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SYNCHRONIZATION CONTROL OF THREE-PHASE INDUCTION
MOTOR USING FLUX VECTOR AC DRIVE

Tae
HENdiA Y nagITIas
wesuies  ows

d
wiEmIve yoaiud

$u dau 1. SO-NF R

taanziuy 038272

.....................................

wudunnivda... .99 25 8430

eI

J / ‘
2WTETNY Taaway

038272



USaniinusilnisdny 2539

v

21039 I A Ee

augdmenssumans  aonfuma Tuladnszesundubigunmsmansets

50 nauguueind W 3 nla Tasldvéndinnnesneuinsa

W

anl

ene

IRLETT $ WAgITTw
wwiuiles  qus

ar o A’
UIWNITY Yo dna

,?o(o{_Q,N.,”g 91913673 A

(0. g1y Tawnay)




nsinenazdsles luduomes i 3 e e

WUABIAS WAgIsU 90 36014053

wwdutles Qs S 36014074
o a s Q’ s

UUNIYY yaadan  IHa 36014158

P ¢ ¢ R
: 010Ny Tauney  8193dNTan
- Uszdimsdnm 2539

o ’

unfiate
a a fdyo o @ A d ¢ o 0
Ysyginusishnmsfnyuieatuniowmuguanus weimesinileni 3
a 4 o 4 s
weasdannmesaoulnsa Tasmsnaaeumsgranoumuswmnusudetloudygiuaruguiiy
[T A = o A [ L) o o
uIRUAT  edugdTvdoy  uaznisldinTesnaugulunisinmaniied s luduewemes
P ° ) P~} 9 ad a oA 98 [y o o

migniht 2 @ sawdaniseennuunazanesnedilanseiindine 145w udnatan

1993 IUNMTAILANNBIADS



SYNCHRONIZATION CONTROL . QF THREE PHASE INDUCTION MOTOR
USING FILUX VECTOR AC DRIVE

Knisorn Fudsuwan

Jumnian Kunchorn

Taweechai Moonsawasde

Suwong Sompong Advisor

ABSTRACT

The purpose of this thesis is to present the flux vector AC drive as a control mechanism for a
three-phase induction motor. The means of testing the flux vector AC drive is to feed either a
DC voltage signal or a square wave signal to the flux vector AC drive and then to analyze the
subsequent operation of a connected three-phase induction motor. In addition, the flux vector AC
drive is used to synchronize the operation of two three-phase induction motors. Besides this, an
electronic circuit is coupled with the flux vector AC drive in order to synchronize the operation of

two three-phase induction motors.
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& . 4 . o A
SN (Air gap flux) a90aITIDIINNIINANIUDY magnetizing current  SwTunariioaon
a 2 A o °
A15INUYBY magnetizing reactance [ X=27UfL 1 Fulievdndannsszihlvusedingeganand
4 4 [ o ] A -3 =) 'o A' L
& iefierinydndlugeseims Faehiussdagegansiduiiudeafivussdueen
a o o P ~ [ LY 1 t [ o 9 a ° 9
YoIBUNDTMRTAWAILE  Ap Snuidandiuszniausueenuazanudiviaen  hlv
' ~ o = o o Y & da v o a4 ° ] o
voredmivnifidnvasfumstundouni Mussiagagansiidesed1dlugmanugo

§1M(Base specd) 30AMBAINTINNUHFIM(Base frequency, pu)  AauaAlugUi L5

-
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LU%U{%JUFRW- ! CONSTANT POWER ]
REGION !

LOLD TORQUE
( CONSTANT)

IORQLE MWAX 1WA TORQUB
(Pu1 A

LOAD TORQUE
YARIZS ¥WITH SPZL

0 T 1'. 0 \ / zr_ 6
SPveD (?U) STRADY STATE
TORQUE SPEZED CURVYE PIONTS

YITH REDUCED Ya

4 ] a a [ {
U7 1.4 ugaansmvesnud-uselin AlFEmvguusduinzaImd

Tugmanuadg ms$nuitsandiusgniusuoensuanud iafiee lidiu
A a ° Y a o o’: 4" a a0 ©od ] [~
s sanen s Mussdiageganan Haflmsefnnudmanssuanadeauuiman
.. w oyl "o /a o s a '
(magnetizing current) 14 18¥upgAuuNAL lndTauenuard(magnetizing reactance) (HE1BE1
a A 3 P A o /4 a o ’
Aot oennauA U neesdame § se A Indfssfuunnm ladgsS uenuauy  wae

da ¢4 a ¢ 4 v & y A o o Yo
mmﬂmmtmnLu"lwcmmammumzm [ X=2TCfL] muuﬂmmmuLmﬂumwlﬂﬂ‘u

o I'd a Y & ” o [ 1 4 4 9y
AALADSUDIUBIADTIMUYIUY  INDVALFULTIAUNANATDUANUATUNIUYDITIRIADT ﬁ'ﬂﬂﬂ'ﬁ

]
=}

wasuulasusesiufuanuansmanudi liduwudadudsgln 1.4

[} [} o =4 ' =4 v o a 9y a 4 o
fT'JN‘INU'NVIﬂ’J'llJLTJfNﬂ'J'lﬂ’]'l?JLi’Jj}'lu vthT'lIJ'li05ﬂB'lLliQUﬂlﬂﬂ\WlmElsli)'lﬂi]$°/1'1

o a aw <& o 4 g o
Iuono IUIAUASA (Overload)  Feazvhliuoimesifomeld lumsfuanudaild
Tasms§nmdideeengeqavosuatesinedi (Constant power) tnzannnubyB eI

g & ° EY a a
Wlaﬂ‘ﬁﬂﬂzﬂ‘]'lﬂlﬁ\ﬁ'ﬂﬂﬁﬂﬂ\ﬁ]ﬁU‘lUulﬁﬂ']UﬂUﬂ'ﬁ

P=T® (Watt)
Touh P Ap AS9eDnUDIUBIABS  (Watt)
T A0 Ls9A (N/m)
o fD ﬁmu%‘m%mu (radian/sec)
o o W Yy o ¥ a d do a ¢ &
s13nusdeeenldnen  $rdoenistivanusind laomsaausaiavouomeiuu
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1.3.2 manauaunuia lasnsfusiady

asauguANUISwsmemesimiienilaslfimsifousmaddi id ledlae

¥nsmlugud 16880

TOGUR v

- |
e 1

—

Speed ——-> I4 4
Stable operating

wWiLs msmuquanus Taensnfasusady

Wutlszumastednuazvesnnudwazusadavesivan (Load) auduiiuuaasna
SnuazveenE ez iaveemesmiivnihinieldannzae WudeAuinudu
muveslswed—r! o1 oM viedsfufussuvesaimmed— v, v, 5 ddunsvi
upndvefueg 4 Wi sofurmnsahoufinnudalanam§mileN, N, N, N, dmiy
Tandilin  lumalfsRsmmsonuquaiudvesemefmisni lasmsyiused
YR504 Sao il
1.3.2.1 YSusussduamamed [Variable Stator Voltage Method]

iiosnnussiiafiAneInaumLimEn(Electromagnetic  torque)  TIANINUBIADT 02
dudadulasessfuusefuvesnasneendidaoess 5 lddunivuaasnnuduiug

