 * bitvalue7 + 32 * bitvalue6 + 16 *
bitvalue5 + 8 * bitvalue4 + 4 * bitvalue3 + 2 * bitvalue2 + BitValue1
ByteRead1 = ByteRead1 - 128

Text2.Text = ByteRead1

If ByteRead2 = 0 And ByteRead1 > 0 Then

Text4 = "90.000"

Elself ByteRead2 = 0 And ByteRead1 < 0 Then

Text4 ="270.000"

Elself ByteRead2 < 0 And ByteRead1 = 0 Then

Text4 = "180.000"

Elself ByteRead2 > 0 And ByteRead1 = 0 Then

Text4 ="0.000"

Elself ByteRead2 = 0 And ByteRead1 = 0 Then

RRR = MsgBox("OUTPUT SELECT Komutatériiniin Konumunu Kontrol

Edin", 48, "F.V.S.")

Else

acl = Atn(ByteRead1 / ByteRead2) * 180 / pi
End If

If ByteRead1 > 0 And ByteRead2 > 0 Then
Text3.Text = aci

Elself ByteRead1 > 0 And ByteRead2 < 0 Then
Text3.Text = aci + 180

Elself ByteRead1 < 0 And ByteRead2 < 0 Then
Text3.Text = aci + 180
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Elself ByteRead1 < 0 And ByteRead2 > 0 Then
Text3.Text = aci + 360

Else

Text3.Text = aci

End If

Fori=1To6

kanal = Right(Left(Text3, i), 1)

If kanal ="." Then

Text4.Text = Left(Text3, i + 3)

Exit For

End If

Next

derece = Val(Text5) * 100 + Val(Text6) * 10 + Val(Text7) * 1
If derece = 0 And ByteRead1 = -1 And ByteRead2 = 0 Then
Text4 = "Eternity error"

Elself ByteRead2 = 0 And ByteRead1 = 0 Then

rxx = MsgBox("CG-130 Directional Gyro'nun takili oldugundan emin olun!!!!",
, "F.V.S.")

Elself derece = 0 And ByteRead1 = 0 Then

Text4 = Atn(ByteRead1 / ByteRead2) * 180 / pi
Elself derece = 0 And ByteRead1 = -1 Then

Text4 = Atn(ByteRead1 / ByteRead2) * 180 / pi + 360
End If

Air1.Headinglndicator = Val(Text4)

ControlPortData = 11

ControlPortWrite BaseAddress, ControlPortData

If Val(Text1) = 127 And Val(Text2) = 127 Then
readyuz = 0

readon =0

readbir = 0

readyuzbin =0

readonbin =0

readbin =0

rrrrr = MsgBox("Gug Girigleri Kapali Durumda”, 48, "F.V.S.")
End If

ayirma = Abs(Val(Text2))

Do While ayirma - 100 >=0

ayirma = ayirma - 100

readyuz = readyuz + 1

Loop

Do While ayirma - 10 >=0

ayirma = ayirma - 10

readon = readon + 1

Loop

Do While ayirma -1>=0
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ayirma = ayirma - 1

readbir = readbir + 1

Loop

If ByteRead1 < 0 Then
Text12 ="-"

Else

Text12 = "+"

End If

Text9 = readyuz

Text10 = readon

Text11 = readbir

readyuz =0

readon =0

readbir = 0

ayirma = Abs(Val(Text1))
Do While ayirma - 100 >=0
ayirma = ayirma - 100
readyuz = readyuz + 1
Loop

Do While ayirma - 10 >=0
ayirma = ayirma - 10
readon = readon + 1

Loop

Do While ayirma - 1>=0
ayirma = ayirma - 1
readbir = readbir + 1

Loop

If ByteRead2 < 0 Then
Text13 ="-"

Else

Text13 = "+"

End If

Text14 = readyuz

Text15 = readon

Text16 = readbir

readyuz =0

readon =0

readbir = 0

ayirma = Val(Text4) * 1000
Do While ayirma - 100000 >= 0
ayirma = ayirma - 100000
readyuzbin = readyuzbin + 1
Loop

Do While ayirma - 10000 >= 0
ayirma = ayirma - 10000

86



EK-4 (Devam) Test cihazi yazilimi kaynak kodlari

readonbin = readonbin + 1
Loop

Do While ayirma - 1000 >= 0
ayirma = ayirma - 1000
readbin = readbin + 1
Loop

Do While ayirma - 100 >= 0
ayirma = ayirma - 100
readyuz = readyuz + 1
Loop

Do While ayirma - 10 >=0
ayirma = ayirma - 10
readon = readon + 1

Loop

Do While ayirma - 1>=0
ayirma = ayirma - 1
readbir = readbir + 1

Loop

Text17 = readyuzbin
Text18 = readonbin
Text19 = readbin

Text21 = readyuz

Text22 = readon

Text23 = readbir

readyuz = 0
readon =0
readbir =0

readyuzbin = 0
readonbin = 0
readbin =0
End Sub

™ Goénderilecek datanin birler basamaginin azaltiimasi
Private Sub Command10_Click()
derece = Val(Text5) * 100 + Val(Text6) * 10 + Val(Text7) * 1
If Text7 - 2>=0 Then
Text7 = Val(Text7) - 2
Elself derece - 2 > 0 Then
derece = derece - 2
Fori=1To3
If derece - 100 > 0 Then
derece = derece - 100
yuz = yuz + 1
End If
Next
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Fori=1To9
If derece - 10 > 0 Then
derece = derece - 10
on1 =on1 + 1

End If
Next
Text5 = yuz
Text6 = on1
Text7 =8
End If
yuz =0
on1=0
End Sub

™ Gonderilecek datanin ylzler basamaginin artirilmasi
Private Sub Command5_Click()
Text5 = Val(Text5) + 1
derece = Val(Text5) * 100 + Val(Text6) * 10 + Val(Text7) * 1
If derece > 320 Then

MsgBox ("Gireceginiz deger 320'den buyuk olamaz")

Text5 =0
Text6 =0
Text7 =0
End If
End Sub

™ Goénderilecek datanin ylizler basamaginin azaltiimasi
Private Sub Command6_Click()

If Text5 > 0 Then Text5 = Val(Text5) - 1

End Sub

“* Gbénderilecek datanin onlar basamaginin artirilmasi
Private Sub Command7_Click()
Text6 = Val(Text6) + 1
derece = Val(Text5) * 100 + Val(Text6) * 10 + Val(Text7) * 1
If derece > 320 Then

MsgBox ("Gireceginiz deger 320'den buyuk olamaz")

Text5 =0
Text6 =0
Text7 =0

Elself Text6 = 10 Then
Text5 = Val(Text5) + 1
Text6 =0

End If

End Sub
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™ Gonderilecek datanin onlar basamaginin azaltiimasi
Private Sub Command8_Click()
derece = Val(Text5) * 100 + Val(Text6) * 10 + Val(Text7) * 1
If Text6 - 1 >=0 Then
Text6 = Val(Text6) - 1
Elself derece - 10 > 0 Then
derece = derece - 10
Fori=1To 3
If derece - 100 > 0 Then
derece = derece - 100
yuz = yuz + 1
End If
Next
Text5 = yuz
Text6 =9
End If
yuz =0
End Sub

™ Goénderilecek datanin birler basamaginin artirilmasi
Private Sub Command9_Click()
Text7 = Val(Text7) + 2
derece = Val(Text5) * 100 + Val(Text6) * 10 + Val(Text7) * 1
If derece > 320 Then
MsgBox ("Gireceginiz deger 320'den buyuk olamaz")
Texts =0
Text6 =0
Text7 =0
Elself Text7 = 10 Then
Text6 = Val(Text6) + 1
Text7 =0
If Text6 = 10 Then
Text5 = Val(Text5) + 1
Text6 =0
End If
End If
End Sub
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VISUAL BASIC TARAFINDAN PARALEL PORT iGIN
ONERILEN MODULLER

INPOUTV4.BAS

'‘Declare Inp and Out for port I/0
"Two versions, for 16-bit and 32-bit Visual Basic 4 programs.

#If Win32 Then

'DLL procedure names are case-sensitive in VB4.

'Use Aliases so Inp and Out don't have to have matching case in VB.
Public Declare Function Inp Lib "inpout32.dil" _

Alias "Inp32" (ByVal PortAddress As Integer) As Integer

Public Declare Sub Out Lib "inpout32.dll" _

Alias "Out32" (ByVal PortAddress As Integer, ByVal Value As Integer)

#Else

Public Declare Function Inp Lib "inpout16.DII" _

Alias "Inp16" (ByVal PortAddress As Integer) As Integer

Public Declare Sub Out Lib "inpout16.DII" _

Alias "Out16" (ByVal PortAddress As Integer, ByVal Value As Integer)
#End If

LPTTEMPL.BAS

Option Explicit

#If Win32 Then

Declare Function GetPrivateProfileStringByKeyName& Lib "Kernel32" _
Alias "GetPrivateProfileStringA" _

(ByVal IpApplicationName$, ByVal IpszKey$, ByVal IpszDefault$,
ByVal IpszReturnBuffer$, ByVal cchReturnBuffer&, ByVal IpszFile$)

Declare Function WritePrivateProfileString& Lib "Kernel32" _

Alias "WritePrivateProfileStringA" _

(ByVal IpApplicationName$, ByVal IpKeyName$, ByVal IpString$, ByVal
IpFileName$)

Declare Function GetWindowsDirectory& Lib "Kernel32" _
Alias "GetWindowsDirectoryA" (ByVal IpBuffer$, ByVal nSize%)

#Else

Declare Function GetPrivateProfileStringByKeyName% Lib "Kernel" _
Alias "GetPrivateProfileString" _
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(ByVal IpApplicationName$, ByVal IpKeyName$, ByVal IpDefault$,
ByVal IpReturnedString$, ByVal nSize%, ByVal IpFileName$)

Declare Function WritePrivateProfileString% Lib "Kernel" _
(ByVal _

IpApplicationName$, ByVal IpKeyName$, ByVal IpString$, ByVal
IpFileName$)

Declare Function GetWindowsDirectory% Lib "Kernel" (ByVal IpBuffer$,
ByVal nSize%)

#End If

Type PortData
Name As String
Address As Integer
PortType As String
EcpModeDescription As String
EcpModeValue As Integer
Enabled As Integer

End Type

Global Port(0 To 3) As PortData

Global BaseAddress%

Global PortType$

Global IniFile$

Global EcrAddress%

Global EcrData%

Global EcpDataPortAddress%
Global EppDataPortOAddress%
Global IndexOfSelectedPort%
Global PortDescription$

Global ByteReadLed As Integer
Global EcpExists%

Global SppExists%

Global PS2Exists%

Global EppExists%

Function GetEcpModeDescription$(EcpModeValue%)
Select Case EcpModeValue
Case 0
GetEcpModeDescription = "SPP"
Case 1
GetEcpModeDescription = "PS/2"
Case 10
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GetEcpModeDescription = "Fast Centronics"
Case 11
GetEcpModeDescription = "ECP"
Case 100
GetEcpModeDescription = "EPP"
Case 110
GetEcpModeDescription = "Test"
Case 111
GetEcpModeDescription = "Configuration"
End Select
End Function

Sub GetlniData()
'‘Use the Windows API call GetPrivateProfileString to read user information
'from an ini file.

Dim NumberOfCharacters%

Dim ReturnBuffer As String * 128
Dim Index%

Dim WindowsDirectory$

"The API functions read data into fixed-length string buffers

‘and return the number of characters in the entry.

'Use Left$ to discard all characters to the right of the final character in the
entry.

