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Thesis Title A Control of DC Motor Speed and AC Generator Voliage using

Fuzzy Logic for a Motor-Generator Set

Author Mr, Watcharapong  Ratchapong
Major Program Electrical Engineering
Academic Year 1999

Abstract

This thesis presents the use of Fuzzy Logic Control for Controlling an Electrical Power
Generation System. The controller uses software that runs on a PC to control a 4.1 kW DC motor
and a 4 kVA AC generator. It fixes the synchronous speed of the DC motor at 1500 rpm and
simulianeously controls the field current excitation of the AC generator to retain the guality of
power generated at 220 V and 50 Hz, In the experiment ,the Fuzzy Logic Control successfully
controls the system into desired performance in 2 stable manner. The response time to the
reference voltage and frequency afier a sudden increase in toad ( from no load to full load ) is
about 3 seconds. The response time to the reference voltage and frequency after a sudden decrease
in load ( from full load to no load ) is also about 3 seconds. The error in frequency and voltage of
the generated power are + 0.5 Hz and £ 2.0 V respectively. The software is able to operated in
multi-tasking operation,providing real-time control while af the same time allowing the user to

change parameters and review results.
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1. yauomaiioumasmes (Motor-Generator Sefy  ihuggalumsrdatvithdediu

Fryaolant
(-] A WL 4:1 =y o L

2. niomlas (Transformer) Yhnthiudosnseduveslifhiings InefiSasdoums
ulnsusaduen 220 Tood 1 3 Tond

3. wesulasdyanaerneniiudiasn(A/ Converte) M winalasdagueun

o 4 ar ey A S Jor o an
ann@ayana lndihidaynudsaen Hissvnaeufiamesiuldmmnedygnaiaes
F=Y oF 2/ o of A

4. aoudamed (Computer) Hhotrlondnvesseun Mimsudyauftasaiion
T A o A a d A A o P
amnuduazusasuves fhindald udnlssonauuuilaBasinfemdyanmumugi
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5. 29vsulasda u@dasaiiueuiann (D/A Converter) Hnisuilasdygrudlaoa

A 1 b 1]

Hudygnusuaen wedslilfnesaugude

6. 2vToinnIeiindAde (Power Blectronics Cireuit) Mmihifudgygnaeynen
A A o g 7 o A s © g
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itsimsnunuemedinunesme fredhdauiu Tnelinuauaged

1) wamed Wfhnszuaesunuenuannadsauuutinin ( Seperately Bxcited-
Field DC Motor) Tﬂuﬁﬂmﬁuﬁﬁﬁafr 4.1 nladad , 1500 souand , 220 Toad , 21.8 uesuls
(MAWDLEY’S) |

2 WSeunumeInesnIBUAd ( AC Generator ) Tﬂaﬁﬂmﬁuﬁﬁﬁ'ﬁﬁ 4 fila-
Toadioualy , 50 Band , 1500 seuanit, 380 Toad @ouuwaad) , 6.1 wowwals
(MAWDLEY’S)
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1. fanufinnan (Emor ,E) éqm'lﬁfmnﬂﬂuuﬁﬂﬂ'mm'mmﬂ'nnn nnueined
nszueaI(s,) & dnia et mun 1 (£,~50 Hz)

Error (B) = Process Output ( £,)-50 ..(42)

5. smmfarulasmaamRanan ( Brror Change,Ech ) Fanldrinrmuand

syhssanufinunmadiga ( Lated Error) ﬁué'mmﬁmimaﬁauuﬁﬁfu ( Previous Error)

Error Change ( Ech) = lated Error (E,) - previous Error ( Ep) ..(4.3)
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¥ » o
Tnedaualsmeduwaris 2 fail feaburimdunsuveamsiladlindulugilves #u
‘ﬂl = o =y ar A 1 d‘
Fyasdune TnomsWousAaunlsneouanumIse 4.1 Fedlusarenlnd (Quantized)

g zz < o = A L] & L a
Smunay ldaunsoandnnuvesuyafieinihifledliaduld

M4l ugaateuing veq E Uag Ech vodszuuniuguamiEa

Error Frequency ( E Hz) Error Change Frequency (Ech,Hz) | Quantized Value

E>25 | Ech>2.5 - +5
2<E<25 2<Ech<25 +4
1.5<E<2 1.5 X Ech<2 +3
1<BE<15 1< Ech<15 +2
05<E<1 0.5 < Ech<1 +1
0.5 <EX0.5 -0.5 S Fch< 0.5 0
-1 <EZ-05 -1 <Ech<-05 -1
-1.5<E=<-1 -1.5<Ech<-1 2
2 <E<-15 2 <Ech <15 -3
25<BS-2 : -25<Bch<-2 -4
EL-25 Ech<-2.5 -5