T founsa

ypausedatuanuSfisussiusegfu wufinnudunusssmaefidiu
o 4 ' A o ¥ v @ 1 a o o
fuvesmaass 2 sme v, v, nwlaidunsmanudunuissrinussliafuanudives
y v
voines 2 1du dnfunemesAmuisoRuiinnusa 2 awe N, uie N, duseau
o ¥ ' A - < o ¢ A o & [V ¥

ansodiu IRededenlessin v, fs v, sawiSwensmedmilsnihansediva Ideds
+ A ' o o [y ~ ac vo o o
aoifioeszning N, fu N, dmfulnaaiiliin  33nsih i lumsdfuanmGaves
Lo TN wtinNuYAIN (Wound-rotor-type)

1.3.2.2 ﬂ%vmmﬁ’fmmu‘\lﬂﬂima{[Variable Rotor-Resistance Method]
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mstfuamua lasiiter 98 uuemesmilonhatianuvaaiawiniy waveans
Yy uniuiaenniousnnisdulswesdennuduiusseniussiatuaimg
Fuldamnsilugd 16 Sunewsediumanudnmuldedseiiostezamnse
YSuanuidaldededeiies

1.3.2.3m3R2uaun3 19a3ng lsandian [Control by Solid-State Switch]

A v o ya 4 4 =] S &
uonmiionnnisduueines laslddunesinesuds  anuGivewemesstiaRuya
¥ a s s a /s A
arnennugu I8 Taons et unesinesninnouendiiaemiedulsnesd nielasms
Aruquistunduaianes lnoldgunsalainddelodn-oan (Solid-State  Switching
\ _ o
Device) 19U silicon-controlled rectifiers (SCRs or thyristor) lEJ‘WT‘V!YIYl'lﬁ'il‘lﬂmff“‘l?B‘l{ (SCR)

' [V s o ° . & Add' A o
wieliunueimesdeniugu laonsufuyunmsyieu (firing  angle) B935Hssiuniloudy

ee

1

L} 1)

A 1 1 J +
sadunudimsaunulaidioaders  eefidrnndiuiindeniueslivsedninmd

o)

L] Y v - L.l A
amsdsuaand lae 50U

<t A ]
1.3.2.4 aaunuanuda laglFunsFuausan [Speed Control by Auxiliary Machine]

o 4

¥ Aaa - d 4 A o_d o .
§95533 msoud auinlumsaiuguanug wvesumed milsniid wlfudqadd
a J kL 4 H 1 o/ { ’ A L3
Ysz@ngnmdtuTasmsudas Iadululsmesadanuivhsuanuivesmedauierh 114
UszlomfdolUssuudandafie  seuunsmes (Kramer control) awwgifl 17°  nieo1ee
R 4
auguady Tasmsidle laorsuiiedined (Cyclo converter) FidnNsanIugUANTIVES
o g ' a0 ] “ v g a o o d’d o o
yaweinaludmanuddinimiegenimnuddelasdafld  szuviifessuumeside

4
(The Seherbius control) A1M3UN 1.8
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1o
LI”.m = Ls isa—
[ 1
\{J.rb = Ls
1
\Ijsc = L s

\Pru= [, r (ira"

1

LI",-[,: [4 r (—2

——lsa+ Ish —
2

——fsa— —Isb+ Ise
2 2

2isb""%isc}+ M{ira C05(—8)+irb COS(2}"—'6')+irc COS(}"_G)}

1.
—lsc

5 +M{iru cos(y — &) +irs coS(~g) + ire cos(2y—5)}

o

-

! +M{fra COS(2}"'6')+ira COS(}’~6')+ira COS(-&')}

o

1 1

—irb——lrc

j+ M{i.m cos(&) +isb cos(2y +&)+ise cosy +5)}

)+ M{i:a cos(y +g) +iss cos(g) +isc cos(2y +5)}

fra+irb——lrc
2
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1 1
LIJrc =L (—Eirn—?z‘/.rb +irc)+ M{i.n: COS(Z}’ +8)+i:n COS(}’ +€)+isa COd(‘:)}

Y =2”3
Tau# L, Avfanuiioniwesvemamnes
L, foannumileniweslsned
M dAesinnumiieniwssniunniadumaeiuas 1wy
] 1] L) A \d -~
e AodumiaudayuvesIsimeidaiuyusniuunudedmanesuaziny
g1909Ts1m07
[ 1 4
aunsi (2.1 wag [2.2) mwansadoulny 18 lugdvesanlsinnine S 1dma
Rs is+ dﬁ [2.3]
Us = l. .
=R it —
O0=Rri +d£ [2.4]
= 1 .
=T ar
4 a 4 1 Y] o dv B
Fetvwvosdynmesvosuaas A situaedl
2 Jy j2y
Us (f) = g[ll.m (f) + Usb (f) e’ + Usc (f) e ] [25]
2 ; Jy J2y
15 (1) = ‘g[lm(’)'{'/.\'h (e +1 (e ] [2.6]
. 2 . . Iy . i 2
ir (1) = S[lra(’)"'lrh () e’ +irc (1) & y] [2.7]
2
We ()= 2 0+ W (e + P (0] Lie Ml 12
5 .
¥, ) =\/;[\Pra O+Fes () e+, () e“”] =Lr ir+ Mise? © [29]

'

n’;’ a { & J aaa 1 4
uE)ﬂﬂ']ﬂNuLliﬂ‘lJﬂﬁLﬂﬂ‘lJuﬂTﬂl]{,]ﬂiUTiz'HTNﬂizLlﬁﬁmaﬂtﬁ%’,ﬂizLLﬂIilﬂBiﬁ'ﬁJ'ﬁﬂ
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ma = MIm(iJL'_re‘”) [2.10]
d' A a W 4
IﬂU‘Y] m, ADLLINUAYUIRNDY
A (Y] a g
Z ﬂﬂﬂ’]ﬁQQﬂL%Q"ﬁauvﬂq Z

o LR K KA
2.2.1 LL‘IJU%'IﬂSQ‘U?NIiW\Oiﬂﬁﬂ“D’

A 1 d'dv a ad ¢
ngﬂ']']nq'w‘luﬂuﬁ']ﬂxwvﬁmjﬂimﬂﬁ']ﬁ']u'ﬁﬂﬂ'n]ﬂl‘ﬂ’suﬁfﬂﬂlﬂﬂ’ 1
¥ ' Y 4 a ' .
\IﬁWTUﬂaQﬂ'ﬁﬂﬂu lla']TNWTnim']ﬂ'ﬁﬂTUﬂnﬂizllﬁwjulli\’ﬂuﬂﬂﬂ”uq

[ g a 1 o g [y =
muumwmsmmmzLmﬁnmsmaﬁmiimas [2.4] ANBIND Tawodutrunish

[2.9] 157e0 s EuaNn1s N [2.4] W nudu

d d; . :
Reic + L ie+ M—is €)= 0 [2.11]

A ¢ o S o ot s &
mENT)'Iﬂﬂ'I‘i’ﬂ’JUﬂIJL'JﬂME]‘SYIS'YI'Iﬂ'Iiﬂ'J‘UF]lJISlﬂﬂ‘iﬂﬂﬂ‘ﬁN'lqu'l\iﬂﬁzllﬁﬁlﬂlﬁﬂi 93

[ ] 1 4
Sagilerumsti 12.11) IniWeglugdvesnszuafiadendng lddad

dl ( )
Rr ir + M"" e—js Is+ lr e O 2.12
P M\ Jz (2121
M d ‘
R imr — is)e™* + M—(e™ % im) =0 [2.13]
Lr = dt
in1r=i5+'1‘f‘ir (3'/” = imr e” [2.14]
—_ - M -
Taoh imr Aoelynnmesvoenszuainmiin  (Magnetizing  current

space  vector)