'Get the path of the Windows directory, where the ini file is stored.
NumberOfCharacters = GetWindowsDirectory(ReturnBuffer, 127)
WindowsDirectory = Left$(ReturnBuffer, NumberOfCharacters)
IniFile = WindowsDirectory + "\Iptprogs.ini"

'If the ini file doesn't exist, don't try to read it.
If Not Dir$(IniFile) ="" Then

'"The port addresses:

Port(0).Address = CInt(VbGetPrivateProfileString("Iptdata”,
"PortOAddress", IniFile))

Port(1).Address = CInt(VbGetPrivateProfileString("Iptdata”,
"Port1Address", IniFile))

Port(2).Address = Clnt(VbGetPrivateProfileString("Iptdata”,
"Port2Address", IniFile))

Port(3).Address = Clnt(VbGetPrivateProfileString("Iptdata”,
"Port3Address", IniFile))

"The port types:
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Port(0).PortType = VbGetPrivateProfileString("lptdata”, "Port0Type",

IniFile)

Port(1).PortType = VbGetPrivateProfileString("lptdata”, "Port1Type",
IniFile)

Port(2).PortType = VbGetPrivateProfileString("lptdata”, "Port2Type",
IniFile)

Port(3).PortType = VbGetPrivateProfileString("lptdata”, "Port3Type",
IniFile)

'Port enabled?

Port(0).Enabled = CInt(VbGetPrivateProfileString("Iptdata”,
"PortOEnabled", IniFile))

Port(1).Enabled = CInt(VbGetPrivateProfileString("Iptdata”,
"Port1Enabled", IniFile))

Port(2).Enabled = CInt(VbGetPrivateProfileString("Iptdata”,
"Port2Enabled", IniFile))

Port(3).Enabled = CInt(VbGetPrivateProfileString("Iptdata”,
"Port3Enabled", IniFile))

"The selected port

IndexOfSelectedPort = CInt(VbGetPrivateProfileString("Iptdata”,
"IndexOfSelectedPort", IniFile))
End If
End Sub

Function ReadEcpMode%(TestAddress%)
"The Ecr mode is in bits 5, 6, and 7 of the ECR.
EcrAddress = TestAddress + &H402

EcrData = Inp(EcrAddress)

ReadEcpMode = (EcrData And &HEO) \ &H20
End Function

Function ReadEppTimeoutBit%(BaseAddress%)
'Reads and clears the EPP timeout bit (status port bit 0).
'Should be done after each EPP operation.

"The method for clearing the bit varies, so try 3 ways:

"1. Write 1 to it.

'2. Write 0 to it.

'3. Read it again.

Dim StatusPortAddress%

Dim ReadAgain%

StatusPortAddress = BaseAddress + 1
ReadEppTimeoutBit = BitRead(StatusPortRead(BaseAddress), 0)
Out StatusPortAddress, 1

Out StatusPortAddress, 0
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ReadAgain = BitRead(StatusPortRead(BaseAddress), 0)
End Function

Sub SetEcpMode(EcpModeValue%)

'Store the Ecp mode's value and description in the Port array.
Port(IndexOfSelectedPort).EcpModeValue = EcpModeValue
Port(IndexOfSelectedPort).EcpModeDescription =
GetEcpModeDescription(EcpModeValue)

EcrAddress = BaseAddress + &H402

'Read the ECR & clear bits 5, 6, 7.

EcrData = Inp(EcrAddress) And &H1F

"Write the selected value to bits 5, 6, 7.

EcrData = EcrData + EcpModeValue * &H20

Out EcrAddress, EcrData

End Sub

Sub ShutDown()
WritelniData
End

End Sub

Sub StartUp()

Dim PortExists%

Dim Index%

'Get information from the ini file.
GetlniData

BaseAddress = &H378

EcpDataPortAddress = BaseAddress + &H400
EcrAddress = BaseAddress + &H402

End Sub

Function TestForEcp%(TestAddress%)

"Test for the presence of an ECP.

'If the ECP is idle and the FIFO empty,

'in the ECP's Ecr (at Base Address+402h),

'bit 1(Fifo full)=0, and bit O(Fifo empty)=1.

"The first test is to see if these bits differ from the
‘corresponding bits in the control port (at Base Address+2).
'If so, a further test is to write 34h to the Ecr,

'then read it back. Bit 1 is read/write, and bit O is read-only.
'If the value read is 35h, the port is an ECP.

Dim EcrBit0%

Dim EcrBit1%

Dim ControlBit0%
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Dim ControlBit1%

Dim ControlPortData%

Dim TestEcrAddress%

Dim OriginalEcrData%

TestForEcp = False

EcrAddress = TestAddress + &H402

'Read ECR bits 0 & 1 and Control Port bit 1.
EcrData = Inp(EcrAddress)
EcrBit0 = BitRead(EcrData, 0)
EcrBit1 = BitRead(EcrData, 1)
ControlPortData = ControlPortRead(TestAddress)
ControlBit1 = BitRead(ControlPortData, 1)
If EcrBit0 = 1 And EcrBit1 = 0 Then
'‘Compare control bit 1 to ECR bit 1.
"Toggle the control bit if necessary,
'to be sure the two registers are different.
If ControlBit1 = 0 Then
ControlPortWrite TestAddress, &HF
ControlPortData = ControlPortRead(TestAddress)
ControlBit1 = BitRead(ControlPortData, 1)
End If
If EcrBit1 <> ControlBit1 Then
OriginalEcrData = EcrData
Out EcrAddress, &H34
EcrData = Inp(EcrAddress)
If EcrData = &H35 Then
TestForEcp = True
End If
'Restore the ECR to its original value.
Out EcrAddress, OriginalEcrData
End If
End If
End Function

Function TestForEpp%(TestAddress%)

'"Write to an Epp register, then read it back.

'If the reads match the writes, it's probably an Epp.
Dim ByteRead%

Dim StatusPortData%

Dim EppAddressPort%

Dim TimeoutBit%

Dim StatusPortAddress%

StatusPortAddress = TestAddress + 1

TestForEpp = False
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'Use EppAddressPort for testing.
'SPPs, ECPs, and PS/2 ports don't have this register.
EppAddressPort = TestAddress + 3
Out EppAddressPort, &H55
'Clear the timeout bit after each EPP operation.
TimeoutBit = ReadEppTimeoutBit%(TestAddress%)
ByteRead = Inp(EppAddressPort)
TimeoutBit = ReadEppTimeoutBit%(TestAddress%)
If ByteRead = &H55 Then
Out EppAddressPort, &HAA
TimeoutBit = ReadEppTimeoutBit%(TestAddress%)
ByteRead = Inp(EppAddressPort)
TimeoutBit = ReadEppTimeoutBit%(TestAddress%)
If ByteRead = &HAA Then
TestForEpp = True
End If
End If
End Function

Function TestForPS2%(TestAddress%)

"Tests a parallel port's data port for bidirectional ability.
'First, try to tri-state (disable) the data outputs by

'setting bit 5 of the Control port.

"Then write 2 values to the data port and read each back
'If the values match, the data outputs are not disabled,
‘and the port is not bidirectional.

'If the values don't match,

'the data outputs are disabled and the port is bidirectional.
Dim Datalnput%

Dim ControlPortData%

Dim OriginalControlPortData%

Dim OriginalDataPortData%

'Set Control port bit 5.
ControlPortWrite TestAddress, &H2F
TestForPS2 = False
"Write the first byte and read it back:
DataPortWrite TestAddress, &H55
Datalnput = DataPortRead(TestAddress)
'If it doesn't match, the port is bidirectional.
If Not Datalnput = &H55 Then TestForPS2 = True
'If it matches, write another and read it back.
If Datalnput = &H55 Then
DataPortWrite TestAddress, &HAA
Datalnput = DataPortRead(TestAddress)
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'If it doesn't match, the port is bidirectional
If Not Datalnput = &HAA Then
TestForPS2 = True

End If

End If

'Reset Control port bit 5

ControlPortWrite TestAddress, &HF

End Function

Function TestForSpp%(TestAddress%)
"Write two bytes and read them back.
'If the reads match the writes, the port exists.
Dim ByteRead%
'‘Be sure that control port bit 5 = 0 (data outputs enabled).
ControlPortWrite TestAddress, &HF
TestForSpp = False
DataPortWrite TestAddress, &H55
ByteRead = DataPortRead(TestAddress)
If ByteRead = &H55 Then
DataPortWrite TestAddress, &HAA
ByteRead = DataPortRead(TestAddress)
If ByteRead = &HAA Then
TestForSpp = True
End If
End If
End Function

Function TestPort%(Portindex%)

"Test for a port's presence, and if it exists, the type of port.
'In order, check for the presence of an ECP, EPP, SPP, and PS/2 port.
'‘Update the information in the Port array and the display.
Dim EcpModeDescription$

Dim EcpModeValue%

Dim TestAddress%

TestPort = False

EcpExists = False

EppExists = False

SppExists = False

PS2Exists = False

PortType = ""

TestAddress = Port(Portindex).Address

'‘Begin by hiding all port details.
frmSelectPort.IblIAddress(Portindex).Visible = False
frmSelectPort.IbIType(Portindex).Visible = False
frmSelectPort.cboEcpMode(Portindex).Visible = False
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EcpExists = TestForEcp(TestAddress)
If EcpExists Then
PortType = "ECP"
'Read the current Ecp mode.
EcpModeValue = ReadEcpMode(TestAddress)
Else
'If it's not an ECP, look for an EPP.
'If TestAddress = 3BCh, skip the EPP test.
'EPPs aren't allowed at 3BCh due to possible conflict
'with video memory.
frmSelectPort.cboEcpMode(Portindex).Visible = False
If TestAddress = &H3BC Then
EppExists = False

Else
EppExists = TestForEpp(TestAddress)
End If
If EppExists Then
PortType = "EPP"
Else

'If it's not an EPP, look for an SPP.
SppExists = TestForSpp(TestAddress)
If SppExists Then
"Test for a PS/2 port only if the SPP exists
'(because if the port doesn't exist, it will pass the PS/2 test!)
PS2EXxists = TestForPS2(TestAddress)
If PS2EXxists Then
PortType = "PS/2"
Else
PortType = "SPP"
End If
Else
PortType =
End If

End If
End If

If PortType ="" Then
frmSelectPort.optPortName(PortIndex).Enabled = False
Port(PortIndex).PortType = ""

Port(PortIndex).Address = 0
Port(Portindex).Enabled = False

Else

TestPort = True
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Port(Portindex).Enabled = True
Port(PortIndex).PortType = PortType
Port(Portindex).Enabled = True
If EcpExists Then
Port(Portindex).EcpModeValue = EcpModeValue
Port(PortIndex).EcpModeDescription =
GetEcpModeDescription(EcpModeValue)
End If
End If
UpdatelLabels
End Function

Sub UpdatelLabels()
'‘Use the information in the Port array to update the on-screen display.
Dim Index%
Dim EcpModeValue%
ForIndex=0To 3
frmSelectPort.IblAddress(Index).Caption = Hex$(Port(Index).Address) +
"
If Port(Index).Enabled = True Then
frmSelectPort.optPortName(Index).Enabled = True
frmSelectPort.IblAddress(Index).Visible = True
frmSelectPort.IbIType(Index).Caption = Port(Index).PortType
frmSelectPort.IbIType(Index).Visible = True
If Port(Index).PortType = "ECP" Then
EcpModeValue = ReadEcpMode(Port(Index).Address)
frmSelectPort.cboEcpMode(Index).Listindex = EcpModeValue
Port(Index).EcpModeValue = EcpModeValue
Port(Index).EcpModeDescription =
GetEcpModeDescription(EcpModeValue)

frmSelectPort.cboEcpMode(Index).Visible = True

Else
frmSelectPort.cboEcpMode(Index).Visible = False

End If

Else
frmSelectPort.optPortName(Index).Enabled = False
frmSelectPort.IblIAddress(Index).Visible = False
frmSelectPort.IblIType(Index).Visible = False
frmSelectPort.cboEcpMode(Index).Visible = False

End If
Next Index
End Sub

Function VbGetPrivateProfileString$(section$, key$, file$)
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Dim KeyValue$

Dim Characters%

KeyValue = String$(128, 0)

Characters = GetPrivateProfileStringByKeyName(section, key, ",
KeyValue, 127, file)

KeyValue = Left$(KeyValue, Characters)

VbGetPrivateProfileString = KeyValue
End Function

Sub WritelniData()

Dim BaseAddressWrite%
Dim PortTypeWrite%
Dim Index%

Dim IniWrite%

'Use Windows API call WritePrivateProfileString to save initialization
information.

'If the ini file doesn't exist, it will be created and stored in the Windows
directory.

