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Abstract

This thesis propose an adaptive efficiency and power factor of induction motor by
using microcontroller control the firing angle of SCR to decrease voltage that apply to the
induction motor. The results to deliver suitable power to the induction motor and its Joad. The
performance of induction motor at partial load can be improve by using AC voltage controller
drive. This thesis shows that the efficiency of induction motor is made higher, when control
the motor at lower lagging angle. This control method can reduce surge current and surge
torque by slowly increasing applied voltage through phase control. It is a method to save

energy flow into the induction motor.
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I "] | + |
v, R g’; E1§ %EZ Rz'sz
l [ lu :

o

uanssENYadvmamesias Ismed (vazegiui)

nesuyaduesdames  miloununvsauyadduvamaigugiivesudenlas
Wi Aedszneudsarudmuvesaiames ®,) , Suenuauds lvavesaianes X,
oz q fidluesddsznouvesmuifinanineuuinin (Magnetizing branch) 14U
R, (Anmdumuveanuman) , X, Guonuaudiinannaunuimin) , L szuaith
fimWRaddqaudeluunuminy | 1, szuaiihiadammusimgn)

vnamil 1 nsena I, Tvaluvamamesifhinsenadanivh fitams gt
HAUMAR  (Core loss) uazmMIgaudoTuuanIa  (Copper loss) szuldsulasdmison
T InanveweinesesniBoumlasedssfiny dufudhdhorsesnumid 1, Tnarman13i
AumaversssmmadeshliBinnsimguiinosuemesimilonhiwiy Taui]
maraRaiiAe

Lmstherssvumdinszie 1, raruiiveildaiidnnmsinnunmandeu
Woudnfes msiz R, uar X, fmdnnndedioudy X, uderlresauyaditnesun
EN

230 smyadvemdeuadifhvas Lifi Tnaasehifam 1, Fuiludnnlszney
@nq Wemousunszuaihiiisa udlunsdlvewomesmiloninhuuni g maee
I, fiMda 30% - 50% veanszualifhitine ldusesduIifhannden X, Mudmaann
Sadpanad X, Blursesauyad

nesauyadvemndemas Ifhannsathodnisuiuld dmaumdasdn
ssninsnnuseuvavamalgugiinuvamaniogll  lwhusa@uinudmswsasidau
serheduseUTRAmIATIAAB U T51ABY (Tum ratio ; aydezdhomlureseuyad

>
vpuaaMasuNs i u 1Ay
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Tuniideansdron 1092395 MsuRed 151003 1G99 INOVIRBIAALADS FINA

»
ANY veInesauyad lnaiine

E, = aE,=E, @11)
é ar v 3ol \J Qs
e B, = usswubithvazlsmesegiuninitrorundidwmames

r, = -— (2.12)

A 4 '
ds 1, = aszuaithvedlamesidroaundsdimmmes

R, = aR, @.13)
X, = aX, (2.14)
fo R, = aamdwmuveslamesiitwanndiduamames
X, = Suenuaudveslsmesithesnnsidmmmnny

. »
VNI 1 A1983 RS ermnsausnineuosn 1aaadine

1-5)
Rl 2.15)

° ' L3 r v A °
i 1dnnaums 2.11 Seeumsi 2.14 Bourssauyadvewsinesinilonihld
AN 2

a
NN 2

l
l I R'L=R2(1-S)/S
e > 0
I I
1 2

o -] S o o:
ufmnnsmyaaunu“lﬁ'amuwmnamaimumm



A ' 9/ o = 4 . Y d’
INNINN 2 AN NUAUTNYATUASITUBNMIAUFTUYATISUAIAIU

Ry = R +R),
e X, = X, +X,

dauInaannudumu R, Salisoh@udie

a-9)
S

Ry = R}
A ’
e R, Aemmnudmmululseslnaes

R, fiolnapnunavewoimed

Aoy
] o d' o
vewed lulssmgaamassudannadnziiuuemesinilenh 3 ol mae
s o da ' o 9/ ” ) - g A A a
vameiviaiilnm hiuwanmin, desmsmsauashunios warlinmiSuieunsi fie
3 vt & o 3 ol et 1l s o 1ot 8
anu§vzaaasnngane il Inassunsenady Inaauidiss hitwesidud  uatidoide
fis 1 muguanuEaldon
2) vaizh Inaaissaziinnnesunamesm
3) nszueIMfFunyu dnsziiiu 5 oh uie 7 vh veanszualihinfida
ysmesiloniuuy 1M 15083 (Wound rotor) AULLUNSINIZI0NT Iasiadrauss
Tsmesmanu uai Inssadvesaamesiviioudu
o o o o o A o o
yoAss NN lsmestuuunsanszseniideinans  vashnuasmndanudiumy
[ 4
voalsmoinei ddeimslfuemeiviiaiifilssa@ninmgsdiuiiudesesnuuulilsnesil
i 4 e 2 o 2
anudumudigiiean P)  udsvhiinssuaIthSumpugeSdeamalitusiadunyu
¢ o e 7 4 ave Ay o w ) o 2
vowemeswinim  weamesuvutezldiunundens Mdnadeudniil uazsudu
v ey iq vo a1 A S
wyu hitienin iwu vemenldvuily | nSostheme , Haaw udu
v =) o o o AI‘\ ] (K o e 2 1 (XY
daulunsdlveslsmesvoamesuuy malaned szavediu afis Fdoegiu
' o oA 9 Y (\l él 6: A
mlsaghudniuddeanudumuninmousneynsuiulsines gazdusuRuaN
amumuvnzuemesisudumunszuaithSudumpuezanas  dwaldussdadudumyu

3 » 1 4 [ ’ » .
iy wermefuuuiiesti i 1$vu Inaafidesmssampuiiony i thisu Mudu



frdauazussdiavesusinedimilaath
msgouaziasTudiudng
fdduynvsaemesmiionhams mnedaid IMfhonszuy thesad

nevamaaames fie
P, = 43V, 1, cos0 (2.16)

. ; 4
msgaydenimameiilsznoudis magyefunuman (Core loss) Famanota Eddy
4 A 2

current 110 Hysteresis Aunumanammes uaznsgadoniosnn IR luvamadiames

Foni msgydoluvamamames (Stator copper loss)
o a P21 2 ar o A o - , o o o I'd
Mddmnmaendnngudsnamassuds  Senh  AMdueniynvoiaiaines

»
(Stator power outpu) MAUBMWNVBIMAMBT Rz uNBAMAH T e MA U

o e o v o o a‘: o o A o

Tsimef Tasordgmsmiisnimaniman i Aniumdduymvealsines Rotor power

input) SahifusdueMyNYBIAIAAGS (Stator power output)

»
Aniu P, = Midseniymvssmawmes = Mddunvedlnaed

P, = Pin - Stator losses 2.17)

Mdsdunmueslameieslididueniymeoninluzivesidana (Mechanical power
developed) AMMUARANIEHINMGBURNVeLTsmesfuidinaloniynueslaaes Aens

+ »
qadsluvaaialsimes Rotor copper loss) Mowiununs 1ddail

(2.18)

o, o a . ] £ 10 a1y [l ' .

fddunnveslsiael @, nSeiSundreduninhmdwiuesinens (Air gap

° o e £ 4 2 v
power) MMinausadadugalnsiasad nie T, (Gross torque) Yuiilsine§ Fevzveondn
MUY

Tuhueufisaiumdinaweninnvelsimed @,) AefdaInthduiiniaougiiily
o o 9 a ~ n; ~A o V=) v oo o a o ar
fana Mmnausadia T, (Gross torque)  Yuiilsiaed lagiifiwmiy T, Mianda

suynvealsines (,) 1w
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o’: P2 o a A a A 9
uﬂnmnuu‘umzniima‘mqu tmsﬂ15qu&mmmmnmmﬁmtazusqmuinﬂau
. . . a 4 a Y 9/ P4 P4
(Friction and windage losses) inadudndan sudhuaumglioniynuealames @) anas

Tandsanns

P . = P_ - Friction and windage losses

out
o o d’ ’ o o o Y a P

pwimveslsiees @) vaziissegluglvesmdnanldifausadaimaomn
T,, (Shaft torque) Hlunsafiafilddu Inaamaenafidesgfumavewaines

fdsdiudeg ndminddu danfowdy  mnes-TWadlaezunsy  Power
flow diagram) 1ddamni 3

a

M 3

Motor input in stator, B

|
| l

Stator Cu and Rotor input P,
iron losses (via air-gap)
| !
Rotor Cu loss Mechanical power
Pc developed, Pm

or
gross rotor output

|
| | !

Windage and Rotor output or
friction loss motor output
Pout

uammaauasmsgadolududieg vowsmesmiivnii 3 ma

I

~ Q’i L) : 4 o~y Qr
W T, = uselaianua (Gross torque) iaduiilsines W du-nias

N, = mwisElania du seudedui

vingas Mdwna (ad) = useda dhdu-ns) X anusa asouSsni)

Lo & o o o St vy ’ ’ ar o A4
muummsmmmummmmsmnnm'uannmmﬂ'lﬂﬂﬂsmas 1o

P, = 2L Tg N, 1a/uii nie T (2.19)

W N, = anwusalsmed dhu seudetum
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s Ithdauiin/feugddusdinauulsmes fe
P, = 2TT,N, /3w nie Jad (2.20)
97 Power flow diagram Tunmf 3
msgadoluvaaialsmes (Rotor copper loss)
P, = P,-P,

= 2T, N, -2 T, N,

P, = 2T, (N, - N,) : (2.21)
(221)/(219) & = NN, =
5 N,
m3waziiu P, = SP, (222)

91N Power flow diagram

P =P, -P
= P,-SP,
P =(1-S)P, (2.23)
P
=M L= a-9)
2
e NN,
N, N,
& P,,, 2 o ¢ 4 a o
INTICRSUU - = F = ﬂ'n”ﬁ']jilﬂﬂs"'liﬁ")ﬂﬂ')'IUﬁ'JQNIﬂsuﬁ -
2 1

£y

1 4
mzaniu Yseaninmusalsines Rotor efficiency)

= & 2.24)

N,

P s
(222)/2.23) P - 1.8 (2.25)

¥
anuENiuSsEnIN P, , P, uag P duswesady s annsminnd@ousums 14dail
P,:P :P = 1:5:(1-5)
4. . 4
Vinaunsi 2.15 Weemszualsmes 12 queaea w214

1-
IZ RS = I’R,+ I’R, (—Sﬂ (2.26)

A o @ a hd
we  I7R/S =  fdduymveslsaeidemta (P,/Phase)

IZR, =  mdwydeluvalsimesdonla P Phase)



. (-8
I2R2£_§~—)-

o o

fds Ithduimldougiiflumdna wse ewezfonh

- - 3 ~ 5
f1dInafinaliu (Mechnical power developed) 1u15inns

12

@BINe (P, /Phase)
NNAUNITN 2.26
1-
I; RS IR+ IiRz(—gQ
e P, I}R, Saamia
P, IZRJS Sadler
Fe
P2 S
%30 P, SP, asefiuaunsi 2.22
1— o
P_ I’R, ( SS) Sagmler
B S
) *(1-95)
2 P, S J 4
maasiu =< — asanveumsn 2.25
F, (1-5)
»
nsgandioluvaadalsned Rotor copper loss) Y9N3 3 e
P, 3R, nd @27
] P e
DINAUMSN 2.9 Nszuan Ismes
. SE,
3 \/R'zz ""(SXz)2
unus 1, saluaums 2.27
3S2E22R2 o o
— . %4 2.28
’ R +(SX,)? e
nInauNsh 222 Mdwduynveslsmes
P, Pc/S
3SEZR, . .
P ——21—  jad (2.29)
: R} +(SX,)
Mnaumsi 223 Mdnaeniynveslsines
P, = (-SP,
35(1-S)E? o
P U-DELR, o (230)

=T RI4(SX,)



] »
NNAUMIN 220 H59TANINUA (Gross torque) VU I5tABT

T, = 3 7z1"\" hdu-was (N, = anuialsmes du seuAui)
2
v A a
CMAN, = N/60 (e N, =anuiilames du seuani)
»
NSIRSUY T = —2— Iau-uas 231
' 2727 / 60 @31
T Pm HIAU-UAT 2.32)
& 2z(1-S)N,/60 i @
auns 2.30 unuaiaaluaunis 2.32
T ! X T HIAU-1IAS (2.33)
8 7 2aN,/60 ~ R!+(SX,)’
K,SEIR,
&4 1 2 - Qe
wse T = =22 fadu.ams 234
: R +(8X,)? @39
P 3x60 AP v & o
We K, = A fMmnveomesiviionii 3 e
27N,

» »
UBNINUY USITANINUA (Gross torque) YU 5ta0T Tg dam & nauns 2.19°

P, 3 x S -
T, = ——— @ieN, = anudidlanty duseuSni
. 27N,
wse T ., S~ WIAU-1IAT (2.35)
. 27N, 160 :
e N, = anudaEklanty duseudewnit
3I2R, /S
~ 2 oo
s T = —2 2 Jadu-ms 236
: 27N, /60 (236)

¥
HIIUANNUA (Gross troque) fmmmﬂumﬂﬂsﬁmwﬁ' (Synchronous watt)
o A L L \J o
nshiidindaimgerinemannaanes i Tsmes

t 4
aaiu usetia dudilasiadad

T, = P, = 3[R /S &ilaniaind 2.37)
wie P, = PL-5) Glantatad (2.38)
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useaSunyy (T,)
o o S re o . o o
vaizanInuemed 151ns5&ngnun (at standstill) AT T51A05 N = 0

flvesadl s = 1
o & ) = a A
aniu dunur s = 1 asluaumsdi 234 wldusdiasumyy

. _  KER 239
’ R +X; '
A b @ [ 9 » & o o
mammmumu‘lmwsTimam]aﬂuuﬂmm’lﬁ' (FUUBDADIIN UG IU MDY

"mAluaeihideimsmswhezdedldi R, vinavhlasemedesIiisadasumyugaga

dr,

(Maximum starting torque) 1117 lag Tt = 0" 0
dr, K,[(R + X2)E? ~EZR, x2R,]
ar, " (RZ+X7) = |\
R+X; = 2R
X, = R
SR, = X, (2.40)

»
o £

ar ¥ ~ Q' ¥ A
aninarglldd  usiliadunyuvesvemessziimgagamennudiumuluces
% 3
Taned R, fidwhiudSueauaudlulsined (Standstill reactance) X, 1iufiousadiaunyy

o &
QYA (Maximum starting torque) U aANNTAI

KER,
RO = R
2R, 2X, '

a A& Jd o
$#IIUAUBUBIABINIIU
o @A o o Aa o 1 Aaw
ﬂﬁﬁ%’lﬂﬂﬂmﬂﬂiﬂﬂ!{ﬂltﬁ? ﬂ'nmnsau'umTsmaiwqmsammmnﬁ (Rated
:; y o = oy o o =1 g s & 4 -
speed) wagﬂmmmﬂﬂ‘naﬂnﬂawmm AUYAIUBABINNIUNANULETIAINUIG

. »
adl = s usianlévulvanvusiine
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NnauNIN 2.34
T K,SE;R,
= R+SX)
9 0 a A o o . . ©
hdvamsmimigegausansiiaifononss e (Maximm running torque) W14

dT
w L _
Taoln 5

ar K\[(R; +(SX,)")E;R, - SE; R, x28X;
s [R; +(SX,)’T -
[R:+(SX,)JEZR, =  SEZR, x2SX}
RI+(SX,)* = 28°X]
R = S8X
R, = SX, (242)

ﬁ'a&uﬁaa‘qﬂ'lﬁfh usailaiilovamesihnuesimgega ile R, = sX,
wisonndndamaniieh mvesddliiliisdiageqefie s = R/X,
dumieR, = sx, aeluounisfi 234 9214
ke I s
max Ja Rzz +R.22
K,SE?
2Rp
K\E,
2X,
swdungiituiaumsi 2.43 sassduaumsii 241

(2.43)

o o 4 ¥ a A g aw a
anuduiusrhwsidaiienaadufitauazuseliagega
o A 2 Q. o\ A o o2
ussdaile Inaafufing (Full-doad torque) MunwiusiiaiensireiinanuduInan
wudina TasAunseuaifunszum@uinn  Rated curent)  uuHuthe (Name plate)
»

. o ar \d =y 1 ~ A
Tanudalsmesuhiuanus uiuRng Rated speed) Arvssadlvaiziloni addfnTuaa
AU (Full-doad slip) 19Wade s,

A A - o
VINTNMS 2.34 usatiadie InaaAniing
2
2 2
R, +(S,X,)
A gt 3 Awe
aan Inaaaunna

.

]

%)
-

I
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usadagagn  (Maximum torque)  MINBTIMFITAVDINS A VULUBINDI NN
& - g A ~
Fezfavuiiomadl s = R/X,

NRAUMIN 2.41 uag 243

K.E?
T ~ = 172
m 2X,
. TYT _ K\S,E;R, % 2X,
" e R+(S, X, = KE:
i 28R, X,
Ry +(S,X,)’
1 4
©1 X2 wisnumsuazdauss1a
p . 2SR, | X,
i (R, 1 X,)’ +5%
J /T = RN 2.44
f,rmax a2 + S}- ( )
lﬁﬂ a = R/X,
= s, = adiiusedagiga
anudiussznhasedadumpuazussdagega
AT 2.39 usqﬁﬂé’wqu
s K,EZR,
Pey R +X]
nnauNsi 241 uaz 2.43 usadingega
N
max 2X,
K.E; 2X
Ttlrmax = 2l 2R22 X 22
R +X: * K,E
2R, X,
R+
©1 X2 msnuminazaiusyld
2R,/ X
T = 2 2 :
R, /X, +1
T 3 2a
fITmax - aZ +l
4
Woa = R,/X,

= S = madlnusiageqa
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anuFuRussznausaiatuadyl
L) 1 o - £y 4 a’: L & \ 4
finsenmsasunlasewsiiaduady dnfumduqg Widusmam

NAAUNITN 2.34

K,SE;R,
TT Eseny
Suseduiisiobivemes v fithnil & oz E, svasiida
Fafu T c R (2.46)
Ry +(8X,)?

aninAdiueauauduosTsinounuzogfufl (Standstill reactance) X, 92NN
awdnmuveslsmes R, nanoh Fau

auydald R, = 1 Tod waz X, = 8 Toud udadnnamswsida T sineumsil
2.46 Tasldmading fusns=o0 WNTNTT S = 1 udnhmvewsdanimanld
fumadyl@ouns il e ldidunsmanuduiusseninussiafuady (Torque/stip curve)
Fudunsl A Tunmidi 4

vnamil 4 Bl R =2 Tewd uae X, = 8 Toud annduudadnoam
usedin Taoldmatlnn s = o1 udnhl@ounsl e21didunsl B lwhusufoanudh

aunAld R, = 4 Toudd sxldidunsl ¢ uasdrasn@li R, = 8 92 1didunsmi o

NN 4

0.06 A

0.05

R

0.04

0.03

sR2
R2)*+(sX2)’
) o
R

0 01 02 03 04 05 06 07 08 09 1.0
aml
& o o ' o ar a . A a5,
peraudunsmanuduiussenivusaianuady (Torque/slip curve) tiiplif

anudumuveslsmes R, 4N q i
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’

»
o

nmdunsmanudiiussenhusedaduaillunmi 4 s218%edungdsil
1. unﬁﬁqqqﬂﬁnﬁﬂ?fu 'lzii'i‘uagjﬁ'mhmme’humu‘um‘isma{ ®,) Lwiius?:ueg'ﬁnfh
SuoauaudueaTames (X)) Wit R, qundedne lusidagagandil
2. usadinSumpussiimgeqa dem R, = X, sudunsl D iifsnn x, Wlusnaiives
weiweila q ude R, nfdounlaa18lasldhdnmunoueninded luuasesves
Tamed wuluwemesmilentuuy 1198 Tsined
3. yeApSAIA R, g9 sslusediaumpugs  svhandimadlq Aeldnmudaseud

uaziiaila 1500105 (Speed regulation) %@

AW S
Tm
(c
=
BTl
L i
usevasumyu| t -
USITAANNDA,
Y ) !
AT R CGTY J3)) 2 N/N
vugngails — <7010 " :
1 aql 0

uerauduns 13eba-nMNT150U (Torque/speed curve) YOWBIABST

p=1 o (4
L"uﬂ'lu'lﬂ'liﬂﬂfﬂllllﬂilﬂﬂiﬂiﬁﬂiziﬂﬂ

mnami 5 usadlasumgu T, AeussiiavesuomesvasusmesiSunyuINdnuL
A & v oA
ngails Frad@l s =1 Aussen Nr=0
5 ~ o o~ A'u Lad é ar
ussiiauiina (Full-load torque) T, AsusiinvewameivazTumaunsealfudy
3 Ao -4 Ik » a :f:l ’ (4 S Aaw
I"nﬂlﬂu"ﬂﬂ HATANULTITOUVOINBADINAMWIIVAUITENI ANUTITOURUNNA (Rated
» [}
speed or full-load speed) fadlvaiziifie s, mnotmadi lnasAuiing (Full-load slip)
A 4’ A Py o ar 4 Ao s P
fuiinTnantulilifeos q 9nvashvemesdu TvaamuiinasunsisInaaiidig
o o A A a o R o
110 (Over load) MlMidausfinfidoensquiunsiingegn (Maximum torque) yoiuBIABS
' i ‘oA d
vemeizaanuIatetnME  vaugaduazngaasluiiqa  Awssbageqaildves

-’dyd oondd - A A o d’d
wemeitiTen "Awsliagega” T, n3e T, et o galife
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mahaualndndnnaainudezeguudunsiiluseady = o fwadl = s_

» »
dmiudunsmllugnadl = s_ fadd = 1 dudhiSounBonin "Unstable region”

1] 03 4 L é = 3 1 o 4
wewmes Wiemnsorhalasianu§asieg o salaganialunsnadlld wddvusoui

o 9/ ot o v A Ag L= ] ot =2
uamasmmami1smwmmmaaﬂmamﬂﬁammm

NNN 6
300 f--1-—_ i T S S
nszudlsipes—
! ! | | )
20 F-—7~- -, 7T -
" &
[ =
= 200 |- - =
- " ] e
g ; I | ! %
& 150 WA- & - - Sl L0 Bl 7/ fop \D =
=) ! i ) I | »
4 i I ) I I e
= 100/ I - — L 32Nl N Jr [ 660 ) &
| \ T [
® L e (0 B ®
| | ) I |
50 F-—r-mmmmm e m - g o SERRDRERT
! f ; [ |
! ' , | |
0 L I L L 0
0 10 20 30 40 50 6 70 8 9 100

% anusigelagiia

3 F=N >
u’dmmsnﬂ?wuuﬂawmtmuﬂ uaznszuﬁ'[sma%'/mmn"ﬂima{

& A o o
vsuameimideN TN 1uu IsiAeInsInILIon

P- a A St 9 sd o o d
innmww6usmmsumgu'umuamammﬂszmm 170 lﬂﬂil‘lﬂlﬂﬂﬂ‘llliﬁﬂﬁmu

[3 b 4 [3
Wi uAnszuasumiianlszinu 600 nlefidudvenssuaduiing usidiagegaifatium

e lsmeiliziny 75 nlefiudvesnnuddlanty sgegqrusausedadiy

300 lesiFuavemsiiafufing

NITUGOYBITNNMINMAI

& ar ) o o 1 o J
NnResTEdluami 2 annssaglniwduiuivesiidiludaudn q 188l

51505u711l (Input power)
msgaudoluunuminaaines (Stator core loss)
msgaudoluvaainainired (Stator Cu loss)