5 3 O L é Qr ) { L)
fudn massmusiunsedyailsd msatuszdunsduandafidlill il
I EL e
o < <l o A A Y ] A Py .:?
eedmun daalimandyaila® 1 dadefwhhimdmsnlfsunladianly
- 2 A - ' ar A
fin (Duty Cycle Change, Dch ) F1%uesvorlnles(Chopper)  BIRoUAWTWUN lilan
1 v g A k4 o 3 A 1 ¥ o
aton vaanaadmnmnimdndtelinnu wemesnszuaasildwmmmianmiadg
s y Ad A = ° ) '
5401500 S0l eldIdnamidfinda 50 Frad uazilndimundigagudda Assigned

i A s = ar
Value) mmm’néﬂﬁﬁeﬂ%malﬁmmsﬂmmsﬁﬁeﬁﬁmw’lﬁ Furanslumsne 4.2
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] 1 R A )
A191942  UERIARUTE9(Assigned Value) veuednaiu@szuunaunuaniuia

QOuiput Status Assigned Value
LN -0.2
SN -0.1
ZE 0
SP 0.1
LP 0.2

M_ﬁ A fIMUATELINABAMY (Fuzzy Linguistic) oz madmuasmamdiu
1190 ( Grade of Membership Function ) 989 Fuzzy Subset #1499 ﬁszﬁ’nnwnau‘lw%ﬁuﬁn
A1l AT IMUATOLAEIN Y e“ﬁazﬁummﬁ‘h’ﬂusgfuunﬁﬂ'mauuuu“ﬂmfﬁaa%n‘luﬁi{
rozuieszduveledn gt sBunpruazieinald s a1 &t

- Large Positive (LP) : 1IAUIN

- Small Positive (SP) : 1antleY

« Zero (ZE) : qud

- Small Negative (SN) : autio

- Large Negative (LN) : 010

14 ¥
Taoszsmungilsunamivesflaidumaiiumndnuesdurana 2 fdsl

4
LN SN ZE SP LP

—

b e o ——

Membership Function

S5 4 3 2 A o 1 2 3 4 5

aalseney 4.1 uaasiaisumsdlumindnuesdunah 1: Error Frequency (E)
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w1519 43 uansdeu lufidmuaiuvesundyeiledlussuuauguarudadioduyaiins

al
slasualas

Ech | LN | SN yAY Sp

LP

LN

IN | LN LN | SN

SN

SN

IN | SN | SN SN

ZE

ZE

SN | SN ZE ZE

Sp

Sp

ZE | ZE SP sp

LP

LpP

SP Sp LP e

LP

td
wioaunsadoulieglugilves k.. THEN 18dafl

et
.

JFE = LN AND Ech = LN TIHEN
IFE = LN AND Hch = SN THEN
IRE = LN AND Ech = ZE THEN
IFE = LN AND Ech = SP THEN
IFE = LN AND Ech = LP THEN
IFE = SN AND Ech = LN THEN
IFE = SN AND Ech = SN THEN
IFE = SN AND Ech = ZE THEN

.IFE = SN AND Ech = SP THEN
, IFE = SN AND Ech = LP THEN
. IFE = ZE AND Ech = LN THEN
. IFE = ZE AND Ech = SN THEN
. IFE = ZE AND Ech = ZE THEN
. IFE = ZE AND Ech = SP THEN
. IFE = ZE AND Ech = LP THEN
. IFE = SP AND Ech = LN THEN
. IFE = SP AND Ech = SN THEN