"The port addresses:

IniWrite = WritePrivateProfileString("Iptdata", "PortOAddress",
CStr(Port(0).Address), IniFile)

IniWrite = WritePrivateProfileString("Iptdata", "Port1Address",
CStr(Port(1).Address), IniFile)

IniWrite = WritePrivateProfileString("Iptdata”, "Port2Address",
CStr(Port(2).Address), IniFile)

IniWrite = WritePrivateProfileString("Iptdata", "Port3Address",
CStr(Port(3).Address), IniFile)

"The port types:

In!V\_/rite = WritePrivateProfileString("lptdata”, "Port0Type", Port(0).PortType,
:E;Wreit)e = WritePrivateProfileString("lptdata", "Port1Type", Port(1).PortType,
:E;Wreit)e = WritePrivateProfileString("lptdata”, "Port2Type", Port(2).PortType,
iE;\Z\;:reit;e = WritePrivateProfileString("lptdata", "Port3Type", Port(3).PortType,
niFile

'Port enabled?
IniWrite = WritePrivateProfileString("Iptdata", "PortOEnabled",
CStr(Port(0).Enabled), IniFile)
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IniWrite = WritePrivateProfileString("Iptdata", "Port1Enabled",
CStr(Port(1).Enabled), IniFile)
IniWrite = WritePrivateProfileString("Iptdata", "Port2Enabled",
CStr(Port(2).Enabled), IniFile)
IniWrite = WritePrivateProfileString("Iptdata", "Port3Enabled",
CStr(Port(3).Enabled), IniFile)

'Find the selected port and save it:
Index = 4
Do

Index = Index - 1

Loop Until (frmSelectPort.optPortName(Index).Value = True) Or Index = 0

IniWrite = WritePrivateProfileString("Iptdata”, "IndexOfSelectedPort",
CStr(Index), IniFile)

End Sub

LPTTEST.BAS
Option Explicit

Sub ReadPorts(BaseAddress As Integer)
'Read the data, status, and control ports of selected port.
'Display the byte read and each bit in the byte.
Dim ByteRead As Integer
Dim BitNumber As Integer
Dim BitValue As Integer
Dim ControlPortData As Integer
ControlPortData = ControlPortRead(BaseAddress)
BitSet ControlPortData, 5
BitSet ControlPortData, O
BitSet ControlPortData, 1
Dim i
Fori=1To 20
Next
ControlPortWrite BaseAddress, ControlPortData
Fori=1To 20
Next
ControlPortData = ControlPortRead(BaseAddress)
BitReset ControlPortData, 0
ControlPortWrite BaseAddress, ControlPortData
frmMain.lblControlPortByte(0).Caption = Hex$(ControlPortData) + "h"
For BitNumber =0 To 7
BitValue = BitRead(ControlPortData, BitNumber)
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frmMain.IblControlBit(BitNumber).Caption = BitValue
Next BitNumber
ByteReadlLed = DataPortRead(BaseAddress)
frmMain.lblDataPortByte(0).Caption = Hex$(ByteReadLed) + "h"
For BitNumber =0 To 7
BitValue = BitRead(ByteReadLed, BitNumber)
frmMain.IblDataBit(BitNumber).Caption = BitValue
Next BitNumber
ByteRead = StatusPortRead(BaseAddress)
frmMain.lblStatusPortByte(0).Caption = Hex$(ByteRead) + "h"
For BitNumber =0 To 7
BitValue = BitRead(ByteRead, BitNumber)
frmMain.lblStatusBit(BitNumber).Caption = BitValue
Next BitNumber
ByteRead = EcrPortRead(BaseAddress)
frmMain.IblEcrl.Caption = Hex$(ByteRead) + "h"
For BitNumber =0 To 7
BitValue = BitRead(ByteRead, BitNumber)
frmMain.IblEcr(BitNumber).Caption = BitValue
Next BitNumber

End Sub

LPTUTIL.BAS

'Lptutil.bas

'‘General purpose routines for use with the PC's parallel port.
'Port accesses require a DLL with Inp and Out.

Option Explicit

Function DataPortRead%(BaseAddress%)
'Reads a parallel port's data port.
DataPortRead = Inp(BaseAddress)

End Function

Sub DataPortWrite(BaseAddress%, Value%)
"Writes a byte to a parallel port's data port.
Out BaseAddress, Value

End Sub

Function StatusPortRead%(BaseAddress%)
'Reads a parallel port's status port.

'‘Calculates the status-port address from the port's
'base address, and inverts bit 7 of the byte read.



103

EK-4 (Devam) Test cihazi yazilimi kaynak kodlari

"The status-port hardware reinverts these bits,

'so the value read matches the value at the connector.
StatusPortRead = (Inp(BaseAddress + 1) Xor &H80)
End Function

Function BitRead%(Variable%, BitNumber%)

'Returns the value (0 or 1) of the requested bit in a Variable.
Dim BitValue%

BitValue = 2 * BitNumber 'the value of the requested bit
BitRead = (Variable And BitValue) \ BitValue

End Function

Sub BitReset(Variable%, BitNumber%)
'Resets (clears) the requested bit in a Variable.
Dim BitValue, CurrentValue%

"The value of the requested bit.

BitValue = 2 * BitNumber

Variable = Variable And (&HFFFF - BitValue)
End Sub

Sub BitSet(Variable%, BitNumber%)
'Sets the requested bit in a Variable.
Dim BitValue, CurrentValue%

"The value of the requested bit.
BitValue = 2 * BitNumber

Variable = Variable Or BitValue

End Sub

Sub BitToggle(Variable%, BitNumber%)
"Toggles the requested bit in a Variable.
Dim BitValue, CurrentValue%
"The value of the requested bit.
BitValue = 2 * BitNumber
'Is the current value 0 or 1?
CurrentValue = Variable And BitValue
Select Case CurrentValue
Case 0
'If current value = 0, set it
Variable = Variable Or BitValue
Case Else
'If current value = 1, reset it
Variable = Variable And (&HFFFF - BitValue)
End Select
End Sub
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Function ControlPortRead%(BaseAddress%)
'Reads a parallel port's control port.
'Calculates the control-port address from the port's

'base address, and inverts bits 0, 1, & 3 of the byte read.

"The control-port hardware reinverts these bits,

'so the value read matches the value at the connector.
ControlPortRead = (Inp(BaseAddress + 2) Xor &HB)
End Function

Sub ControlPortWrite(BaseAddress%, Value%)
'Writes a Value to a parallel port's control port.
'Calculates the control-port address from the port's
'base address, and inverts bits 0, 1, & 3.

"The control-port hardware reinverts these bits,

'so Value is written to the port connector.

Out BaseAddress + 2, Value Xor &HB

End Sub

Function EcrPortRead%(BaseAddress%)
'Reads a parallel port's Ecr port.
EcrPortRead = Inp(BaseAddress + &H402)
End Function

Sub EcrPortWrite(BaseAddress%, Value%)
'‘Writes a Value to a parallel port's ecr port.
Out BaseAddress + &H402, Value

End Sub
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Resim 5.2. Frekans katlayici devre
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Resim 5.3. Servo motor
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Resim 5.4. Senkro kontrol transformatdrleri (Scott transformatdri eslenigi)
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ARIAL AN
Faa VI T o YILWR AN

| DEVICES

LC?MOS
Quad 8-Bit D/A Converter

AD7226

FEATURES

Four 8-Bit DACs with Output Amplifiers

Skinny 20-Lead DIP, SOIC, SSOP, and PLCC Packages
Microprocessor-Compatible

TTL/CMOS-Compatible

No User Trims

Extended Temperature Range Operation

Single Supply Operation Possible

APPLICATIONS

ProcessControl

Automatic Test Equipment

Automatic Calibration of Large System Parameters,
e.g., Gain/Offset

GENERAL DESCRIPTION

The AD7226 contains four 8-bit voltage-output digital-to-
analog conveners, with output buffer amplifiers and interface
logic on asingle monolithic chip. No external trims are required
to achieve full specified performancefor the pan.

Separate on-chip latches are provided for each of the four D/A
conveners. Datais transferred into one of these data latcres
through acommon 8-bit TTL/CMOS (5 V) compatible iput
port. Control inputs A0 and Al determine which DAC is
loaded when WR goes iow. The control logic is speed-compat-
ible with most 8-bit microprocessors.

Each D/A converter inciudes an output buffer ahplifier capable
of driving up to 5 =2 of ouur at current. The amplifiers' offsets
are laser-trimmed during manufacture, thereby eliminating any
requirement for offset nulling.

Specified performance is guaranteed for input reference voltages
from 2V toi2.5 V withduai supplies. The part is also specified
for single supply operation at a reference of 10 V.

The AD7226 isfabricated in an al ion-implanted high speed
Linear Compatible CMOS (1,C?2MOS) process, which has been
specifically developed :o atlow high speed digital logic circuits
and precision analog circuits to be integrated on the same chip

REV.C

Information furnished by Analog Devices is believed to be accurate and
reliable However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements ofpatents orotherrights of third parties that
may result from its use. No license is granted by implication or otherwise
under any patent or patent rights of Analog Devices. Trademarks and
registered trademarks are the property of their respective companies.

FUNCTIONAL BLOCK DIAGRAM

Vagr Voo
DAC A l A 2)VourA
+
: ]
A DAC 8 l } Dvourd
MSB T
DATA A
&8m . s
Lsa
U |LATCHC DACC l_ c @) VourC
Bl *
lu\rcn D m DACD b 19) Vourd

WA (s J ]
CONTROL
A1091 " Loaie AD7226
Ao(Q7
T —O—®
Vas AGND  AGND
PRODUCT HIGHLIGHTS

1. DAC-to-DAC Matching"
Since all four DACs are fabricated on the same chip at the
same time, precise matching and tracking between the DACs
isinherent.

2. Single-Supply Operation
The voltage mode configuration of the DACs aiiowsthe
AD7226 to be operated from a single power supply rail.

3. Microprocessor Compatibility .
The AD7226 has acommon 8-bit data bus with individual
DAC latches, providing a versatite control architecture for
simple interface to microprocessors. All latch enable signals
are level triggered

4 Small Size
Combining four DACs and four op amps plus interface logic
into a 20-pin package alows a dramatic reduction in board
space requirements 2nd effers increased reliability in systems
using multiple conveners. Its pinout is aimed at optimizing
board laycut with all the azalog inputs and outputs a one
end of the package and all the digital inputs at the ocher

One Technology Way, P. QBox 9106, Norwood, MA 02062-2106,U.S.A..
Tel: 781/329-4700 www.analog com
Far: 781/326-8703 ®© 2003 Analog Devices, Inc. All rights reserved.
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Voo = 114Vt 165V, Vee = -5V = 10%.AGNO = DGND = 8 V: Varr = +2 V to (Vg —4 V!
E..,Dﬂ,. ctherwise roted. All Sgeciﬁcat}ang Ty 10 Tragy un?ess other’ﬁiseﬁotedg Voo —4 V),

AD7226-SPECIFICATIONS

DUAL SUPRLY

Par ameter K, B versions? Unit Conditions/Comments
STATIC PERFORMANCE
Resolution 8 Bits
Total Unadjusted Error *1 L SB max Vop= 15V 5%, Vegr = 10V
Relative Accuracy +0.5 LSB rnax
Differential Nonlinearity +1 LSB max Guaranteed Monotonic
Full-scaleError +0.5 LSB rnax
Full-Scale Temperature Coefficient +20 ppm/°C typ Vop =14V 10 16 5V, Vggr = +10 V
Zero Code Error +20 mVY max
Zero Code Error Temperature Coefficient! 50 uwrCop
REFERENCE | NPUT
Voltage Range 2t (Vpp - 4) V min to V max
Input Resistance 2 kQ min
Input Capacitance® 50 pF min Occurs when each DAC is loaded with all Os.
200 pF mas Occurs when each DAC isloaded with al Is.
DIGITALINPUTS
Input High Voltage, Vinu 2.4 V min
Input Low Voltage, VinL 0.8 V max
Inpurt Leakage Current +1 HA max Vn=0VorVisp
Input Capacitance 8 pF max
Input Coding Binary
DYNAMIC PERFORMANCE
Voltage Output Slew Rate* 2.5 Viis min
Voltage Output Settling Time* 4 Us o ax Vger = 10 V; Settling Time to+1/2 LSB
Digital Crosstalk 10 nV sees typ
Minimum Load Resistance 2 kQ min Vour =10V
POWER SUPPLIES
Vpp Range 11.4/16.5 V min/V max ‘For Specified Performance
Ipp 13 mA max Outputs Unloaded; Viy = Ving OF Vinn
Iss 11 mA max Ourputs Unloaded; Vg = Y or Viun
SWITCHING CHARACTERISTICS*®
Address to Write Setup Time, tas 0 ns min
Address to Write Hold Ti n@, tau 0 ns min
Data Vaid to Write Setup Time, tos 50 ns rnin
Data Valid to Write Hold Time, tox 0 nsmin -
Worite Pulsewidth, twg 50 ns min

NOTES
‘Maximum possible reference voltage.
*Temperatuce ranges are as follows:

K Version: 40°C to +85°C

B Version: —40°C to +85°C
YGuaranteed by design Not production tested
*Sample Tested at 25°C t0 ensure compliance

ISwitching Characreristics apply for single and dual supply operation

Specifications subject to change without notice

—2-
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AD7226

(Vop = 15V = 5%, Vs = AGNU = DGND = 0 V; Vaer = 10 V' unless otherwise noted.