ﬁ’lﬁ’ﬁﬁu‘lﬂﬂﬁii mﬂiﬂ'f (Power transferred to rotor)

3v,1,COS6

IR,
3R,

3I’R, /S
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msgaudoluvaadalsines Rotor Cu loss) = 3I7R,
»
ﬁﬁanaﬁmm?uismas" [Mechanical power developed by rotor (Pm) or gross power

developed by rotor (P,)
P

m

P = rotor input - rotor Cu loss

4
. e )
= 312 —%—- 3I’R, =3I’R, % (nd)
& T, WhuusediavianualuTsines (Gross torge developed by the rotor)
T, X ® = T, X 22N, / 60
n oy (1-5)
= 3R} —
s (1=
3[R, (_SS)_
ST = e TRTA TR 2.4
\ 27 160 HIAU-1UAT (247
e N, = (1 - S) Ns AU
T oblal HIAU-INT 248
e T 2aN./60 ' (249)

» >
aaiu usaianianua (Gross torque) iWudGalnstia Jad (Synchronous watts)sevhny

v
o o o0

Y 1] ¥ Y] o
mammmnmwmasmmma'mmmﬂ'lﬂmhmai

-
T, = et LR ol
S
sz 7, winsvsanyasuunldaifeslunwd 2
I = 4 (2.49)
? (R +R, I S)+j(X, + X,) '
unus 2.49 avlu 2.48
. 3 Ve R, A o
T T 2N 160 (R AR ISy (X, + X)) g e
fdsnalomyngega

- 4’ oy 9 é P ] o L4
v 2 silssnnszud 1, Sanfeninnilieiisuiunssumuomes 1, Tasmwz
U Q' A -3 \J g e \J o o ? (-3
ptndazamsn teslinsdnnaudeiuldhifamnszua 1, nezauyAhdasdmsnnu
soud U 15mesABAUAIMABS (Transformation ratio), K = 1

Qo z 4 A o 1) o 1
auiu 9namn 2 darihwndisunde1ddanmn 7



21

i 7

Ro1 =Ry#R, X = X#X,

l R, = R,(1-S)/S

o S A o A e . 9
uﬂm’m’:‘ﬂugawmuamasmutnmma'luﬂﬂm I, uazlimi K = 1

Q

» [3
fdanaeninnianua (Gross output) veswamesmiluniheua fio

P, =3I}R,
o L=
! 4
L JRy R+ X
", B i B (2.50)
) L0 MRG + ALY

msmmdnaeniyngega M1A1AeMs Differentiate. oUMs 250 (HovuAuns
4 ' v o o
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dp, d VIR,

e, f
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] = 0
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B = E+x
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RL
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% (2.54)
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31,12201
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2(R01 + ZO])
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Summary Information

Readings - 12/27/96 10:05:22

Record Information

Voltage  Current Max
Frequency 489 RMS 220 0.81 VRMS
Power Peak 309 1,82 ARMS
Watts 32 DC Offset 0 0.03 V Peak
VA 178 Crest 1.41 224 A Peak
Vars 103 THD Rms 1.0 79.3 V THD-R%
Peak W 294 THD Fund 1.0 130.3 A THD-R%
Phase 72°lag HRMS 2 0.64 Watts
Total PF 0.18 KFactor 118 Volt * Amps
DPF 0.31 TPF
DPF
Frequency
Harmonic Information
Freq. VMag %VRMS Vv @° 1 Mag %! RMS
DC Q.0 0 0.1 0 0.03 35
1 499 220 100.1 0 0.49 62.9
2 99.9 0 0.2 158 0.33 419
3 149.8 1 0.5 136 0.38 47.9
4 199.7 0 02 117 0.23 293
5 249.7 2 038 -166 0.26 334
6 299.6 0 0.0 -71 0.12 15.2
7 3495 0 0.1 12 0.13 16.6
8 3995 (0] 0.0 -85 0.04 4.9
S 4494 (¢] 0.1 172 0.03 33
10 4994 0 0.1 18 0.05 6.3
11 5493 0 0.2 -68 0.02 25
12 599.2 0 0.0 124 0.05 6.9
13 649.2 0 0.0 18 0.03 33
14 699.1 0 0.0 108 0.03 3.9
15 749.0 0 0.0 142 0.01 14
16 799.0 0 0.0 -180 0.00 0.1
17 848.9 0 0.1 -72 0.01 18
18 §98.8 0 0.0 8 0.02 20
19 948.8 0 0.0 44 0.01 1.8
20 998.7 0 0.0 61 0.01 18
21 1048.6 o 0.0 111 0.01 13
22 1098.6 0 0.0 -131 0.00 05
23 11485 0 0.0 169 0.01 0.7
24 1198.5 0 0.0 08 0.01 1.1
25 12484 0 0.0 ~35 0.01 14
28 1298.3 0 0.0 16 0.01 i3
27 1348.3 0 0.0 -26 0.01 1.0
28 13982 0 0.0 -114 0.00 06
29 1448.1 0 0.0 41 0.00 02
30 1498.1 0 0.0 48 0.00 05
31 1548.0 0 0.0 -58 0.01 0.9
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Average

0
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59
49
27
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2
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-99
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-76
95
-14
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34
62
18
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49
121
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MANHIN N.

Tusunsuniugu

»

; MOTOR ENERGY CONTROLLER

2

$MOD51
LF

CR

SSp
LIMIT
ERROR
.CODE
NUM1
NUM10
NUM100
DELAY_0
DELAY_1
DELAY_2
PW_UPPER

TEST

PW_LOWER

COUNT
SUM_A
PW_MIN
POWER
MIN_FLAG

EQU

EQU

EQU

EQU

EQU

EQU

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

0AH
ODH
20H

2000H
53H
52H
51H

7EH
7DH
7CH
7BH
7AH

6DH

6BH
6AH

85



START:

COUNT_D:

ORG
RETI

ORG

ORG

ORG
RET1

ORG

ORG
MOV

ORL

MOV
MOV
MOV
DEC

MOV
MOV
MOV
MOV

_CODE
START

_CODE+I3H ;EX0

_CODE+0BH ;TO

_CODE+13H ;EX1

_CODE+1BH ;TI

_CODE+23H | Tx&Rx

_CODE+100H
A, TMOD
A#OFOH
A#009H
TMOD.A
RO#0C8H ;190 V
PLRO

RO

P1,RO
DELAY_0,#225
DELAY_1,#225
DELAY_ 2#1



LOOP_TD:

MAINT:

COUNT_UP1:
COUNT_UP:

DINZ
DINZ
DINZ
CINE

ACALL

MOV
SUBB
JNC
MOV
MOV
AJMP

MOV
MOV
MOV
INC
DINZ
MOV
ACALL
ACALL
MOV
ACALL

MOV
SUBB
Ic

DELAY_0,LOOP_TD
DELAY_1,LOOP_TD
DELAY_21.OOP_TD
RO#07H,COUNT_D

READ_T

A,THO
A#l14

PW_MIN,THO
POWER,RO
GO_1
PW_MIN,#0FFH
MIN_FLAG #00H

;220 V
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GO_3:

COMPARE:

MOVE_PW:

COUNT_1:

GO_1:

GO_4:

—

LOOP1_D:

MOV

DINE

MOV
MOV
CLR

MOV
SUBB
JC

MOV
MOV

CLR
MOV

MOV
MOV
MOV
ACALL
DINZ
MOV

MOV
MOV

R4.MIN_FLAG
R4,#01H,COMPARE
COUNT,COMPARE
GO_1

RO,#0FFH,COUNT _UP1
GO_4
PW_MINPW
POWER,RO

A

C

APW_MIN
A#16

COUNT_1

GO_3
COUNT,#03H
MIN_FLAG,#01H
GO_3

C

A#ERROR

A, POWER
POWER,A
P1,POWER
COUNT,#10
TDELAY
COUNT,LOOP1_D
APW_MIN
AHFLIMIT
PW_UPPER.A
APW_MIN
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LOOP4_D:
LOOP2_D:

LOOP3_D:

READ_T:

—

LOOP:

LOOP1:

SUBB
MOV
MOV
ACALL
MOV

SUBB
JC
MOV

SUBB
INC
ACALL
AIMP
DINZ
MOV

MOV
MOV
MOV

C
A#LIMIT
PW_LOWER,A
COUNT #5
READ_T
APW_UPPER

C

A,THO

LOOP3_D
APW_LOWER

c

A,THO

LOOP3_D
TDELAY
LOOP4_D
COUNT,LOOP2_D
RO#0FH

MAIN1

TRO
TLO,#00H
THO,#00H
TEST,#100
INTO,$

TRO

INTO,$
INTO0,LOOP
TEST,LOOP1
INTO,$
TRO
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DISPLAY:

TDELAY:

LOOP_TD2:

MOV
DIV

MOV
MOV
MOV
DIv

MOV
MOV

MOV

MOV

MOV
MOV
MOV
DINZ

B,#100
AB
NUM100,A
AB

B,#10

AB
NUM10,A
NUM1,B
TI
ANUM100
A#0"
SBUF.A
TL$

TI
ANUM10
AF'0"
SBUF,A
TL$

TI
ANUM1
A#0Q"
SBUF,A
TL$

DELAY_0,#225
DELAY_1,#225
DELAY_2#5

DELAY_0,LOOP_TD2
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DISP_ALL:

DINZ
DINZ

MOV

ACALL

MOV

MOV
ACALL

DELAY_1,LOOP_TD2
DELAY_2]1.00P_TD2

APW
DISPLAY
TI

SBUF #SSP
TL$

ARO
DISPLAY
TI
SBUF,#SSP
TL$
APW_MIN
DISPLAY
TI
SBUF,#SSP
TLS
APOWER
DISPLAY

SBUF#LF
TL$

SBUF#CR

91
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Readings - 11/28/96 10:10:44

Voltage
500 |
250
Volts
0] 25 5. 75
250
-500 Time mS
Voltage
250
200
Volts
150
ms
100
50
0 DC 2 4 [ 4 10 12 14 16 18 20 22 24 26 28 30
1 3 5 7 9 11 13 15 17 19 21 3 25 n 29 31
Harmontc Number
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Readings - 11/28/96 10:10:44

94

Current

5.0

251

0.0 25/ 5 15 1.

-2.5

-5.0 Time mS

Current

2.5

20

Amps

ms

lllll

nnnnn
|||||||||||||||||||||||

Harmonic number

nnnnn

LAAININARYYIUNIUTVULE No-Load Taifigulnseimunundeaiu

ar A ar
Jannnsesileda FLUKE 41



Summary Information

Readings - 12/27/96 08:21:33

Voitage  Current
Frequency 49.9 RMS 221 2.36
Power Peak 309 2.87
KW 0.09 DC Offset -1 0.02
KVA 0.52 Crest 1.4 1.21
KVAR 0.51 THD Rms 0.7 16.7
Peak KW 0.70 THD Fund 0.7 17.0
Phase 80° lag HRMS 2 0.40
Total PF 0.17 KFactor 1.3
DPF 0.17
Harmonic Information
Freq. VMag %V RMS VvV @°
DC 0.0 1 0.3 0
1 49.9 221 100.3 0
2 99.9 0 0.0 -122
3 149.8 1 0.3 -42
4 198.7 0 0.0 60
5 249.7 1 0.6 -177
6 299.6 0 0.0 -39
7 349.5 0 0.2 53
8 398.5 0 0.0 22
9 449.4 0 0.1 148
10 499.4 0 0.0 92
11 549.3 0 0.1 -51
12 599.2 0 00 -101
13 649.2 0 0.0 72
14 699.1 0 0.0 0
15 749.0 0 0.0 137
16 799.0 0 0.0 -153
17 848.9 0 0.0 48
18 898.8 0 0.0 -165
19 948.8 0 0.0 36
20 998.7 0 0.0 68
21 1048.6 0 0.0 120
22 1098.6 0 0.0 -103
23 1148.5 0 0.0 -139
24 1198.5 0 0.0 121
25 1248.4 0 0.0 47
26 1298.3 0 0.0 12
27 1348.3 0 0.0 59
28 1398.2 0 0.0 -114
29 1448.1 0 0.0 -173
30 1498.1 0 0.0 114
31 1548.0 0 0.0 160

° ’ o
namdeyadididh uazduwineiuianed vaiz No-Load

Record Information

Max
V RMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
I Mag %! RMS
0.02 0.8
2.33 99.3
0.01 Q.4
0.39 16.7
0.00 0.2
0.04 1.7
0.00 0.1
0.01 0.5
0.00 0.1
0.01 0.6
0.00 0.0
0.01 0.3
0.00 0.0
0.00 0.2
0.00 0.1
0.04 16
0.00 0.1
0.00 0.1
0.00 0.0
0.00 0.1
0.00 0.0
0.01 0.3
0.00 0.1
0.00 0.1
0.00 0.0
0.00 0.1
0.00 0.1
0.00 0.2
0.00 0.0
0.00 0.1
0.00 0.1
0.00 0.1

lifignseinruguwdinu Jannnsesiieda FLUKE 41
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Average

19°  Power
0.

-80
127
120
-39
-50
-70
112
164
-8
21
-165
-77
13
-122
-106
-162
30
-131
59
65
128
82
61
-148
156
-121
12
44
-162
136
-24

Min
\

(Kw)
0.00

0.09
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.60
0.00
0.00
0.00
0.00



Readings - 12/27/96 08:22:16

96

Voltage
500
250
Volts
0 2.5 5.01 7.51 16.0112.5215.0217.
-250
=500 Time mS
Voltage
250
Volts
150
xrms

100

50

Harmonic Number

U
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Readings - 12/27/96 08:22:16

97

Current
5.0
2.5
Amps
0.0_‘/—7 5.01 7.51 10.0112.5215.0217.52
_2.5 .
=>.0 Time mS
Current
2.5
2.0
Amps
1.5
rms
1.0
0.5 ;
0.0 pe 2 4_=s‘ .BL-‘ISl .12‘ 414F_‘16I 'm: |20| ‘22I I24. .26‘ ‘za' '3ol t

Harmonic number
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Summary Information

Readings - 12/27/96 08:22:16

Voltage  Current
Frequency 49.9 RMS 221 2.34
Power Peak 309 2.94
KW 0.13 DC Offset -1 -0.03
KVA 0.52 Crest 14 128
KVAR 0.49 THD Rms 07 16.3
Peak KW 0.75 THD Fund 0.7 16.6
Phase 76° lag HRMS 2 0.38
Total PF 0.25 KFactor 12
DPF 0.24
Harmonic Information
Freq. VMag %VRMS VvV @°
DC 0.0 1 0.2 1]
1 499 221 100.3 0
2 99.9 0 0.0 -162
3 149.8 1 0.3 -41
4 199.7 0 0.0 51
5 249.7 1 06 -180
6 299.6 0 0.0 -178
7 3495 0 0.2 58
8 3995 0 0.0 -72
9 4494 0 0.1 136
10 499.4 0 0.0 24
11 549.3 0 0.1 -50
12 589.2 0 0.0 63
13 649.2 0 0.0 51
14 699.1 0 0.0 -165
15 749.0 0 0.0 -16
16 799.0 0 0.0 32
17 848.9 0 0.0 -164
18 898.8 0 0.0 -21
19 948.8 0 0.0 135
20 998.7 0 0.0 154
21 1048.6 0 0.0 131
22 1098.6 0 0.0 -126
23 1148.5 0 0.0 148
24 1198.5 0 0.0 67
25 1248.4 0 0.0 -89
26 1298.3 0 0.0 117
27 1348.3 0 0.0 16
28 13982 0 0.0 68
29 1448.1 0 0.0 -137
30 1498.1 0 0.0 60
31 1548.0 0 0.0 -47

L. Qr o é a
litigunselaugumdsnu Sannniesiio i@ FLUKE 41
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Record Information

Max
V RMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
1 Mag %I RMS
0.03 1.1
2.30 89.7
0.02 0.8
0.38 16.4
0.00 0.2
0.04 16
0.00 0.1
0.01 0.4
0.00 0.1
0.02 08
0.00 0.1
0.01 04
0.00 0.0
0.00 0.1
0.00 0.1
0.01 0.6
0.00 0.1
0.00 0.2
0.00 0.0
0.00 02
0.00 0.1
0.00 0.1
0.00 0.0
0.00 0.1
0.00 0.1
0.00 0.1
0.00 0.1
0.00 0.1
0.00 0.0
0.00 0.1
0.00 0.1
0.00 0.1

Average

98

Min

1@°  Power (KW)
0 0.00

-76
174
118
18
-41
72
140
-151
4
-32
-153
o}

37
92
141
£
136
50
-44
162
146
-94
21
15
-118
133
9
120
-108
146
(]

0.12
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



Readings - 12/27/96 08:23:01

99

Voltage
500
250
Volts
01 2.5 5. 7.5 12.5 15. 17.
-250 |
~500 .
Time mS
Voltage
250
Volts
150
rms
100
50
0DC 2’7 .4|_l6L ‘9‘r ;714(;—{12 14 16J =IB: IZO‘ 122‘ 1261 ;726. ‘29’ I301Lﬁl

Harmonic Number
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Readings - 12/27/96 08:23:01

100

Current
5.0
2.5
Amps
0.0, 2.4 5. 7.5 10.
-2.5
-5.0 )
Time mS
Current
2.5
2.0
Amps
1.5
rms
1.0 :
0.5
°°nc 2 41_6’ lB‘_Jlolg'lz{ IM‘ I16I :18: I20I AZZH;__JZSI '28I .3l)+1l

Harmonic number
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Summary Information

Readings - 12/27/96 08:23:01

Voltage  Current
Frequency 50.0 RMS 221 2.33
Power Peak 309 3.00
KW 0.15 DC Offset -1 -0.03
KVA 0.51 Crest 14 1.29
KVAR 0.48 ° THD Rms 07 16.3
Peak KW 0.79 THD Fund 0.7 16.5
Phase 72° lag HRMS 2 0.38
Total PF 0.30 KFactor 1.2
DPF 0.31
Harmonic Information
Freq. VMag %VRMS Vv @°
DC 0.0 1 0.3 (o]
1 50.0 220 100.3 0
2 100.0 0 0.1 -98
3 150.0 1 0.2 27
4 200.0 0 0.1 58
5 250.0 1 0.6 -179
6 299.9 0 0.0 78
7 349.9 0 0.2 46
8 399.9 0 0.0 -153
9 4499 0 0.1 127
10 499.9 0 0.0 -41
11 549.9 0 0.1 61
12 599.9 (0] 0.0 85
13 649.9 0 0.0 37
14 699.9 0 0.0 -116
15 749.9 ‘0 0.0 106
16 799.9 0 0.0 14
17 849.8 0 0.0 -175
18 899.8 0 0.0 52
19 949.8 0 0.0 -4
20 999.8 0 00 142
21 1049.8 0 0.0 -180
22 1099.8 0 0.0 -85
23 1149.8 0 0.0 115
24 1199.8 0 0.0 8
25 1249.8 0 0.0 29
26 1299.8 0 0.0 176
27 1349.8 0 0.0 134
28 1399.7 0 0.0 23
29 1449.7 0 0.0 -37
30 1489.7 0 0.0 -85
31 1549.7 0 0.0 27

101

Record Information

Max Average Min
V RMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
I Mag %Il RMS 19°  Power (KW)
0.03 12 1] 0.00
230 99.7 -72 0.16
0.00 0.1 -168 0.00
0.38 16.4 117 0.00
0.00 0.2 3 0.00
0.04 16 -37 0.00
0.00 0.0 2 0.00
0.01 0.2 124 0.00
0.00 0.1 -141 0.00
0.02 0.7 15 0.00
0.00 0.0 -10 0.00
0.01 0.4 -129 0.00
0.00 0.0 180 0.00
0.00 0.1 13 0.00
0.00 0.0 107 0.00
0.00 0.1 -64 0.00
0.00 0.1 5 0.00
0.00 0.2 140 0.00
0.00 0.0 78 0.00
0.00 0.2 -26 0.00
0.00 0.1 22 0.00
0.00 0.2 -162 0.00
0.00 0.0 -145 0.00
0.00 0.1 103 0.00
0.00 0.0 99 0.00
0.00 0.1 -71 0.00
0.00 0.0 -56 0.00
0.00 0.1 54 0.00
0.00 0.1 -98 0.00
0.00 0.1 -54 0.00
0.00 0.0 155 0.00
0.00 0.0 180 0.00

uaasdeyamdaInth nazsumnesudanes vazInaa 1.5 N-m
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Readings - 12/27/96 08:23:45

102

Voltage
500
250
Volts
0 2.5 5.01 7.51 19.0112.5215.0217.
~250
=500 Time mS
Voltage
250
200
Volts
150
rms

100

50

Harmonic Number
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Readings - 12/27/96 08:23:45

103
Current
5.0
2.5
Amps

0.0 2.8 5.01 7.51 10.0112.5215.0217.52

-2.5

-5.0 ,

Time mS
Current
2.5
2.0
Amps
1.5
rms
1.0 0
0.5
0.0 pe 2 QY—‘TG: :sng—:u: :14:_—:16} :18: :2o= :zzlr :24: :zs: ‘rza: :30} :
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
Harmconic number
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Summary Information

Readings - 12/27/96 08:23:45 104

Voltage Current
Frequency 499 RMS 220 235
Power Peak 308 3.12
KW 0.18 DC Offset -1 -0.03
KVA 0.52 Crest 14 1.33
KVAR 048 THD Rms 0.7 15.7
Peak KW 0.83 THD Fund 0.7 15.9
Phase 70°lag HRMS 2 0.37
Total PF 0.35 KFactor 12
DPF 0.34
Harmonic Information
Freq. V Mag %V RMS Vv @°
DC 0.0 1 0.3 0
1 48.9 220 100.3 o
2 999 0 0.0 -22
3 149.8 1 0.3 =37
4 199.7 0 0.0 88
5 249.7 1 0.6 -170
6 2996 0 0.0 0
7 349.5 0 0.2 52
8 398.5 0 0.0 0
9 449.4 0 0.1 125
10 499.4 0 0.0 169
11 549.3 0 0.2 62
12 599.2 0 0.0 -41
13 649.2 0 0.0 85
14 699.1 0 0.0 86
15 749.0 0 0.0 101
16 799.0 0 0.0 58
17 848.9 0 0.0 -135
18 898.8 0 0.0 -39
19 948.8 0 0.0 34
20 998.7 0 0.0 57
21 1048.6 0 0.0 -107
22 1098.6 0 00 -17
23 1148.5 0 0.0 -167
24 1188.5 0 0.0 60
25 1248.4 0 0.0 18
26 1288.3 0 0.0 48
27 1348.3 0 0.0 134
28 1398.2 0 0.0 -114
29 1448.1 0 0.0 68
30 1498.1 0 0.0 53
31 1548.0 0 0.0 27