& ' d v d j & o
p  fAeyuszviunumamesfuunuyedlsisidndRnaes

{ o a & o
aunis 213 duaunsuseduveslsined laounudreduduunulsmed Fansadmms

14
a a i€ o
Srumunisudunudusimames laogueums [2.13] A" 1ddsil

diL"-( £ ) L [2:15)
d[ = L /wm Imr I, s .
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Y] =1 a © i
nnsda  5RmITeRMUINYUIALATYNYBINITIUANTEAY  uazInaums [2.10]
way [2.14] 2'la

[ 1
mda = erq_ig‘(im':-i._v)* IZJ

2
= Im[i.s'imr *
L, i

= Lz ime Inais €™ 7] [2.16]

r

A & (A P a

dieannlumsmuguuuunneediSnaiimiauluswzusids  uazvuiavoels

o v o ] - YK 4 9
WoTHanT msuaanuFuRNuUT 19 vuud 9 lnneswandeehildazaanlums

 d
o ° a [} o YR o
Ansn wvahmsbeuauddaneguulsmesdndinmesuny dalueunish [2.15]
2@oulndlAdiy ‘

d R" Rr

—] Jry | . — 4 ¢ i ip g —fjsel?) e!?
dt(lmrep)—( Lr+j(0m) imr € +Lr(l_e )e

dimr Rr Rr
ja)o e“’ in:r+ejp i =[—""+j(t)m) fmr e” +7(l.s e'“’)e”’ [217]

r

Taohl O =dp/dt AennudiFaueeslsmesndndinass

] v

wozgmeunsh [2.17] aasadis  e’?  wlewdwenaumseendiu 2 daufie
1 d

939(Re)pzAIUTUANH (Im) AAsTiAD

N

R d i’"r Rr . Rr . [2 18]
. =——lmr+ —Isa .
© dt Lrl Lr,

R-
Im: abimr=@m l'mr+"_"l..tﬂ [2.19]
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ler I\'/J
Do =WDm+—
? " L" i’""
- Rr is/] A a a
Taod ®s1 = —- Ao aANuDaluag
Lr Imr
Is e'j P =isa+ / Isp

1 4
a P~ ) o oy o
quNISUTILN [2.16] e o@ou 18 Insiwudotutustife

M2
md = 12 fmri;ﬂ [220]

o o v o L d A
AMuduRussTninyuvennnes vesnssuduazunuedras lddegn 2.2

i)

rotor axis

stator axis

Cl o W 1 ]
3% 2.2 aArmduiuissndiayuaeg vesnmesnsziue

o ) o o Il
auns (2.18] waz [2.19] uamstauusnesveslsneivdndyes lanosudndiis
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Rs is+ Ldé+M2r( ANy ) R, | [2.23]
s = I<s Is Y D - m {lmr+——1s .
R R | AR L) Ll
. Y M2 - v .
Tunii o=1 AodusEaANEN1332 Inasau (total leakage coefficient)

" Ls L

fMemarairudraiusulunsdinsmuuusnesveslsmeiddng s wmanam
¥ o a d R4 s v & <
duiusang ununudndsneguulsmesidndnnmeidsazainlunisauguiaiugte
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ssenuduIuanIn laosmualy
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Iog Imr e-“’ = imr
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#3992 1891
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3. uush nseauvemes nszuaady WanS nnaes 1100

4 L 4 o o aa o A o
n3eeu 1100 WwinTesdurtndnmnesszuudtaea a1 Wnszunaduniosty
A4 o ¥ a 4 g, . / ° a 4o t
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~ o o 4 sa v d a o
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Pluse Width Modulated  PWM) guuuutoniynii Ideeri ldniuquanuuazusebade 1y
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1 i A o wva 1 1) = wva
transistors (IGBTs) v l#ifenmanudioUfidenijuunaunedoy umsyfiRauny
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quanwazusedadugeq nsedue fudygniimnzaunnindesdendygmatad
n3onndume e Tuga (Interface Module)
4 2o 4
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3.2 11519974 FLUX VECTOR AC. DRIVE 1100

neufiezi 1100 110w szdesnunrounsziilusefuunasse niousmes
1 4 t W ] 9 1% ¢ A v : a ] A 9 o &
Apsrafuetnls uozdesldgnsaliFenderiudivuami lsfe i aunnsaeady
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wiyeuaeiu ute1ddiu 3 nqy 1dud

3.2.1 M3ABNING

3.2.2 MIAsiuuraInIag

3.2.3 MydofiuunasnIugu

t A o ﬂ 9 = [} 1 1 & et
uaneusuiutuAbInIUVIIAvBImEdifitzinde o gadwg daeeldanarih

L] 1] X4 A L y
fonasunsasnunudeuldediaten 75 co davuauazifasuqdused

qaﬁm’a GE YVHIAME(AWG) 1591A(in-1b)
AeNn312d
GND 230V:112-25CT/2-30VT 6 25
460V:11/2-50CT/2-60VT 6 25
60-100CT/75-125VT 4 150
T L RTRTRRY
R,S,T, 230V:112-15CT/2-30VT 6 15
U, V,W  20-25CT/25-30VT 2 25
460V:11/2-30CT2-40VT 6 15
40-50CT/50-60VT 2 25
60-100CT/75-125VT 3 80
D+,D- 230V:11/2-25CT/2-30VT 6 15
460V:11/2-50CT/2-60VT 6 15
60-100CT/75-125VT 2 25
ABITLLAURN
TBI NSl 14 3
TB2 NANIN 14 3

aefunTosadedaanavad

CON2 NN 14 3
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3.2.1 MIABNITIA
1. NS 1IAYDINDIADS
2. NSRBI IUAILAY

3. N3 1AUDUNAITIY T

3-Phase AC \Chassis Ground
AC Line Input MTR
Oynamic
Optional Transformer or Braking
Optional Line Reactor Resistor
Fuses E E "[——h \
e VOl e )
R S T O+ DO- U v W
Grounding -
Electrode or
Suitable Plant
Ground

Typical Drive Grounding and
Power Connections

51 3.1 uEAINISABNIIA

3.2.2 NSADNUAIYAY

t QO L L L a 1 L] A [}
1. aofuuvaaneld wwdpsdeduunaesievsalaouieinais R, S uag T Fedn

Fuszdeudenfaduazauinvesmolimuizanda
[l o d .
2. ApAULBIADT  ABIINIYIYN U, V. Az W

3. aafy lautiniusnnsiFeae§(Dynamic Breaking Resistor)  1AUA®YIN D+, D-
HAZIRBAYUIAANAIUMUAMLIE A
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[ U & s’: 9 o 9 1 o v A
4. aofuuvashidioug  Falupnafelunsldau Sufuezdoswdodfuunasdug
Ao d o o & [ @ v
wennnndutludmiuniostu su'ldun
- Isolation transformers
- Circuit breakers
- Line reactors
- - Input/output contactors
- Motor overloads
N1IABAUTZUUNT
1 4 vy
gaumguilute1ddudundn 168diRe
(] A 9 P2y r'd ) [ [V a aa
- dauigon TBI 1918 Suwnunziowiyn dmdudyguiitiuaiaea
\ A = o o o 4
- dawon TB2 1iilu duwnuazioniyn dmiudygunidusufen uagldiiiv
I's 1t
©Wiynvesnase Iy
- dauion CoN2 dretunsesadredyguwad
- 9968 J1 (FUn telephone-type jack 18 lusreday1uit ldiflude Inna