SlNGLE SUPPLY All specifications Ty to Tuax unless otherwise noted.)

Parameter K, B versions' Unit Conditions/Comments
STATIC PERFORMANCE

Resol ution 8 Bits

Total Unadjusted Error +2 LSB max

Differential Nonlinearity +1 LSB max Guaranteed Monotonic
REFERENCE INPUT

Input Resistance 2 k2 min

Input Capacitance® 50 pF min Occurs when each DAC is loaded with all 0s

200 pF rnax Occurs when each DAC isloaded with al Is.
DIGITAL INPUTS

Input Hi gh Voltage, Vinu 2.4 V min

Input Low Voltage, Vine. 08 V mar

Input Leakage Current +] HA max Vin=0VorVpp

Input Capacitance 8 pF max .

Input Coding Binary
DYNAMIC PERFORMANCE

Voltage Output Slew Rate* 2 Vigs min

Voltage Output Settling Time* 4 ts max Settling Timeto +1/2 LSB

Digital Crosstalk 10 nV secs typ

Minimum Load Resistance 2 kQ rnin Vour = +10V
POWER SUPPLIES

Vpp Range 14.25/15.75 V min/V max | For Specified Performance

Iop 13 mA max OutputsUnloaded; Viy = Vi OF Ving
NOTES
‘Maximum possible reference voltage.

*Temperatuce ranges are as follows: ABSOLUTE MAXIMUM RATINGS'

K yeardon 497Crovsss Vo t0 AGND ..ottt e -07 V, +17V
SGuacanteed by design. Not production rested Vopto DGND ...oviiiiiiiiiiianas -0 3V, +17V
‘Sample Tested at 25°C to ensure compliance. Vssto AGND . oo i i i i i i i v e e -7V, Vpn
Specifications subject to change without notice VssODGND oot ii e -7V, Vpo

VpaIo Vg srersrrornnnennrnsnnansans -03V, +24V

ORDERING GUIDE AGNDtoDGND . ..neoiviiiiiiiins -0.3V, Ypp

Total' Digital Input Voltage to DGND ...... -0.3V, Vpp +03V

Temperature Unadjusted Packagze \JREF (:) ig’i%» ............................. —0.3}\7, XDD

; out to 1 - Vss, Vop

Modd Range Error option Power Dissipation (Any Package) to 75°C ......... 500 mW

AD7226KN —40°C to +85°C *115B N-20 Daratesabove 75°C by ... v 2.0 mW/°C

AD7226KP -40°C to +85°C +1LSB P-204 Operating Termperature

AD7226KR -40°C w0 +85°C +11SB Rw-20 Commercial (K Veszion) ............... -40°C to +85°C

AD7226BQ | -40°C to +85°C +1LSB Q-20 Industrial (B VErSiON) «vvvvvvvnnvnnns -40°C to +85°C

ADT226BRS | 440°C to +85°C £1 LSB RS-20 Storage TEMPErature « . v v v v e uennn. -65°C to +150°C

NOTES Lead Temperature (Soldering, 10secs) . . . . . . . 300°C
Dual-Supply Operation ;\'O'TES } A ‘

N = Plastic DIP; P = Plastic Leaded Chip Carrier; Q = CERDIP; RW = SOIC; Stresses abave rhosc hsz.:d under Abselute Maxinwum Ratings may cause perma-

RS = SSOP nent damage to rhedevice Thisisastressraung only, functional operation of the

device at these or any other conditions above those indicaced in the operational

secuions O ¢his specification 1s nor implied Exposure ro absolute maximum ratug
coaditions {or extended periags may affect device refiability

*Outputs may be shorted to AGND provided rhac rhc power dissipation of rhe
package 1s nor excceded Typically shori circunt current to AGND s 50 inA

CAUTION O ——
ESD (electrostatic dischaigs) sensitive device Flectrastaric charges as high as 4000 V readily
accumulate 0N the human body and test equipment and can discharge without detection aithough the
AD7226 features proprietary ESD protection circuitry, permanent damage may occur on devices
subjected to high ecergy electrostatic discharges. Therefore, proper ESD precautions arerecommended

to avoid performance degradation or loss of functionality

REV. C -3- .
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A

Ens

N7226

PIN CONFIGURATIONS

DIP and SOIC/ISSOP

Vour8 1] » (20} VourC
VourA [Z] [13] Vour0
Vss [3] 18] Voo
Vaer E 7] a0
aano[5] pprazs [A1
TOP VIEW
oano 3] (Not to s.:ate)E wR
o7 (MsB) [7] (4] os0(LS8B)
o8s 3] [13] 081
) o853 B
084 [io] [11] o83
PLCC
429
$3333
> > > > >
317} i [20][ 19}
Vagr(4] 18] Vop
AGND[S A0

AD7228

pGNo[s ]
DB7 (MSB)
DB8[s]

TERMINOLOGY

TOTAL UNADJUSTED ERROR

Thisis a comprehensive specification that includes full-scale
error, relative accuracy and zero code error. Maximum output
voltage is Vrgr — 1 LSB (ideal), where I LSB (ideal) is Vres/
256. The 1.SB size will vary over the Vgzr range. Hence the zero
code error will, relativeto the LSB size, increase as Vrzer decreases.
Accordingly, the total unadjusted error, which includes the zero
code error, will also vary in termsof LSB’s over the Vrgr range
As a result, total unadjusted error is specified for a fixed refer-
ence voltage of 10V,

RELATIVE ACCURACY

Relative Accuracy or endpoint nonlinezrity, is a measure of the
maximum deviation {r»m astraight line passing through the
2ndpoints of the DAC transfer function. It is measured after
allowing for zero and full-scale error and is normally expressed
in LSB’s or as a percentage of full-scale reading.

TOP VIEW
{Not to Scale)

—4—

14]080/'.58)

DIFFERENTIAL NONLINEARITY

Differential Nonlineariry is the difference berween the measured
change and the ideal 2 LSB change be
codes. A specified differential nonlinearity of f 1 LSB mas over
the operating temperature range ensures monotonicity.

DIGITAL CROSSTALK

The glitch impulse transferred to the output of one converter
due w o change in the digital input cude to another of the con-
verters. it K specified i+ nV secs and ismeasured at Vapr= U V.
FULL SCALE ERHOK

Full-Scale Error is defined as:
Measured Value - Zero Code Error - Ideal Value

o adiacent

amoa 0 gdjacer

s any M
Oveda any W

REV. C
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ANALOG
DEVICES

Complete
12-Bit A/D Converter

AD374A*

FEATURES
Complete 12-Bit A/D Converter with Reference
and Clock
8- and 16-Bit Microprocessor BusInterface
Guaranteed Linearity Over Temperature
0°Cto +70°C = AD574AJ, K, L
-55°C to +125°C = AD574AS, T, U
No Missing Codes Over Temperature
35 ws Maximum Conversion Time
Buried Zener Reference for Long-Term Stability
and Low Gain T.C. 10 ppm/°C max AD574AL
12.5 ppm/°C max AD574AU
Ceramic DIP, Plastic DIP or PLCC Package
Available in Higiier Speed, Pinout-Compatible Versions
(15 s AD674B, 80 us AD774B; 10 ps (with SHA] AD1674)
Available in Versions Compliant with MIL-STD-883 and
JAN QPL

PRODUCT DESCRIPTION

The AD574A isa complete 12-bit successive-approximation
analog-to-digital converter with 3-state output buffer circuitry
for direct interface to an 8- or 16-bit microprocessor bus. A high
precision voltage reference and clock are included on-chip, and
the circuit guarantees full-rated performance without external
circuitry or clock signals.

The AD574A design isimplemented using Analog Devices
Bipolar/I’L process, and integratesaii anaiog and digital f unc-
tions on one chip. Offset, linearity and scaling errors are mini-
mized by activelaser-trimming of thin-film resistors at the wafer
stage. The voltage reference uses an implanted buried Zener for
low noite and low drift. On the digital side, I*L logic is used for
the successive-approximation register, control circuitry and
3-state output buffers. ,

The AD574A isavailable in six different grades. The AD5744],
K, and L grades are specified for operation over the 0°C to
470°C temperature range. The AD574AS, T, and U are speci-
fied for the ~55°C to +125°C range. All grades are avaitable in a
28-pin hermetically-seded ceramic DIP. Also, theJ, K, and L
grades are available in a 28-pin plastic DIP and PLCC, and the
Jand K grades are available in ceramic LCC.

TheS, T, and U grades in ceramic DIP or L CC are available
with optional processing to MIL-STD-883C Class B; the T
and U grades are available asJAN QPL. The Analog Devices
Military Products Databook should be consulted for details on
/883B testing of the AD574A.

*Proteciea oy U.S. Patent Nos. 3,803,590; 4,213,806; 4,511,413; RE %5.633

REV. B

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. NO license is granted by implication or
otherwise under any patent or patent rights of Analag Devices

BLOCK DIAGRAM AND

PIN CONFIGURATION
45V SUPPLY E U STATUS
Vicwe 1 i ——— sTS
DATA MODE SELECT [ [Wsal i37] o8t1
1278 N MsE
CHIP SELE _] l—b CONTROL 1 L
BYTE ADME§ E 3 g g oot
SHORT GYCLE [4 HH jEEY
As T
READICOWVERT [5 - Al A Hzd pea
it 8 €LOCK LA 74
cmwsm&.g (& el Ha) oar
€
ol !
12015V SUPPLY [T u|® H2 pes |owam
O!GVREFERB::: E ; E g UA\'AAL
TRENCE IO 9 : H71 oss | outeuts
ANALOG COMMON L
AC E 8 — E ose
REFERENCE INPUT Uin
REF 1N E ; 1 E o83
12115V SUPPLY 8
o HECh
BIPOLAR OFFSET slgly
B8P OFF : mE
10V SPAN INPUT — Zee His] 282
10Vay E il E 138
vV SPAN tH 3 DIGITAL COMMON
A [ ADS74A iﬂ ;Bnc
PRODUCT HIGHI IGHTS
[. The AD574A in= Sorg to most € o 1€ sit microproces-

sors. Muitiple-mode three-state output buffers connect di-
rectly to the data bus while the read and convert commands
are taken from the control bus. The 12 bits of ouipur data
can be read either as one 12-bit word or as two 8-bit bytes
(one with 8 data hits, the other with 4 data bits and 4 trailing
zeros).

. The precision, iaser-trimrned scalingand bipolar offset:=is-
tors provide four calibrated ranges: 0 volts to +19 voltsand 0
volts to +20 volts unipolar, -5 volts to +5 velts and -10 volts
to +10 volts bipolar. Typical bipolar offset and full-scalecali-
bration errors of £0.1% can be trimmed to zero with one ex-
terna component each.

3. ‘I heintemal busied Lener reterence is trimmed to 10.Gy
volts with ¢.2% izaximum error and 15 ppm/°C typical T C.
The reference is available externally and can drive up o
1 5 mA beyond the requirements of the reference and bipolar
offset resistors.