Record Information

Max Average Min
VRMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
{Mag %! RMS 19°  Power (KW)
0.03 1.1 0 0.00
2.32 99.9 -70 0.17
0.01 0.3 -110 0.00
0.37 15.8 117 0.00
0.00 0.1 38 0.00,
0.03 1.3 -44 0.00
0.00 0.1 -162 0.00
0.00 0.2 125 0.00
0.00 0.0 52 0.00
0.01 06 31 0.00
0.00 0.0 124 0.00
0.01 04 -127 0.00
0.00 0.1 -124 0.00
0.00 0.1 116 0.00
0.00 0.0 -132 0.00
0.01 0.3 -94 0.00
0.00 0.1 108 0.00
0.00 0.1 -179 0.00
0.00 0.1 -101 0.00
0.01 0.2 36 0.00
0.00 0.0 75 0.00
0.00 0.1 -138 0.00
0.00 0.0 -13 0.00
0.00 0.2 140 0.00
0.00 0.0 53 0.00
0.00 0.2 22 0.00
0.00 0.1 5 0.00
0.00 0.1 134 0.00
0.00 0.1 -151 0.00
0.00 0.2 -12 0.00
0.00 0.1 6 0.00
0.00 0.1 -100 0.00

uerasdoyamaslndh uasruwmessuranes vuzInan 2.0 Nom

=4 o o o A a o
litigunsafnaungundnu Jadinnsesiieda FLUKE 41



Readings - 12/27/96 08:24:20

105

Voltage
500
250
Volts
0l 2.51 5.01 7.52 18,0212.5315.0417.
-250
50&
Time mS A
Voltage
250
200
Volts
150
rms
100 \
50
o DC 2‘L :‘:—-:6,' ;BJK—:Mj :12I ;145 :16% :18: }2OJI :22: }Zdl =26: =28: }30;—€
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

Harmonic Number

uamammdggnamsduvasIvaa 2.5 N-m hifigunsainugundinu
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Readings - 12/27/96 08:24:20

106
Current
5.0
2.5
Amps .

0.0-;////5/61 5.01 7.52 10.0212.5315.0417.54

-2.5

-5.0 )

Time mS
Current
2.5
2.0
Amps
1.5
rms
1.0 b
0.5
o'(’DC 2 d—-sﬁ‘_%a_J].OI ‘12‘;l14‘;I16: ‘18‘ .20‘ l22I '24l I26l IZBI I30I .
1 3 5 T 9 11 13 15 17 19 21 23 25 27 29 31
Harmonic number

uamInmdyanunseuavaizInan 2.5 N-m hifignsaiaugundaanu

Janmnsealieda FLUKE 41



Summary Information

Readings - 12/27/96 08:24:20

Voitage  Current
Frequency 49.9 RMS 220 237
Power Peak 308 321
KW 0.21 DC Offset 0] -0.02
KVA 0.52 Crest 14 1.35
KVAR 0.47 THD Rms 07 15.2
Peak KW 0.87 THD Fund 07 154
Phase 66° lag HRMS 2 0.36
Total PF 0.40 KFactor 12
DPF 0.41
Harmonic Information
Freq. VMag %VRMS VvV @°
DC 0.0 0 0.2 0
1 499 220 100.2 0
2 99.8 0 0.0 5
3 149.6 1 0.3 =37
4 199.5 0 0.1 103
5 2494 1 06 180
6 299.3 0 0.0 22
7 349.2 1 0.2 55
8 399.0 0 0.0 -15
9 4489 0 0.1 140
10 498.8 0 0.0 126
11 548.7 0 0.1 -54
12 5988.6 0 0.0 -105
13 648.5 0 0.0 47
14 698.3 0 0.0 -12
15 748.2 0 0.0 143
16 798.1 0 0.0 155
17 848.0 0 0.0 -166
18 897.9 0 0.0 155
19 947.7 0 0.0 81
20 997.6 0 0.0 -34
21 1047.5 0 0.0 176
22 1097.4 0 0.0 -118
23 1147.3 0 0.0 -161
24 1197.1 0 0.0 131
25 1247.0 0 0.0 -13
26 1296.9 0 0.0 68
27 1346.8 0 0.0 174
28 1396.7 0 0.0 -132
29 1446.5 0 0.0 0
30 1496 4 0 0.0 41
0 0.0 28

31 1546.3

lifigunssinuguudinu Sannnsedisia FLUKE 41

uerastoyaideiih nezduwutesurmaes vaizInan 2.5 Nom

Record Information

Max

VRMS

ARMS

V Peak

A Peak

V THD-R%

A THD-R%

KWatts

KVAR

TPF

DPF

Frequency

IMag %I RMS
0.02 1.0
235 99.8
0.01 0.2
0.36 153
0.00 0.2
0.03 1.4
0.00 0.0
0.00 0.1
0.00 0.0
0.01 06
0.00 0.1
0.01 0.3
0.00 0.1
0.00 0.1
0.00 0.1
0.01 04
0.00 0.1
0.00 0.2
0.00 0.0
0.00 0.2
0.00 0.1
0.00 0.1
0.00 0.1
0.00 0.1
0.00 0.1
0.00 0.2
0.00 0.1
0.00 0.1
0.00 0.0
0.00 0.1
0.00 0.1
0.00 0.1

107

Average

Min

1@° Power (KW)

0
-66
144
117
19
-26
72
-25
147
34
126
-105
-12
135
133
158
-12
-137
-112
56
4
-62
-87
155
-72
10
34
-135
56
20

4
-39

0.00
0.21
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



Readings - 12/27/96 08:24:57

108

Voltage
500
250
Volts
0 . 2.5 5,01 7.51 1 .0112.5215.02.:1.7.
-250
-500 .
Time mS
Voltage
250
Volts
150
rms
100 )
50
9 ¢ 21I—;4H6:;:3T NG T e NP o e o T
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

Harmonic Number

uaraInmaygIuusWUYas Ivaa 3.0 N-m hiflgunsainiugundanu
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Readings - 12/27/96 08:24:57

109

Current
5.0
2.5
Amps

o.o;////g/é 5.01 7.51 10.0112.5215.0217.52

-2.5

-5.0 i

Time mS
Current
|
2.5
2.0
Amps
1.5
rms
1.0 o
0.5
0.0 pe L2 '41_:6?_18: :10: :12‘ 114: :16= :nalr :20: :22: ‘ru'L :26" :ze} :301'—:
1 3 5: 7 9 11 13 15 17 19 21 23 25 27 29 31
Harmonic number

uamnmdygunszucrvas Inan 3.0 N-m hiligdnssintugundsan
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Summary Information

Readings - 12/27/96 08:24:57

Voltage  Current
Frequency 49.9 RMS 220 2.39
Power Peak 308 3.30
KW 0.24 DC Offset -1 -0.03
KVA 0.53 Crest 14 1.38
KVAR 0.46 THD Rms 0.7 144
Peak KW 0.89 THD Fund 07 146
Phase 63° lag HRMS 2 0.35
Total PF 0.45 KFactor 1.2
DPF 0.45
Harmonic Information .
Freq. VMag %VRMS VvV @°
DC 0.0 1 0.3 0
1 49.9 220 100.3 o]
2 99.9 0 0.1 -90
3 149.8 1 0.3 -52
4 199.7 0 0.1 51
5 249.7 1 0.5 178
6 2996 0 0.0 104
7 3495 1 03 45
8 3995 0 0.0 0
9 4494 0 0.1 129
10 499 4 0 0.0 52
11 5493 0 0.2 -56
12 5998.2 0 0.0 131
13 649.2 0 0.1 50
14 699.1 0 0.0 153
15 749.0 o 0.0 125
16 799.0 0 0.0 82
17 848.9 0 0.0 -101
18 898.8 0 0.0 64
19 948.8 0 0.0 112
20 998.7 0 0.0 117
21 1048.6 0 0.0 153
22 1098.6 0 0.0 -81
23 1148.5 0 0.0 -151
24 1198.5 0 0.0 89
25 1248.4 0 0.0 -17
26 1298.3 0 0.0 134
27 1348.3 0 0.0 -139
28 1398.2 0 0.0 -113
29 1448.1 0 0.0 0
30 1498.1 0 0.0 93
31 1548.0 o 0.0 16

et o o or A A4 o
litigunsalaugundnn Janmnsesiiesa FLUKE 41

uarasdoyaiidsInih uezdwnnesiames vazInan 3.0 Nom

Record Information

Max

V RMS

ARMS

V Peak

A Peak

V THD-R%

A THD-R%

KWatts

KVAR

TPF

DPF

Frequency

1 Mag %! RMS

0.03 1.1
237 100.1
0.01 0.4
0.34 14.5
0.00 0.2
0.04 15
0.00 0.0
0.01 0.3
0.00 0.1
0.01 05
0.00 0.1
0.01 0.3
0.00 0.0
0.00 0.0
0.00 0.1
0.00 0.1
0.00 0.1
0.00 0.1
0.00 0.1
0.00 0.2
0.00 0.0
0.00 0.1
0.00 0.1
0.00 0.2
0.00 0.0
0.00 0.2
0.00 0.1
0.00 0.1
0.00 0.1
0.00 0.1
0.00 0.1
0.00 0.1

110

Average

12°  Power (KW)
0

-63
-129
118
-32
-20
100
-37
-88
55
82
-94
-15

Min

0.00
023
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



Readings - 12/27/96 08:25:32

111

Voltage
500
250
Volts
0, 2.5
-250
500J
Time mS
Voltage
250
Volts
150
rms
100 A
s0 |
o5’ 20 T4l Tl 'sf—fxo%'lzrk%u' AL P2 e e e

Harmonic Number
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Readings - 12/27/96 08:25:32

112

Current

5.0
2.5
Amps
0.0/r, 5.01 7.51 10.01'12. 2'15.02'17.521
-2.5
=5.0 .
Time mS
Current
2.5
2.0
Amps
1.5
rms

Harmonic number

uamanmiygnunszuavuzIvan 3.5 Nom hifigdnseinugundeny

ar A (-4
J791N1A703189 FLUKE 41



Summary Information

Voltage  Current
Frequency 49.9 RMS 220 2.45
Power Peak 308 3.44
KW 0.27 DC Offset -1 -0.02
KVA 0.54 Crest 14 141
KVAR 0.46 THD Rms 0.7 14.1
Peak KW 0.94 THD Fund 0.7 142
Phase 60° lag HRMS 2 0.34
Total PF 0.50 KFactor 12
DPF 0.50
Harmonic Information
Freq. V Mag %V RMS V @°
DC 0.0 1 0.3 0
1 499 220 100.3 0
2 899 0 0.1 -96
3 149.8 0 0.2 62
4 199.7 0 0.1 64
5 249.7 1 0.6 -174
6 299.6 0 0.0 -155
7 3485 0 0.2 51
8 399.5 0 0.0 -54
9 4494 0 0.1 126
10 4994 0 0.0 -153
1 549.3 0 0.2 67
12 599.2 0 0.0 71
13 649.2 0 0.0 49
14 699.1 0 0.0 -180
15 749.0 0 0.0 103
16 799.0 0 0.0 -165
17 848.9 0 0.0 -29
18 898.8 0 0.0 69
19 948.8 0 0.0 -177
20 898.7 0 0.0 86
21 1048.6 0 0.0 153
22 1098.6 0 0.0 35
23 11485 0 0.0 -180
24 1198.5 0 0.0 -78
25 1248.4 0 0.0 -59
26 1298.3 0 0.0 146
27 1348.3 0 0.0 -53
28 1398.2 0 0.0 0
29 1448.1 0 0.0 68
30 1498 1 0 0.0 136
31 1548.0 0 0.0 41

1 ar ar é -
hifigunsalnugumainu Jannnesiiosa FLUKE 41

weraadoyafidshith uessimnnesuramed vaiz Tuan 3.5 Nom

Readings - 12/27/36 08:25:32

Record Information

Max
V RMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
I Mag %1 RMS
0.02 1.0
243 100.0
0.00 0.1
0.34 14.1
0.00 0.2
0.03 1.3
0.00 0.1
0.01 0.3
0.00 0.1
0.01 0.4
0.00 0.1
0.00 0.2
0.00 0.1,
0.00 0.1
0.00 0.1
0.00 0.0
0.00 0.1
0.00 0.2
0.00 0.1
0.00 0.2
0.00 0.0
0.00 0.1
0.00 00
0.00 0.1
0.00 0.1
0.00 0.1
0.00 0.0
0.00 0.1
0.00 0.1
0.00 0.1
0.00 0.0
0.00 0.1

113

Average Min
1@°  Power (KW)
0 0.00
-60 0.27
-68 0.00
119 0.00
10 0.00
-18 0.00
139 0.00
-23 0.00
-112 0.00
55 0.00
118 0.00
-75 0.00
34 0.00
-137 0.00
-123 0.00
70 0.00
169 0.00
-34 0.00
-85 0.00
-167 0.00
-70 0.00
75 0.00
0 0.00
-135 0.00
-56 0.00
10 0.00
-133 0.00
-12 0.00
8 0.00
-86 0.00
=170 0.00 .
60 0.00



Readings - 12/27/96 08:26:20

114

Voltage
500]
250
Volts
0
-250
50&
Time mS
Voltage
250
200
Volts
150
rms
100 :
50
o DC '2‘r :4;_:6:—=8; %105 :12’ ;14: 'r16= T.18} I'20: =22{ :24: ;26: =28{ =30=_—=
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

Harmonic Number

uanIn o salvas Inan 4.0 N-m hiliguassimugundsa
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Readings - 12/27/96 08:26:20

115

Current
5.0
2.5
Amps
o.o;////;/51 5.01 7.52 10.0212°6315.0417. 54
~2.5
-5.0 .
> Time mS
Current

||||||||||||||||||||||||||||

Harmonic number

e mdgaanszuavazInan 4.0 N-m hifigunsaimugumdeau

ar & or
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Summary Information

Readings - 12/27/96 08:26:20

Voltage Current
Frequency 499 RMS 219 2.50
Power Peak 308 358
KW 0.30 DC Offset 0 -0.02
KVA 0.55 Crest 14 143
KVAR 0.46 THD Rms 0.7 134
Peak KW 0.98 THD Fund 07 13.6
Phase 57° lag HRMS 2 0.34
Total PF 0.54 KFactor 1.2
DPF 0.55
Harmonic Information
Freq. VMag %VRMS VvV @°
DC 0.0 0 0.2 0
1 49.9 219 100.2 0
2 99.8 0 0.1 80
3 149.6 1 03 -58
4 199.5 0 0.0 134
5 2494 1 0.5 -176
6 299.3 0 0.0 67
7 3492 1 0.3 49
8 399.0 0 0.0 20
9 448.9 0 0.0 129
10 498.8 0 0.0 167
1 548.7 0 0.2 -49
12 598.6 0 0.0 63
13 648.5 0 0.0 75
14 698.3 0 0.0 69
15> 748.2 0 0.0 146
16 798.1 0 0.0 158
17 848.0 0 0.0 16
18 897.9 0 0.0 -177
19 947.7 0 0.0 42
20 997.6 0 0.0 -121
21 1047.5 0 0.0 140
22 1097.4 0 0.0 141
23 1147.3 0 0.0 -165
24 1197.1 -0 0.0 -162
25 1247.0 0 0.0 9
26 1296.9 0 0.0 163
27 1346.8 0 0.0 177
28 1396.7 0 0.0 -86
29 1446.5 0 0.0 -91
30 14964 0 0.0 152
31 1546.3 0 0.0 94

hifigUnsalnsuguwdis Sannnieaiiota FLUKE 41

uaaadoyamda i uazduwinesurames vaizTvan 4.0 N-m

Record Information

Max
VRMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
I Mag %| RMS
0.02 0.7
248 99.8
0.00 0.1
0.33 13.5
0.00 0.1
0.03 1.1
0.00 0.1
0.01 05
0.00 0.0
0.01 03
0.00 0.0
0.00 0.0
0.00 0.1
0.00 0.2
0.00 0.1
0.00 0.2
0.00 0.1
0.00 0.2
0.00 0.1
0.00 0.1
0.00 0.1
0.01 0.2
0.00 0.0
0.00 0.1
0.00 0.1
0.00 0.1
0.00 0.1
0.00 0.1
0.00 0.0
0.00 0.2
0.00 0.1
0.00 0.1

116

.Average

Min

1g°  Power (KW)
0

-57
-55
119
44
-20
106
-19
0

69
53
-131
42
-96
-124
-169

0.00
0.30
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



Readings - 12/27/96 08:26:53

117

Voltage
500
250
Volts
1. 2.51 5.01 7.52 18.0212.5315.0417.54
-250
-500 .
> Time mS
Voltage
250
200
Volts
150
rms

100

50

Harmonic Number

peraIm Ay NYas Ivaa 4.5 N-m hiligdassimugundsnu
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Readings - 12/27/96 08:26:53

118

Current

L | ! 1 5 } !

0.0(;////2{51 5.01 7.52 10.0212:5315.0417.54

Time mS

Current

Harmonic number

uamandganainszuavaz Ivan 4.5 Nom hiligdnsainuguwasa
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Summary Information

Readings - 12/27/96 08:26:53

Voltage  Current
Frequency 499 RMS 219 256
Power Peak 306 3.68
KW 0.33 DC Offset 0 -0.02
KVA 0.56 Crest 14 1.44
KVAR 0.45 THD Rms 08 124
Peak KW 1.02 THD Fund 0.8 125
Phase 54° lag HRMS 2 0.32
Total PF 0.58 " KFactor 11
DPF 0.59
Harmonic Information
Freq. V Mag %V RMS VvV @°
DC 0.0 (0] 0.2 0
1 49.9 219 100.2 1]
2 99.8 0 0.1 86
3 1496 1 0.3 -49
4 1995 0 0.1 163
5 2494 1 06 180
6 2993 0 0.1 -38
7 3492 1 0.3 54
8 399.0 0 0.0 67
9 4489 0 0.1 160
10 498.8 0 0.0 172
1 548.7 0 02 -46
12 598.6 0 0.0 112
13 648.5 0 0.1 49
14 698.3 0 0.0 122
15 7482 0 0.0 174
16 798.1 0 0.0 119
17 848.0 0 0.0 36
18 897.9 0 0.0 -180
19 947.7 0 0.0 27
20 9376 0 0.0 -15
21 10475 0 0.0 115
22 1097 .4 0 0.0 180
23 11473 0 0.0 -180
24 1197.1 0 0.0 118
25 12470 0 0.0 22
26 1296.9 0 0.0 169
27 1346.8 0 0.0 139
28 1396.7 0 0.0 -115
29 1446.5 0 0.0 -26
30 14964 0 0.0 38
31 1546.3 0 0.0 -133

Tifigunsalnugundu Sanmnisiioda FLUKE 41

uereadeyaid IWih uazdumnesudames vaizInan 45 Nom

Record Information

Max

VRMS

ARMS

V Peak

A Peak

V THD-R%

A THD-R%

KWatts

KVAR

TPF

DPF

Frequency

I Mag %! RMS

0.02 0.8
254 100.0
0.00 0.0
0.31 12.4
0.00 0.1
0.03 1.0
0.00 0.2
0.02 0.6
0.00 0.0
0.00 0.0
0.00 0.0
0.00 0.0
0.00 0.1
0.01 02
0.00 0.1
0.00 0.2
0.00 0.1
0.00 0.2
0.00 0.0
0.00 0.2
0.00 0.1
0.00 0.1
0.00 0.0
0.00 0.0
0.00 0.0
0.00 0.1
0.00 0.0
0.00 0.1
0.00 0.0
0.00 0.1
0.00 0.0
0.00 0.0

119

Average Min

12° Power (KW)
0 0.00
0.33

-54
-98 0.00
120 0.00
87 0.00
6 0.00
-130 0.00
~14 0.00
5 0.00
46 0.00
Ky | 0.00
95 0.00
156 0.00
-52 0.00
-46 0.00
160 0.00
173 0.00
76 0.00
121 0.00
-22 0.00
-37 0.00
162 0.00
-151 0.00
45 0.00
30 0.00
-39 0.00
=23 0.00
180 0.00
171 0.00
-4 0.00
0 0.00
16 0.00



Readings - 12/27/96 08:27:23

120

Voltage
500
250
Volts
0/ 2.51 5.01 7.52 18.0212.5315.0417.54
-250 |
-50 .
0 Time mS
Voltage
250
Volts °
150
.rms

100

50

Harmonic Number

uamanmdygnamsuvazTran 5.0 N-m hifigunsalatuguwdsan
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Readings - 12/27/96 08:27:23

121

Current

{ L 1. il Il I

0.0;////2<51 5.01 7.52 10.0212\5315.0417.54

Time mS

Current

Harmonic number

uamnmdygrunssuavazivan 5.0 N-m hifigunselaugundaa

)
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Summary Information

Readings - 12/27/96 08:27:23 > 122

Voltage Current
Frequency 49.9 RMS 219 263
Power Peak 306 3.84
KW 0.36 DC Offset -1 -0.02
KVA 0.58 Crest 14 1.46
KVAR 045 THD Rms 0.7 11.8
Peak KW 1.06 THD Fund 0.7 119
Phase 52°lag HRMS 2 0.31
Total PF 0.62 KFactor 1.1
DPF 0.62
Harmonic Information
Freq. V Mag %V RMS VvV @°
bC 0.0 1 0.2 0
1 49.9 219 100.2 0
2 99.8 0 0.0 84
3 1496 1 0.3 -51
4 199.5 0 0.1 115
5 249.4 1 06 179
6 299.3 0 0.0 23
7 349.2 1 0.3 57
8 399.0 0 0.0 -70
9 448.9 0 0.1 160
10 498.8 0 0.0 -131
11 548.7 0 0.1 -46
12 598.6 0 0.0 66
13 648.5 0 0.0 39
14 698.3 0 0.0 0
15 748.2 o] 0.0 124
16 798.1 0 0.0 180
17 848.0 0 0.0 91
18 897.9 0 0.0 127
19 947.7 o 0.0 67
20 997.6 0 0.0 89
21 10475 0 0.0 -175
22 1097.4 0 0.0 -97
23 11473 0 0.0 83
24 1197 1 0 0.0 122
25 1247.0 0 0.0 -60
26 1296.9 0 0.0 95
27 1346.8 0 0.0 -165
28 1396.7 0 0.0 -103
29 1446.5 0 0.0 16
30 1496 .4 0 0.0 66
31 15486.3 0 0.0 -118

Record Information

Max Average Min
V RMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
I Mag %I RMS 12°  Power (KW)
0.02 0.8 0 0.00
2.61 100.1 -52 0.35
0.00 0.0 9 0.00
0.31 11.8 118 0.00
0.00 0.1 26 0.00
0.02 0.9 8 0.00
0.00 0.0 61 0.00
0.02 0.7 -1 0.00
0.00 0.0 -88 0.00
0.00 0.0 131 0.00
0.00 0.0 49 0.00
0.00 0.1 127 0.00
0.00 0.1 138 0.00
0.01 0.3 -34 0.00
0.00 0.0 -156 0.00
0.00 0.2 -153 0.00
0.00 0.0 146 0.00
0.01 0.3 101 0.00
0.00 0.0 151 0.00
0.00 0.1 0 0.00
0.00 0.0 180 0.00
0.01 0.2 -176 0.00
0.00 0.0 -141 0.00
0.00 0.1 94 0.00
0.00 0.0 131 0.00
0.00 0.1 23 0.00
0.00 0.1 -14 0.00
0.00 0.0 -122 0.00
0.00 0.0 -1 0.00
0.00 0.1 69 0.00
0.00 0.1 108 0.00
0.00 0.1 =20 0.00

o o ' (4
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Readings - 12/27/96 08:28:02
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Voltage
500
250
Volts
0 . 2.5 5.01 7.51 18.0112.5215.0217.
-250
-500" :
Time mS
Voltage
250
Volts
150
rms
100 ;
50
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Harmonic Number
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Readings - 12/27/96 08:28:02
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Current