- A0 12 wwdeafin 11 ualFlussdygruidugelasta

GND —__ R,S,T

: o D+, D-

Control g U Vv, w
Module

Optional
J1 L~
~ PG Interface
J2A&B —| | ] Module
' — CON2

U32  uaasdiumisvesmIaeauALfuIARZ STy
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TB1 Connectlon ———~ serial Communlications

Descriptions ~J11t| RS~485 asynchronous .
™)t} Host Communications Control Signals

- =) Master] .. Connector T81
2-A}| out :'Sznchronous o
I?% Slave aster/Slave B
— In

NSRS NV N NTINVOESICHOIN Y
4:5.6:7,8.910:1112 1318 1516 17 1811920 -
-‘<: P S S HEFEFC 0 v N~ WW 3 W
328983 §3286caa8s 3k
ESecxzxzq ok~ wpwwds o345
w oW < o0 G Z H w_mmgu:o‘“
D 3 wou o« 0o Q o Z
Sraed 3w 2 O O O 3 3
73 T« 8 @ o «
) w
TB1 2
1 L L ] 1 1
Serial User Ready Digital Inputs
Comm. | Pelay Relay '
Digital Outputs
] oda
I‘ﬂ 3.3 HAANMIUHINBITUUBA Y84 TBI
7B2 Connectlon ’
Descriptions T
AT
Control Signals
Connector TB2
o ‘ SIS
3 - 2 1
E Q€ + 1 s k= =5 35
588382
> 2w 00 5 s > F «
N Guwwsgsool g
- = 3 5 -
woowt
TB2 T o
L 1 L 1
Inputs Outputs
L 1
Analog /O

U334, waesdaumsaeniolu TB2
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> = CON2 | B -
n O .
pulse Generator 5 S .
erface Module oow c < . .
int Connectlon < < | g g S 'PG Interface
. i . a
Descriptions 8 8 © < 2. Module .. ..
(optional) o e 7.8 CON2 _
Bt il B Sl Connections
\ ) o SN
B T Leave ' '
I shield ’
open this Markef' optional
end D]
' . Marker should occur
once per revoltuion
)
Tie shield to Isolated com and
to pg case. ]
[77

Tie pg case to motor case.
Motor case must be earth grounded

l b PULSE GENERATOR
— 71|77

U35 wmansaemuludiuees CON2
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N15NIUYDY LUX YV
lumsaugumsiieuvesias 1100 uenanezalugulasdensiwmsangiides
2 ° a o1 Y o A
nIgeezAmuaiiumsilweiang  mnmhilantuguuda daeransonugulandoniy
° & '] J o‘: =t 1 ° ]
wuu Trnuamsheou delulvuamsiouuuuiugnniu eg 3 Tnuamsviou  1dun
V1ABS IMuA( Master mode ) teraw Inua( Slave mode ) uagneinInua( Torque
o ¢ & 8 4 o
mode ) YlmaAes Inuauazida nua Wunsaruquanus daunedaTnuadiunmsaiy
AuUTIUN
av dv [~ 0o o []
wozlulassnusuiiidunsniwmass Inuaugaslunisarugumsdiauees
UBIADT
o
Lu1auans Inua
Tunaees Imuan S 949n1581910 “Remote Cmd” , “LocalCmd” , “SETPT” ,
d o
“pSt”, “pPS2", “PS3”, “PS4", “PS5", “PS6", “PS7” 'H?E] “JOG” Iﬂulunﬂﬂsﬁmmmwﬁm
) .
[ o o o ' [) o
msezaaru ldsdauduaeun15%19I4 ( DRIVE ROUTINE ) 25902500z n13nssan
gnfimuaetilsneufisrsumsteivessouanuda
i d v & 4 > owo
Jonrss T desmsnasiiuluduasunisiiauveunissturiulunag
wasuntasaedianiuinule
N13AAINITaAn T

o - o1 - o
ﬂ‘J]ulTJﬂ(ﬁDQﬂ'I‘I NIIFNAINITINUAIIULI

( Request Speed ) { Acceleration Setting ) ( DecelerationSetting )

Remotc Cmd (TB2-4+5) ACCEL(P003) DECEL(P004)

Local Cmd (TB2-2) ACCEL(P003) DECEL(P004)

SETPT(P000) ACCEL(P003) DECEL(P004)

PS1(P100) PSi_ACCEL(P101) PS1_DECEL(P102)
PS2(P103) PS1_ACCEL(P104) PS1_DECEL(P105)
PS3(P106) PS1_ACCEL(P107) PS1_DECEL(P108)
PS4(P109) PS1_ACCEL(P!10) PS1_DECEL(P111)
PS5(P112) PSI_ACCEL(P113) PS1_DECEL(P114)
PS6(P115) PS1_ACCEL(P116) PS1_DECEL(P117)
PS7(P118) PS1_ACCEL(P119) PS1_DECEL(P120)

JOG(P00S5)

JOG_ACCEL(P006)

JOG_DECEL(P007)
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lumsidenuaaes Inua ensaidonds 53 18ud
1. #4 “RUN MODE"(P201) i} M_SPEED.
2. A'UIN"(P426) U SLAVE CTL.USER (TBI-14) Suymdladiedionnemmod Tnun &1iln

Wums  denan Tnua

3. 9 “RUN MODE"(P201) iifu M_SPEED. &4 "UIN"(P426) 1 SPEED TORQ.USER(TBI-
a A & o & &
14) Wasuyniveiden wimaes nua Jaedonaan Inua

:
USSR Yin g
Y823 2 oy
T 3 et >
2
8
) S
————
>
"Wﬂ? 3 v | remate semoint reference signal
wrees | o [ Max(pooz) |7 nesoTE
- =4 3120
) Te2s > o H g
: o
H MIN (POC1) .
5| = 5 oo oL ER3 FRM
B > \

L yo-ofo—oNo—oho

e
> 2
z <]
oo || e | [R] |5
—-—-——-’—%‘z 3 / <} r—O'H-O— P
(Qloz10V) 3 ? ! -
g MIN (POO1) a UNIPOLAR |~ local setpomt reference signal
— &)
=
>
L= ” master _setooint_reference signal |
MAX (PO02)| {
SETPT (POOO ~_/ 2
m Synchronous
MIN (P001) | | S SYN SER (P205) Serial 10 Siaws
8 OFF or RECEIVE
\ o
SEN
. < MAX (PQOR2) Aranand v elocity
Serected Preset Speed requested  velochy Torque
PS1, PSZ, #S3, PS4, [ ' oy command
PSS, PSS, OR PST . T S
8 MIN (POOT) 0 UM RPM (P303)] |S |§| ROUTINE PO * o
e olto= | ACCELERATION CLOSED P vedfon i CUt
MAX (POC2)] |™ DECELERATION VELOCTY M P
o JOG -LIMIT RPM (P303 CONMTROL LOOP
3G (OO, ;———»_/— é . —
IN (POOY
MIN (POOY) 3
[Ty
N\
MOTOR PPR (P504) = O
Motor Veloery

A ——p] &
wt:m —> T%s:%:féf T ’
@""” Mﬁ&g%ggm MOTOR PPR (P604) NOT = 0O

38 JueraInsnIuguAINg 1 veunmees Tnua




3.3.2.1a Inuas

U?.:.;;’ﬂ

(0110 V)

R0
{s) TB24 >
£l T85 o,

LO%SMO

{(d1oz10V)

)

[1V11‘.)l0 oL DO']VNVI [W.UD!O Ol 20N

SO FROM MASTER

SQTO SLAVE

llVllOlG o1 901VN4VJ

J2-

w

Selected Preset Speed

PS1, PS2, PS3, PS4
PSS, PSE, OR PS7
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SLAVE MODE

MOOIEY

eTeR

!