4. AD674B (15 us) and AD774B (8ps) provide higher speed,
pin compatibility; AD1674 (10 ps) includes on-chip Sample-
Hold Amplifier (SHA)

[

One Technology Way, P.O. Box 9106, Norwood, M A 02062-9166, U.S.A.
Tek 617/329-4700 Fax: 617/326-8703
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AD574A-SPECIFICATION

(@ +25°C with Ve =+15 Yor +12 ¥, Vigge = +5 V, Vgg=-15Vor-12V
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unless otherwise noted)

ADST4AJ ADS74AK ADSNAE o
Model Min Typ Max Min Typ Max Min Typ Max__|Units
RESOLUTION 12 12 12 Bits
LI NEAR TY ERROR @ +25°C ti E37/] +1/2 JLSB

T 10 Traax £1 +1/2 212 {LSB
DIFFERENTIAL LINEARITY ERROR

(Minimum Resolutionfor Which No

Missing Codes are Guaraateed)

Tam 10 Truax 11 12 12 ~|Bits
UNIPOLAR OFFSET (Adjustableto Zero) +2 *1 ! LSB
BIPOWR OFFSET (Adjustable to Zero) f4 4 +2 LSB
FULL-SCALE CALIBRATION ERROR

(With Fixed 50 Q2 Resistor from REF OUT to REF IN}

(Adjustable 10 Zero) 025 g.25 0125 % of FS
TEMPERATURE RANGE 0 +70 0 +70 0 +70 °C
TEMPERATURE COEFFICIENTS

(Using Intemal Reference)

T 10 Tuax

Unipolar Offset f2(10 £1(5) 1 (5) [LSB(ppm/°C) .

Bipolar Offset +2(10) 1 (5) 1 (5) {LSB {ppm/°C)

Full-Scale Calibration +9 (50) +5(27) +2 (10)|LSB (pem/°C)
POWERSUPPLY REJECTION

Max Change in Full-scale Calibration

Vee=215VE1.5Vori2V 06V +2 1 %! LSB

Vioaie =5VE 05V i t1/2 t1/2 |LSB

Vg ==~15V2 1.5Vor-12Vz 0.6V 2 E3 ! LSB
ANALOG INPUT

Input Rangss

Bipolar -5 +3 -5 +5 -5 +5 Volts

~10 ~ +10 -10 +10 -10 +10 Voits

Unipolar o +10 0 +10 0 +10 Velis

0 +20 [ +20 0 +20 cire

Input Impedance

10 Yolt Span 3 5 7 3 7 3 5 kQ

20 Velt Span 6 10 14 6 10 14 6 10 14 kQ
DIGITAL CHARACTERISTICS' (Tuin-Tamax)

Inputs? (CE, T3, RC, Ag)

Logic“1" Voltage +2.0 +5.5 +2.0 +5.5 +2.0 +5.5 |Volts

Logic “0" Voltage -0.5 +0.8 -0.5 +0.8 -0.5 +0.8 {Vols -

Current =20 +20 -20 +20 -20 +20 HA

Capacitance 5 5 5 pF

Outpue (DB -DBQ STS)

Logic“t™ Voltage (Isource $ 500 Kd) +2.4 +2.4 +2.4 Volts

Logic*0” Voltage (Tsmx S 16 mA) +0.4 +0.4 +0.4 |Vols

Leakage (DBI |-DBO, High-Z State) ~20 +20 -20 +20 -20 +20  IpA

Capacitance 5 5 .3 oF
POWER SUPPLIES

Operating Range

Vioae +45 +55 +4.5 +5.5 +45 +5.3

Ve +114 +165 +11.4 +16.5 +11.4 +10.3

Ves -114 -165 -114 -16.5 -11.4 -16.5 |Volts

Operating Current

Iio we 30 40 30 40 30 40 mA

lec 2 5 2 5 2 5 mA

Tee 18 30 18 30 13 30 mA
POWER DISSIPATION 390 725 390 725 390 725 mW
INTERNAL REFERENCE VOLTAGE 998 100 10 02 9.98 10.0 10.02 9.99 10.0 10.01 | Volts

Output Current (Available for External Loads)' 15 1.5 L5 mA

(External Lwad Should not Change Dunng Cenvession)

PACKAGE OPTIONS*

Ceramic (N-28) ADS574ASD ADST4AKD ADS574ALD

Plastic (N-28) ADST4AIN ADST4AKN ADST4ALN

PLCC (P-284} AD574AIP ADS74AKP

%o (B-28A) ADST4A[E ADST4AKE
NOY -

Detailes Timing Spedficacionsappear in the Timing Section
*12/8 tnput is not TTL-compatibie and must be hard wired o Yioaic or Digital Common
*The referenceshould be buffered for operation on 12 V supplier
‘D = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded Chrp Carrier
Specifications subject to change without notice
REV. B
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ANS74A

ADST4AS ADSTHAT ADS74AU
Model Min Typ Max Min Typ  Man Min Typ Max Units
RESOLUTION 12 12 12 Bits
LINEARITY ERROR @ +25°C E3 t1/2 12 LSB

Ty to Toax £1 tt £t LSB
DIFFERENTIAL LINEARITY ERROR

(Minimum Resolutionfor Which No

Missing Codes are Guaranteed)

Ty 10 Taax I 12 12 Bits
UNIPOLAR OFFSET (Adjustable to Zero) 2 E33 1 LS8
BIPOLAR OFFSET (Adjustableto Zero) 4 4 2 LSB
FULL-SCALE CALIBRATION ERROR

(With Fixed 50 Q Resistor from REF QUT o REFIN)

{Adjustable to Zero) by 025 025 0.125 % of FS
TEMPERATURE RANGE -55 +125 =55 +125 -55 +125  |°C
TEMPERATURE COEFFICIENTS

(UsingInternal Reference)

(Tam 10 Trax)

Unipolar Offset £2(5) £1(2.5) |. £1(2.5) |LSB (ppm/°C)
Bipolar Offset £4(10) 12(5) £1 (2.5 |LSB (ppm/°C)
Full-Scale Calibration %20 (50) £10(25) £5 (12.5) | LSB (ppm/°C)

POWER SUPPLY RE[ECTION
Max Change a Full-Scale Caltbrauon

Vee=15VE L5Vor12V 0.6V +2 t1 t1 LsB
Viccic=5V£05V 12 12 *1/2 LSB
Vep=-15V: 1.5Vor-12V206V t2 +1 *1 LSB
ANALOG INPUT
Input Ranges
Bipolar -5 +5 -5 +3 -5 +5 Volts
-10 +10 ~10 +10 ~10 +10 Volts
Unipolar 0 +10 1] +10 0 +10 Valre
0 +20 0 +20 Q ~20 Volts
Input Impedanc:
10 Volr Span 3 5 7 3 5 3 5 7 kQ
20 Voit Span 6 10 14 [ 10 14 6 10 14 kQ

DIGITAL CHARACTERISTICS' (Tyi-Trax)
Inputs?(CE, CS, RC, Aq)

Logic* 1™ Voltage +20 +55 +2.0 +5.3 +2.0 +5.5 Volrs
Logic “0” Voltage 05 +08 -05 +0.8 -0.5 +038 Vols
Current -20 +20 -20 +20 =20 +20 HA
Capacitance s s 5 oF
Outg * (DBI I-DBO, $TS)
Logic “1” Voltage (Isourcx < 500 pA) +24 +2.4 +2.4 Vars
Logic “0” Voitags (Isine S | 6 mA) +04 +0.4 +0.4 Volrs
Leakage (DB11-DBO, High-Z State) -20 +20 =20 +20 <20 +20 pA
Capacitance 5 5 5 pF
POWER SUPPLES
Opcraong Rang;
Vioae +45 +55 +4.5 +5.3 +4.5 eos
Vee +11.4 +16 5 +11.4 +165 +1t4 Volss
Vi ~114 -165 ~11.4 -16.5 -1t 4 Volts
Operating Cusrent
Licaic 30 40 30 40 30 40 mA
cc 2 5 2 5 2 5 mA
| 18 30 18 30 18 30 mA
POWER DISSIPATION 390 725 390 725 390 725 m\¥
INTERNAL REFERENCE VOLTAGE 9.98 100 1002 998 10.0 1002 9.99 106 1001 Volts
Output Current (Available for External Loads)® 15 15 13 mA
{External Lcad Should not Change During Conversion)
PACKAGE OPTION*
Ccramtc (D- 28) AD574ASD AD3T4ATD ADS74AUD

NOTES

Specifications appear in the Timing Section

TTL-compatible and must be hard wired to Yioaie or Digital Commeon
culd be butfered tor operattan on £ 12 V suppl ey

‘0 = Ceramic DIP

Specilications subject ro change without notice

REV. B ~-3- N
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ANR74A
+5V SUPPLY U STATUS
Vicae [: ] 2 sts
DATA MODE SELECT [ wsal f77] Dant
1218 N
CHIP SELECT EJ CONTROL ™1 | & Hz os10
BYTE ADDRESS! ‘s
SHORT CYCLE 4 s| g -z oss
T
READICONVERT [5 al a Hzd oss
= (5] plar
CHIP ENABI(SE E El N —E o87
ol ¢
+12418V SUPPLY [7] u| 8 4z ose | oicimat
Vee T E DATA
+10V REFERENCE [EleTtov 71 € Hzl oes | outputs
REF
W Tia
ANALOG COMMON {3 - toac Lz
% ] v 4N X g 8 9] oes
REFERENCE INPUT [igl._a, — rSve HER DS
REF IN 19.95k | | | tney —= 7 8K ! 4 ) j
~t2045v supPLY [ ] £l g M1 os2
e Rltc
BIPOLAR OFFSET [ "95" 4 81 S| & 7] o8y
BIP OFF i 0AC I c
10V SPANINEUT il LG N Vel wsa Hrel 282 )

v INPUT

[E—
E DIGITAL COMMON
L oc

AD574A Block Diagram and Pin Configuration

ABSOLUTE MAXIMUM RATINGS*
{Specifications apply to ail grades, except where noted)

Vee to Digital Common ««eeveevnevnennnn. QV10+16.5V  Chip Temperature ««veveerenineennnrennnnennnss 175°C
Vg 0 Dioiral COMMON « v vovenreneioens Ovto-165V  Power CiSSipation «..euvevrerusnenrnennnnnnns .825 mW
Viogic 1o Disiral COMMOR v v v venvnrenn. 0Vto+7V  Lead Temperature (Soldering, 10sec). ............ +300°C
Analog Common to Digital & Common ,.............. +1V  Storage Temperature (Ceramic) .......... -65°C to +150°C
Control Inputs (CE, CS, Ao 12/8 R/C) to [ 1) .—25°C to +100°C
Digital Common «««sureannans ~-05V toViagic+ 05V 'Stresses  above those listed under "Absolute Maximum Ratings” may cause
Analog Inputs (REFIN, BIP CFF, 10 Viw) to Peaton ol e daice st hes o any ther coniions vove thosenlcated i he
ANEOG COMMON ++ v v v vveveeseeaeeaeeees, Ves to Vee operational sections of this specification is nor implied. Exposure to absolute
20 Vv to Analog COMMON + v v eevnrerannnenanunss 24 maximurm rating conditions for extended periods may affecr device reliability
REFOUT cvvvvrrriinnnnnnns Indefinite Short to Common
tAomentary Short to Vee
ORDERING GUIDE —
Resolution Max
Temperature Linearity Error NoMissingCodes | Full Scale
Model! Range Max (Tyun 10 Tvax) | (Twanw t0 Taax) T.C. (ppm/°C)
AD374A](X) OCto +70°C z1LSB 11 Bits 50.0
AD3574AK) 0°C to +70°C +1/2 LSB 12 Bits 27.0
AD574ALX) 0°C to +70°C +1/2 LSB 12 Bits 10.0
ADS574AS(X)? -55°C o +125°C | 21 LSB 11 Bits 50.0
AD574AT(X)? | -55°Cto+125°C | *1LSB 12 Biws 250
AD574AU(X)? -55°C to +125°C | £1 LSB ; 12 Bits 125
NOTES

X = Package designator Available packages arc: D (D-28) for all grades E (E-28A) for | and K grades and /883B processed S, T
and U grades. N (N-28) for J, K, and L grades P (P-28A) for PLCCaJ, K grades Example: AD574AKN 1s K grade n plastic DIP
2For details on grade and package offerings screened in accordance with MIL STD-883, refer to Analog Devices Military Products