Fuzzy Output = LN
Fuzzy Output = LN
Fuzzy Output = LN
Fuzzy Output = SN
Fuzzy Output =S8N
Fuzzy Output =LN
Fuzzy Outpnt = SN
Yuzzy thut =8N
Fuzzy Output =8N
Fuzzy Output =ZE
Fuzzy Qutput = SN
Fuzzy Culpnt =S8N
Fuzzy Output =ZE
Fuzzy Output =ZE
Fuzzy Output = SP
Fuzzy Ouiput =ZE
Fuzzy Output =ZE
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18. IFE = SP AND Ech = ZE THEN Fuzzy Output ﬁSP:
19. IFE = SP AND Ech = SPTHEN Fuzzy Output = SP
20. IFE = SP AND Ech = ILP THEN Fuzzy Output =LP
21. IFE = LP AND Ech = LN THEN Fuzzy Output = SP
22. IPE = LP AND Ech= SN THEN Fuzzy Output = SP
23, IFE = LP AND Ech = ZE THEN Fuzzy Output =LP
24 JFE = LP AND Ech = SPTHEN Fuzzy Output =LP
25, IFE = LP AND Ech = LPTHEN Fuzzy Output =LP

Tudiesadiiums ‘AND Taulddrgaiminimum) vesiaunlsionv(condition)
Tunsdnouwadnisnmodiled Fimadonddgaosiildammdauniwesngfiididen
ethiufuidusdndenls fimmmdhenindooiign (e Sniaieid,
25400 )

U nsEA 11 IFE = LN AND Bch = LNTHEN Fuzzy Output = LN

Hannmined SanumAananE) dentluainn( Large Negative Yaniisiiaend
AuseiudieBann uae smsnlfoumlassAawana(ach) fianihuarnn( Large Negative )
fefimuffnunlaussuanadnnaiudann wdwnowyailadfidauin  Feeih
iAo lod aveas s annsouvaniaad uaumnaimd nanaanndeussuitan
afou vananad nmmmdnezannt FaziilianuSwemeinszuaaseisuiniy

v
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1 £ ar o H d
dufi 5 msailedTinduredndye uazmsdmuadimssunavesiled s lils

AuedafiurieluguaSaan(Crisp se

vnflenluludunoud 3 Lﬁaﬁmsmmwr'f]u'lﬂ'lé’fﬂmfi'umﬁ'ﬁﬂ wituhluudag
Bunase 1o dnaflvdoonnmate iSedeammAuiunsafivs@oniio 1188 weq
dyafiiiiwesiimuguilafontn  dweldnsndimsmegudamadton

munsosn Taonldningas

Y = Z“n=l( l’Ln*Yn) /Z l“l’n N ..(44)
Lﬁ'ﬂ Y = Crisp Output
[L = Membership Function
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5 |-02|-02]-02]-02]-02]-02[-0.1}-01|-01] -0.1 |-01
-4 021-02]-02|-021-02}-02]-01]-01}{-011 -01 {-01
3 |-02]-02]-02]-015{-015-0.15( -0.1 | -0.1 |-0.05| -0.05 [-0.05
2 |-02|-02{-02|-01f[-01{-01{-01]-01{ 0} O | O
4 |-0.15]-0.15]-0.15] 0.1 { -0.1 [-0.05{-0.05]-0.05| 0.05 | 0.05 }0.05
¢ |-01]-01l-01|-0t}-01} 0} 0| 0 jorL| 01 |01
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2 olololo]ojorjor]|orjo2] 62 |02
3 10.05]005[005]005{005[0.15[015{015| 02 | 02 | 02
4 orfotlorforfo1]o2]02]02}02] 02 |02
5 o1lo1|orfor}jor]o2]|02]02]|02] 02 |02

ghechsmasnnamysaeidym Tumin 4.4

pinnsdie B=-3 oflufleGdumn DN H JL,(LN) =05, JL(SN) = 0.5 oz

v A 1 1 -
Ech = -5 §if [ LN) = 1 #101nm1574 43 nuduodiailed aunsofiald 2 nsdlfe

A St A
- ffou'lunsdin 180

IF ¥ = LN AND Ech = LN THEN Fuzzy Output= LN

A 1 -4 L 1 af T
andeuluiazmsn 4.3 wnawiuedyailsdegluiledduse LN Tasfidueidy
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|\ Fuzzy Output) = min[ LL,(E), I(Ech)]
min [ JL,(ILN), H(LN) ]
min[0.5,1]