4 4 I 1 }
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Time mS

Current
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Summary Information

Readings - 12/27/96 08:28:02

Voltage  Current
Frequency 49.9 RMS 219 2.79
Power Peak 306 414
Kw 0.42 DC Offset -1 -0.02
KVA 0.61 Crest 14 1.48
KVAR 0.44 THD Rms 09 10.2
Peak KW 1.15 THD Fund 09 10.3
Phase 47° lag HRMS 2 0.28
Total PF 0.68 KFactor 1.1
DPF 0.68
Harmonic Information
Freq. VMag %VRMS Vv @°
DC 0.0 1 0.3 0
1 499 219 100.3 0
2 99.9 0 0.1 -117
3 149.8 1 0.2 -54
4 199.7 (1] 0.1 74
5 249.7 2 0.7 -167
6 2996 0 0.0 147
7 3495 1 0.3 40
8 3995 0 0.0 -117
9 4494 0 0.0 136
10 4994 0 0.0 23
11 5493 0 0.1 62
12 ' 599.2 0 0.0 26
13 648.2 0 0.0 17
14 699.1 0 0.0 110
15 749.0 0 0.0 101
16 799.0 4] 0.0 -98
17 848.9 0 00 -118
18 898.8 0 0.0 -4
19 948.8 0 0.0 60
20 998.7 0 0.0 127
21 1048.6 0 0.0 148
22 1098.6 0 0.0 -129
23 1148.5 0 0.0 -180
24 1198.5 0 0.0 100
25 1248.4 0 0.0 15
26 1208.3 0 0.0 132
27 1348.3 0 0.0 -148
28 1398.2 0 0.0 -122
29 1448.1 0 0.0 -41
30 1488.1 0 0.0 36
31 1548.0 0 0.0 134

125

Record Information

Max Average Min
VRMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
I Mag %! RMS 1@°  Power (KW)
0.02 0.8 0 0.00
277 100.3 -47 0.41
0.00 0.1 -160 0.00
0.28 10.2 120 0.00
0.01 0.2 3 0.00
0.01 0.5 45 0.00
0.00 0.0 91 0.00
0.02 0.7 6 0.00
0.00 0.0 -138 0.00
0.00 0.2 -46 0.00
0.00 0.0 -60 0.00
0.01 0.3 176 0.00
0.00 0.1 60 0.00
0.01 0.3 8 0.00
0.00 0.0 76 0.00
0.00 0.1 -52 0.00
0.00 0.0 63 0.00
0.01 02 165 0.00
0.00 0.1 180 0.00
0.00 0.1 69 0.00
0.00 0.1 134 0.00
0.00 0.1 6 0.00
0.00 0.0 -133 0.00
0.00 0.2 178 0.00
0.00 0.0 -165 0.00
0.00 0.1 105 0.00
0.00 0.1 63 0.00
0.00 0.1 13 0.00
0.00 0.0 57 0.00
0.00 0.2 -80 0.00
0.00 0.0 41 0.00
0.00 0.1 149 0.00

uermadoyatidaInth uazmmnnesilamed vazTvan 6.0 N-m
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Readings - 12/27/96 08:28:27

126

Voltage
500]
250
Volts
0, 2.51 5.01 7.52 18.0212.5315.0417.
-250
-500 ;
0 Time mS
Voltage
250
Volts m
150
rms
100 o
50
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Harmonic Number
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Readings - 12/27/96 08:28:27
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Current

| b i 1 ]
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Time mS

Current
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Summary Information

Readings - 12/27/96 08:28:27

Voltage  Current
Frequency 49.9 RMS 218 298
Power Peak 306 447
KW 0.43 DC Offset 0 -0.02
KVA 0.65 Crest 14 15
KVAR 0.44 THD Rms 07 95
Peak KW 1.26 THD Fund 0.7 9.5
Phase . 43°lag HRMS 2 0.28
Total PF 0.73 KFactor 1.1
DPF 0.73
Harmonic Information
Freq. VMag %VRMS VvV @°
DC 0.0 0 0.2 0
1 499 218 100.2 0
2 99.8 0 0.0 65
3 1496 0 0.2 -78
4 199.5 0] 0.1 146
5 2494 1 06 -169
6 299.3 (0] 0.1 -49
7 3492 1 0.3 44
8 399.0 0 0.0 -3
9 448.9 0 0.1 122
10 498.8 0 0.0 117
11 . 548.7 0 0.1 -51
12 598.6 0 0.0 -95
13 648.5 0 0.1 28
14 698.3 0 0.0 -31
15 748.2 0 0.0 180
16 798.1 0 0.0 117
17 - 848.0 0 0.0 -33
18 897.9 0 0.0 -57
19 9477 0 0.0 73
20 9976 0 0.0 -158
21 1047.5 0 0.1 118
22 1097.4 0 0.0 -112
23 1147.3 (0] 0.0 176
24 1197.1 0 0.0 180
25 1247.0 0 0.0 176
26 1296.9 0 0.0 -137
27 1346.8 0 0.0 124
28 1396.7 0 0.0 53
29 14465 0 0.0 41
30 1496 .4 0 0.0 167
31 1546.3 (0] 0.0 -101

ueraadeyaidaInth uazauwinssudames vaizInoa 7.0 Nom

Record information

Max
V RMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
I Mag %1 RMS
0.02 0.7
2.97 100.2
0.00 0.0
0.28 95
0.00 0.1
0.01 0.3
0.00 0.2
0.02 06
0.00 0.1
0.01 03
0.00 0.0
0.01 03
0.00 0.1
0.01 0.2
0.00 0.0
0.01 0.2
0.00 0.0
0.00 0.1
0.00 0.0
0.00 0.1
0.00 0.0
0.00 0.2
0.00 0.1
0.00 0.0
0.00 0.1
0.00 0.1
0.00 0.0
0.00 0.1
0.00 0.0
0.01 0.2
0.00 0.1
0.00 0.1

. ar o 4 a o
lifigUnsaimunundsnu Sannniedioda FLUKE 41

128

Average Min
18°  Power (KW)
0 0.00
-43 0.47
-96 0.00
120 0.00
70 0.00
6 0.00
-133 0.00
8 0.00
40 0.00
-16 0.00
-122 0.00
-150 0.00
-172 0.00
60 0.00
8 0.00
13 0.00
0 0.00
-88 0.00
-50 0.00
164 0.00
-174 0.00
106 0.00
172 0.00
-54 0.00
-7 0.00
-148 0.00
-16 0.00
103 0.00
-121 0.00
32 0.00
110 0.00
-42 0.00



Readings - 12/27/96 10:05:22

129

Voltage
500
250
Volts
0l 2.5 5.01 7.51 19.0112.5215.0217.
~250]
=500 Time mS
Voltage
250
200
Volts
150
rms

100

50

Harmonic Number
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Readings - 12/27/96 10:05:22

130

Current

Amp S [T 1 M———I‘_A—'—‘h 3

0.04 2.5 5.01 7.51 10.0112.5215.0217.52

Time mS

Current

rms
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HIAIMNTYYUNTTIAYUS NO-Load figalnsaintuguwdaam

A ar 1 4 ar
(A3e3iioTa FLUKE 41 aenouginstiniungumwasau



Summaty Information

Frequency 499
Power

Watts 32
VA 178
Vars 103
Peak W 294
Phase 72° lag
Total PF 0.18
DPF 0.31

Readings - 12/27/96 10:05:22

Voltage
RMS 220
Peak 309
DC Offset 0
Crest 1.41

THD Rms 1.0

THD Fund 1.0
HRMS 2
KFactor

Harmonic Information

Freq. V Mag %V RMS
0.0

Current

DC . 0 0.1
1 499 220 100.1
2 99.9 0 0.2
3 149.8 1 05
4 189.7 0 0.2
5 249.7 2 038
6 289.6 0 0.0
7 349.5 0 0.1
8 399.5 0 0.0
9 4494 0 0.1
10 4994 0 0.1
11 549.3 0 02
12 589.2 0 0.0
13 649.2 0 0.0
14 699.1 0 0.0
15 7490 0 0.0
18 799.0 0 0.0
17 848.9 0 0.1
18 398.8 0 0.0
19 948.8 0 0.0
20 998.7 0 0.0
21 1048.6 0 0.0
22 1098.6 0 0.0
23 1148.5 0 0.0
24 1198.5 0 0.0
25 1248.4 0 0.0
26 1298.3 0 0.0
27 1348.3 0 0.0
28 1398.2 0 0.0
29 1448.1 0 0.0
30 1498.1 0 0.0
31 1548.0 0 0.0

0.81
1.82
0.03
224
793
130.3
0.64
11.8

Vv @°

0
-0

15
136
17
-166
-71
12
-85
172
18
-68
124
18
108
142

Record Information

Max

VRMS

ARMS

V Peak

A Peak

V THD-R%

A THD-R%

Watts

Volt * Amps

TPF

DPF

Frequency

IMag %| RMS

0.03 35
0.49 62.9
0.33 41.9
0.38 47.9
0.23 293
0.26 334
0.12 15.2
0.13 16.8
0.04 49
0.03 33
0.05 6.3
0.02 25
0.05 6.9
0.03 33
0.03 3.8
0.01 14
0.00 0.1
0.01 1.8
0.02 2.0
0.01 1.8
0.01 1.8
0.01 1.3
0.00 0.5
0.01 0.7
0.01 1.1
0.01 1.4
0.01 13
0.01 1.0
0.00 0.6
0.00 0.2
0.00 05
0.01 09

131

Average Min

19°
0
-72
-59
-49
=27
-22

121

uerasdoyamids Iiih nazauwinesurames vaiz No-Load
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Readings - 12/27/96 10:06:38

132

Voltage
500
250
Volts
Ol 2.5 5.01 7.51 10.0112.5215.0217.
~250
=500 Time mS
Voltage
250
200
Volts
150
rms

100

50

Harmonic Number
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Readings - 12/27/96 10.06:38

133

Current

Amps F.,,“.ﬁ/\__wﬂ
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Time mS

Current

LN SEa S SN S

e i
16 18 20 22 24 26 28 30

1 3 5 ? 9 11 13 15 17 19 21 23 25 27 29 31

Harmonic number

uaanmdgananssuavuzivan 1.0 N-m figunsainrugundanu

A a » \J ar
in5esilo¥a FLUKE 41 deneugiinseiniugundinu



Summary information

Readings - 12/27/96 10:06:38

Voltage  Current
Frequency 49.9 RMS 220 1.29
Power Peak 310 2.79
KW 0.08 DC Offset 0 0.03
KVA 0.29 Crest 1.41 2.16
KVAR 0.18 THD Rms 11 721
Peak KW 0.57 THD Fund 11 104.0
Phase 66° lag HRMS 2 0.93
Total PF 0.27 KFactor 8.3
DPF 0.41
Harmonic Information
Freq. V Mag %V RMS VvV @°
DC 0.0 0 0.0 0
1 49.9 221 100.0 0
2 99.9 0 0.2 175
3 149.8 1 0.6 159
4 199.7 0 02 158
5 249.7 2 0.8 -168
6 299.6 0 0.1 -24
7 3495 0 0.2 -30
8 399.5 0 0.0 65
9 4494 0 0.1 153
10 4994 0 0.1 131
11 549.3 0 0.1 -58
12 589.2 0 0.0 -159
13 649.2 0 0.0 20
14 699.1 0 00 72
15 748.0 0 0.0 122
16 799.0 0 0.0 98
17 848.9 0 0.0 -98
18 898.8 0 0.0 -175
19 948.8 0 0.0 41
20 998.7 0 0.0 27
21 1048.6 0 0.0 122
22 1098.6 0 0.0 117
23 1148.5 0 0.0 112
24 1198.5 0 0.0 15
25 1248.4 0 0.0 -49
26 1298.3 0 0.0 0
27 1348.3 0 0.0 -28
28 1398.2 0 0.0 131
29 1448.1 0 0.0 13
30 1498.1 0 0.0 172
31 1548.0 0 0.0 93

Record information

Max
VRMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
I Mag %I RMS
0.02 20
090 | 707
0.47 36.8
0.64 50.4
0.27 21.1
0.36 28.1
0.09 74
0.10 7.8
0.09 74
0.03 22
0.08 6.7
0.04 32
0.03 22
0.00 0.2
0.03 26
0.03 22
0.03 26
0.02 1.7
0.01 0.8
0.01 1.1
0.01 1.1
0.02 16
0.01 0.8
0.01 0.8
0.00 0.4
0.01 0.8
0.01 10
0.01 0.7
0.01 0.5
0.00 0.1
0.01 05
0.01 04

134

Average

19° Power
0

uamadoyaida i vazduwnsiudamed vazIuaa 1.0 Nm
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Readings - 12/27/96 10:08:05

135

Voltage
500
250
Volts
0 2.5 5. 7.5
-250
—>00 Time mS
Voltage
250
200
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50
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Readings - 12/27/96 10:08:05

Current

5.0
2.5
Amps
0-01/ 2.5 5. 7.5 10. 12.5 15.\ 17.5
-2.5
-5.0 .
> Time mS
Current

1.5

1 3 5 7 9 11 13 15 17 13 21 23 25 27 29 31

Harmonic number
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Summary Information

Readings -'12/27/96 10:08:05

Voltage Current
Frequency 50.0 RMS 220 1.63
Power Peak 309 3.44
KwW 0.12 DC Offset 0 0.02
KVA 0.36 Crest 1.41 211
KVAR 0.24 THD Rms 1.1 67.1
Peak KW 0.78 THD Fund 1.1 90.6
Phase 63° lag HRMS 2 1.09
Total PF 0.34 KFactor 6.7
DPF 0.45
Harmonic Information
Freq. V Mag %V RMS vV @°
DC 0.0 0 0.1 0
1 50.0 220 100.1° 0
2 100.0 0 0.2 -158
3 150.0 1 0.6 165
4 200.0 0 0.1 -142
5 250.0 2 09 -165
6 299.9 0 0.1 20
7 349.9 0 0.2 -3
8 399.9 0 0.0 141
9 4499 0 0.1 145
10 499.9 0 0.0 -151
11 549.9 0 0.2 -77
12 599.9 0 0.0 -5
13 649.9 0 0.0 23
14 699.9 0 0.0 101
15 749.9 0 0.0 171
16 799.9 0 0.0 -149
17 849.8 0 0.0 -79
18 899.8 0 0.0 90
19 949.8 0 0.0 89
20 999.8 0 0.0 85
21 1049.8 0 0.0 163
22 *1099.8 0 0.0 43
23 11498 0 0.0 63
24 1199.8 0 0.0 -11
25 1249.8 0 0.0 -39
26 1299.8 0 0.0 32
27 1349.8 0 0.0 -158
28 1399.7 0 0.0 78
29 1449.7 0 0.0 17
30 1499.7 (] 0.0 -13
31 1549.7 0 0.0 -8

Record Information

Max
VRMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
| Mag %l RMS
0.02 1.2
1.21 75.0
0.53 327
0.81 50.5
0.26 16.4
0.38 23.3
0.11 6.8
0.04 25
0.12 76
0.07 4.1
0.06 3.9
0.03 17
0.04 26
0.03 1.8
0.05 29
0.03 1.7
0.01 06
0.01 09
0.02 13
0.03 16
0.01 0.8
0.01 0.7
0.01 05
0.01 0.9
0.01 0.7
0.01 0.7
0.01 04
0.00 0.3
0.01 0.9
0.01 0.5
0.01 04
0.00 0.0

137

Average

Min

1@2°  Power (KW)
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Readings - 12/27/96 10:09:26

Voltage
500]
250
*Volts
0, 2.51 5.01 7.52 18.0212.5315.0417.
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>0 Time mS
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Readings - 12/27/96 10.09:26

139

Current

Amps /N

1 ¥ ] I ™ ]

O}/ 2.51 5.01 7.52 10.0212.5315.0417.5

-10

Time mS

Current

Harmonic number
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Summary Information

Frequency 49.9
Power

KwW 0.15
KVA 0.39
KVAR 0.26
Peak KW 0.87
Phase 60° lag
Total PF 0.40
DPF 0.50

Readings - 12/27/96 10:09:26

Voltage
RMS 219
Peak 308
DC Offset 0
Crest 1.41

THD Rms 1.1
THD Fund 1.4
HRMS 3
KFactor

Harmonic Information

DC 0. 0 0.1
1 49.9 219 100.1
2 99.8 0 02
3 149.6 1 06
4 199.5 0 0.1
5 249.4 2 0.9
6 299.3 0 0.1
7 349.2 1 02
8 399.0 0 0.0
9 4489 0 0.1
10 4983 0 0.0
11 5487 0 0.1
12 598.6 0 0.0
13 648.5 0 0.0
14 698.3 0 0.0
15 7482 0 0.0
16 798.1 0 0.0
17 848.0 0 0.1
18 897.9 0 0.0
19 947.7 0 0.0
20 997.6 0 0.0
21 1047.5 0 0.0
22 1097.4 0 0.0
23 1147.3 0 0.0
24 1197.1 0 0.0
25 1247.0 0 0.0
26 1206.9 0 0.0
27 1346.8 0 0.0
28 1306.7 0 0.0
29 14465 0 0.0
30 1496.4 0 0.0
31 - 1546.3 0 0.0

Freq. VMag %VRMS
0.0

Current

1.77
3.59
0.02
2.03
61.4
779
1.09

5.4

Vo
0
0
-153
172
-124
-164
64
12
-143
179
-83

Record Information

Max
V RMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
IMag %I RMS
0.02 1.0
1.40 79.7
0.50 286
0.86 491
0.24 14.0
0.29 166
0.13 78
0.05 27
0.10 58
0.07 3.9
0.06 3.2
0.03 15
0.05 31
0.04 20
0.02 14
0.01 0.7
0.02 13
--0.03 19
0.01 0.7
0.01 06
0.01 04
0.02 13
0.00 02
0.01 0.7
0.01 0.5
0.01 0.7
0.01 05
0.01 06
0.01 04
0.01 04
0.01 06
0.01 04

140

Average

Min

1@°  Power (KW)
0

0.00

-60 0.15
-15 0.00
-6 0.00
75 0.00
o1 0.00
-157 0.00
-94 0.00
-45 0.00
-34 0.00
87 0.00
-97 0.00
-150 0.00
-76 0.00
-30 0.00
154 0.00
117 0.00
-141 0.00
-165 0.00
=25 0.00
85 0.00
131 0.00
-180 0.00
-155 0.00
20 0.00
37 0.00
101 0.00
111 0.00
-2 0.00
-10 0.00
2 0.00

- 44 0.00

uamadeyaidabith uavdwnnesudmaes vaizIvan 2.0 Nom
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Readings - 12/27/96 10:10:38

141

Voltage
500
250
Volts
0. 2.5 5.01 7.51 19.0112.5215.0217.
~250
=500 Time mS
Voltage
250
200
Volts
150
rms

100

50

Harmonic Number
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Readings - 12/27/96 10:10:38
142

Current

2 t + t ; t + t i
0'0/ 2.5 5.01 7.51 10.0112.5215,0217.52

Time mS

Current

Harmonic number
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Summary Information

Frequency 499
Power

KW 0.18
KVA 042
KVAR 0.29
Peak KW 0.94
Phase 58° lag
Total PF 043
DPF 0.53

Readings - 12/27/96 10:10:38

Voltage
RMS 219
Peak 309
DC Offset 0
Crest 1.41

THD Rms 1.0
THD Fund 1.0
HRMS 2
KFactor

Harmonic Information
Freq. VMag %V RMS

Current

DC 0.0 0 0.0
1 49.9 219 100.0
2 99.9 0 0.2
3 149.8 1 0.6
4 189.7 0 0.1
5 249.7 2 0.8
6 299.6 0 0.0
7 349.5 1 0.2
8 399.5 0 0.0
9 4494 0 0.1
10 499.4 0 0.0
11 549.3 0 0.1
12 599.2 0 0.0
13 649.2 0 0.0
14 699.1 0 0.0
15 749.0 0 0.0
16 798.0 0 0.0
17 848.9 0 0.0
18 898.8 0 0.0
19 948.8 0 0.0
20 998.7 0 0.0
21 1048.6 0 0.0
22 1088.6 0 0.0
23 1148.5 0 0.0
24 1198.5 0 0.0
25 1248.4 0 0.0
26 1298.3 0 0.0
27 1348.3 0 0.0
28 1388.2 0 0.0
29 1448.1 0 0.0
30 1498.1 0 0.0
31 1548.0 0 0.0

1.90
3.74
0.02
1.86
56.4
68.3
1.07

45

Record information

Max
VRMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
| Mag %l RMS
0.01 08
1.57 83.2
0.47 24.8
0.89 46.9
024 12.7
0.20 10.7
0.13 6.9
0.10 53
0.09 47
0.05 26
0.06 3.0
0.04 22
0.04 23
0.01 05
0.03 1.5
0.03 1.8
0.02 1.1
0.01 0.4
0.01 04
0.02 13
0.01 0.3
0.01 0.6
0.00 0.2
0.02 0.9
0.00 0.2
0.01 05
0.01 03
0.01 0.5
0.01 04
0.01 04
0.00 03
0.01 04

143

Average

12° Power
0

-58
-3

-1
98
65
-129

uamadoyamasiih uazAuwesumnes vazTwan 2.5 Nom

o o A as y 9 ar
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Min

(KwW)



Readings - 12/27/96 10:12.07

144

Voltage
500
250
Volts
0], 2.5 5.01 7.51 18.0112.5215.0217.
-250
~500 .
Time mS
Voltage
250
200
Volts
150
rms
100
50
ODC 2=_1.4'I_:6: :8: :10’—.’12’L 'lll: :16'l :18: =20: :22: :24: :26# ‘IZJ %30= !