Databook

REV. B
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DM74LS04

s e
FAIRCHILD
SEMICONDUCTOR™

General Description

Thi s device contains six independent gates each of which
pefforms the logic INVERT functien

Hex Inverting Gates

August 1986
Revised March 2000

Ordering Code:

Order Number {Package Number | Package Description
OM74L.504M M14A 114-Lead Small Gutline Integrated Circuit (SOIC). JEOEC MS-120, O 150 Narrow
OM74LS04S4 Mi40 ] 14-Lead Small Outline Package (SOP). EIAJ TYPE 115 3mm Wide
"DM74LS04N N14A |14-Lead Plastic Duak-In-Line Package (POIP). JEOEC MS-001. 0 300 Wide

b

Veo as ¥

12

Connection Diagram

as

"

‘m

At

L >

i) 2
a

© 2600 Fairchild Semicsadustor Corporation

DS008345

Devices also availadie m Tapeand Reel Spadify by appanding the suffix leitar X" ta the ordering cade

Function Table

Y=A
input Output
A Y
L H
H L

H = HIGH Logic Lave}
L = LOW Logic Lavel

www fairchildsemi.com
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DM74L.S04

Supply Voltage

Input Voltage

Qperating Free Air Temperature Range
Storage Temperature Range

Absolute Maximum Ratingsote 1)

0°C to +70°C
~65°C to +150°C

Note 1 The “Absokste Maximum Ratings™ 378 thosa values beyond wieh
tha safety of the dawice cannot be guarantesd The device should not de
operated at these fmds The parameinc values dafined |n the Electrical
P v

at the absolute

ratings

labies are nct g

The ‘Racommended Opaerating Conditions” table will define the conditians

tor actual davice operation

Recommended Operating Conditions

Symbol Paramaeter Min Nom Max Units
Vee Supply Voitage 4.75 5 5.25 v
Vi HIGH Level Input Voitage 2 v
Vi LOW Level input Voltage 08 v
lon HIGH Levet Output Current -04 mA
loy LOW Level Output Current 8 mA
Ta Free Air Operaling Temperature ] 70 °C

N
Electrical Characteristics
aver recommendedoperaling fres air temperaturerange (unless otherwise notad)
Symbot Paramster Conditions ) Max unis
15 —
N Input Clamp Voltage Ve =Min, =~18 mA -
Von HIGH Levd Vee = Min, gy = Mas, 27 34 v
Qutput Voltage Vi, = Max
o P e . N
v LOW Lavai Ve 7 Man, g = Max, 035 os
Qutput Voitage Vi = Min v
lmxdmA.Vcc=Mn .23 a4
1y Input Current @ Max Vee = Max, V=7V 01 mA
!mput Vollage B
} HIGH Levai input Current Vee = Max. Vy = 27V 20 Py
I LOW Level input Current Vee = Max. V, =0 4 036 | ™
O Short Cireuit Oulput Current Ve = Max (Nola 3) -20 -100  , mA
23 [Supgty Current with Quiputs HIGH Vee = Max ™
. = = ~ 0.0
leer Supply Current with Outputs LOW Vee = Max L } i
“Note 2: All iypicais are af Ve = SV, TA=25°C
Note 3 Not mars thano m output shouid be shorted at a time, and the durabon should not exceed one second
Switching Characteristics
BVegs GV T, ITC
Symboi H Parameter Cy = 15pF G x50pF Units
i
R Max b |
T I
toeH Propagation Oelay Time 3 10
LOW-I—HIGH Lavei Output ~
tewe Propagation Delay Time 3 16 4 ‘ 15 l’ as
HIGH-to-LOW Level Output

www fairchildsemi com
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Nationa!l
Semiconducior

LM1458/LM1558
Dual Operational Amplifier

General Description

The LM1458 and the LM1558 are general purpose dual
operationalamplifiers. The two amplifiers share a common
bias network and power supply leads. Otherwise, their op-
eration is completely independent.

The LM1458 is identical to the LM1558 except that the
LM1458 has its specificationsguaranteed over the tempera-
ture range from OC to +70°C instead of -55'C to +125°C

August 2003

Features
No frequency compensation required
Short-circuitprotection
= Wide common-mode and differential voltage ranges
® Low-power consumption
m 8-lead can and 8-lead mini O P
No latch up when input common mode range is
exceeded

Connection Diagrams
Metal Can Package

QUTPUT A QuTPUT B
{NVERTING INVERTING
iNPUT A nNPUT 2

NONINVERTING { 3 Y1 | L_¢ ") NONINVERTING

INPUT A \J:@PJ} NPUT B
v

Top View
Order Number LM1558H,
LM1558H/883 or LM1458H
See NS Package Number H0O8C

00788602

Dual-In-Line Package

1
QUTPYUT A et

7
INVERTING INPUT A j~—— OUTPUT R

NON IRVERTING __3

INPUT A INVERTING INPUT 8

~

S__ NONINVERTING
INPUT B

v~

00788603
Top View
Order Number LM15584/883, LM1458M,
LM1458MX or LM1458N
See NS Package Number J08A, MOSA or NOSE

© 2003 National Ssmiconductor Corporation ~ DS007888

www national cpom
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& National
Semiconductor
LM1458/LM1558

Dual Operational Amplifier

General Description

The LM1458 and the LM15.58 are general purpose dual
operational amplifiers. The two amplifiers share a common
bias network and power supply leads Otherwise, their op-
eration is completely independent.

The LM1453 is identical to the LM1558 except that the
LM1458 has its specificationsguaranteed over the tempera-
ture rangs from 0°C to +70°C instead of ~55°C to +125°C

August 2003

Features

= No frequency compensation required

= Short-circuitprotection

= Wide common-mode and differential voltage ranges
Low-power consumption

= 8-lead can and 8-lead mini DIP

B No latch up when input common mode range is

INVERTING
INPUT B

HONINVERTING
INPUT B

NONINVERTING
INPUT A

00783502

Top View
Order Number LM1558H,
LM1558H/883 or LM1458H
See NS Package Number HO8C

© exceeded
Connection Diagrams
| Metal Can Package Dual-In-Line Package
v*
. OUTPUT A -4 U - v*

2 7
INVERTING INPUT A =eed ~—¢=— OUTPUT 8

o

NON INVERTING _ 3

INPUT A INVERTING INPUT B

5 __ NOHINVERTING
INPUT 8

L.

00788603
Top View
Order Number LM1558J/883, LM1458M,
LM1458MX or LM1458N
See NS Package Number J08A, MOBA or NOSE

DSQ07886

National Semiconductor Corporation

www nationat com
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123

Absolute Maximum Ratings (Note 1)

Storage Temperature Range

~85°C to +150°C

It Military/Aerospace specified devices are required, wwau Tempsraiure (Soldering, 15 sec) 260°C
plgage contactthe Natiqxjal Semicondgctqr Sal es Office/ Soldering Information
Distributors for availability and specifications. Dual-In-LinePackage
(Note ) Soldering (10 seconds) 260°C
Supply Voltage Small Outline Package
LM1558 *22V Vapor Phase (60 seconds) 215°C
LM1458 +18V Infrared (15 seconds) 220°C
Power Dissipation (Note 2) See AN-450 "Surface Mounting Methods and Their Effect
LM1558H/LM1458H 500 mw on Product Reliability" for other methods of soldering
LM1458N 400 mW surface mount devices.
Differential Input Voltage *30V ESD tolerance (Note 6) 300V
Input Voltage (Note 3) +15V
Output Short-Circuit Duration Continuous
Operating Temperature Range
LM1558 -55°C to +125°C
LM1458 OC to +70°C
Electrical Characteristics ote 4)
Parameter Conditions LM1558 LM1458 Units
Min Typ Max Min Typ Max
Input Offset Voitage Tp = 25°C, Rg S 10 kQ 1.0 5.0 1.0 6.0 mv
Input Offset Current Ta = 25°C 80 200 80 200 nA
Input Bias Current Ta =25C 200 500 200 500 nA
Input Resistance Ta=25C 0.3 1.0 0.3 1.0 MQ
Supply Current Both Ta = 25°C, Vg = L35V 3.0 BN 3.0 5.6 mA
Amplifiers e
Large Signal Voltage Gain Ta = 25'C, Vg = %15V 50 160 20 160 Vimv
. Vour = £10V, R 22 kQ
Input Offset Voltage Rs < 10 kQ 6.0 7.5 mv
Input Offset Current 500 300 nA
Input Bias Current 15 0.8 bA
Large Signal Voltage Gain , | Vg = %15V, Vour = £10V 25 15 Vimv
R 2 k@
Output Voltage Swing Vg = 215V, R_ = 10 kQ *12 +14 +12 +14 \
AL =2kQ =10 =13 *10 *13 v
Input Voitags Range Vg = 218Y 12 s *12 \
Comrmon Mode As < 10 kQ 70 90 70 ) dB
Rejection Ratio
Supply Voltage Rs S 10 kQ 77 96 77 96 dB

Rejection Ratio

Note 1: 'Absolute Maximum Ratings' incicate limits beyond which damage to the device may occur Operating Ratings indicate conditions for which the deviceis

functional, but do not guarantee specific performance limits

Note 2 Tha maximum junction temperature of the LM1558 is 150°C, while that cf the LM1458 s 100'C For operating at elevated temperatures. devicesin the H08
package mus be derated based on a thermalresistance of 150°C/¥ juncticn ta ambient 67 20°C/W, junctionlo case For the DIP the device must be derated based

on a thermalresistance of 187°C/W, junction to ambient.

Note 3 For supply voltagesless lhan 15V, the absolute maximum input voltage is equal lo the supply voltage

Note 4 These specifications apply for Vg = 215V and -55°C < T4 $ 125°C. unless otherwise specilied With the LM1458. however, all specifications are limited lo

O CsTA<70°C and Vg = x15V.

Note 5. Relar to RETS 1558V for LMi558d and LM1538H military specificaticns

Nota §: Human sody model, 1 5 k2 in series wilh 100 pF

www national com
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Product specification
__J

PNP medium power transistors

BC160; BC1is1

FEATURES

¢ High current (max. 1 A)
¢ Low voltage (max. 60 V).

APPLICATIONS

e General purpose applications.

DESCRIPTION

PNP medium power transistor in a TO-39 metal package.

NPN complements: BC140 and BC141.

QUICK REFERENCE DATA

PINNING
PIN DESCRIPTION
1 emitter
2 base
3 collector, connected to case

Fig.1 Simplifiedoutline (TO-39) and symbol.

MAMIZ4

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Veso collector-base voltage open emitter 1
BC160 - - —40 \
BC161 - - -60 \
Vces collector-emitter voltage open base
BC160 - — 40 v
BC1i61 - - -60 %
fem peak collector current - - -15 (A
Prot total power dissipation Tease £45°C - - 3.7 w
hee DC current gain Ilc=-100 mA; Veg=-1V .
8C160-10; BC161-10 100 160
BC160-16; BC161-16 163 160 250
fr transition frequency lc =-50 mA; Ve =-10 V; = 100 MHz | 50 - - MHz |

1997 May 12
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Philips Semiconductors

Product specification

PNP medium power transistors

BC160, BC 141

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veso collector-base voltage open emitter
BC160 -~ -40 v
BC161 -60 \Y
Veeo collector-emitter voltage open base
BC160 - —40 Y,
BC161 ~ -60 \
Veso emitter-base voltage apen collector - -5 \
lc collector current (DC) - -1 A
lem peak collector current - -15 A
lay peak base current - -200 'mA
Piot total power dissipation Tease $45°C -~ 3.7 w
Tag storage temperature ) -65 +150 |°C
T junction temperature - 175 °C
Tamb operating ambient temperature ~65 +150 °C
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
| Rinja thermal resistance from junction to ambient in free air 200 Kw
Rinjc thermal resistance from junction to case 35 KW

1997 May 12 3



126

EK-6 (Devam) CG-130 modeli istikamet cayrolari test cihazi devre
elemantari katalog bilgileri

Philips Semiconductors Product specification

PNP medium power transistors BC160; BC1h1

CHARACTERISTICS
Tams = 25 °C unless otherwise specified.