RATIO NUM (P209)
RATIO DEN (P210)] |

LIMIT RPM (P303)

X% (POOS)

g

31U 3.7 uamadimsntuguanugo vaaman Tnun

MOTOR PPR (P604) NOT = O

[~}
=] ' S LIMIT_RPM (P303}
9
[~] ’;" stave setpolnt reference signal
S
3 UNIPOLAR 04
2_] JOG %191‘5 Pﬁ’& Pﬁ'l-m
OFF | )
EN SYN SER (P20S) o—oN O
RECEIVE, O
A
OFF o
SEN
|__SEND, e
04 RECEIVE
©1-15
ey .
o3 JOG
b request velocity command v elocity
w
Sre | Torque
0”_4. l MAX (PO02) 2 LIMIT RPM (P303) command -
| 2 - 2] + -
MIN (POOY 9 Y N DIGTL
s (FOON) | 15| [-Lmm reu (p303 $-| CLOSED vetfon —— P cumn
t . VELOCITY »{ReG
LOOP L
A il
: !
Mocrd
e
=116
ofro—
DRIVE ‘
ROUTINE 803 :
ACCELERATION + !
ComtroL ok MOTOR PPR (P604) = O
CONTROL °}‘ ( - v
Motor Szt ——@~1  TRANSDUGER-
06
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TORQUE MODE

‘F

‘

o

—_— i
Ol =10 V)

EVU‘JO oL 901VNVI IIVUDIG [318 amwv] [lVJJ‘JO Q) DO'IVNV]
i

DIGITAL

]
vgé?on g CURRENT

FeA-ralag
e
, .
[ %] kg
i | ' _—
l ' R
INT YORQ (P312) g oﬁ”
100 Q .
et TORQ SOURCE (P311)
INT
INT TORQ (P312)
100
(%)
M
=)
INT TORQ (P312) 2
2]
o]
o ‘ Torque
MAX (POO2) CLOSED = Command
- VELOCITY o
(speed ovemde fimit) LOGP ——0
Speed Override
3
MOTOR PPR (P504) = G
Maior Voecry
Motor Fiix =meem—iipol NSPUCER-
o s —ppe | SR [
(o— Msaﬁyﬁmj
@ NBBULE MOTOR PPR (P604) NOT = O
Synchronous
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waaInsnlIugu lnenesa Tnua

SYN SER (P20VS)
OFf or RECEIVE

Seral to Slave

Ft gl REGULAT

T

Moter Cure
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3.4 QlIfeEWIIinAes
' a g o d 4 4 4 . a A -
ﬂaum:ﬂuﬂ?m llOoﬂﬂﬂ‘ﬁliﬂlﬂﬂilﬂ%\lﬁiﬂ‘lﬂ'iﬁﬁnu m;ﬂuﬁgqnmsmmwnmma{

¥ reandosfuuameifostinnidau Taiuaoudouns sl
1. MITIASOUMIADUNITNANOL ( Preparation )
2. MINAADY ( AC Tune Test )
3. A15DBANINAITNANDY ( Check Out )
4, ﬂﬁﬁﬂﬂ}liztjﬂm‘f;\ﬂu ( Application )
3.4.1 MIATHNNIINBUMINATBY
1. @8tesEudNe TBI-11 ( LOGIC COM ) fiy TB1-12 (NO EXTERN FAULT kel
indesmrunuonnsoienld #1w1 TB1-12 @aases sehlWifinnteniy ( Trip )

4nz EXT FAULT TRIP ( EXT )9e31891U0001
L L o™ +t e d
2. ABOOIEHIN (TBI-21 (LOGIC COM ) iy TB1-22 (RUN ENABLE ) f1'hide 1n384
» .
mvauer hirunsovien'ld Taodh RUN ENABLE (p220) gnduilu STOP in3eq
43 ' M
auquerngalag douzfidsnlilu STOP MODE (P202) uath P20 duiu
& o & ' N
CAUST in5eemauguezdalinyuhhizseq sundwefinisdalinga
3. asavaeuldiuniled A1 KPAD ENABLE (P204) difiuilu ENA
= [ v o 4 P= 3 = .’I
4. $ilmsde Wadleuusisiaes sxdeiin1saIINTOUNITABIITRNASY
3.4.2 MINATBY
- o v - Lé P [ 4
idqumad thiumsvareusmniiae fveunissmuguimnzaniunenes Tne
[ o J
n1sasavae utia ldiiudsiife
y
1. doyaftugu
1.1 AifanszuausIuamed
- o [ 4
1.2 AfALSIAUYDINBIADS
1.3 fivanawd (i so nse 601805a)
1.4 fifanmidrsougge
1.5 dfiftanMTNIENATeY
1.6 MdasussgaIsIgagaluinnadey
1.7 Ainausiiansznagoy
(Y] r- | ' a5 ’ 'A L. ! '}
2. doynues Wodowmeiniaed (PG) 9xiin13as 190 UATHY uad e e 1dvins

A49F1 MOTOR PPR =0
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3. nwsnﬂﬂau‘uvaganwiunama{

34 'nﬂzmufﬁﬂ?mmvmmummma;( Stator Resistance)

3.5 nAAOUMNsZUANan ( Field Current )

3.6 NAADUAMANUBAAY ( Slip Frequency )

1.7 NAABUAISATIVWUBITZUL ( System Gain )

Taonsvaaeuiisgiman/doun AC TUNE 910 D du E nnthuniseiety
MANUIN

s eiyuman onluflaautoundu  Puise Generator ) Tiiimsdam
INVERT (P613) 910 0 tilu 3 3o 3 wlu o, 1 lu 2 wSe 2.4du s
3.4.3 MIVBAVINNTNANDL

slalaomsna PROG

344 n1sﬁ1"lﬂﬂszqnm'ms‘1‘1;a1u

» 1 4 .

s ¥V a Pl i o 4
w&nhmsedyumanuad dmeslounmsiinesany el lsou

fifaalves MTR AMPS (P300)

1BINT MOTOR VOLTS (P301)
BASE FREQ (P302)
LIMIT RPM (P303)
NUM POLES (P310)
MOTOR PPR (P604)

MInaaauLds AC TUNE (P600)

ﬂ”liéfslfiﬁz‘l}‘l} SYS WN (P601)
SYS GAIN (P602)
CAR FREQ (P603)
STATOR R (P605)
I FIELD (P606)
SLIP FREQ (p607)
LEAKAGE (P608)
KA CMD (P609)
KV CMD (P610)
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KP FBK (P611)
KD FBK (P612)
INVERT (P613)

I LIMIT (P008)

MAX F TORQ (P306)
MAX R TORQ (P307)
MAX F BREAK (P308)
MAX R BREAK (P309)
UIN (P426)

IXT AMPS (P304)
IXT FAULT (P305)

ENG CHAR 1 (P009)
ENG CHAR 2 (P010)
ENG CHAR 3 (PO11)
ENG DEC POINT (P012)
ENG SCALE (P013)