Harmonic Number
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Readings - 12/27/96 10:12:07
145

Current

} Il l } { e i

O'O/ l2.5 [5.01 17.51 I10.0112.521 .0217.52

Time mS

Current

Harmonic number
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Symmary Information

Readings - 12/27/96 10:12:07

Voltage  Current
Frequency 499 RMS 220 2.1
Power Peak 310 4.03
KW 0.22 DC Offset 0 0.01
KVA 0.46 Crest 1.41 191
KVAR 0.33 THD Rms 1.0 51.9
Peak KW 1.05 THD Fund 1.0 60.7
Phase 56° lag HRMS 2 1.10
Total PF 0.48 KFactor 3.8
DPF 0.56
Harmonic Information
Freq. VMag %VRMS VvV @°
DC 0.0 0 0.0 0
1 49.9 220 100.1
2 99.9 1 0.2 -136
3 149.8 1 05 -170
4 199.7 0 0.1 65
5 249.7 2 07 -158
6 2996 0 0.0 -150
7 3495 0 0.1 4
8 3995 0 0.1 -4
9 4494 0 0.1 158
10 499.4 0 0.0 67
11 549.3 0 0.1 65
12 5989.2 0 0.0 -168
13 649.2 0 0.1 39
14 699.1 0 0.0 -12
15 749.0 0 0.0 -183
16 799.0 0] 0.0 120
17 848.9 0 0.1 -59
18 898.8 0 0.0 180
19 948.8 0 0.0 54
20 998.7 0 0.0 -75
21 1048.6 0 0.0 -178
22 1098.6 0 0.0 -26
23 1148.5 0 0.0 -61
24 1198.5 0 0.0 -88
25 12484 0 0.0 -85
26 1298.3 0 0.0 -136
27 1348.3 0 0.0 135
28 1398.2 0 0.0 7
29 1448.1 0 0.0 37
30 1498.1 0 0.0 51
31 1548.0 0 0.0 -168

or A o ¥ N ar
fignseintugundaa nFesiloda FLUKE 41 densuginsainugundiny

uamdoyaiida i wazdumnesudames vuzivan 3.0 Nom

Record Information

VRMS
ARMS

V Peak

A Peak

V THD-R%
A THD-R%
KWatts
KVAR

TPF

DPF

Frequency

Max

IMag  %IRMS

0.01
1.80
047
0.2
0.26
0.12
0.12
0.13
0.09
0.02
0.05
0.04
0.04
0.02
0.02

0.7
86.0
223
44.0

O'od v =d =b =d N\) =
PO, ®

1@°

146

Average Min
Power (KW)

0 + 0.00
-56 022
13 0.00
6 0.00
120 0.00
91 0.00
-84 0.00
-70 0.00
46 0.00
87 0.00
-155 0.00
-109 0.00
-25 0.00
178 0.00
143 0.00
-135 0.00
-93 0.00
92 0.00
103 0.00
174 0.00
-187 0.00
29 0.00
122 0.00
117 0.00
-44 0.00
43 0.00
70 0.00
21 0.00
-108 0.00
-86 0.00
3 0.00
-58 0.00



Readings - 12/27/96 10:13:12

147

Voltage
500
250
Volts
01, 2.5 5.01 7.51 18.0112.5215.0217.
-250
-500 i
.. Time mS
Voltage
250 4
Volts
150
rms
100
50
l)DC 2; ;4H6: ;E’Lgll)'L :12: :1: §16H18= 320} =22= :24: {26= :28: :30: :
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

Harmonic Number
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Readings - 12/27/96 10:13:12

148

Current

! I | I} !

7/» 2.5 5.01 7.51 10.0112.5215.0217.52

Time mS

Current

rms 1.0

). TR SO TN TN DU SN S NN U 1

T Lmal e Tl ——r——t—t—t—t—t—t—t
10 12 14 16 18 20 22 24 26 28 30
1 3 5 7 9 1 13 15 17 19 21 23 25 27 29 31

Harmonic number
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Summary Information

Voltage  Current
Frequency 499 RMS 219 216
Power Peak 309 3.93
KW 0.25 DC Offset 0 0.00
KVA 047 Crest 1.41 1.82
KVAR 0.34 THD Rms 10 448
Peak KW 1.05 THD Fund 1.0 50.1
Phase 54° lag. HRMS 2 0.97
Total PF 0.53 KFactor 32
DPF 0.59
Harmonic Information
Freq. VMag %VRMS VvV @°
DC 0.0 0 0.2 0
1 499 219 100.2 0
2 9.9 1 0.3 -128
3 149.8 1 05 -172
4 199.7 0 0.1 -33
5 2497 2 0.8 -158
6 2996 0 0.1 159
7 3495 0 0.2 16
8 399.5 0 0.0 63
9 4494 (0] 0.1 124
10 4994 0 0.0 128
" 549.3 0 0.1 -70
12 599.2 0 0.0 21
13 649.2 0 0.1 28
14 699.1 0 0.0 34
15 749.0 0 0.0 156
16 799.0 0 0.0 -104
17 848.9 0 0.1 -59
18 898.8 0 0.0 0
19 948.8 0 0.0 -119
20 998.7 0 0.0 133
21 1048.6 0 0.0 162.
22 1098.6 0 0.0 -85
23 1148.5 0 0.0 -160
24 11988.5 0 0.0 -104
25 12484 0 0.0 -28
28 1298.3 0 0.0 78
27 1348.3 0 0.0 -157
28 1398.2 0 0.0 -122
29 1448.1 0 0.0 -13
30 1498.1 0 0.0 94
31 1548.0 0 0.0 -53

Readings - 12/27/96 10:13:12

149

Record Information

Max Average
V RMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
| Mag %! RMS 12° Power
0.00 0.1 0
1.93 89.5 -54
0.39 18.2 11
0.83 38.7 15
0.18 8.2 162
0.08 3.8 176
0.12 57 -58
0.12 56 -64
0.08 3.7 123
0.04 16 -139
0.05 23 -98
0.02 0.9 -158
0.05 21 79
0.03 1.2 172
0.02 0.8 -135
0.02 1.0 69
0.02 0.9 31
0.02. 038 152.
0.00 0.2 -99
0.02 1.1 4
0.00 0.2 -10
0.01 04 140
0.01 04 -89
0.02 0.7 -51
0.00 0.1 135
0.00. 0.1 153
0.01 0.3 -120
0.01 04 -103
0.01 0.5 96
0.00 02 133.
0.00 0.1 -165
0.00 Gt . 112

uaasdeyamdsInth uazdumesudaney vaizTnan 3.5 N-m
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Min

(KwW)



Readings - 12/27/96 10:14:47

150

Voltage
500
250
Volts
0. 5.5 5.01 5.51 1 0112.5215.0217.44j
-250
-500 )
Time mS
Voltage
250
Volts
150
rms

100

50

PR
T e et e e — e — ettty

Harmonic Number
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Readings - 12/27/96 10:14:47

151

Current

5.0
2.5
Amps
0.0 2.5 5.01 7.51 10.0112.5215.0217.52
-2.5
-5.0 .
Time mS
Current
2.5
2.0
Amps
1.5
rms
1.0
6.5
0.0 pe 2 P 6 8 10 12 14 ;1sr '19:_—"20: 422: .ru: :26= }?a% :30:
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

Harmonic number
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Readings = 12/27/96 10;14:47
1]
Summary Information Record Information
Voltage  Current Max
Frequency 49.9 RMS 219 235 V RMS
Power Peak 309 3.99 ARMS
KW 0.29 DC Offset 0 0.00 V Peak
KVA 0.51 Crest 141 17 A Peak
KVAR 0.38 THD Rms 0.9 345 V THD-R%
Peak KW 1.08 THD Fund 0.9 36.8 A THD-R%
Phase 53° lag HRMS 2 0.81 KWatts
Total PF 0.57 KFactor 24 KVAR
DPF 0.61 TPF
DPF
Frequency
Harmonic Information
Freq. V Mag %V RMS vV @° | Mag %! RMS
DC 0.0 0 0.1 0 0.00 0.0
1 48.9 219 100.1 0 220 93.9
2 99.9 0 0.2 -121 0.31 133
3 149.8 1 04 -153 0.68 29.0
4 199.7 0 0.1 -6 0.18 76
5 249.7 2 0.7 -169 0.20 8.4
6 299.6 0 0.0 -146 0.09 37
7 3495 0 0.1 5 0.04 1.7
8 399.5 0 0.0 22 0.07 31
9 4494 0 0.0 127 0.04 18
10 4994 0 0.0 -160 0.05 23
11 549.3 0 0.1 -51 0.03. 11
12 599.2 0 0.0 17 0.03 141
13 649.2 0 0.0 22 0.02 0.9
14 699.1 0 0.0 -180 0.02 1.0
15 749.0 0 0.0 31 0.00 0.2
16 798.0 0 0.0 58 0.02 0.8
17 848.9 0 0.1 -84 0.02 1.0
18 898.8 0 0.0 131 0.00 0.1
19 948.8 0 0.0 84 0.02 0.7
20 998.7 0 0.0 -166 0.01 0.3
21 1048.6 0 0.0 167 0.00 02
22 1098.6 0 0.0 -84 0.01 0.3
23 11485 Q 0.0. -21 0.01 06
24 1198.5 0 0.0 -79 0.00 0.2
25 12484 0 0.0 -3 0.01 0.5
26 1298.3 0 0.0 117 0.00 0.2
27 1348.3 0 0.0 -175 0.00 0.1
28 1398.2 0 0.0 -11 0.01 04
29 14481 0 0.0 176 0.01 0.3
30 1498.1 0 0.0 85 0.01 03
31 1548.0 0 0.0 -1 0.00 0.2

152

Average Min
1@° Power (KW)
0 0.00
-53 0.29
27 0.00
22 0.00
-161 0.00
-133 0.00
6 0.00
-75 0.00
180 0.00
-179 0.00
11 0.00
115 0.00
178 0.00
26 0.00
6 0.00
156 0.00
-155 0.00
-42 0.00
23 0.00
-172 0.00
169 0.00
0 0.00
89 0.00
152 0.00
-12 0.00
8 0.00
151 0.00
138 0.00
-53 0.00
-32 0.00
150 0.00
-103 0.00
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Readings - 12/27/96 10:15:50

153

Voltage
\
500
250
Volts
0, 2.5 5.01 7.51 18.0112.5215.0217.55
-250 |
~-500 X
> Time mS
Voltage
Volts e
150
rms

100

50

Harmonic Number
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Readings - 12/27/96 10:15:50

154

Current

5.0
2.5
Amps
0.0 2.5 5.01 7.51 10.0112.5215.0217.52
~2.5
-5.0 .
Time mS
Current

PO S S S S PSS Wt S YOO (NN WA SN N R WSO VIR S |

T

L R AR N P U AR U A Tt
8 10 12 14 16 18 20 22 24 26 28 30
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

Harmonic number
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Summary Information

Readings - 12/27/96 10:15:50

Voltage  Current
Frequency 49.9 RMS 219 252
Power Peak 309 417
KwW 0.33 DC Offset 0 0.00
KVA. 0.55 Crest 1.41 1.65
KVAR 0.41 THD Rms 08 294
Peak KW 1.15 THD Fund 0.8 30.7
Phase 51°lag HRMS 2 0.74
Total PF 0.60 KFactor 21
DPF 0.62
Harmonic Information
Freq. V Mag %V RMS VvV @°
DC 0.0 0 0.1 0
1 499 219 100.2 0
2 99.9 0 02 -105
3 149.8 1 03 -145
4 199.7 0 0.1 20
5 249.7 1 0.7 -163
6 299.6 0 0.1 -94
7 3495 0 0.1 2
8 3995 0 0.0 62
] 4494 0 0.0 132
10 499.4 0 0.0 -112
11 549.3 0 0.1 -68
12 599.2 0 0.0 150
13 649.2 0 0.1 14
14 699.1 0 0.0 -82
15 749.0 0 - 0.0 141
16 799.0 0 0.0 160
17 848.9 0 0.1 -94
18 898.8 0 0.0 154
19 948.8 0 0.0 75
20 998.7 0 0.0 116
21 1048.6 0 0.0 107
22 1098.6 0 0.0 -180
23 1148.5 (0] 0.0 -170
24 1188.5 0 0.0 137
25 12484 0 0.0 -20
26 1298.3 0 0.0 163
27 1348.3 0 0.0 -137
28 1398.2 0 0.0 -79
29 1448.1 0 0.0 50
30 1498.1 0 00 115
31 1548.0 0 0.0 -50

155

Record Information

Max Average Min

V RMS

ARMS

V Peak

A Peak

V THD-R%

A THD-R%

KWatts

KVAR

TPF

DPF

Frequency

I Mag %! RMS 1@°  Power (KW)
0.00 0.1 0 0.00
241 95.7 51 0.33
0.29 115 39 0.00
0.60 238 30 0.00
0.18 7.1 -141 0.00
0.23 92 -120 0.00
0.09 34 51 0.00
0.02 0.7 179 0.00
0.06 2.3 -128 0.00
0.02 1.0 160 0.00
0.06 24 61 0.00
0.02 0.7 103 0.00
0.03 1.3 97 0.00
0.02. 0.9 34 0.00
0.02 06 94 0.00
0.02 1.0 -82 0.00
0.02 0.7 -98 0.00
0.01 0.3 131 0.00
0.01 04 125 0.00
0.01 0.5 -99 0.00
0.00 0.1 49 0.00
0.02 0.7 113 0.00
0.00 0.1 -63 0.00
0.01 04 27 0.00
0.00 0.0 84 0.00
0.00. 0.1 82 0.00
0.00 0.2 -68 0.00
0.01 03 -48 0.00
0.01 0.2 162 0.00
0.00 0.2 -171. 0.00
0.00 0.2 22 0.00
0.00 0.0 148 0.00
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Readings - 12/27/96 10:16:50

156

Voltage
500]
250
Volts
01, 2.5 5. 7.5 12.5 15. 17.
-250
=500 Time mS
Voltage
250
200
Volts
150
rms
100
50
0 pe '2= :4:_:6%1'8: J'10=—:12: :1: :16} :18: :zé ’22’ Irzi 26 28 30

Harmonic Number
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Readings - 12/27/96 10:16:50

157

Current

Time mS

Current

Harmonic number
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Summary Information

Readings - 12/27/96 10:16:50 ' 158

Voltage  Current
Frequency 50.0 RMS 219 266
Power Peak 306 4.31
KW 0.37 DC Offset 0 -0.01
KVA 0.58 Crest 14 1.62
KVAR 0.43 THD Rms 0.9 249
Peak KW 1.18 THD Fund 0.9 257
Phase 49° lag HRMS 2 0.66
Total PF 063 KFactor 1.8
DPF 0.65
Harmonic Information
Freq. VMag %VRMS VvV @°
DC 0.0 0 0.2 0
1 50.0 219 100.2 0
2 100.0 1 0.3 -103
3 150.0 1 0.2 -145
4 200.0 0 0.1 51
5 250.0 2 08 -172
6 300.0 0 0.0 -88
7 350.0 1 0.2. 3
8 400.0 0 0.0 85
9 450.0 0 0.0 174
10 500.0 0 0.0 -72
11 §50.1 0 0.1 -54
12 600.1 0 0.0 155
13 650.1 0 0.0 9
14 700.1 0 0.0 -117
15 750.1 0 0.0 -154
16 800.1 0 0.0 173
17 850.1 0 0.0 -63
18 900.1 0 0.0 -21
19 950.1 0 0.0 -8
20 1000.1 0 0.0 118
21 1050.1 0 0.0 148
22 1100.1 0 0.0 106
23 1150.1 0 0.0 -77
24 1200.1 0 0.0 -110
25 1250.1 0 0.0 -118
26 1300.1 0 0.0 69
27 1350.1 0 0.0 52
28 1400.1 0 0.0 49
29 1450.1 0 0.0 0
30 1500.1 0 0.0 101
31 1550.1 0 0.0 169

Record Information

Max Average

V RMS

ARMS

V Peak

A Peak

V THD-R%

A THD-R%

KWatts

KVAR

TPF

DPF

Frequency

I Mag %l RMS 1@°  Power
0.01 0.2 0
257 97.1 -49
0.26 9.7 51
0.52 19.7 39
0.17 6.3 -122
0.22 84 -110
0.09 34 85
0.05 1.8 157
0.05 1.9 67
0.02 0.7 106
0.05 1.7 109
0.02 0.6 43
0.03 1.2 -48
0.01 0.3 -9
0.02 0.8 -174
0.02 0.8 -44
0.01 04 32
0.02 0.8 -169
0.01 0.3 178
0.01 05 56
0.01 0.2 61
0.01 0.3 -148
0.00 0.1 -14
0.01 0S5 56
0.01 0.3 -105
0.01 0.5 -68
0.01 0.2 115
0.00 0.1 153
0.00 0.1 -44
0.00 0.0 -114
0.01 02 139
0.00 0.1 30
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Min

(KW)
0.00

0.37
0.00
0.00



Readings - 12/27/96 12:13:29

159
Voltage
500
250
Volts
0, 2.5 5 7.5 12.5 15.
~-250
~-500 .
Time mS
Voltage
250
Volts e
150
rms
100
50
% e 2 '4:_:5H9H1o'l—,12=—=14' rxs'L jﬁj' tﬁzo% %zz'L 4'2: {zé =2a; "30
1 3 3 7 9 11 13 15 17 19 21 23 25 27 29 31
Harmonic Number
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Readings - 12/27/96 12:13:29

160

Current
5.0
2.5
Amps
°~°;////é.5 5. 7.5 10. 1A5 15. 17.5
-2.5
-5.0 )
Time mS
Current
4
Amps ’
rms 2
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Harmonic number
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Summary information

Readings - 12/27/96 12:13:29

) Voltage  Current
Frequency 50.0 RMS 220 3.03
Power Peak 309 457

KW 0.45 DC Offset 0 -0.02
KVA 0.67 Crest 1.4 1.51
KVAR 048 THD Rms 0.8 126
Peak KW 1.28 THD Fund 0.8 127
Phase 47° lag HRMS 2 0.38
Total PF 0.68 KFactor 13
DPF 0.68
Harmonic Information
Freq. VMag %V RMS Vv @°

DC 0.0 0 0.2 0
1 50.0 220 100.2 0
2 100.0 0 0.1 - -84
3 150.0 0 0.1 97
4 200.0 0 0.1 81
5 250.0 2 0.7 -169
6 299.9 0 0.0 96
7 349.9 0 0.2 51
8 399.9 (0] 0.0 -31
9 4499 o) 0.1 165
10 4999 0 0.0 87
1 549.9 0 0.1 -72
12 599.9 0 0.0 24
13 649.9 0 0.0 12
14 699.9 0 0.0 79
15 749.9 0 0.0 72
16 799.9 0 0.0 54
17 849.8 0 0.0 -91
18 899.8 0 0.0 -18
19 949.8 0 0.0 45
20 999.8 0 0.0 -108
21 1049.8 0 0.0 141
22 1099.8 0 0.0 11
23 1149.8 0 0.0 -96
24 1199.8 0 0.0 82
25 12498 0 0.0 -46
26 1299.8 0 0.0 76
27 1349.8 0 0.0 -110
28 1399.7 0 0.0 -46
29 1449.7 0 0.0 77
30 1499.7 0 0.0 66
31 1549.7 0 0.0 6

Record Information

Max
V RMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
I Mag %! RMS
0.02 0.5
3.00 99.7
0.17 55
0.28 93
0.10 32
0.11 3.7
0.06 2.1
0.06 20
0.06 22
0.04 1.2
0.04 15
" 0.02 06
0.03 0.9
0.01 0.3
0.02 0.6
0.01 04
0.01 03
0.01 05
0.00 0.0
0.02 05
0.00 0.1
0.01 0.5
0.00 0.2
0.01 0.3
0.00 0.1
0.01 0.2
0.00 0.1
0.00 0.1
0.00 0.1
0.00 0.0
0.00 0.0
0.00 0.1

161

Average Min

1@°  Power (KW)
0.00

0
-47 0.45
91 0.00
74 0.00
=75 0.00
-98 0.00
153 0.00
142 0.00
30 0.00
32 0.00
-97 0.00
-82 0.00
145 0.00
-94 0.00
36 0.00
155 0.00
-80 0.00
67 0.00
-86 0.00
-45 0.00
-178 0.00
-167 0.00
42 0.00
82 0.00
-27 0.00
-20 0.00
157 0.00
-145 0.00
20 0.00
-35 0.00
168 0.00
49 0.00
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Readings - 12/27/96 12:15:01

162

Voltage
500
250
Volts
0 2.5 5. 7.5
-250
500"
Time mS
Voltage
250
Volts
150
rms

100

50
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Harmonic Number
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Readings - 12/27/96 12:15:01

163

Current
10
5
Amps )
0" 2.5 5. 7.5 10. 12\6 15. 17.5
-5
-10 Time mS
Current
dr
Amps °’
rms 2

ettt

Harmonic number
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Readings - 12/27/96 12:15:01 164

Summary Information Record Information
Voltage  Current Max Average Min
Frequency 50.0 RMS 221 3.30 VRMS
Power Peak 309 5.12 ARMS
KW 0.53 DC Offset 0 -0.01 V Peak
KVA 0.73 Crest 14 . 155 A Peak
KVAR 0.49. THD Rms 0.8 17.0 V- THD-R%
Peak KW 1.45 THD Fund 0.9 17.3 A THD-R%
Phase 43° lag HRMS 2 0.56 KWatts
Total PF 0.72 KFactor 14 KVAR
DPF 0.73 TPF
DPF
Frequency

Harmonic Information

Freq. VMag. %VRMS va° 1 Mag %|. RMS 1@°  Power (KW)
DC 0.0 0 0.1 0 0.01 0.2 0 0.00
1 50.0 220 100.1 0 3.25 98.8 -43 0.52
2 100.0 0 0.1 -65 0.23 7.0 84 0.00
3 150.0 0 0.2 -108. 043 13.1 65 0.00
4 200.0 0 0.1 98 0.14 42 -72 0.00
S 250.0 2 038 -167 0.18 5.5 -72 0.00
6 299.9 0 0.0 7 0.09 26 162 0.00
7 349.9 0 0.2 60 0.08 24 -171 0.00
8 399.9 0 0.0 -53 0.07 2.1 44 0.00
9 449.9 0 0.1 159 0.04 13 85 0.00
10 499.9 0 0.1 99 0.04 1.3 -83 0.00
11 549.9 0 01 -64 0.02. 05 39 0.00
12 599.9 0 0.0 -4 0.02 0.6 145 0.00
13 649.9 0 0.0 43 0.03 0.3 -23 0.00
14 699.9 0 0.0 -13 0.02. 05 -4 0.00
15 749.9 0 0.0 126 0.02 0.8 -128 0.00
16 799.9 0 0.0 46 0.01 0.3 -148 0.00
17 849.8 0 0.0 -82 0.01 0.4 122 0.00
18 899.8 0 0.0 103 0.01 0.3 97 0.00
19 949.8 0 0.0 29 0.01 02 -23 0.00
20 999.8 0 0.0 6 0.00 0.2 19 0.00
21 1049.8 0 0.0 103 0.01 0.2 145 0.00
22 1099.8 0 0.0 -130 0.00 0.1 -89 0.00
23 1149.8 0 0.0 -106 0.01 03 30 0.00
24 1199.8 0 0.0 97 0.00 0.1 -108 0.00
25 1249.8 0 0.0 -68 0.01 0.3 =77 0.00
26 1299.8 0 0.0 167 0.01 02 129 0.00
27 1349.8 0 0.0 138 0.01 0.2 172 0.00
28 1399.7 0 0.0 69 0.01 0.2 16 0.00
29 1449.7 0 0.0 -148 0.00 0.1 62 0.00
30 1499.7 0 0.0 76 0.00 0.1 -104 0.00
31 1549.7 0 0.0 -74 0.00 0.1 -8 0.00
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Readings - 12/27/96 13:35:19

165

Voltage
500]
250
volts e AN : i L
01, 2.5 5. 7.5 10. : .5
~250
=500 Time mS
Voltage

60
50
Volts
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Readings - 12/27/96 13:35:19

166
Current
5.0
2.5
Amps
i + + = a F ; A~
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> Time mS
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Summary Information