SYMBOL PARAMETER CONDITIONS M'IN. TYP. | MAX. | UNIT
leso collector cut-off current le=0;Veg=—40V - -10 -100 |nA
le=0; Vg = —40 V; T; = 150 °C - -10 | -100 |pA

leso emitter cut-off current lc=0;Vgg =-5V - - -100 |nA
heg DC current gain lc =-100 gA; Vee = -1V

BC160-10; BC161-10 - 80 -

BC160-16; BC161-16 ) - 120 |-
heg DC current gain Ic=-100mA; Veg = -1V

"BC160-10; BC161-10 63 [100 |160

BC160-16; BC161-16 . 100 |160 250
hee DC current gain lc=-1A;Vgg=-1V )

BC160-10; BC161-10 - 20 -

BC160-16; BC161-16 - 30 -
VcEsat collector-emitter saturation voltagz | lc =~1 A; lg =-100 mA - -06 -1 Vv
Vge base-emitter voltage lc=-1A Veg=-1V -~ -1 -1.7 |V
Ce Y eollector capacitance le=ie=0;Veg=-10V;f=1MHz |- - 30 pF
C. |emitter capacitance lc=ic=0; Veg = -0.5V; f=1MHz |- - 180 |pr |
fr transition frequency lc =50 mA; Vg = -10V; 50 - - MHz

f =100 MHz

Switchingti nes (between 10% and 90% levels)
m turn-on time . lcon = =100 MA; lggn = -5 mA; - - 500 |ns
ba | tum-offtime |  =smA - - 650 Ins

1997 May 12 L 4
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PR
FAIRCHILD
SEMICONDUCTOR ™

DM74LS573

General Description

The DM74L.8573 Is a high speed octal latch with buffered
common Latch Enable (LE) and buffered common Output
Enable (OE) inputs.

This device is functionally identical to the DM74LS373, but
has diierent pinouts

October 1988
Revised March 2000

Octal D-Type Latch with 3-STATE Outputs

Features

M Inputs and outputs on opposite sides of package allow-
ing easy interface with microprocessors

Useful as input or cutput port for microprocessors
W Functionally identical to DM74L.S373

Input clamp diodes limit high speed termination effects
® Fully TTL and CMOS compatible

Ordering Code:

Order Number Package Number

Package Description

DM74LS573mM MI0B
DM74LS5 N20A

20-Lead Smait Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300 Wide

~|25-Lead Plashic BUarIR-Lins Package (POIP). JEDEE MS-007.0.300 Wide -

L ogic Symbol

Devices aiso avaiabia it Tape and Reel Spacify by appending ths st #1 lellst "X* 1) the crdering code

Connection Diagram

! 23456783
—-—-’ &~ -7 26},
00 D1 02 03 04 D3 D& 07 ec
-2 19}4—00
e 113 013 18 {01
1—Clot o2 4 17402
00 01 02 03 04 05 06 07 0343 15}-03
TTTiTTId i o
. 1918 17 15 15 14 13 12 os—{7 S ]
Veg = Pin 20 o511 13108
SND=Pin 10 M3 123=07
no—{10 {1} ot
Pin Descriptions Function Tables
Pin Names Description Enaplet Hrstbhe Qutput
D
00-07  |Datalnputs Enable Enable o
Lateh Enable Input (Active HIGH) L H H H
3-STATE Output Enable Input {Active LOW, L H L L
00-07 3-STATE Latch Outputs L L X Qo
H X X Z
L =LOW Stais
H, HIGH Stale
% = Oen't Care
Z =Hgh Impedance State
Qg = Pravious Conditiocn d O
[ I
G200 Fainchiig Semronducion L pcration D

sinding 31v1S-€ Yim ysje adf1-q 18300 £25STWLING
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DM74LS573

Absolute Maximum Ratingsiote 1)
Note 1 The “Absciute Maximum Ratings” am those vakias beyond which
Supply voltage 7V na satety of the savice cannot be guaranteed The device should ot be
Input Volt. v operated al thess &mis The parametric values defined in the Electrical
put Voliage o ¢ islics tadles e Nt g d at ma absoiuts maximum ralings
Operating Free Air Temperature Range 0°Cto +70°C  The Recommended Operaling Conditions” lable will daline me conditions
o lor sctyai davica operation
Storage Temperature Range -85°C to +150°C
Recommended Operating Conditions
Symbol Parameter Min Nom Max Units
Vee Supply Voltage 475 5 5.25 v
Vin HIGH Level input Voitage 2 v
Vi, LOW Level Input Voltage o8 v
fon HIGH Level Input Current -2.6 mA
lou LOW Level Qutput Current 24 mA
Ta Free Air Operating Temperature 0 70 °C
Electrical Characteristics
Over recommended operating free air tlemperature range {unless otherwise nated)
. Tre T i
Symbol Paramater Conditions Min (Note 2) Max Units
v tnput Clamp Valtage Veg = Min, I, = =18 mA 15 v
Von HIGH Lavel Veg = Min, lgy = Max, 27 a4 v
Output Voitags V= Max -
Vo LOW Level Veg = Min, Ig = Max. a3 05
Output Voitage Viiy = Min v
Tor =4 mA, Ve = Min 025 04
iy nput Current @ Max Inpul Voltage Vg = Max, Vi=TV 1 mA
Iy HIGH Lavel input Current Veg = Max, Vy = 27V 20 HA
I LOW Lavel inpul Current Veg = Max. ¥, = 0.4V 204 mA
ios Short Circuit Ve = Max _30 130 mA
. Output Cusrent {Mnta 3)
[ Supply Current Vee = Max 50 mA
PY 3-STATE Output Voo = Yoon © oA
OFF Current HIGH Vo =27V
Tom, TSTAIE Output Vee = Veen 0 A
CFF Current LOW [P—vy . gy
Note 2= AX typicais are at Vg » 5V, To = 25°C
Nota 52 Not more than cne output should be shortad at a trme, and the durstion should not exceed 0ne sacond

www fairchildsemi corn
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-]
=
Switching Characteristics b
N
at Vee = 5V and Ta = 25°C —
- R = 2K(L, v
Symbol Parameter Cy =50 pF Units iln
Min Max w
Pmpagabon Delay Z ns
pra, Datato Q £
o Propagation Delay 25 o
4 LEl Q -_——
7 SIATE Enabielime 28 ns
o CEleQ - 30
oz 3-STATE Enable Time . ns
OEwcQ -—
3
ts(H) Setup Time (HIGHLOW) 7 ns
(L) _|BatatolE o
n(H) Hold Time (HIGH/LOW) 10 ns
ball) Datato LE i
tdH) Puisa Width (HIGH) 15 ns
OalalaLE

a wern fairchildsemi com
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Decoders/Demuitiplexers

General Description

These Schottky-clamped circuits are designed to be used in
high-performance memeory-deceding or data-routing appti
cations. requiring very short propagation delay times.. In
high-performance memory systems these decoders can be
used to minimize the effecis oi system decodirg. When
used with high-speed memories, the delay times of these
decodersare usually iess than the typical accass time of the
memory. This means Mat the effective system delay intro-
duced by the decoder is negligible.

The LS138 decodes one-of-eightlines, based upon the con-
ditionsat Me three binary select inputs and the three enable
inputs. Two active-low and one active-high enable inputs
reduce the need for external gates Of inverters when ex-
panding. A 24-line decoder can be implemented withno ex-
ternal inverters, and a 32-line decoder raquires only one
inverter. An enable input can be used as a data input for
demuitiplexing applications.

The L5139 comprises two separate two-line-to-four-line de-
coders in a single package. The active-fow enableinput can
be used as a data tine in demultiplexing applications..

A1 of these decoders/demultiplexers feature fully buffered
inputs, presenting only one normalized luad to its driving
circuit  Ail inputs are clamped with high-perfarmance

&National Semiconductor

541.5138/DM54LS138/DM74LS138,
54L.5139/DM54LS5139/DM74LS139

June 1889

Schottky diodes to suppress ling-ringing and simplifysystem
design.

Features
w Designed specificaily for high speed:
Memory decoders
Data transmission systems
& LS138 3-to-g-line decoders incorporates 3 enadle in-
puts to simplify cascading and/or data reception
& LS139 contains two fully independent 2-to-4-line decod-
ers/demultiplexers
u Schottky ctamped for high performance
Typical propagation delay (3 levels of logic)
LS138 21ns
LS139 21ns
w Typical power dissipation
15138 32mW
LS139 34 mw
W Alternate  Military/Aerospace  dewces (5415138,
541.5139) are available Contact a Nalronal Semicon-
ductor Sa'2s Office/Distributor for speciﬁcglions

Connection Diagrams

Dualn-Line Package
DATA OUTPUTS

R D EE
A ] c G2A G288 G1 Y7 GNO
« 4 ouTeuT
SELECT ENABLE
TL/F/8391-1

Order Number 54LS1330MQ8, 54LS138FMQB,
54LS138LMQB, DM54LS138J, DM54LS13CW,
DM74LS138M or DM74LS138N
See NS Package Number £20A, J184,

I M16A, N16E or W16A

Dual-in-Line Packzge
SELECT DATA CUTPUTS

ENABLE
Vee G2 A2 82 WO 2Y1 272 2y3

lis l!S 14 13 l!? !LH i'-O ‘9

i
]

1
T T 7 7
lt 2 3 ‘x gs is [7 ‘3

ENABLE a1 81 o 1Yl 1y2 1¥3 GO
Gt —

SELECT DATA OUTPUTS
TUFI6331-2
Order Number 54L.S139DMQB, 54LS139FMQB,
541.5139LMQB, DM54LS13%J, DMS4LS139W,
DM74LS133M or DM74LS139N
See NS Package Number E204, J16A,
M16A, N16E ar W16A

@199% Natonal Semicondglor Corporation  TL/F/8391

o

ARD-B30M1GS/Primwd v U 5. A.
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Absolute Maximum Ratings (note)

If Military/Aerosp pecified d are required,
please contact the National Semiconductor Sales
Ottice/Distributors for availability and specitlcations.

Supply Voltage v
InputVoltage v
Operating Free Ax Temperature Range

DM54LS and 548 —565'Cto +125°C

@ to +70°C
—~65°Cto +150°C

DM74LS
Storage Temperature Range

Recommended Operating Conditions

Note: The “Absoluts Maximum Ratings" are #1ose values
beyond which the safety of the device cannot be guaran-
teed The device should not be operatedat these /mits The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maxtimum ratings

The ""RecommendedOpsrating Conditions " table wilf define
the conditions for actual device operatton

. DM54L5138 DM74LS5138
Symboi Parameter Units
Min Nom Max Min Nom Max
Vee Supply Voltage 45 5 55 4.75 5 5.25 v
ViH High Level Input Voltage 2 2 v
Vie Low Level Input Voitage 0.7 0.8 \
o High Level Qutput Current ~0.4 ~0.4 mA
loy tow Level Qutput Current 4 8 mA
Ta Frea Air Operating Temperature —55 125 0 70 °C
’LS138 Electrical Characteristics
over recommended operating free air temperature range (unless otherwise noted)
Symbot Parameter Conditinme Min Typ Max Units
ym aram ) (Note 1)

V) Input Ctamp Voitage Veg = Min, ) = —18mA -1.5 \
VoH High Level Cutput Voo = Min, lon = I’V.lax, DMS4 2.5 3.4 v

Vaitage ViL = Max, Vi = Min DM74 2.7 3.4
Vou Low Levei Output Vee = Min, gL = Max, DM54 0.25 04 |

Voltage Vig = Max, Viy = Min DM74 0.35 0.5 v

‘ low = 4mA,Vgg = Min | DM74 0.25 0.4

1 Input Current @ Max Vcg = Max, V= 7V o1 oA

Input Voltage
I High Level input Current Vee = Max, V) = 2.7V 20 uA
I, Low Level Input Current Vee = Max, Vy = 0.4V — 106 mA
los Short Circuit Vee = Max oms | -20 |}

Output Current \l (Note2) OM74 | -20 | -100
icc Supply Current l Vo = Max (Nete 3) l [ 6.3 10 mA

Note 1: AR lyprcals are at Voo = 5V, Ty = 25°C.
Note 2 Not mors than one oulput shouid be shortsd at a tims, and tha duration should nal exceed one secand

. Nate 3 icc is measurad with ait oulputs anabled and open.