START MODE (P200)
SPINNING MOTOR (P211)
TRIP RESTARTS (P217)
RESTART TIME (P218)
RUN ENABLE (P220)
START INIT (P221)

F R MODE (P214)
INVERT (P613)



AIAIUAY

MINgA

MTIBNAD
Tavlyenu

Ty

STOP MODE (P202)
INJBRAKE TIME (P215)
INBREAK I (P216)

SET T (P614)

UIN (P426)

SERIAL BAUD (P313)
SERIAL ADDR (P314)
BITS PAR (P315)
CHECK SUM (P316)
MDROP MODE (P317)

MIAANAA BUS REG (P219)

HIAUW

MINVARNAT LANGUAGE (P222)

a [ 4
NIWADT

SET USER DEFLT (P223)
DEFLT ALL FACT (P225)
DEFLT ALL USER (P226)
SECURITY (P014)

MUl S RAMP (P212)

NJUYDINITLI SRAMP M (P213)

LaaInaru1se KPAD ENABLE (P204)

™ v
msifonly
suwniiu

o
oauasn

USER VIN (P413)
UVIN HI (P414)
UVIN LO (P415)
UVIN MODE (P416)

UVIN OS (P417)
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DIR CONTROL (P401)
MIN (P0O1)

MAX (P002)

R HI (P408)

R LO (P409)

R OFFSET (P410)

DIR CON TROL (P401)
MIN (P001)

MAX (P002)

L HI (P402)

L LO (P403)

L OFFSET (P404)

LOCAL VOUT (P420)
LVOUT HI (P421)
LVOUT LO (P422)

USER OUT (P423)
UVOUT HI (P424)
UVOUT LO (P425)

USER RELAY (P427)
UR SET (P428)
UR CLR (P429)

LAST FAULT (P516)
FAULT 2 (P517)
FAULT 3 (PS18)

FLT VOLTS (P519)
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FLT FREQ (P520)
F MODE (P521)
FLT CUR (P522)

FLT TIME (P523)
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295# 1 29957 2
0.040 0.037 0.040
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0.80 075 0.8
0.10 0.87 0.92
4.00 3.9 4.1
5.00 4.7 5.0
5.71 5.3 5.6
6.66 6.7 7.0
8.00 7.0 7.7
10.00 8.4 8.8
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National Semiconductor

LM2907/1L.M2917 Frequency to Voitage Converter

General Description

The LM2937, LM2917 serias are monolithic {requency to
voltage converters wath a hign gawn op anmp/comparator de-
cignod to operate a relay, lamp, or other load when tne input
fraquency reaches or exceeds a selected rate, Tha tachom-
elor uses a cnargy pump technique and olfers lrequancy
doubling for low npplo, tull input protection in two versions
(LM2807-8, LM2917-8) and its output swings to ground fcr a
zero frequancy input.

Advantages

& Output swings to ground for zero frequency input

W Easy to uso; Voyr v iy ™ Voo X R1 < C1

% Only one AC network provides trequency doubling

® Zener regulator on chip aliows accurate and >table lre-
quency to voitags or currant conversion {LM2917)

Features

1 Ground referenced lachomotar input interiacas directly
with varlable raluctance magnetic pickups

B Op emp/comparator has {loating transistor output

® 50 mA cink or source lo opaerate relays, solencids, me-
ters, or LEDs

w Frequency doubling lor low rippie L

n Tachometer has built-in hysteresis with either ditferen-
tial input or ground reteranced input

% Built-in zener on LM2917

£0.3% linearity typical .

n Ground referenced tachometer Is tully protected from
damage due to swings above Vog &nd below ground

Applications

Over{under speed sensing

Frequency to voitage conversion (tachomster)
Spoeadometers. )

Breaker point dwell rnetars

Hand-held tachameter .
Speed governors

Cruise control

Automolive door lock controf

Ciutch convol

Harn control

Touch or sound switches

XA E R XETENEE

Block and Connection Diagrams ouakin-Line and Smali Outline Packages, Top Views
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Qrdee Number LMZY07M-8 or LM2907H-5

See MS fruckage Number MOBA or NUsE
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VLTS |
Qrder Number LM29Q7N
Suve NS Package Number N14A
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TL/H/7942-2
Order Number LM2917M-8 or LM2917N-3
See NS Package Number MOBA or NOSE

llx
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TL/HITO2-4
Order Number LM2317M or LM2917N
See NS Packige Number M14A or N14A
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.Anti-Skid Circuit Functions
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Typical Applications (conunuag) C D

Changing the Output Voltage for an Input Frequency of Zero-
() 10V

LM2907/LM2917
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Changing Tachometer Galn Curve or Clamping the Minlmum Output Voltage
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Typical Applications Contnuea) . . )

Some Fraque*m:y Switch Applications May Require Hysteresis In the
Comparator Function Which can be Implemented In Several Ways:
v

LI6ZNT/L062W1
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TL/H/ 764224
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LM2907/LM2917

Typical Applications (Conunuea)
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ypical Applications (Continued)

varlable Reluctance Magnetic Plckup Buffer Circuits
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LM2907/LM2917

Typical Applications contnuag)

Two-Wire Remote Spe¢od Switch

CUHRENT
SENs Ver,
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160 0.
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Typical Applications (Continuec)

Voltage Drive
Vo = 6V & 400 Hz or 6000 ERPM (8 Cy

n Meter Indicating Engine RPM
linder Engine)
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Typical Applications (Contnuea)

1
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\pplications information

-1e LM2907 seres ol tachometer crcuts o casignad (o7
Ammum axternal part count appncaﬁons and mar mumver.
auiity. In order 10 fully explont s taatures ant advanlagos
J's examine its theory of operation. The hrst staga ot 002
won 1s a ditferential amplifier diving a8 positiva (nodback
p-flop circutt. Tho input threshold voltage s the amaunt of
JMerontial input voltage at which the cutpul of thig staye
aanges state. Two options (LMZ907-8, LAM2917-8) have
aa input internaily grounded $o that an nput siIgnal must
sng abova and nolow ground ane el thn anput
~resholds to progduce an output. Thug 18 otfarag soucthically
4 magnetic variable raluctance pickups wich typrcally pro-
.de a single-ended ac output. This singlo nput 1s also fully
rotected against voltage swings 10 = 28V, wnich arg 2asily
\ttained with thesa types of pickups.
‘ne differential input options (LM2907, LM2917) give the
ser the option of setting his own input swilching lavet and
4t have the hysterests around that lavel tor excailert noise
sjection in any application. Of coursg i orcur 10 allow tha
sputs to attain common-mode voliages abova ground, :nput
wrotection s removed and nather input should be taken
,utside the limits of the supply voltaga being usod. 1t is very
nportant that an input not go betow ground vathoul some
ssistanco in its leed to timit the current that wilt then flow in
~@ epi-substrale diode.
‘ollowing the input stage is the chargo pump where the
aput frequency is converied to a de¢ voltags. To do this
aquires one timing capacitor, one output resistor, and an
ategrating or filter capacitor. When the input stage changes
itat@ (due to a suitable zero crossing or diferential voltage
-n the input) the timing capacitor is either charged or dis-
‘narged linearly between two voltages whose dilference is

cc/2. Then in one half cycle of the input frequency or a
.me equal to 1/2 hn the change in charge on the timing
:apacitor is equal to Vee/2 % C1. The average amount of
.urrent pumped into of out of the capacitor then is:

a \

"Fq = igavey = C1 % -g-‘-’ X (2hw) = Ve ¥ fin X C1
“he output circuit mirrors this current vary accurately inte
ne load resistor R1, connected o ground such that if the
julses of current are integrated with a filter capacitor, than
In = iz x R1, and the lotal conversion agualion becomas:

Yo = Vog * fin 0 O < RY K

vhere K 1s the gan constant—typically 1 0.

fypical Applications

Tho size of C2 1s depandent only on tha amaount of npoia
voltage aitowable and the required respense ime.