= 05

I

I

A Nﬂu‘lamsm‘n 6o

IF E = SN AND Ech = LN THEN Fuzzy Ouiput = LN

wnfouluaeming 43 ssnah mdveiededluiledduma Ly Tasiduedy
o, = 02 Liag LU Fuzzy Output )i

M(Euzzy Output,) = min[ JL(E), J(Ech)]
min[ L(SN) , (LN
min[0.5,1]

i

1l

I

= (1,5
nnsuedneiladie 2§ himmawesedyaindeis  Taoldgesmemegud
gzl
©1%# = [ L Fuzzy Output,)*Fuzzy Output,+ [1( Fuzy Output,)*Fuzzy Output, ] /
[[i(Puzzy Output, ) -+ LL( Fuzzy Output,) ]
= [05%-0.2) + 05%-0.2)1/(0.5+0.5)
= 02  dwsefuiilumanedd

3 P = r d { l. ot a 2
fufi 6 nsdsusiedyaimidnnase 44 dudinsnffoualoswesiaily
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) or ar o o » o = 3 =
3945 uasamnnuduiusveseidna fu mnmsuldouiaswesind lmfavesizuy

AMAUANIIE
1Ay snsslivunlnevesiailadn
[0.16,0.20] 2
[0.11,0.15] L5
[0.06,0.10] 1
[0.01,0.05] 0.5
0 0
[-0.05,-0.01] -0.5
[-0.10,-0.06] -1
[-0.15,-0.11] -1.5
[-0.20,-0.16] 2

A L H < e -y ° ' H
dieldemsnlfouusiasda@ ls@ia (Duty Cycle Change, Deh ) Aaunsathmila 1l
& H [ a2l ¥ N g
¥lussvsverlos(Chopper) tilonfRousussduiillanadeuvnninadamumanimaniie

WldauSnemeinssuaasemudid1ds
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Fed 19mana 1 51da sunlaewe @ 2@ TaR avesd naug il 4 aelnen
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dgiosghuaninz Bmsema lifhsnnubinga 50 @sad 1faf leda 58 udielimaz
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me gt Banutannamde 48 Bynd iy

MANUHAWAIA(BrorE) = 48- 50=-2

1 ") ' a
smnsulasalassnnutianaia(Bmror Change,Ech) = -2-0=-2

NN muammeu ndlumie 4.1 924

madoulng ves E = -4

amrenlng vee Bch = -4
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dlolduosBiumanui 2 #1 udaiemsammwese s idanase 44 18 &
Fegunmsfinaumususdya lumss 4.4) As 1dna = 020

Sariuondnn = -020 e immamdiuveeidys fu fimsaliouudas
yoeRaR lwiRa( S 4.5)s}s'lﬁ’ﬁimmﬂ%smLﬂn@maaﬁfag‘lmﬁa — 2 faush
a8 ldafoziidningy 58 - 2 = 56 Funbiussuiliannfouuamnadannuaimin
fitanne  deilfarudmemednssuaasediinniy waediindenaniagsas00
souanit) tufdeanuanraa ldaidudhladdnnuiadideso Bsad
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42 tuneumIoeRIULFIRILRMITIUTOUR T IRMHEL I I S IEAEY Tneofangui

Ha%nodn

Fuii nrsiedTlinduvesdugn dunsmBuyavesssuy wiailadvesduna
wazshmsahesesumsihumndafidhll1g
- fmuagaudsi i lumsaangusedy
lufiilesfimunldisunmuesszun 2 # fe
1. saufiavann (Bror, ) Semldnnamuandeszn s sfuniniaios
BT nIsIAdY (V,) Suusesugredeiitmual? (v =220)
Error (E} = Process Output (V, ) - 220 ...{(4.5)
2. snsuldsumlasinnufiaviain ( Brror ChangeBech ) Savidnnanimnds
SEWINmIAMURaNaIRaIEe (Lated Error) FusamAanananoundit ( Previous Error)
Error Change ( Ech) = lated Error ( E,) - previous Error { Ep) ...(4.6)

¥ ¥ ¥
Taodaalsnsdunavia 2 §2il desthudhuiuaeuveansledilnduluglves Hu
3 = Y - o 2 ' H
Fyosdunn Tnemsfouddautlsniduyaiuasn 4.6 Fafiumateulnd (Quantized)