131
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SN74LS245

Octal Bus Transceiver

The SN74LS245 isan Octal Bus Transmitter/Receiver designed for
8-line asynchronous 2-way data communication between data buses.
Direction Input (DR) controls transmission of Data from bus A to bus
B or busB to bus A depending upon itslogic level. The Enable input
(E) can be used to isolate the buses.

s Hysteresis Inputs to Improve Noise Immunity

2-Way Asynchronous Data Bus Communication

* |nput Diodes Limit High-speed Termination Effects

b ag ~
e ESD >3500 Volts

LOGIC AND CONNECTION DIAGRAMS DIP (TOP VIEW)

Vee E 81 B2 86 B7 8
il

m@mm%ﬁ%mmm

A7 |72 n‘zg\_‘zﬁ_:_ N2
d 1
Do le s TTe JTs Tls T ITe Ils Thel

DIR A1 A2 A3 A4 A5 A6 A7 A8 GND

TRUTH TABLE

I NPUTS
OUTPUT
E DIR —
L L Bus B Data to Bus A
L H Bus A Datato Bus 3
H X isclation

H = HIGH Voitage L
L = LOW Voltage
X = immaterial

GUARANTEED OPERATING RANGES

ON Semiconductor
Formerly 2 Devnion of Hotomda

http:/fonsemi.com

B N R e T

LoOwW
POWER
SCHOTTKY

R A

PLASTIC
N SUFFIX
CASE738

klelled
DW SUFFIX
CASE 751D

Symbol Parameter Min Typ Max Unit ORDERING INFORMAT: O
4.75 5.0 525 v —
Vee Supply Voltage 5 i ppi ng
Ta Operating Ambient 0 25 70 °C _—
Temperature Range SN74LS245N 16 Pin DiP 1440 Units/Box
| on | Output Current ~ High -30 | mA ‘smsw%sow' Package | 2500/Tape & Reel
-5 | mA 6 PinDIF | %
Sy - A
lov Cutput Current - Low 24 m. o i ool
@ Ssmiconductor Components Industries LLC 1999 1 Publication %lmalgm%

December, 1993 = Rev. 6
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SN74LS245
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE finlace athandica spacified) —_——
Limits T 1
Symbol Parameter Min Typ Max Unit Test Conditions
Vin Input HIGH Voltage 20 S#lar:sﬂttseed Input HIGH Voltage for
Vi Input LOW Voltage 0.8 v ﬁ:?':;r:::ed Input LOW Voltage for
Vre=Vro Hysteresis 0.2 04 \ Vee = MiIN
Vik Input Clamp Dicde Voltage -0865 ] -15 \ Voo = MIN, iy =~18 mA
24 34 \ Vee = MIN, Igy =-3.0 mA
VoH Output HIGH Voltage 7o v Voo = MIN. lor = MAX
025 04 v lou=12mA | Vcc=Vee MIN,
Vou Output LOW Voltage ~ Vin=Vi o Viy
0.35 0.5 \ loL=24mA | per Truth Table
fozm Output Off Current HIGH 20 BA Voo = MAX, Vour =27V
ozt Output Off Current LOW -200 RA Vee = MAX, Vour = 0.4V
gor B,DRor 20 A Vee = MAX, Vin = 2 ‘
I INputHIGH Current ™ p 2o E 01 | mA | Veo=MAX Viy=7.0V
Aor8 0.1 mA | Vog=MAX, Viy=55V
| Input LOW Current -02 mA 1 Vec =MAX, Vin=04V
fos Qutput Short Circuit Current (Note 1) -40 -225 mA Vee = MAX -
Power Supply Current
Total, Qutput HIGH 7G
fec Total. OutputLOW 90 mA | vog T MAX
Total at HIGH Z 95 i
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second
AC CHARACTERISTICS (Ty = 25°C, Voc = 50V, Trisz/TrawL S6 0 ns)
H Limits T,
Symbol Parameter Min Typ Max Unit Test Conditions
t::: . Propagation Delay, Data to Output gg . 112 ns -
tozn Qutput Enable Time to HIGH Lavel 25 40 ns R, =687 Q
teze Output Enable Time to LOW Level o7 40 _as —l
tprz Output Disable Time from LOW Level 15 25 , o s CL=50pF, i
tonz Outgut Disable Time from HIGH Level 15 25 ' ns i Ru=6670

{
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FAIRCHILD

WWW.dnh witiiaseincons

SEMICGNDUC T'0R®

KA78XX/KA78XXA

3-Terminal 1A Positive Voltage Regulator

Features Description

- Output Current up to 1A The KA78XX/KAT8XXA series of threeterminal positive
+ Output Voltages of 5, 6, 8, 9, 10, 12, 15, 18, 24V regulator are available in the TO-220/D-PAK package and
Thermal Overload Protection with several fixed output voltages, making them useful in a
Short Circuit Protection . Wwiderange of applications Each type employs interna
Output Transistor Safe Operating Area Protection current limiting, thermal shut down and safe operating area
protection, making it essentially indestructible. If adequate
heat sinking is provided, they can deliver over 1A output
current. Although designed primarily as fixed voltage
regulators, these devices can be used with external
components t0 obtain adjustable voltages and currents.

TO-220

1. Input 2. GND 3. Output

internal Block Digram -

fyjacdd BERSES ¢ ovTPY
1 * ELEMENT 3
S
CURRENT SOA -

! QENERATOR PROTECTION g
)
L I

STMATING REFERENCE EAROR

cwmcurr VOLTAGE AMPUFIER

THERMAL —J
PRACTECTION

i i om
—

Rev.1.0 0

©2001 Fairchild Samiconductor Carporation
N
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KA7BXX/KATSXXA

Absolute Maximum Ratings
Parameter Symbol Value Unit
Input Voltage (for VO =5V to 18V) Vi 35 \Y
(for Vo = 24V) Vi 40 \%
Thermal Resistance Junction-Cases (TO-220) ReJc 5 ‘cw
Thermal Resistance Junction-Air (TO-220) ReJa 65 ‘cw
Operating Temperature Range (KA78XX/A/R) ToPrR 0= +125 C
Storage Temperature Range TSTG -65 = +150 °C

Electrical Characteristics (KA7805/KA7805R)
(Refer to test circuit ,0'C < Ta < 125°C, l0 = 500mA, V| =10V, Ci= 0.331F, Co=0.1uF, unless otherwise specified)

-

. KA7805
Parameter T Symbol (ondi ti ons —Fyp—Max— Unit
Ty=+25°C 48 [ 50 | 52
Output Voliage Vo 50mA = lo < 1.0A,Po £ 15W Vv
Vi =7V to 20V 1.75 50 525
U .  Trimasoe  [Vo=7Viozsv SN ECRECE
ine Regulation (Notet) Regline J=+25 VErYITY - 5 T 50 m
» V T l0=50mAto15A | - | @ |100] _
Load Regulation (Note i} Regload | Ty=+25°C lL 10 Z350mA 0 750mA |- y %
Quiescent Current la Ta=+25°C - 50 | 80 mA
. lo=5mAto 1.0A - 0.03 5
Quiescent Current Change AlQ Vi= 7V 0 25V - ERET) mA
Output Voitage Drift AVQ/AT | lo= 5mA - - |08 mv/°C
Output Nbi se Voltage VN f = 10Hz to 100KHz, Ta=+25°C - 42 - pVVO
Ripple Rejection RR I,;f‘gczm 18V 62 | 73| - | dB
Dropout Voltage VDrop lo=1A,T3=+25°C - 2 - Vv
QOutput Resistance ro f=1KHz 15 - 7 mil
{ Snort Circuit Current lsc | VI=35Y,TA=+25°C (230 | oma
Peak Current IPK Ti=+25°C _ 29 N

Note:

1. Load and linercgulation are specified at constant junction temperature. Changes in Vo due to heatrng effects must be taken
into account separately. Pulse iesting with low duty is used
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MC78XX/LM78XX/MC78XXA

Electrical Characteristics (MC7812)
(Refer to test circuit O°C < TJ < 125°C, 1o = 500mA, Vi =19V, Ci= 0 33uF, Co=0.1F, unless otherwise specified)

. MC7812 ]
Parameter Symbol Conditions Vi Typ. | Max. Unit
] Ty=+25°C 115 | 12 {125
Output Voltage Vo 5.0mA <10<1.0A, Pog15W Vv
| Vi=145Vto 27v 114} 12 | 126
, - - 22590 Vi =145V to 30V - {10 [ 240 ™V
Line Regulation (Note1) Regline ' TJ VIS 16V 1o 22V T30 | 120
B = : 40
Load Regulation (Note1) Regioad | Ty =+25°C :Z - zg](fmtAo tlos'gOmA - 5110 ?20 mv
Quiescent Current la Ty=+25°C - 51 | 8.0 mA
. lo = 5mAto 1.0A - 0.1 { 0.5 mA
Quiescent Current Change AlQ Vi=14.5V 0 30V - RN
Output Voitage Drift AVO/AT | lo=5mA . - -1 - |mv/°C
Output Noise Voltage VN f=10Hz to 100KHz, TA=+25°C - 76 - | uVNVo
Ripple Rejection RR i/; ﬁ%:zt 525V 55 | 71| - | a8
Dropout Voltage Vprop | 10 = 1A, Ty=+25 °C - 2 - \Y
{ Outnut Resistance ro f=1KHz - 18 - mQ
Short Circuit Current Isc | Vi=35V, Ta=+25°C - 230} - mA
Peak Current IPK Ty=+25°C - 2.2 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into accountseparately. Pulse testing with 'ow cuty is used.
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May 1999 17
&National Semiconductor »
i
[y
M
LF147/LF347 N
N
Wide Bandwidth Quad JFET Input Operational Amplifiers <
General Description Features o
. The LF147 is alow cost, high speed quad JFETinput opera- W 'Mtemally trimmed offset voltage: 5 mV max @
! tional amplifier with an intemally timmed input offset voltage ~ ® Low input bias current 50 pA — 82
(BS-FET ™ technology). The davice requires a low supply  ® Low inpul noise curent: 0.01 pA/yHz I
cument and yet maintains 2 large gain bandwidth product g wide gain bandwidth: 4 MHz g-
and a‘fast s!aw_rale. In af:ldition. well r.natcheq high voltage g High slew rate: 13 VIus E
JFET input devices °’.°"“’.° very low \npuli bias and offset iow supply current: 72 mA —
currents. The LF147 is pin compatible vith Me standard » High input impedance: 10'2Q o
LM148. This fegture allows designers Yo immediately up- gn np peca N R o 5
grada the overalt parformance of existing LF148 and LM124 8 LOW tetat harmonic distortion A,=10,:  <0.02%
designs. R =10k, Vo=20 Vpp, BW=20 Hz-20 kHz [»)
The LF147 may be used in applications such as high speed  ® LOW 1 noise zomer, 5? HZ c
integralors, fast D/A converters, sample-and-hold circuits ™ T @St settling time to 0.01%: 2us a
and many cther dircuits requiring low input offset voitage,
low input bias cumrent, high input impedance, high stew rate [
and wide bandwidth. The device has low noise and offset Ly
voltage drift, m
—
Simplified Schematic Connection Diagram 3
=t
Y Quad Duakin-Line Package ~~
Ve O m auTe e T4 v w3 m3m our3 O
i 4 13 7 Iu 19 ’ t %
[
-
h jo¥]
X =d
- vo 5
- 3 3
H D =
Ay S 2
1 ? =
< > =1
L o
% INTEANACLY ' i : 3 j 3 | l ¢ ! @©
ll\l[n’lll&i TRIMMED P
TANMED ouTt Ny wit v N mz QuT2 [¥7]
I v O DS00s647 1
oooser.13 Hots 1: Avadable per SMD #8102306 JM38510/11906
Top View
Crder Number LF147J, LF347M, LFI478N,
LF247N or LF147.3/883 (Note 1)
See NS Package Number J14A, M14A or N14A
|

D 1998 Natlonal SemiCuauustnr Lopersion DSCOS84T wwew nationai com
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