CHONSING R1 AND C1

There are some limitations on the choica ol A1 and C1t
which should ba considerad for optimum pariermance The
uming capacitor also providns ntarnal compansation for
charge pump and should be kopt targer than 500 oF fof vury
accurate oceration. Smailer valuas can cause an efror fuf-
rent on Fi1, aspacially at low tamperatures, Savnral consins
2rations must ba et wnen cnNaasing R Dhe gutput cuerent
at pin 3 is internally fixed and, thurefore Ve /A1 must be lasy
than or equal to this value. It R1 18 l00 iitrga, st ¢an bacoms
a significant fraction of the output impedance at oin 3 wnicn
degradas linsanty. Also outpul rpple voltaga must ba con-
sidered and the size of C21s affocted oy R1 An éxpression
ihat descnbes the ripple content on pin 3 tor a single A1C2
combination is:

\ C1 Vee « iy + CH
Vee (&1, (, - Yec st C1Y g o

2 ce ta /

1 appears R1 can be chosen indspendent of ripple, howov-
of rasponse time, of the time 1t lakes Vour (o stabilizo at a
new vollage increases as the.sizo of C2 incroasos, so &
compromise between ripple, response time, and lineanty
must be chosen carefully.
As a linal consideration, the maximum attainabte input Ire-
quency is determined by Vee, C1 and gt

l2

§ LB ~omvavens

MAX Ct X Vee

USING ZENER REGULATED OPTIONS (LM2917)

For those applications where an output voltage or current
must be obtained independent of supply voitage variations,
the LM2917 is otfered. The most important consideration in
choosing a dropping resistor from the unregulated supply to
the device is that the tachometer and op amp circuitry aione
require about 3 mA at the voltage level provided by the
zener. At low supply voliages there must be some current
flowing in the resistor above the 3 mA circuit currant to op-
‘srate ihe ragulator. As an example, if the raw supply varles
from 9V to 16V, a resistance of 4700 will minimize the ze-
ner voltage varialion to 160 mV. il the resislance goes un-
der 40001 or over GOOf} the zener variation quickly risas
above 200 mV tor the same inpul vanation.

VarpLe =

Minlmum Component Tachometer

Vee = 18V
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Electrical Characteristics Ve = 12Vpe. Ta = 25°C, see test circult (Continued)

symbol l Parameter r Conditions Min | Typ Max Units
yER REGULATOR
. Rogulator Voltago ' Flougp 47000 7.50 \4
Senas Resistance 10.5 ‘15 a
Temperatura Stability +1 mv/*C
TOTAL SUPPLY CURRENT 3.8 6. mA

4ote 1 FOr QDOALON In amDinnt lemperalurdy ADove 26°C. tho duvica musl bu Joratea based on & 150°C maximum function tamperature and a thermat resistance
L1101 C/W g ncton 1o ambnl tor LM2907.8 and LM2917 .8, and 79°C/'W pinchon in ammant tor LM2907-13 and LM2917-14,

Jote 2: Hystarums i8 tho sum * Vyy — { = Vyi), offsat vollago s Ihawr Gincgncan Soae 1ast cucut.
1 Vgg thorutore Vou = Voo ™ Vec/2 The ditterance, Vou — Vou and the mirror gain,
413, 874 Ihe two taciors that causa the tachometos gain constant (o vary fram 1.0,

Jote 3: Vou 18 squalto % ¥ Yo — 1 VeE Vou 18 equal to Y4 < Vco

«1ote &: Ba sure whan chooaing the ime constant R1 % C1 that AL 13 such that the maximum anticipated output vollage at pin 3 can be reached with I3 x R1. The
waxmum value for Rt is ffmited by the output resistance ot pin 3 which 1s Qreater than 0 M(1 typrcally.

“ote 5: Nontineanty 13 delined as the dawiation of Voyr (@ pin 9) for iy @ 5 kMz lrom a straght line defined by the Vour @ 1 kHz and Vout @ 10 kHz.

11 = 1000 oF, R1 » 86Kk and C2 = 0.22 mFd.

General Description (Continued)

The op amp/comparator is fully compatible with the (-
shometer and has a !loating transistor as its output. This
‘aature allows either a ground or supply relerred load of up
-0 50 mA. The collector may be taken above Vcc up to a
naximum Vgg of 28V.

“ha two basic contigurations offered include an 8-pin device
with a ground referenced tachometer input and an internal
-onnection between the tachometer output and the op amp
ron-inverting input, This vorsion is well suited for singls
,paad or Iraquency switching or fully buflered lroquency to
soltage conversion applications.

Test Circuit and Waveform

The more versatile configurations provide differential ta-
chomoter input and uncommitted op amp Inputs. With this
vorsion the tachometer input may be floated and the op
amp becomes suitable for active filter conditioning of the
tachometer output.