3 5 Q o ~ A L] -] ~y o
fmuadu ltawseaaduuveBunanvziuifledlinduld




@546 MIueaIIneu Ind U84 E UaT Bch Y0952 ULIATURNISIHY

Error Voltage (E ,vol) | Error Change Voltage (Ech,volt) | Quantized Value

E=15 Ech= 15 +5
12<5E<15 12<Ech<15 +4
8<E<I2 8 <Ech<12 +3
5<E<8§ 5<Ech<8 +2
25<E<5 2.5 <Ech<5 +1
25<BX25 -2.5 < Ech< 2.5 0
S5<BES25 -5 <Bch<-2.5 -1
-3<EX-5 -8 <Ech<-5 2
-12<E<-8 -12 <EBch <-8 -3
-15<ES-12 -15<EBch=-12 -4
EX-15 Ech<-15 -5
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) ] t R o { o)
A9 47 uanIRIgnEUTn9(Assigned Value) vauodaiadlussuuniuguuzedu

Quiput Status Assigned Value.
LN -0.2
SN -0.1
ZE 0
Sp 0.1
LpP 0.2

@ I UAYLIATIN T (Fuzzy- Linguistic) 0% msfmuamnamidiy
TR ( Grade of Membership Function ) 99 Fuzzy Subset #1799 fiszdunsnew Indauan
ANNY  AINMUAYEUAITNTY w’f‘aLﬂummﬁ‘h’ﬂuszuumm'mquuwﬁmﬁ‘}aa%ﬂiuﬁé
mzmiazfuvedledn IR ufulsBuninzoriyald s ann il

- Large Positive (LP) : 112010 |

- Small Positive (SP) : H12n1i0Y

- Zero (ZE) : gud

- Small Negative (SN) : autley

- Large Negative (LN) : v _
o a =y QS; ot ¥
TagszdmuagiliunsmvesaflsdfunmsifiuaunBnussBunniia 2 fadsil

>

LN SN ZE  SP LP

e
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5.4 drumsmlaadaanedaneailueioen (Digital to Analog: D/A Converter)
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Preliminary Data Sheét PD-9.1118

IRGPH40MD2

INSULATED GATE BIPOLAR TRANSISTOR
WITH ULTRAFAST SOFT RECOVERY
DIODE '

Short Circuit Rated
Fast CoPack iGBT

Features

» Short circuit rated -10ps @125°C, V gg = 15V

+ Swiiching-loss rating includes all "lall" losses

« HEXFRED™ soft ulirafas! diodes )

+ Opiimized for medium operating frequency { 1 10
10kHz)

c
Veges = 1200V
VeE(say < 3.4V
- @Vge = 15V, Ic = 18A
n-channel

Description’
Co-packaged IGBTs are a natwral extenston of Inlernational

known IGBT line. They provide the convenience of an IGBT and an ultrafast
recovery diode in one package, resulling in subslanlial benelils lo a host of

high-voltage, high-current, applicalions.

These new ‘short circuit raled devices are especially suited for molor control
and other applications requiring shorl circuil wilhstand capability.

Reclifier's well

TO-247AC

Absolute Maximum Ratings
' ' Parameter Max. Cnits|
Vees Collector-io-Emilter Volage ~ 1200 Vi
lc@ Tc=25°C Continuous Collector Current 31 !
lic@Te=100°C | Continuous Collecior Cusrent 18 - §
lew - Pulsed Collector Cuirent @ 67 A
N "~ | Clamped Induclive Load Current @ 52 !
IF@ Tg=100°C Dicde Continuous Forward Current 80 i
TEss Dicde Maximum Forward Curent 62
|tee Shor Circuil Withstand Time 10 Tws
Ve Gate-lo-Emilter Voltage +20 v
Po@ Tg=25°C Maximum Power Dissipalion 160 ‘ W
Pp @ Tg = 100°C | Maximum Power Dissipalion 85
Ty Operaling Junction and -55 o +150
Ts1G Slorage Temperalure Range °C
Soldering Temperature, for 10 sec. 300 {0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw. 10 Ibf4in {1.1 N'm) -

Thermal Resistance

Cc479

3 Parameter Min. Typ. Max. |units]
Rosc Jundtion-to-Case - IGBT — — 0.77 |
Rasc Junction-lo-Case - Diode — —_ 17 ‘ol
Rycs Case-{o-Sink, fla, greased suiface — 024 _ o
Rya Junction-to-Ambient, typical sockel mount - —_ 40 i
w Weight S OUOUI S -] 82y | —  Jogeai