Readings - 12/27/96 13:35:19

Voltage  Current
Frequency 50.0 RMS 63 0.76
Power Peak 136 1.M
Watts 22 DC Offset 2 0.03
VA 47 Crest 218 223
Vars 18 THD Rms 415 80.1
Peak W 265 THD Fund 456 1339
Phase 47° lag HRMS 26 0.61
Total PF 0.46 KFactor 125
DPF 0.68
_ . BHarmonic Information
Freq. VMag %VRMS VvV @°
DC 0.0 2 - 27 0
1 50.0 57 93.1 0
2 100.0 5 7.7 39
3 150.0 16 258 99
4 200.0 8 12.9 142
5 250.0 11 17.9 178
6 2999 6 104 -129
7 3499 8 12.8 -103
8 398.9 3 45 -10
9 4499 3 47 -25
10 4999 3 56 155
11 549.9 1 19 -101
12 599.9 5 8.6 -108
13 649.9 3 44 =30
14 699.9 4 6.4 -25
15 749.9 2 2.9 75
16 799.9 1 21 51
17 849.8 1 24 -124
18 899.8 1 23 -52
19 9498 2 338 -14
20 999.8 2 36 27
21 1049.8 2 33 89
22 1099.8 1 21 92
23 1149.8 1 16 -136
24 1199.8 1 12 38
25 12498 2 29 0
26 1299.8 2 29 100
27 1349.8 2 3.0 91
28 1399.7 2 27 -179
29 1449.7 1 1.3 153
30 "1499.7 1 1.2 -45
31 1549.7 1 12 86

Record Information

Max
V RMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
Watts
Voit * Amps
TPF
DPF
Frequency
| Mag %I RMS
0.02 34
0.46 61.6
0.31 425
0.35 47 1
0.23 30.5
0.24 331
0.12 16.6
0.12 16.8
0.04 49
0.03 4.3
0.04 57
0.02 2.1
0.05 74
0.02 34
0.04 48
0.01 1.9
0.01 12
0.01 18
0.01 14
0.02 22
0.01 1.9
0.01 14
0.01 1.0
0.01 0.8
0.01 0.8
0.01 14
0.01 14
0.01 14
©0.01 12
0.00 0.5
0.00 0.2
0.00 0.5

Average

1@°
0
-47
-10
27
7
102
153
179
-94
-110
77
165
170
-115
-110
-10
-36
154
-139
-105
-64
-7
2
152

uaasdeyaidaIWih uazduwinesiames vz No-Load
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Readings - 12/27/96 13:37:37

168
Voltage
500 ]
250
Vol
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Y 24 :2} "2 30
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Harmonic Number
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Readings - 12/27/96 13:37:37

169

Current
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Summary Information

Frequency
Power
KW

KVA
KVAR
Peak KW
Phase
Total PF
DPF

Harmonic Information

omﬂmmhwnag

Readings - 12/27/96 13:37:37

Voltage  Cumrent

50.0 RMS 92 1.27

Peak 207 273

0.07 DC Offset 2 0.02

0.12 Crest 225 215

0.05 THD Rms 391 71.9

0.57 THD Fund 425 103.3

39° lag HRMS 36 0.91

0.58 KFactor 8.2

0.78

Freq. VMag %VRMS Vv @°
0.0 2 26 0
50.0 84 94.2 0
100.0 6 7.2 57
150.0 26 289 125
200.0 9 9.8 -169
250.0 15 173 -136
299.9 S 53 -20
349.9 6 6.7 -38
399.9 6 7.4 155
449.9 2 23 -108
4999 7 74 -82
549.9 4 4.1 -15
599.9 3 33 56
649.9 0 03 4
699.9 4 441 -108
749.9 3 NS 17
799.9 4 45 7
849.8 3 341 131
899.8 1 1.2 105
949.8 2 20 -51
999.8 2 2.1 29
1049.8 3 3.2 98
1099.8 2 1.9 113
1149.8 2 23 -127
1189.8 1 1.2 84
1249.8 2 2.0 39
1299.8 2 27 162
1349.8 2 2.0 180
1399.7 1 12 .. -98
1449.7 1 0.6 -15
1499.7 2 18 153
1549.7 1 13 155

Record Information

Max
V RMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
KWoatts
KVAR
TPF
DPF
Frequency
I Mag %! RMS
0.02 16
0.89 70.7
0.46 36.4
0.63 50.4
0.26 209
0.35 27.7
0.09 7.0
0.09 75
0.10 7.6
0.03 25
0.08 6.5
0.04 3.1
0.03 22
0.00 0.1
0.04 28
0.03 21
0.03 26
0.02 16
0.01 04
0.01 12
0.01 1.0
0.02 15
0.01 0.3
0.01 0.8
0.01 0.7
0.01 0.7
0.01 1.1
0.01 0.6
0.01 05
0.00 0.1
0.01 0.6
0.01 05

170

Average

12° Power
0

-39
14
54

121

150

-99

-117
77
167
-163
-101
-33
-152

173

-72

-80
45

0
-133
57
4

26

146

-25

44
67
93

171

-85
52
82

uaasteyaidath vazdmmeiunaes vaizTvaa 1 Nom
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Min

(KW)
0.00

0.06
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



Readings - 12/27/96 13:39:42

171

Voltage
500
250
Volts . . . ] | | A
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Harmonic Number
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Readings - 12/27/96 13:39:42

172

Current
5.0
1
2.5 ‘/\
Amps s z .1 : — —
0.0} 2.5 5. 7.5 10. 12.5 15. 17
-2.5
3.0 Time mS
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Harmonic number
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Summary Information

_Readings - 12/27/96 13:39:42

Voltage  Current
Frequency 50.0 RMS 108 1.54
Power Peak 239 3.23
KW 0.10 DC Offset -3 0.02
KVA 0.16 Crest 222 2.1
KVAR 0.07 THD Rms 36.6 67.4
Peak KW 0.75 THD Fund 393 91.2
Phase 38°lag HRMS 39 1.04
Total PF 0.62 KFactor 6.7
DPF 0.79
Harmonic Information
Freq. V Mag %V RMS Vv @°
DC 0.0 3 25 0
1 50.0 100 95.2 0
2 100.0 7 6.4 57
3 150.0 30 28.8 129
4 200.0 8 8.0 -150
5 250.0 16 149 -131
6 299.9 6 52 24
7 3499 3 2.4 -26
8 399.9 8 7.2 180
9 4499 5 43 -110
10 499.9 5 49 -42
11 549.9 3 2.4 -25
12 599.9 4 3.8 149
13 649.9 3 27 -60
14 699.9 5 47 -72
15 749.9 3 32 42
16 7999 1 1.4 63
17 849.8 1 13 -102
18 899.8 2 24 -70
19 949.8 4 35 40
20 999.8 2 16 27
21 1049.8 2 24 175
22 1099.8 1 13 4
23 1149.8 2 2.0 13
24 1199.8 2 1.8 78
25 1249.8 3 2.4 147
26 1299.8 1 09 -12
27 1349.8 1 1.0 -57
28 1399.7 3 28 100
29 1449.7 1 1.1 130
30 1499.7 1 1.2 -150
31 1549.7 0 05 -83

Record Information

Max
V RMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
| Mag %! RMS
0.02 1.4
1.14 746
0.50 32.8
0.77 50.6
0.25 165
0.35 233
0.11 7.1
0.04 2.4
0.12 7.7
0.06 3.9
0.08 4.0
0.03 1.7
0.04 2.8
0.03 1.9
0.04 2.9
0.02 16
0.01 0.6
0.01 0.8
0.02 1.0
0.03 17
0.01 0.7
0.01 0.8
0.01 0.7
0.01 0.9
0.01 0.7
0.01 0.7
0.00 0.3
0.01 05
0.02 1.1
0.01 0.5
0.01 05
0.00 0.1

173

Average Min
1&°  Power (KW)
0 0.00
-38 0.09
20 0.00
58 0.01
137 0.00
156 0.00
-55 0.00
-102 0.00
102 0.00
170 0.00
-126 0.00
-110 0.00
68 0.00
-149 0.00
-157 0.00
-44 0.00
-34 0.00
176 0.00
-153 0.00
-51 0.00
63 0.00
89 0.00
-90 0.00
-76 0.00
-13 0.00
57 0.00
-88 0.00
-105 0.00
7 0.00

37 0.00
111 0.00
136 0.00

uandoyaiideIith vazAuwmediniames vaizInaa 1.5 Nom
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Readings - 12/27/96 13.41:45

174

Voltage
500
250
Volts
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Readings - 12/27/96 13:41:45

175

Current
10]
5
Amps N
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-5
10 Time mS
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T 1
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Harmonic number
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Summary Information

Readings - 12/27/96 13:41:45

Voitage  Current
Frequency 50.0 RMS 123 1.80
Power Peak 262 3.67
KW 0.14 DC Offset -3 0.01
KVA 0.22 Crest 2.13 2.04
KVAR 0.10 THD Rms 33.6 62.7
Peak KW 0.87 THD Fund 357 80.6
Phase 3%9°lag HRMS 41 1.13
Total PF 0.64 KFactor 57
DPF 0.78
Harmonic Information
Freq. V Mag %V RMS V@
DC 0.0 3 23 0
1 50.0 * 116 86.2 0
2 100.0 6 52 53
3 150.0 33 27.7 129
4 200.0 8 6.9 -13%
5 250.0 14 118 -133
6 300.0 7 55 45
7 350.0 2 15 128
8 400.0 7 58 -162
9 450.0 6 46 -120
10 500.0 5 3.9 9
11 550.1 2 14 -110
12 600.1 5 45 177
13 650.1 4 3.2 ~72
14 700.1 3 2.8 -32
15 750.1 0 0.1 122
.18 800.1 3 22 163
17 850.1 4 35 -57
18 900.1 2 1.9 -64
19 950.1 2 1.9 65
20 1000.1 1 0.8 -164
21 1050.1 3 2.5 -68
22 1100.1 1 1.0 44
23 1150.1 3 26 53
24 1200.1 1 1.0 -110
25 1250.1 1 1.0 -99
26 1300.1 2 16 -1
27 1350.1 3 2.1 49
28 1400.1 1 09 -138
29 1450.1 0 0.3 154
30 1500.1 3 2.1 -1
31 1550.1 1 1.1 64

Record Information

Max

V RMS

ARMS

V Peak

A Peak

V THD-R%

A THD-R%

KWatts

KVAR

TPF

DPF

Frequency

1 Mag %! RMS

0.01 0.8
1.40 785
0.52 29.1
0.88 496
0.25 14.2
0.32 18.2
0.13 75
0.03 16
0.11 6.2
0.07 42
0.05 3.1
0.02 0.9
0.05 3.0
0.04 2.1
0.03 15
0.00 0.3
0.02 1.2
0.03 1.9
0.02 1.0
0.01 0.8
0.01 0.4
0.02 1.1
0.01 05
0.02 0.9
0.01 04
0.01 0.4
0.01 0.7
0.01 0.7
0.00 0.2
0.00 0.1
0.01 0.7
0.01 04

176

Average

Min

12°  Power (KW)
0 0.00

-110

169
180
-86
-50
127
-22
-94
-21
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Readings - 12/27/96 13:43:12

177

Voltage
500
250
Volts
0/ 2.5 5
-250
=500 Time mS
Voltage
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Readings - 12/27/96 13:43:12
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Current

10
5
Amps N
0/ 2.5 5. 7.5 10. 12.5 }5. 17.
-5 I
10 Time mS
Current

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

Harmonic number

usAImmdganuasTuavuy Tvaa 2.5 N-m gunsainiuguwdany

A - Ad o o
in30eiieda FLUKE 41 dendsqunsaintugqundsa



Summary Information

Readings - 12/27/96 13:43:12

Voltage  Current
Frequency 50.0 RMS 139 1.94
Power Peak 2786 3.86
KW 0.17 DC Offset 3 0.01
KVA 0.27 Crest 1.99 1.99
KVAR 0.14 THD Rms 29.0 58.3
Peak KW 0.97 THD Fund 30.3 7.7
Phase 41° lag HRMS 40 1.13
Total PF 0.64 KFactor 48
DPF 0.78
Harmonic Information
Freq. VMag %VRMS v @°
DC 0.0 3 19 0
1 50.0 133 975 0
2 100.0 6 4.1 43
3 150.0 34 246 122
4 200.0 8 6.0 -131
5 250.0 11 8.1 -146
6 2999 7 48 44
7 349.9 5 3.9 112
8 399.9 6 45 -185
9 449.9 5 34 -159
10 4999 5 38 15
11 5499 3 23 164
12 599.9 5 35 177
13 649.9 2 16 -133
14 699.9 3 24 -11
15 7499 3 26 164
16 799.9 3 1.9 185
17 849.8 3 20 -98
18 899.8 1 11 =37
19 949.8 3 22 144
20 999.8 1 0.7 153
21 1049.8 3 25 -105
22 1099.8 o 0.2 44
23 1149.8 2 1.3 127
24 1199.8 1 0.7 -151
25 12498 3 22 -122
26 1299.8 1 0.9 51
27 1349.8 1 04 112
28 13997 2 12 -148
29 1449.7 2 16 - -132
30 1499.7 1 1.0 30
31 1549.7 1 05 -144

Record Information

Max
V RMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
| Mag %! RMS
0.01 0.6
1.58 81.7
0.50 26.0
0.92 477
0.25 13.0
0.25 131
0.14 71
0.09 46
0.09 49
0.06 3.0
0.06 3.0
0.04 1.9
0.05 26
0.02 1.0
0.03 1.4
0.03 16
0.02 1.1
0.02 14
0.01 04
0.02 114
0.01 04
0.02 1.1
0.00 0.1
0.01 06
0.01 03
0.02 08
0.01 0.3
0.00 0.2
0.01 05
0.01 06
0.01 04
0.01 0.3

179

Average

Min

1@° Power (KW)

—41
27
SO

158
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Readings - 12/27/96 13:45.02

180

Voltage
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Readings - 12/27/96 13:45:02
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Summary information

Frequency
Power
KW

KVA
KVAR
Peak KW
Phase
Total PF
DPF

Harmonic Information

Readings - 12/27/96 13:45:02

Voltage  Current
50.0 RMS 185 213
Peak 291 410
0.21 DC Offset 2 0.01
0.33 Crest 1.88 1.92
0.18 THD Rms 249 53.3
1.09 THD Fund 25.7 63.0
43°lag HRMS 38 114
0.64 KFactor 40
0.73
Freq. VMag %VRMS Vv @°
0.0 2 16 0
50.0 150 984 0
100.0 5 3.0 34
150.0 33 215 117
200.0 9 5.7 -121
250.0 6 43 -148
300.0 6 37 60
350.0 8 51 102
400.0 6 42 -133
450.Q 2 1.3 162
500.0 4 28 41
550.1 4 24 122
600.1 5 3.2 -150
650.1 2 1.2 76
700.1 3 1.7 27
7501 3 2.1 147
800.1 3 1.9 -165
850.1 2 1.6 37
800.1 1 0.6 20
950.1 3 20 141
1000.1 1 0.9 -167
1050.1 2 1.6 11
1100.1 1 05 140
1150.1 3 1.8 127
1200.1 1 0.3 -112
1250.1 2 12 -6
1300.1 2 1.2 131
1350.1 2 1.2 108
1400.1 1 0.7 -82
1450.1 1 0.8 6
1500.1 , 2 14 117
1550.1 1 0.6 75

Record Information

Max
V RMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
| Mag %1 RMS
0.01 - 0.4
1.80 85.0
0.49 23.0
0.95 448
0.27 12.5
0.15 71
0.13 59
0.13 6.0
0.10 45
0.03 14
0.06 26
0.04 20
0.05 23
0.02 1.0
0.02 141
0.03 1.4
0.02 11
0.02 09
0.01 0.3
0.02 1.0
0.01 04
0.02 0.8
0.01 03
0.01 07
0.00 0.1
0.01 0.5
0.01 0.5
0.01 0.5
0.00 0.2
0.01 0.3
0.01 06
0.00 0.2

182

Average Min
1@°  Power (KW)
0 0.00
-43 0.20
36 0.00
46 0.01
169 0.00
151 0.00
-22 0.00
22 0.00
145 0.00
72 0.00
-38 0.00
4 0.00
126 0.00
-2 0.00
54 0.00
60 0.00
107 0.00
52 0.00
-53 0.00
48 0.00
100 0.00
-67 0.00
41 0.00
40 0.00
169 0.00
-78 0.00
38 0.00
28 0.00
-165 0.00
-51 0.00
22 0.00
18 0.00
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Readings - 12/27/96 13:46:32

183
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Readings - 12/27/96 13:46:32

184
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Summary Information

Readings - 12/27/96 13:46:32

Voltage  Current
Frequency 50.0 RMS 172 235
Power Peak 303 4.35
Kw 0.26 DC Offset 2 0.01
KVA 0.40 Crest” 1.76 1.85
KVAR 0.25 THD Rms 18.9 468
Peak KW 1.19 THD Fund 20.3 529
Phase 45° lag HRMS 34 1.10
Total PF 0.65 KFactor 33
DPF 0.71
Harmonic Information
Freq. VMag %VRMS VvV @°
DC 0.0 2 12 1]
1 50.0 168 99.1 0
2 100.0 3 2.0 25
3 150.0 29 17.2 112
4 200.0 8 49 -117
5 250.0 2 1.0 -103
6 299.9 5 32 92
7 349.9 8 45 86
8 399.9 5 32 -118
9 449.9 2 1.3 19
10 499.9 5 3.0 90
" 549.9 2 1.1 52
12 589.9 3 1.8 -122
13 649.9 3 16 30
14 699.9 4 24 84
15 749.9 2 0.9 -77
16 799.9 1 05 -110
17 8498 2 14 32
18 899.8 3 15 68
19 949.8 3 15 -106
20 999.8 1 06 -4
21 1049.8 2 1.0 39
2 1099.8 1 05 18
23 1149.8 2 1.4 ~-117
24 1199.8 2 0.9 1
25 1249.8 1 0.7 56
286 1299.8 1 0.7 -88
27 1349.8 2 09 127
28 1399.7 1 0.8 -4
29 1449.7 1 0.4 77
30 1499.7 2 12 117
3 1549.7 0 0.2 -123

Record information

Max
VRMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
I Mag %! RMS
0.01 04
2.08 88.8
0.48 206
0.92 394
0.27 114
0.08 32
0.12 5.0
0.13 54
0.08 34
0.04 16
0.07 28
0.02 0.9
0.03 1.3
0.03 12
0.04 15
0.02 0.8
0.01 0.3
0.02 0.9
0.02 0.7
0.02 0.8
0.01 04
0.01 0.5
0.00 0.2
0.02 0.7
0.01 04
0.00 0.2
0.01 0.3
0.01 04
0.01 04
0.00 0.2
0.01 05
0.00 0.2

185

Average Min
1@°  Power (KW)
0 0.00
-45 0.25
49 0.00
42 0.01
178 0.00
-149 0.00
7 0.00

] 0.00
166 0.00
-57 0.00
5 0.00
-29 0.00
161 0.00
-56 0.00
0 0.00
-169 0.00
-167 0.00
-52 0.00
-16 0.00
173 0.00
-84 0.00
-50 0.00
92 0.00
158 0.00
-94 0.00
-50 0.00
167 0.00
168 0.00
-94 0.00
-51 0.00
150 0.00
-161 0.00
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Readings - 12/27/96 13:47.45
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Readings - 12/27/96 13:47:45

187
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Summary Information

Readings - 12/27/96 13:47:45

Voltage  Current
Frequency 50.0 RMS 187 235
Power Peak 310 410
KW 0.29 DC Offset -3 0.00
KVA 0.44 Crest 1.66 1.74
KVAR 0.30 THD Rms 15.2 376
Peak KW 1.1 THD Fund 15.4 406
Phase 47° lag HRMS 28 0.89
Total PF 0.65 KFactor 26
DPF 0.68
Harmonic Information
Freq. V Mag %V RMS VvV @°
DC 0.0 3 14 0
1 50.0 185 100.2 0
2 100.0 5 2.7 76
3 150.0 24 13.0 101
4 200.0 6 3.2 -79
5 250.0 5 27 -34
6 299.9 5 24 103
7 349.9 4 23 58
8 399.9 5 2.7 -74
9 449.9 4 1.9 -39
10 4999 4 20 122
11 549.9 2 12 -70
12 599.9 3 1.6 -70
13 649.9 1 06 -152
14 699.9 3 1.7 128
15 749.9 2 1.1 -102
16 799.9 1 07 -37
17 849.8 3 1.5 143
18 899.8 1 0.7 113
19 949.8 1 0.5 -38
20 999.8 1 0.5 6
21 1049.8 3 1.4 122
22 1099.8 1 04 -33
23 1149.8 2 1.1 -13
24 1199.8 0 02 -136
25 1249.8 1 0.4 124
26 1289.8 1 06 65
27 13498 2 0.9 -30
28 ' 1399.7 2 08 169
29 1449.7 1 04 -143
30 1499.7 1 0.3 -21
31 1549.7 1 03 -99

Record Information

Max
V RMS
ARMS
V Peak
A Peak .
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
| Mag %! RMS
0.00 0.1
2.18 927
0.34 146
0.76 322
0.18 7.8
0.17 72
0.09 40
-0.07 29
0.08 35
0.05 20
0.05 22
0.03 12
0.03 14
0.01 06
0.03 1.2
0.02 0.9
0.01 0.5
0.03 1.1
0.01 0.5
0.01 04
0.01 03
0.02 0.7
0.00 0.2
0.01 0.6
0.00 0.1
0.00 0.2
0.01 0.3
0.01 04
0.01 04
0.01 0.3
0.00 0.2
0.00 0.2

188

Average

Min

1@°  Power (KW)
0.00

uerasdeyaidInth uazdumesurames varzTnan 4.0 Nom
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027
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



Readings - 12/27/96 13:49:22
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Readings - 12/27/96 13:49:22
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Summary Information

Readings - 12/27/96 13:49:22 191

Voltage  Current
Frequency 50.0 RMS 188 247
Power Peak 31 4.29
KW 0.31 DC Offset -3 -0.01
KVA 0.47 Crest 1.65 1.73
KVAR 0.30 THD Rms 15.4 371
Peak KW 1.18 THD Fund 156 39.9
Phase 45° lag HRMS 29 092
Total PF 0.67 KFactor 25
DPF ‘0.71
Harmonic Information
Freq. VMag %VRMS VvV @°
DC 0.0 3 15 0
1 50.0 186 100.2 0
2 100.1 ) 25 80
3 150.1 24 13.2 108
4 200.2 6 3.2 -70
5 250.2 5 28 -22
6 300.3 5 25 117
7 350.3 4 2.1 68
8 4004 5 26 -55
9 450.4 4 2.0 22
10 500.5 4 2.1 146
11 550.5 2 13 -53
12 600.6 3 1.6 -39
13 650.6 1 0.7 -133
14 700.6 3 16 160
15 750.7 2 0.9 -74
16 800.7 2 0.8 5
17 850.8 3 16 179
18 900.8 1 0.6 157
19 950.9 1 06 29
20 1000.9 1 05 31
21 1051.0 2 1.2 167
22 1101.0 1 0.3 0
23 1151.1 2 1.2 39
24 1201.1 0 0.2 -102
25 1251.2 1 0.3 -154
26 13012 1 0.5 -10
27 1351.2 2 0.9 22
28 1401.3 2 0.9 -131
29 1451.3 1 0.5 -84
30 15014 1 04 75
31 1551.4 0 0.2 72