Both of these configurations are available with an active
shunt regulator connected across the power leads. The reg-
ulator clamps the supply such that stable trequency to voit-
age and-frequancy to current operations are possible with
any supply voltage and a suitable resistor.
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N~ T —
h and . . N 1t
& | Absolute Maximum Ratings (note 1) .
5 It Military/Aerospace specitied devices are required, Power Dissipation . .
~ please contact the National Semiconductor Sales LM2907-8, LM2917-8 1200 mw
'S Otlice/Distributors for availabliity and specifications. LM2807-14, LM2917-14 1580 mw
& Supply Voltage 28v {See Note 1) '
E Supply Current (Zenor Options) 25 mA Operating Temperature Range —40°Cto +85¢
Collector Voltage 28V Storage Temperature Range -85'Clo +160C
Ditterential Input Voltage N . Soldsring Information v )
Tachometer 28V Dual-in-Line Package
Op Amp/Comparator 28v s Sollld(;rinlg (1g so:onds) 260°C
. ' Smali Outline Package
lnput Voltage Range .
Tachometer LM2807-8; LM2917-8 28V Vapor P hi;e (60 seconds) 215°
LM2907, LM2817 0.0V to +28V . Infrared {15 seconds) . 220c
Op Amp/Comparator 0.0V to + 28V See AN-450 "Surface Mounting Methods and Thelr Effect
on Product Rellabijity” for other methods of soidering sur.
face mount devices. :
Electrical Characteristics vec = 12 vpc, Ta = 25°C, see test circult
Symbol ] Parameter ! Conditions I Min l Typ ! Max Unity
TACHOMETER '
Input Thresholds P'Vin = 250 mVp-p & 1kHz (Note2) | £10 | %25 £40 v
Hysteresis Vin = 250 mVp-p @ 1 kHz (Note 2) 30 mv
Offset Voltage Vin = 250 mVp-p @ 1 kHz (Note 2)
LM2907/LM2917 3.5 10 mv
LM2907-8/LM2917-8 5 15 mvy
Input Bias Current ViN = £50 mVpe 0.1 1 pA
Vor Pin2 ViN = + 125 mVpg (Note 3) 8.3 v
VoL Pin2 Viy = —125 mVpg (Note 3) . 23 v
2. 13 Output Current V2 = V3 = 6.0V (Note 4) 140 180 240 wA
I3 Leakage Current I2=0,V3 =0 0.1 pA
K Gain Constant {Note 3) 0.9 1.0 1.1
Linearity fin = 1 kHz, 5 kHz, 10 kHz (Note 5) -1.0 0.3 +1.0 %
OP/AMP COMPARATOR
Vos ,[ TV 3.cV 3 10 mvV
]
s ! _ Viy 3.0V 50 500 nA
" Inout Cammon-Moae Voltaca 0 Vec— 1.5V v
oltaga Gain 200 vimV
Ouiput Sink Current o 3.0 40 50 mA
Dutput Source Current 1z Veg ~2.0 ' 10 mA
saturation Yoitage SINp 5 MA 0.1 0.5
' sivk 7 20 mA 1.0
' 'sink = S0 mA 1.0 1.5
i
[ -
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54
5414,/7414 Hex Schmitt-Trigger Inverter
Schottky TTL High- Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
" Package Package Package . Package Package
Device Type Devico Type Device Type Device Type Daevice Type
P rCTRmMIcr P CTRImIcF YPe rCTRTMIcF YP4 [CTRMm[cH Pevies Tyee rerarile
! SNML 514 J 1 W] SNSE1d J Wy
T, SN St I NG SNI4Id 1PN
e &) F0:[ nesaresresa ]
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SIEMENS ——] -]
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- L
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NEC - - -
TOSHIBA -
Elsctrical Characteristics SNS4LS14/SN74LS 14 N
b3oiule mssimum ratings over operating (ree-sir lemparature tongy o ' . ¢
Sunir vwisge. Voo v Opersing Wee-0e [ oniics LONED Schematics (each gate)
gt vetiage [T Whewals tangs | swncs LA
510000 aowatre iome ~48C 1 e
SNB4LST4 SN7ar 84
I’w—‘m‘ CT] WM wAN ] v
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O8a/s1ey Norss temperatre, T4 -4 173 O wl ¢ .
olectrica! characteristics over recommended operating buq
free-air temperature range Nou
PARAMETER TEST CONDITIONS ¢ MIN YYPE MAX [UNIT
V14 Poarttve-going threshold vollage [ Vepwsy . 14 1.6 Ly v INPUTS
V1= _ Nepatve-going invesnoly volage| Voo mSyY 9.5 o8 v A
Hysiorosis (Vy, ~Vy_ ) Voo =sv 0.4 0.4 v
v tnaut clamo vollage Vog=MIN, 1= —jgmA ~I131 Vv
Vo wMIN, ViuVy _mm,
1% -lov
0¥ Highelavel oot voitege low =MAX LI B X ] v
) Voo sMIN, VimVy , max, :
VOL  Low-tevel autput vottage lop = tmt 0.7 0.4y v . R o
| Inpu; Cwrront a1 ‘14 CIRCUIT ! ey '
T+ POMIvA-gg veshaly Vee sSV.  vievr, -0 me
thout currem gy - i
'T- mpelivegimng 1twasnty vee-sv. Vievr . -o.n ma !
Vuwl cuwienl 2y v aMAY. vy . !
L T sohagy ce s Vs 0.1} ma
toagticloval wiul £y fool VeoeMax vy 3y 201 wA
—— VGt - MaY v gav i ~0.8 ] ma veo
fi b et o Wt MR - 20 <100 | wA 1000
- i Hivet boah vir A —— b8 te ] ]
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; LT 1Y Ta 2% | 1% Fod A
. ’ f - - TPt
! 15008 [T \i
. B T UR R D S
| Fan Assgament  (Top View)
' 0, £
. l" SA_ '.'- :.. "
.=.!L.".-‘!-«'7,'L1',°'h.'.3l-.fﬂ-ﬂ ; - vo
[ t [N
- ! |
4’:: Iu\--! ‘.rl\x“.:‘l’
v [k - Q; Lsta cincuar
~ i
. ,"-.t\., oy I
HWer ) L
AN | :
vy PR
PO BTy L
Rl s [} 1 ok
1 . PeLiive fagi
l . oh . Resistor values shown are nominal and iIn ohma,

coia e Nt bt el e o b, (et

. TR E™



.

8474 /7474 Dual D-Type Positive- Edge- Triggered Flip-Flop with Preset and Cloar
’ Schottky TTL High-Spoqd_ TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package [ Package Packays Parkagn
] i e A H oy e G0 ica T i Davien T )
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! i ! .
MOTOROLA RN T - N S IR
NSC OMSH e T [ Omsacs e . ni DS bivug Wy D [
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154374, Stanty raslat oy 00 Fulaiy ", R |
*| SIGNETICS NT487¢ NTanTL R T eTa s X 8 I T i 1 f ! l‘....‘
1 1] 5
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electrical characteristics o
free-air temperature range

ver recommended operating

PARAMETER® |__TEST conoimions 1 MIN TYPS MAX JUNIT
Vis__ High-tevel lnpwn voltage [ ? v
Vi, _Low-levsl rput voltage 1 08| v
V| Input clamp voltage [VCCaMIN t = iama -8y
v MIN, vy = v,
"YoH  Hightersl outut voliage ‘Iﬁ_c-‘ﬂ i 'o’:"l:" IR v
VEC=MIN,  Viy» 2V, -
VoL  Lowdevsl ourput voitage v,ic-o 'y 't;:‘ z‘m 02 o04f v
lw‘vl owreny gy [DudiKe B N
1!
] put :'::'ﬂ vecwMax. vyiry P e — —:" mA
volisge Crock I N j
ce— . ! -
l:Iinonl g;.:.'x. - - ::
L] Wout owrant Proset Voo =MAX, v w1V ol A
Clook 20
0.J.K, ~0.
Low-eve! Cloar ~0.8
" out ourtent prese: VoomMAY, vi~oav —oa ™
Clock i ~0.6
Shori-owount Seres SaL s =20 =100
A
'8 sutout owrent o Swiaa Tegs ]| ' CC T MAX ) ~ie0] ™
. Swoly ourrent
Voo wMAX,
ioo (Average por - flop) CC™MAX, Ser Nois t .l 8| ma
] olook frequenoy voomsy, 2% N MHz
;'P‘LH ¢ Irom olenr, preser o sloon Ta=asc. "3 L]
» (88 apoc0prinie) 10 0 o O :'— ";::" n wl™
HL L
. NOTES :

Functional Table
‘74, 'H74, ‘LS74, '574 {See Note 2)

INPUTS oUTPUTS
[PRESET CLEAR clock b | @
Y H x x | w v
H L x X L H
L L X x LT
H H t H [ K @
H N t L L "
H " L X laa ¢,

Functional Block Diagram

L L2 Yo o

T USY4, WY, 824, LIEOMAL DFLP L Wit CLEAR AMD PRESCY

With 8 outpute 0080, 100 18 Mmeasures with the Q- ang 0 outpuiy hgh i hura,
At the time of Masswamant, 1he olook weul ia grounded

H=nigh lave! (s10ady state), L = iow lovei ady state}, X = wraleven)

1 miranstion from tow 1p hrgh Jovel,
Qo~tha leve: ol O delere the tngre.
* Trug contiquration 1 nonstable
and cleer Ut reivn 1o thew

npul wery
S, it wili 0ol 3eraan ehen presrr
nachive o (tigh} tesetl,
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