Rey'sion 2
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IRGPH40MD2 IGR]
Elecirical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. |Max. | Units Conditions
VigRICES Collector-to-Emiller Breakdown Voltage @}1200} — | — | V Vge = OV, Ic = 250pA T
AVieryces/aTS Temp. Coell. of Breakdown Volage — |11 ] — JVPC | Vge =0V, Igc = 1.0mA
VeEon) Collector-to-Emilter Saluration Vollage — 123 | 34 e = 18A Vge = 15V
— 30 | — v I = 31A
— 128 | — © g =18A Ty = 150°C
VGEh Gate Threshold Vollage 30 | — | 55 Vee = Vg, Ic = 250pA
AVgeanyAT,| Temp.-Coefl. of Threshold Vollage — .| -14 | — |mVIrC| Vge = Vg, Ic = 250pA
e - Fonwargd Transconductance ® 40 | 10 | — S8 Vee = 100V, Ig = 18A
Ices Zero Gate Voltage Collector Current — | — | 250 | pA | Vge =0V, Vg = 1200V R
' — | = |3s00 Voe = OV, Ve = 1200V, Ty = 150°C
Ve Diede Forward Vollage Drop — 126 |33 v Ic=8A . ’
: — 123 |30 g = 8A, Ty =150°C
lees Gate-to-Emilter Leakage Cunent — | — |#100| nA | Vge =220V ]
Switching Characteristics @ Ty = 25°C (unless otherwise specified) -
Parameter Min. | Typ. |Max.| Units Conditions _l
Qg Total Gale Charge (lum-an) — | B0.| 75 Ic = 18A . i
Qge Gate - Emilter Charge {luin-on) — 11 21 nC | Vg = 400V
Qe Gate - Collector Charge {lwin-on) — 15 | 30° !
tajon) Tum-On Delay Time ) — |67 | — Ty=25C 1
b Rise Time — [ 89 | — | ns |ic=18A vgc =800V i
Lytet Turn-Off Delay Time — [340 T 930 Vge = 16V, Rg = 1002 |
N Fall Time — | 510 | 930 Energy losses include "tail" and !
Eon Tum-On Switching Loss — |27l — dicde reverse recovery.
Eotf Tum-Olf Swilching Loss — (59—} m :
Fis Tolal Switching Loss — |80 13 -l |
ise Short Circuit Withstand Time i |- 11— s 1 Mg =720V, Ty =125°C
Vae = 15V, Rg = 1052, Vepx < 1000V
lagon) Tumn-On Delay Time — | 64 | — Ty = 150°C,
;. Rise Time — [ 74 | — ns | lg= 18A, Vg = 800V
Logoln Turn-Olf Delay Time — 5501 — | | Vee=15V.Rg =100
] Fall Time — 1260 {.— Energy losses include "lail" and
Eys Tolal Swilching Loss — {16 | — mJ | dicde reverse recovery. !
LE Internal Emiller Inductance - 113 | = nH | Measured Smm [rom package
Cies Input Capacitance — {1400 | — Vige = OV
Coes Oulput Capacitance — (100 | — pF | Vee =30V
Cies Reverse Transler Capacitance — 15 | — = 1.0MHz
ler Dicde Reverse Recovery Time — | B3 | 95 ns | Ty=25°C
: ; — {106 | 160 T;=125C Ir = BA
lie Diode Peak Reverse Recovery Curent — |45 | 80 A | Ty=25C
— [ 6.2 i1 Ty=125C V g = 200V
Qrr Diode Reverse Recovery Charge — | 1440 | 380§ nC | T)=25C
. — | 335 | 880 Ty=125°C dildt = 200/ps
dijrecpm/dt Diode Peak Rale of Fall of Recovery — |[133 ] — | Aps | Ty=25C
During {p o — | 8 | — T,=125'C ]

Notes: (@ Repelitive rating; V gg=20V, pulse widlh
fimited by max. junclion temperalure,

Refer to Section D - page D-13 for Pa

@ Ve=80%{Ves), Vae=20V, L=10pH,

Rg= 100

@ Pulse widlh 5.0ps,
single shol.

@ Pulse width < 80ps: duty lacior £ 0.1%.