Record Information

Max Average Min

V RMS

ARMS

V Peak

A Peak

V THD-R%

A THD-R%

KWatts

KVAR

TPF

DPF

Frequency

I Mag %l RMS 1@° Power (KW)
0.01 03 0 0.00
230 83.0 -45 0.30
0.35 144 39 0.00
0.79 319 44 0.01
0.18 74 -139 0.00
0.18 74 -101 0.00
0.10 3.8 36 0.00
0.06 26 -15 0.00
0.08 33 127 0.00
0.05 20 -100 0.00
0.05 22 70 0.00
0.03 12 -145 0.00
0.03 1.4 -124 0.00
0.02 0.7 134 0.00
0.03 1.1 87 0.00
0.02 0.7 -158 0.00
0.01 05 -70 0.00
0.03 1.0 87 0.00
0.01 04 72 0.00
0.01 04 -46 0.00
0.01 0.3 -31 0.00
0.02 06 88 0.00
0.00 02 91 0.00
0.02 0.7 51 0.00
0.00 0.0 -10 0.00
0.00 0.2 125 0.00
0.01 0.3 -98 0.00
0.01 0.3 64 0.00
0.01 0.4 134 0.00
0.01 0.3 -179 0.00
0.00 0.2 -44 0.00
0.00 02 -179 0.00
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Readings - 12/27/96 13:50:48
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Readings - 12/27/96 13:50:48

193
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Summary Information

Readings - 12/27/96 13:50:48

Voltage  Current
Frequency 49.9 RMS 191 265
Power Peak 312 453
KW 0.35 DC Offset -3 0.00
KVA 0.51 Crest 1.63 1.71
KVAR 0.33 THD Rms 145 346
Peak KW 1.28 THD Fund 14.7 36.9
Phase 44°lag HRMS 28 0.92
Total PF 0.70 KFactor 2.4
DPF 0.72
Harmonic Information
Freq. VMag %V RMS vV @°
DC 0.0 3 14 0
1 499 189 100.2 0
2 99.8 5 24 89
3 149.6 23 123 112
4 199.5 6 3.1 -57
5 249.4 6 33 -5
6 299.3 5 2.4 145
7 -349.2 2 13 72
8 399.0 5 2.4 24
9 448.9 4 1.9 13
10 498.8 4 2.1 -176
11 548.7 3 14 -51
12 598.6 3 1.5 18
13 648.5 2 1.2 -124
14 698.3 3 14 -153
15 7482 0 0.0 7
16 798.1 2 1.0 66
17 848.0 3 14 -144
18 897.9 1 03 -101
19 947.7 3 14 101
20 997.6 1 0.3 68
21 1047.5 1 0.5 -96
22 1097.4 1 03 18
23 1147.3 2 12 85
24 1197.1 1 0.5 60
25 1247.0 2 09 -24
26 1296.9 1 0.3 154
27 1346.8 0 0.1 115
28 1388.7 1 06 -52
29 1446.5 1 0.6 -39
30 1496.4 2 0.9 178
31 1546.3 1 0.4 -112

Record Information

Max
V RMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
| Mag %! RMS
0.00 0.1
249 93.9
0.36 134
0.78 29.4
0.18 7.2
0.20 76
0.10 3.6
0.04 14
0.08 3.0
0.05 1.7
0.06 22
0.03 1.2
0.03 1.1
0.03 1.1
0.03 1.1
0.00 0.2
0.02 0.7
0.02 0.9
0.00 0.2
0.02 08
0.00 0.2
0.01 0.2
0.01 0.3
0.02 0.7
0.01 0.2
0.01 0.4
0.01 02
0.00 0.0
0.01 0.3
0.01 0.2
0.01 0.3
0.00 0.2

194

Average Min
12°  Power (KW)
0 0.00
-44 0.34
47 0.00
50 0.01
-124 0.00
-86 0.00
63 0.00
-15 0.00
-99 0.00
-91 0.00
108 0.00
-141 0.00
-67 0.00
154 0.00
137 0.00
-91 0.00
-15 0.00
127 0.00
152 0.00
20 0.00
0 0.00
-167 0.00
45 0.00
13 0.00
-134 0.00
~118 0.00
34 0.00
36 0.00
-127 0.00
-113 0.00
88 0.00
176 0.00
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Readings - 12/27/96 13:52:04
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Readings - 12/27/96 13:52:04

196
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Summary Information

Readings - 12/27/96 13:52:04

Voltage  Current
Frequency 49.9 RMS 215 3.03
Power Peak 306 458
KW 0.45 DC Offset -2 -0.02
KVA 0.65 Crest 1.42 1.51
KVAR 0.46 THD Rms 45 11.7
Peak KW 127 THD Fund 45 11.8
Phase 46° lag HRMS 10 0.36
Total PF 0.70 KFactor 13
DPF 0.70
Harmonic Information
Freq. V Mag %V RMS V@
DC 0.0 2 0.9 0
1 499 215 100.8 0
2 99.9 2 0.8 141
3 149.8 4 2.1 99
4 199.7 2 1.1 6
5 249.7 3 12 41
6 299.6 2 1.1 -121
7 3495 3 14 -119
8 3985 3 12 121
9 449.4 2 1.1 134
10 4994 3 1.2 6
11 5493 1 0.6 13
12 599.2 2 1.0 -111
13 649.2 1 0.3 -35
14 699.1 2 0.9 137
15 749.0 1 0.3 -85
16 799.0 1 0.6 28
17 848.9 1 0.5 -178
18 898.8 1 0.3 -70
19 948.8 1 0.7 70
20 998.7 0 0.2 -121
21 1048.6 1 06 -39
22 1098.6 1 0.3 172
23 1148.5 1 0.6 -154
24 1198.5 1 04 71
25 1248.4 1 0.4 04
26 1298.3 1 04 -39
27 1348.3 1 0.3 23
28 1398.2 1 0.4 -154
29 1448.1 0 0.1 -120
30 1498.1 1 0.3 96
31 1548.0 0 0.0 178

Record Information

Max
V RMS
A RMS
V Peak
A Peak
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
1 Mag %} RMS
0.02 06
3.01 99.8
0.16 51
0.26 8.8
0.09 3.0
0.08 3.0
0.06 2.0
0.06 19
0.06 20
0.04 1.2
0.04 1.4
0.02 06
0.03 1.0
0.01 0.2
0.02 06
0.01 0.3
0.01 0.4
0.01 04
0.01 0.2
0.01 04
0.00 0.1
0.01 04
0.01 0.2
0.01 04
0.01 0.2
0.01 0.3
0.01 0.2
0.00 0.1
0.01 02
0.00 0.1
0.00 0.1
0.00 0.0

197

Average

Min

19°  Power (KW)
0 0.00

-46
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Readings - 12/27/96 13:53:23
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Readings - 12/27/96 13:53:23

199
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Summary Information

Readings - 12/27/96 13:53:23

Voltage  Current
Frequency 50.0 RMS 218 333
Power Peak 305 492
KwW 0.53 DC Offset -2 -0.03
KVA 0.73 Crest 14 1.48
KVAR 0.49 THD Rms 1.8 6.7
Peak KW 1.36 THD Fund 1.8 6.7
Phase 43° lag HRMS 4 - 022
Total PF 0.74 KFactor 1.1
DPF 0.73
Harmonic Iinformation
Freq. VMag %VRMS vV @°
DC 0.0 2 0.8 0
1 50.0 218 100.7 0
2 100.0 1 0.4 -158
3 150.0 1 05 101
4 200.0 1 04 62
5 250.0 2 0.7 -148
6 299.9 1 04 -32
7 349.9 1 04 -85
8 399.9 1 0.3 -143
9 4499 1 04 158
10 499.9 1 0.3 108
11 549.9 1 0.3 32
12 599.9 1 0.3 9
13 649.9 1 04 -45
14 699.9 1 0.3 -98
15 749.9 1 0.3 -148
16 799.9 1 03 155
17 849.8 1 0.3 107
18 899.8 1 03 51
19 949.8 1 03 -1
20 999.8 1 0.3 -51
21 1049.8 1 03 -103
22 1099.8 1 0.3 -151
23 1149.8 1 0.3 160
24 1199.8 1 03 100
25 12498 1 0.2 51
26 1299.8 1 0.3 -1
27 1349.8 1 0.2 -85
28 1389.7 1 0.2 -100
29 14497 1 0.2 -154
30 1499.7 0 02 150
31 1549.7 o 02 101

Record Information

Max
V RMS
ARMS
V Peak
A Peak
V THD-R%
A THD-R%
KWatts
KVAR
TPF
DPF
Frequency
| Mag %1 RMS
0.03 0.9
3.32 1006
0.09 2.7
0.19 5.8
0.04 1.2
0.02 0.5
0.02 0.7
0.02 05
0.02 05
0.02 06
0.01 0.3
0.01 04
0.01 03
0.01 03
0.01 0.3
0.01 03
0.01 0.2
0.01 0.3
0.01 0.2
0.01 0.3
0.01 0.2
0.01 03
0.00 0.1
0.01 0.2
0.00 0.2
0.01 0.2
0.00 0.1
0.00 0.1
0.00 0.0
0.00 0.1
0.00 0.1
0.00 0.1

200

Average Min
1@°  Power (KW)
0 0.00
-43 0.53
125 0.00
107 0.00
-13 0.00
149 0.00
-99 0.00
146 0.00
115 0.00
32 0.00
22 0.00
-75 0.00
-81 0.00
-143 0.00
171 0.00
108 0.00
85 0.00

8 0.00
-19 0.00
94 0.00
-115 0.00
153 0.00
148 0.00
71 0.00
27 0.00
-44 0.00
-40 0.00
-109 0.00
-160 0.00
177 0.00
40 0.00
22 0.00

naasdeyamidalnih uazmmneiuranes vaizTuan 7.0 Nom

o o & as o o
NgUnsalnunuwdsa infesiioda FLUKE 41 dendgunseinaunumdsa



MANUID .

74221 Dual Monostable Multivibrator with Schmitt-Trgger input (iTh 202)
-ULN2003, High Voltage ,High Current Darlington Driver (M1 203 - 207)
-LM334Z , 3-Terminal Adjustable Current Sources (11 208 - 215)
MC1741 ,Operational Amplifier (311 216 - 226)

-AT89C2051 , Microcontroller (MT1 227 - 237)

-PK(PD,PE,KK)25F Thyristor Module (W31 238 - 239)

~MC1408 ,Digital-To-Analog Converter (W11 240 - 250)

201



Dual Monostable Multivibrator with Schrﬁi,tt-Trigger Input

202

54221 /74221

recommended operating conditions

=" * Schottky TTL H‘gh-epeod TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
oL :Pack -. Package . Package - . Park . Pack
‘D‘ov_.l‘c? T:ype' C ;c ;ge Davuce Typo clp Mg Davice Type C :: ;g‘; Device Type C :: ;EZF Device Type C ::;
Ti = -2 N SNS4LS221 I ey [ snsaazs JO YO
g . e N SNTALS221 J OINO SNTazdt 5 OIND)
FAIRCHLD f—— -
MOTOROLA | - -
N.S.C. LA
PHUPS. - N74L5221 [0} NTA22} L]
. . . . 2

SIGNETICS . . i NY4LS22! AQ] NT4221 X
 SIEMENS : : :
FUIITSU TeL522) o * J

; L
HTACH HONLS22 PO HD74221 0] |
MITSUBISH MIILS 221 Pl
NeC
TOSHBA. - I

. Electrical Characteristics SN54LS221/SN74LS5221 \ Pin Assignment (Top View)

absolute max'mum"nlings over operating free-air ;_t;mporature range @

Supaty veltage, veo N swenliag fres-oe | smas [ —ssemaave [ 1 Rext 1
Tnpet valiope ™ —— { smas 9C 10 70C vee . c,:: Coat 10 20 CLR 28 74
Swnge heerakn nege -65C 1 t50C f

SN54L.S22% L SN74LS22] UNIT
MIN NOM MAX | MIN NOM:  MAX
Suscly vollage, VO£ &8 ] 3.3 478 b} 3.2% ¥
fighlevel sutpel corrent, | - 400 ~408 ok
Low itvel eviovt corens, foy 4 3 ah
e ol dise ot Y of " Schmiit saput, § ] B 1 "
put puise, de/dt Lopie rgut A ] ] Y8 -
3 Ao B twin) 0. 40
inavl suise widih T o © L
Cearmachire-sisle Sebd hue, $yotng 13 [ S
Extermal houag manstares, Rort - 1.4 . 1 [X] 100 !
Ertemsl bamag capeeitance, Conl 1] 1000 [] 1000 oF
T Sea=iu sa E
Pt ety cete | M=k ba F] D) >
Ooentiog inna® omponvtare, 14 . . -5 175 0 n ¢
electrical characteristics over recomrnandcd oporaung positive logic: Low wpul 10 ciear resels O low and
free-sir-temperature’ range © T Ngh regard.ess of d¢-c lovels at A
ts.
PARAMETER @ TEST CONDITIONSt | MIN TYP$ MAX-|UNIT V)
VT+  Positive-going thrdshold vottags | Voe=MIN A input 1.0 2l v
Vi~ _ Negativo-going Uveshold voltage | Vog s MIN A loput 0.8 1.0 v
N1y _ Postive-gow; tveshole voltage | Vogw=MIN 8 input 1.0 2 v
Vr- _ Nogative-powng threshold voltage | Voo =MIN B loput 08 -~ 0.3 v
Vs Input_clamp_vohagy - VEg=MIN, _ty=—18m4 -1.5] v Function Table
| _Von __ High-level oulput voltags Veg=MIN, lon=—400uA 2.7 34 v . R
VoL Low-lovei output voltage Veg=MIN, _lof = 8mA .38 0.5{ Vv 22'.' L5221 (EACH MONOSTA )
4 " Input current at mammum-.: _-| VegeeMAX, 0.1l ma INPUTS OUTPUTS
input_voitage Vi1V . . cteAR[A B | 0 @
. . Vcc=Max,
1'%} High-tsvel inout: corrent” Vie=2. 7V W) pA t X . X L H
- H X H
\ . 3o Veg=Max, | tooutd 0.4 . x L
w Low: lcvol input current’! Vim0.4V Tiestbtoor | - .8 X X S L H
TR © e hSNSILS221 | — 20 100 H L LI I S ¥ o
tos . sml-pl;qnl oulu‘n mu)t_ vcc-mx SNTILS 221 | =20 0 mA H ' H nou
. S0 4 i, N I
1cc sﬁnnly-'mv":nf #F~voomMaX 0 . L3 n mA H = high level (steady state)
o o gt a Triggered L] 27 C = lovs level (steady state)
Tirom A woutput 0 - B "45 0 t = transition from low to high level
Wt [iom B oo 07 ] . FEA s . i mnm::':v.w high to fow fevel
I . Vo= S V. Sl one <lavel pulse
1o, e ?5 Ta =isC,| Cou=8007. 221 e L™= ons low-tavel pulse
. irom 8 to eutpul Cr misge | Ment -4 40 [ X = Ireatovant
tPML Irom Glear to-output Q L d - 3% 38! ns
tpLM . | from Clear 10 output O AL =20 W &5 ons |
¥ ST e fn=tF, buto i | 70 120 150} -
! - . . ‘ Cont=t Mri=20 20 47- M| ns
Teloit} <[ rom Aor 810 output-0 orJ Cot 1007, Mut=1R2 | 600 670 750
= i . - Cort = isf. Mut=iONF | 6 6.9 75| ms
e . <
* 1 For tonditions shown as MIN or MAX,uss the sopropnate valus spacifiod under J :
JE AR typical valuoa“are at Voom 5V, Tam25C. . 3 -
* Not more than one cutlput should be shoried at a time. ¥ 3
® P Propagation dolay time, lowsto-high-lavai ouiput. '4

ter, mPropagation detay Ume, lugn-to-low lever output.
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~ 9665-9666 96679668 .-
HIGH VOLTAGE; HIGH CURRENT DARLINGTON DRIVERS

FAIRCHILD LINEAR INTEGRATED CIRCUITS

3

3

t

t

4

{

i

2 .

i GE - i

i GENERAL DESCRIPTION The 9665. 96686, 9§67 anq 9668 are.compnsed of seven CONNECTION DIAGRAM

; high voltage, high current npn Darlington transistor pairs. All units feature common 16-PIN DIP
emitter, open collector outputs. To maximize their effectiveness, these units contain {TOP VIEW)
suppression diodes for inductive loads and appropriate emitter-base resistors for leak- . - PACXAGE OQUTLINE 68, 98
age. PACKAGE CODE 0O, P

The 8685 is a general purpose array which may be used with DTL, TTL. PMOS. CMCS,
2ic. Input current limiting is done by connecting an appropriate discrete resistor to each
nput.

s st e s B b s

The 9666 version does away with the need for any external discrete resistors, since each
4 umt has a resistor and a Zener diode in series with the input. The 9666 was specifically
1 desiyned for direct interface from PMOS logic (operating at supply voltages from 14 to

25 V) 1o solenoids or relays. louT £
The 9667 has a series base resistor to each Darlington pair, thus' allowing operation ﬁuulc
drectly with TTL or CMOS operating at supply voltages of 5 V. f}«:ow.-m

The 9668 has an appropriate input resistor 1o allow direct aperation from CMOS or
PMOS outputs operaung from supply voltages of 6 to 15 V.

) 3 ¢ . RDER INFORMATION
9665, 9666, 9667 and 9668 offer solutions to a great many interface needs, including ] ORDE o N 0
solenoids, retays, lamps, small motors and LEDs. Applications requiring sink currents - TYPE  PARTNO.
beyond the capability of a single output may be accommodated by paralleling the out- ' 9665 9665DC .

TN N B cmwa

 puts. i . 9665 9665PC
f . o " 9666 9666DC
| 3 SEVEN HIGH GAIN DARLINGTON TRANSISTOR PAIRS . © 9666 3666PC
. HIGH OUTPUT VOLTAGE (Veg = 50 V) L . 9667 9667DC

3 HIGH OUTPUT CURRENT [i¢»= 350 mA) ST 9667 9667nC
8 OTL. TTL, PMOS, CMOS COMPATIBLE © .t .} . 9668 3668LC
8 SHPPRESSION DIODES FOA INDUCTIVE LOADS Te 9668 9668PC

[ ]

2 WATT PLASTIC DIP PACKAGE ON COPPER PIN FRAME

EQUIVALENT CIRCUIT
{Each Device) 9665

cOm

9666

com

v
FJ 10.5 %
s

~
>N
4
S w
>

<
<
<
<
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FARUmnD 8RS

AUBSOLUTE MAXIMUM RATINGS (Tp = 25°C)
Output Voltage, VCE
input Voltage, Vi »
Emitter-Base Voltaye, VEBO

-

G
3 C1 O tn
RS

s o 3
& k.

(Ka XX

Continuous Collector Current, ic 500 mA
Continuous Base Current, ig 25
Power Dissipation (68, Kovar lead frame) 1.0
2ower Dissipation (9B, Copper lead frame)® 200
Pin Temperature (Molded DIP, Soldering. 10 s) 260%
(Hermetic DIP, Soldering, 60 s) 300%
Ambient Temperature Range {operating), To 0°C to +£5°
Siorage Temperature Range, Tg —65°C to.+180°C

“Undnr normal operating conditions. these units will sustain 350 mA per outpul with VeEfsan = 1.6 V at 70°C with a pulse width of 20 ms and a duty o'

INGH

’

»

ELECTRICAL CHARACTERISTICS: Tp = 25°C (unless otherwise noted)

¥MBOL GHARACTERISTICS FGURE | TEST CONDITIONS (Note 1) . MIN | TYP | MAX | uniTs

ICE~ Output Leakage Current 1a VCg =60V, Ta = 70°C 100 HA
1b VCE = 50 V., Tp = 70°C, Viy = 6 V (9666) 500 BA
b VcE =50V, Ta = 70°C, Vjy = 1 V {9668) 500 HA

VCEisar) Collector-Emitter Saturation 2 Ic =350 mA, Ig = 500 pA 1.25 1.6

Voltage 2 ¢ = 200 mA, Ig = 350 uA 1.1 1.3

- 2 Ic = 100 mA, Ig = 250 puA 0.9 1.1
INION) Input Current 3 ViN = 17 V (9666) 0.85 1.3 mA
3 VIN = 3.85 V (9667) 0.93 1.35 mA
3 Vin = 6 V (9668) 0.35 0.5 mA
3 Vin = 12 V (9668) 1.0{ 1.45 | mA
IIN(OFF) Input Current (Note 2) 4 Ic = 500 uA, Ta = 70°C" 50| 65 HA
ViN(ON) Input Voltage (Note 3) 5 Vee = 2V, Ig = 300 mA (9666) 13 v
" 5 Vee =2V, Ic = 200 mA (9667) 2.4 v
5 VCE = 2V, Ig = 250 mA (9667) 2.7 v
5 | Veg =2V, I¢ = 300 mA {9667) 30| v
- 5 | VCE=2V.Ic=125mA (9668) 50| v
. 5 VCE = 2 V. Ig = 200 mA (9668) 6.0 v
Lot T8 T I VCE=2V,Ic=275mA (9668) 7 T 701 .V
5 | Vcg=2V.i¢c =350 mA (9668) e vgo | v

heg .g;:“zorward Cgrrem Transfer 2 Vg = 2V, Ig = 350 mA (9665): 1000
CiN Input Capacitance R 15 30 pF
tpLH Turn-On Delay’ K 0.5 ViN to 0.5 Vout 1 us
tPHL Turn-Off Delay = ~~7v 7 - - 0.5 Vin to 0.5 Voyt 1 us
IR Clamp Diode L. -akage Current VR=60V 50 LA
Vg * Clamp Diode Fi- ward Voltage IF = 350 mA ) 17| 20] v
NOTES: )

1. All limits stated apply to the complete Darlington series except as specilied for a single device type.
2. The hiniOFF) current limit guaranteod against partial turn-on of the output.
3. The VIN{ON) voltage limit guarantees 3 minimum output sink current per the specified test conditions,

o e

e .