C-480

ckage Outline 3 - JEDEC Outline TO-247AC
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Lab-PC-1200 veilgaidnunenianaiindsil (National Instruments Corporation , 1996)

1. myfudggnaowasnsuya
1.1 Input Characteristics
§ruvosrBdyy I -

s1inyee A/D Converter
Resolution

#8151 Sampling ggA

Eight single-ended, eight pseudodifferential or four
diﬁ‘erential, software selectable

Successive approximation

12 bits, 1in 4,096

i00 kS/s single channel

FUBIT YYD U

Board Gain Board Range

(Software- (Software-Selectable)

Selectable) 5 v 0to 10 V
1 tsv 0to10 V
2 5V Oto5 V
5 +1v 0to2 V
10 +500 mv 0tol V
20 1250 mv | 010500 mV
50 +100 mv 010200 mV
100 150 mv 0 to 100 mV

Input coupling
A
Voltage gagaf1fom

{signal + common mode)

DC

St Negative Input A5y {Bipolar input
range) N385 42 V (Unipolar input range}
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84 AGND  § 1Tl Positive Input 1% -sda+10v

Y83 AGND
Overvoltage protection 135 v powered on, +25 v powered off
Inputs profected Analog channel 0 through 7 signals
N3 ii"lﬂ‘i’fﬂu”ﬂ DMA, interrupts, programmed 1/0
1.2 Transfer Characteristics A
DNL 11 LSB max
No missing codes _ 12 bits, guaranteed
Offset error
Pregain error after calibration 10 LV max
Pregain error before calibration +20 mV max
Postgain error after calibration | mV max
Postgain error before calibration +200 mV max

Gain error (relative to calibration reference)
After calibration 0.02% of reading max

Before calibration +2% of reading max

1.3 Amplifier Characteristics

Input impedance

Normal powered on
Powered off
Overload

Input bias current

Input offset current

1.4 Dynamic Characteristics

Bandwidth

100 GQ in parallel with 50 pF
4.7 k) min

47 kL min

+100 pA

1100 pA




Small signal (-3 dB)
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Gain Bandwidth
1-10 250 kHz
20 150 kHz
50 60 kHz
100 30 kHz

Settling time for full-scale step

Gain Settling Time {Accuracy +0.024% (1 LSBY)

1

10 ps typ, 14 ps max

2-10

13 ps typ, 16 ps max

20

15 ps typ, 19 ps max

50

27 ps typ, 34 us max

100

60 pus typ, 80 ps max

1.5 Stability
Recommended warm-up time

Offset temperature coefficient
Pregain

Postgain

1.6 Bus Interface

Type

1.7 Power Requirement
Power consumption
Lab-PC-1200AI

Power available at I/O connector

15 min

+15 pvrC
+100 pv/eC

Slave

150 mA at 5 VDC (X5%)
+4.65 to +5.25 V fused at 1 A




1.8 Physical

Dimensions
I/O connector

1.9 Environment
Operating temperature
Storage temperature

Relative humidity

2. mydadgRnouIasne IR
p 2.1 Output characteristics
Number of channels
Resolution
Typical update rate
Type of D/A Converter

Data transfers

2.2 Transfer characteristics
Relative accuracy (INL)
DNL
Monotonicity

Offset error

After calibration
Before calibration

Gain error (relative to internal reference)
After calibration

Before calibration
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17.45 by 10.56 cm
(6.87 by 4.16 in.)

50-pin male

0°to 50°C
-55° 10 150°C

5% to 90% noncodensing

Two voltage

12 bits, 1in 4,096
I kS/s, system dependent
Double buffered

Interrputs, programmed I/O

10.25 LSB typ, £0.50 LSB max
10.25 LSB typ, £0.75 LSB max

12 bits, guaranfeed

40.2 mV max

150 mV max

0.004% of reading max

11% of reading max




2.3 Voltage output
Ranges
Qutput coupling
Output impedance
Current drive
Protection

Power-on state

2.4. Dynamic characteristics
Settling time to

full-scale range (FSR)

2.5. Stability
Offset temperature coefficient

Gain temperature coefficient
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Oto 10V, t5 ¥V, software selectable
DC

0.2 £) typ

+2 maA

Short circuit to ground

(U

5 Us

£50 pvrec
130 ppm/°C
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