v 4y

I3

< e

O TR




FAIRCHILD « 9665 » 9666 * 9667 » 9653

,

ic  COLLECTOR CURRENT - ma

INPUY VOLYAGE v

VIN -

TYPICAL ELECTRICAL PERFORMANCE

COLLECTOR CURRENT COLLECTOR CURRENT INPUT CURRENT AS A
AS A FUNCTION OF AS A FUNCTION OF FUNCTION OF INPUT
SATURATION VOLTAGE INPUT CURRENT VOLTAGE FOR TYPE 9666
80U 7 400 ¥ / 2.0
’
TYPICA ! < * " /Z
L 4 € TYPICAL MAX MAX A
(2 PARALLELED DEVICES)~{—__/ h / < /] -
600 : L. 300 7 £ 1 :
; 5 T : T
s g R g >
’ 3 ’ / ! & v Ve
400 [ « 200 4 | i 3 10 o ] b2 +
g / ! 2 b
S N B A (ST S N AU AN S LI W A R S A
FYPICAL e / 4 LI 1 § ;i i !
., (SINGLE DEVICE)~ ~f-- e j—-|o 3 N ; i
200 - , G 100 - 2 0.5F—
A N L / ) = y
'Il/ L/ [ ,/ /
o 0 L °
0 0.6 1.0 1.5 [ 200 200 800 12 14 16 18 20 22 24 26
VCE(set) - SATURATION VOLTAGE - v i - INPUT CURRENT - »A ViN = INPUT VOLTAGE = v
. ALLOWABLE AVERAGE
INPUT CURRENT INPUT CURRENT PACKAGE POWER
AS A FUNCTION OF AS A FUNCTION OF DISSIPATION
INPUT VOLTAGE INPUT VOLTAGE AS A FUNCTION OF
FOR TYPE 9667 FOR TYPE 9668 : AMBIENT TEMPERATURE
= V L G n L I 2 DEVICE LT ! i
A o 2 !
Max/ | Tvp, 2 i ——— —
2.0 Z : ~ z \ngc':&‘ LEAD sn,u?s
2’ t 158 Z s ! : i
f / i, ! H |
/L z 2 0 ’
5 (g w [~ w i\
/ A g - M%/ g \ \\
/17 3’ o= % ; <
1.0 /7 5 L 55y -~ ?‘,“ ;\\ AN
2 S el [TYE - % ! \ ‘\\ :
4% L 08 =l & 9.5|—KOVAR LEAD FRAME S .
0.5 = 2 L~ w 125°C,W No 4
4 L= a : S
< T NI
g | e
[ o 2 o .
2 3 4 8 8 7 8 9 § 8 7 8 9 1 13 2 < o 50 100 150
HN = INPUT CURRENT ~ mA VIN ~ INPUT VOLTAGE -~ V AMBIENT TEMPERATURE ~ °C
PEAK COLLECTOR CURRENT PEAK COLLECTOR CURRENT
AS A FUNCTION OF AS A FUNCTION OF
DUTY CYCLE AND NUMBER DUTY CYCLE AND NUMBER
OF-QUTPUTS OF OUTPUTS
(PLASTIC PACKAGE) {CERAMIC PACKAGE)
400

- mA
.
=3
d

INNNANEE WA\ )
NN

<
z £

g 1

: 3 \\

2 100 8 300

3 N 2 \

5 8 \ a )

g - LN N D P e At

3 womsen'or | Nk N = \

2 ouTPUTS \\ p o \ \

I 200 {~-CONDUCTING \\ 9 200 ] N
w SIMULTANEQUSLY ™~ 2 \

w TA = 70°C \ 2 NUMBER OF X

] ] OUTPUTS -

< 3 CONDUCTING N 1

g SIMULTANEOUSLY

3 Ta * 70°C N
.2 100 100

< 20 40 80 80 100 ) 20 40 60 80 100

ODUTY CYCLE - % OUTY CYCLE ~ &




FAIRCHILD » 9665 » 9666 » 9667 + 9668
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TEST CIRCUITS
Fig. 1a

Fig. 1b
OPEN +50V
O

OPEN +50 V
O O

Fig. 3
OPEN

Fig. 4

OPEN +50 V
O O

Fig. 6

Fig. 7
+50V




FAIRCHILD - 8685 + 3656 » 8667 » 9553
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TYPICAL APPLICATIONS
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National
Semiconductor
Corporation

LM134/LM234/LM334

' 3-Terminal Adjustable Current Sources

General Description

The LM134/LM234/IM334 are 3-terminal adjustable cur-
rent sources featuring 10.000:1 range in operating current,
excelient current regulation and a wide dynamic voliage
range of 1V to 40V. Current is established with one external
resistor and nc other parts are required. lnitial current accu-
racy is =3%. The LM134/LM234/LM33¢ are true floating
current sources with no separate power supply connections.
In addition, reverse applied voltages of up to 20V will draw
only a few dczen microamperes of current, aliowing the de-
vices to act as both a rectifier and current source in AC
aopiicabions.

The sense voltage used 10 establish operating current in the
LM33¢ is 64 mV at 25°C and is directly proportional to abso-
hne temperature (X). The simplest one external resistor
connection, then, ganerates a current with = +0.33%/°C
temperature dependence. Zero drift operation can be ob-
tained by adding one extra resistor and a diode.
Aoplications for the new current sources inciude bias net-
warks, surge protection, low power reference, ramp genara-
tion, LED driver, and temperature sensing. The LM134.3/

LM2354-3 and LM134-6/LM25¢-6 are specified as true tem-
perature sensors with guaranteed initial accuracy of £3°C
and =6°C, respectively. These devices are idaal in remote
sense epplications because series resistance in long wire
runs does nat affect accuracy. In addition, only 2 wires are
required. v
The LM13¢ is guaranteed over a temperature range of
—55°Cto = 125°C. the LM234 from —25°C to + 100°C and
the LM334 from 0°C to + 70°C. These devices are available
in TO-6 hermetic, TO-82 and SC-8 plastic packages.

Features

# Operates from 1V to 40V

® 0.02%/V current regulation

& Programmable from 1 pA 10 10 mA

B True 2-terminal operation

B Avsilable as fuily specified temperature sensor
® =3% initial accuracy

Connection Diagrams

S0-8 TO-46 TO-92
Surface Mount Package Meatai Can Package Piastic Package
NV YN vt R V”
s J7 ls s
L V-
TL/H/5697=10
Bottom Yiew
TUH/SET-12
Bottom View Order Number LM334Z, LM234Z-3

T & b I

R v v ¥

P 3 is slecncaily connecied 1o case.
Order Number LM 134K, LM134H-3,

or LM234Z-6
See NS Package Number ZO3A

TUL/H/8687-24 LM 134H-5, LM234H, LM234H-3,
Order Number LM334M L.M234H-6, or LM334H
See NS Package Number MOBA See NS Package Number HO3H
Typical Application
Basic 2-Terminal Current Source
i
v
[}
Mzt
=
[
“Vin

TUH/5687 -1
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Absolute Maximum Ratings

it Military/Aerospace specified devices are required,
contact the National Semiconductor -Sales Office/
Distributors for availability and specifications.

V™ 10 V™ Forward Voitage

LM134/LM234 . 20V
LM334/LM134-3/LM134-6/LM234-3/LM234-6 3oV
V* 1oV~ ReverseVoltage * 20v
R Pinto V™ Voltage sv
Set Current 10 mA
Power Dissization 400 mwW

Electrical Characteristics note 1)

Operating Temperature Range (Note 4)
LM134/LM134-3/LM134-6
LM234/LM234-3/LM234-6

-355'Cto +125'C
—-25'Ctc +100°C

LM334 0'Cto +70°C
Soldering Information
TO-82 Package (10 sec.) 260*C
TO-4€ Package (10 sec.) 300°C
SO Package
Vapor Phase (60 sec.) 2158'C
Infrared (15 sec.} 220°C

See AN-450 “Surtace Mounting ‘Methods and Their Etfect
on Product Reliability”™ (Appendix D) for other methods of
soldering surface mount devices.

M1
Parameter Conditions Dl o LM334 Units
Min Typ Max Min Typ Max
Sel Current Error, V* =2.5V, 10 };Aslsgs1 mA 3 6 %
(Note 2) 1 mA<IgzT<EmA 5 8 %
2 pA<IgET<10 pA 8 12 %
Ratio of Set Current to 100 pALigsT< 1 MA 14 18 23 14 18 26
V™ Current 1 mA<igeT< S mA 14 14
2 pA<lgeT< 100 A 18 23 18 26
Minimum Operating Voltags 2 pA<Iger< 100 pA 0.8 0.8 v
100 pA<IgeT< i MA 0.9 0.9 v
1 mA<lgzT<S mA 1.0 1.0 v
Average Change in SetCurrent | 2 pA<Isgr<imA vd
with input Voltage 155Vt <5V 0.02 | 005 0.02 0.1 %/V
svsv* caov 001 | 003 001 | 005 | %/V
1mA<IigeTs EmA
1.5veVe sV 0.03 0.03 %/V
sV<V<aov 0.02 0.02 %/V
Temperature Depandences of 25 pA<igETS T MA 0.96T T 1.04T | 0967 T 1.04T
Set Current (Note 3)
Eftective Shunt Capacitance 15 15 pF

Note 1: Unless otherwise fed, 1ests are P

‘uT,-ZE'thpululcstmgsomlmlmlmcomnmmngcmml.

Note 2 Set current is the current fiowing into the V* pmn. ltis

ined by the 1ol

a porcent deviation from this amount. Iszy increasss at 0.336%/C & T)=25°C.

Note 3: lspt is drectly proporbonal 1o sbsolute temperahure (K). lsgs at any
CK).
Note 4: For sievated temperature operation. T) men is:

LM134 150°C
LM234 125°C
LM334 100°C
Thermal Aesistance TO-52 YO8 | SO-$
OpumﬂontoAnciom) 180°C/W ({0.4° leacts) | 440°C/W 165°C/W
160°C/W (D.125" leads) :
8 (Juncron 10 Case) N/A oW | NA

formula: Isgy = 67.7 mV/Regy (€ 25°C. Set current emos is expressed as

can be from: Igg = by (T/T,) where Ly is iszt measwrea at Ty
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Electrical Characteristics (Note 1) (Continued)
134- 34-. ) 134-6, 34-6
Parameter Conditions LM134-3, LM234-3 LM LMz Units
Min ' Typ Max Min Typ Max
Set Current Error, V+ = 2.5V, 100 A <lgeT < MA =1 22 %
(Note 2) T=25°
Egquivalent Temperature Error =3 =6 I ‘C
Ratio of Set Currentto V- 100 pAgigey<ImA 14 18 26 14 18 26
Current
Minimum Operating Voitags 100 pA lggT< I mA 0.9 0.9 v
Average Change in Set Current 100 pALlger<T mA
with Input Voltage 1.5sV+ <5V 0.02 0.05 0.02 0.01 %/V
EVSV+ <30V 0.01 0.03 0.0% 0.05 RIV
Temperature Dependancs of 100 pA<igeT<S 1 mA 0.98T T 1.02T C.s7T T 1.03T
Set Current (Note 3) and
Equivalent Slops Error $2 *3 %
Eftective Shunt Capacitancs 15 15 pF
Typical Performance Characteristics
\
Maximurn Slew Rate for
Output Impedance Linear Operation Start-Up
1 "
= = ——— - 3 [y by b !
—‘;ﬁ‘-;’l.‘ il o 2 7= ~ma | |
ll’:\'j; X -!-u“ux-xr.!«én: s RN
e - 3 T ; b
g RPN AT : z .:,: :.: | il :u.a i bl |
- LI I BT A ¢ B i ;
i,,) RTINS e TSN i | i
: ———— g VI 1 ] tnk A PTaerwy—
U e tmAt 14'; (14 = - ® : i ' . [
[ .—"‘:ﬂ'_\,. T ] ? " T t 1
- IS Wy -.::::::o T — :: T r ) wewr | | |
" %0 m » 1o Wk TGuA  Ima WA
FAEGUERCY (Mr) ey TIME (Now mas Shangm o1 oomb awvsow tovel)
Transient Response Yoitage Across Rger Current Noise
™
EE=rERN : Va : = :
! Tl hgpe imA 4 11 (IR
! o » PR AL [MNE
T i ;I e
2 HA A : o« A O T Ml N1
s et — s j x E— ]
Fooliu= =f Tun-mu g ® < §  Emhnewe T
L4 2 > H W 1L}
”» ‘ " " [N Iggye Wuh ]
[ " gy T | g A — ran \'[
-n : » T 1] (MNANIE
8 s JI 4 11 T R TR
ETOC BN I U IR 2. ) " w n [T
TEw AT D) FREQRINCY INn)

THeE (New male shangm for cush euevent)

TIHIS89T-2
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F/p B 4
Typical Performance Characteristics (Continued)
Turn-On Voltage Ratio of Iggt 10V Current
10mA T
N ST — w O T TT0 1 1
~7| Aser - MQ |
1mA A — " |
- 7 '“sn‘:m— , ~
= / Rgp = $3082— 2 H
100 wA . = B , |
A S =
1
—H“sn'”" "
10 A y S '
. T i )
. S N Bl
104
L] 0.5 0s 1.0 12 14 18 pA 100 A imA 10mA
V* T0 V= VOLTAGE ISET
TL/NI8697-3

Application Hints

The LM134 has been designed for ease of appiication, but a
general discussion of design features is presentec here to
tamiliarize the designer with device characteristcs which
may not be immediately obvious. These inciude the etfects
of slewing, power dissipalion, capacitance, noise, and con-
tact resistance.

SLEW RATE

Al siew rates above a given threshold (see curve), the
LM13¢ may exhibit non-linear current shilts. The slewing
rate at which this occurs is directly proportional 10 lsgT. At
lggr™ 10 pA, maximum dV/dtis 0.01V/ps: al IsgT=1 MA,
the limit is 1V/ps. Siew rates above the limit do not harm
the LM134, or cause large currents to flow.

THERMAL EFFECTS

Internal heating can have a significant effect on current reg-
viation for gzt greater than 100 kA. For axample, each 1V
increase across the LM134 at iggy=1 mA will increase
junction temperature by = 0.4°C in still air. Output curent
(is7) has a tempaerature coetficient of =0.33%/°C, sc the
change in current due to temperature rise will be (0.4)
{0.33)=0.132%. This is a 10:1 degradation in reguiation
compared to true electrical effects. Thermal effects, there-
fore, must be taken into account when DC regulzation is crit-
ical and lggT exceeds 100 pA. Heat sinking of the TO-46
package or the TO-82 leads can reduce this effect by more
than 3:1.

SHUNT CAPACITANCE

In certain appilications, the 15 pF shunt capacitance of the
LM132 may have to be reduced, either because of loading
problems or because it limits the AC output impedance of
the current source. This can be easily accomplished by buff-
ering the LM134 with an FET as shown in the applications.
This can reduce capaciance ic less than 3 pF and improve
regulation by at least an order of magnitude. DC character-
istics {with the exception of minimum input voitage), are not
stfected.

NOISE

Current noise generated by the LM134 is approximately 4
times the shot noise of a transistor. if the LM134 is used as
8n active load for a transistor amplifiet, input referred noise

will be increased by about 12 dS. In many cases, this is
accepiable and & single stage amplifier can be built with a
voltage gain exceeding 2000.

LEAD RESISTANCE

The sense voltage which determines operating current of
the LM 134 is less than 100 mV. At this level, thermocouple
or lead resistance effects shouid be minimized by locating
the currant setting resistor physically close 1o the device.
Sockets shouid be avoided if possible. It takes only 0.7
contact resistance to reduce outpul current by 1% at the
1 mA jevel.

SENSING TEMPERATURE
The LM134 makes an ideal remote temperature sensor be-
cause its curemt mode operation does not lose accuracy
over long wire runs. Output current is directly proportional to
absoluta temperature in degrees Keivin, according to the
following formula:
_(227vrRm

Rser
Calibration of the LM134 is greatly simplified because of the
fact that most of the initial inaccuracy is due 1o a gain term
{slope error) and not an offset. This means that a cafibration
consisting of & gain adjustment only will trim both slope and
zero 3t the same time. In addition, gain adjustment is a one
point trim because the output of the LM134 extrapolates 1o
zero et 0°K, independent of Rsgy of any initial inaccuracy.

Iser

1 3
"t WNTIAL DUTPUT, g
I
] a
1
! I _tisiatp
) T ouTPUT
] ]
1] o :
4 ]
1
} ; |
v ] b
} t 1
1 1 1
! t |
. 1 ] 1
4 re " n k2]
TL/H/S687 -4

This property of the LM134 is ilustrated in the accompany-
ing graph. Line abc is the sensor current bsfore timming.
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Application Hints (Continued)

Line a'b’c’ is the desired output. A gain trim done at T2 will
move the output from b to b* and will simultaneously correct
the siope s¢ thal the output at T1 and T2 will be correct.
This gain trim can be done on Rggy or on the Ioad resistor
used to terminate the LM134, Siope error after trim will nor-
mally be less than = 1%. To maimain this accuracy, howev-
er, & low temparature coefficient resistor must be ussd for

RseT-

Typical Applications (continueq)

Zero Temperature Coetficient Current Source

“Vin

lo
v +
O
v
P AANA g
[
D1 SET R®
IN4ST ~18 ReeT
=Yy

TL/H/5887413
*Select ratio of AT 10 Rgzy 1o odtain zere onft. 1= = 2lger

-

Ground Referred Fahrenheil Thermometer

56k

Vg2V

Yout* 1 mV/F
'W'F <TCBEF

TUMI5E8T=18
*Seiect R3 = Vger/582 pA. Vagr may be sny stable positive vohage 22V
Trim R3 to calibeate

A 33 ppm/*C drift of Rget will give a 1% slope error be.
cause the resistor will normally see about the same tamper.
ature variations as the LM134. Separfling Rget from the
LM134 requires 3 wires and has lead resistance problems,
50 is not normally recommended. Metal film resistors with
less than 20 ppm/°C drift are readily available. Wire wound
resistors may aiso be used where best stability is required.

Terminsting Remote Sensor for Yoltage Output
“Yin

v

R

RseT
v-
Voyt * Nse7iiRy)
VY vk FoR
Rggy = 2380
Ry s 18
—

Low Output impedance Thermometer
Vi 243V

v

TL/H/5887~16

ne
n 800

Vout * ¥ ev/X
Zgyrsmen

J

TI/H/5657-8
*Outpwt impecance of the LM134 at the “R™ pin is.
npmwﬁ-moﬂ.emmm
d 1o the V= pin. This
mmmnmmanundumw:wds

ormbymmmwmhm
with the output. .
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‘riTypical Applications (continued)

Low Output Impedance Thermometer Higher Output Current
“Vin - .VIN
%m A2
L 308 2N2805
3
me
1%—-‘ l—-ﬁ
v
v
[ —J—' JR Yoyt * 18mV/ K
2.0022 = Zoyr< 20 ( ML
Rl L
v 160 i
v SET
Re
(¥ I
* -Vin
- TL/MI5EE7-5
TULINISE9T~ 16 *Select R1 and C1 tor optimum stability
Micropower Blas Low Input Voltage Reference Driver
“Vin *Vin 2 YRgr - 200 my ¢
L4250 >
'
‘ 'R Vour s Vz+ K my 825°C
v our < ImA
D
p Pser LM120
—AAA—g - LM136
(213 tm113
ETC
v
v
-Vin
TU/H/5E8T-17 =
TL/HI5667-18

Ramp Generator

iy

v

RESET —J—l—

TL/M/5687~19
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Typical Applications (continved)

1.2V Reference Operates on 10 uA and 2V
VN2V

v

R
R 5
Vouyt* 12V
lpyy Stud
n.
[ ¥ 13

\ s 1%
> ny®
Py .
0.001 ey ~

i 18087
TL/H15687-20

“Select rauo of R1 to R2 1o obtein zero temperature onft

1.2¥ Regulator with 1.8V Minimum input

> 4 Vin2 18V

Yoyt =12V
lour <0044

18457

R1®

afk
EE %
n -
8
v %

-

TU/HIEE977
*Selectratio of R1 10 R2 for zero 1smperature Orift

Zener Blasing Alternate Trimming Technique Butfer for Photoconductive Cell
Vi *Vin
'v’ v
R R v
15V T
rser R A
Ve W AseT
S Vour ;1 Se— 2
~ v

vz

=Vin

*For =10% adusiment, sekect RseT
10% high, snd make R1 = 3 Rger

TUL/H/5687-8

FET Cascoding for Low Capacitance and/or Ultra High Output Impedance

“Vin
et §
a”
v0

Rser

iy
TUMH/5687-28

*Vin

v

TL/M/5897-22

*Select O1 or O2 10 ensure a2 least 1V across the LM134. Vi, (1 — Isgr/lpss) 2 12V,
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Typical Applications (Continued)
Generating Negative Output impedance In-Line Current Limiter
T Mgy

Rt* v v v-
*Vin

1.
S

0P AMP v

=Vix
TL/H/5887-23

*Zoyt = =16 * R1 (R1/V)y must not exceed IseT)

TL/M/8657-0

*Use minimurn value reguec 10 ensure stabiity of protected device. This
Fanemizes Inrush custent 10 & direct shorl

A
NN

Schematic Diagram

TL/H/5687=11
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ORDERING INFORMATION

Tempersture
Devica Ahernate Range Pachage
MCI731CD - ¢°C to - 70C SO-8
MCI221CC LM741CH, WAT8INC ¢Cro - 720°C Me:al Con

MZ17£1CP1  LMT74ICN, xATSITC 0*Cro - 70°C Plasue DIP
0Cto - 70°C Ceramic DIP

MCI741CU -
MC1741G -_ -55°Cto = 125°C  Metal Can
MCI731U — -88°Cto ~125°C  Cerarmc DIP

MC1741
mMC1741C

INTERNALLY COMPENSATED, HIGH PERFORMANCE
OPERATIONAL AMPLIFIERS

.. . designed for use asa summing amphfier, integrator, or amplitier with
operating characteristics as a function of the external feedback

OPERATIONAL AMPLIFIER
SILICON MONOLITHIC
INTEGRATED CIRCUIT

components.

No Frequency Compensation Required
Shor1-Circuit Protection

Otfset Voltage Null Capability

Wide Common-Mode and Ditferential Voltage Ranges
Low-Power Consumption

No Latch Up

G SUFFIX
METAL PACKAGE
CASE 603-04

NC

E
{Top View]
Pt SUFFIX
MAXIMUM RATINGS (Tp = + 25°C unless otherwise noted) PLASTIC PACKAGE
Rating Symbol' MC1741C | MC174% | Unit CASE 626-05
Power Supply Voltage Vee -18 +22 Vdc
Veg -18 -22 Vdc
Input Ditferential Voltage . Vip =30 Vohs U SUFFIX
— CERAMIC PACKA
Input Common Mode Vohage (Note 1) vVicm =15 Volts CASE 833-02 PE
Qutput Short Circuit Duration (Note 2} 15 Continuous
Opersting Ambient Temperature Range Ta | c10-70 f— 8510 ~ 125 °C & PLAS%E%F‘F(':):(AGE
. Ll
Storage Tempersture Range Tsig c 8 ~-” CASE 751-02
Metsl and Ceramic Packages -651t0 - 150 ] SO-8
Plastic Packeges -551t0 ~ 125 ser Nun Ine
Note 1. For supply voitages less than = 15 V, the adsolut imum input voltage is equsat o Inve Input E-_I Svee
the supply vohage. Nomnvy tnput [T, 2 Outout
Note 2. Supply vohage egqust 10 of less than 15 V. vee & EO”'" Nt
{Too View)
EQUIVALENT CIRCUIT SCREMATIC
vee
- -0
[
3 R : 'J
N
NOK IVERTING 1
eyt v
s }
|)/ 4 b
ne -~ <
INVERTING < 30 9% §
eyt f{ N ’ 188" ouTPuT
© A ” °
Y
N >
* 4 <58
by — N '
OFFSET O~ A
it o T | S
wsi: S %un o 2 s
M O

vee
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ELECTRICAL CHARACTERISTIC!

S (Voo = - 15 V.V = - 18 V. Ta = 257C unless otherwise noted).
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MC1741 MCc1741C
Charactersiic Symbol Min Tvyp Max Min Tvp Max Unit
Input Ottset Voitage . Vio - 10 5.0 - 2.0 6.0 mv
IAg < 10 M)
Input Ottset Current [Te) 20 200 - 20 200 nA
Input Bias Current ha - 80 500 - 80 500 nA
Input Resrstance ’, 0.3 2.0 - 0.2 2.0 - M)
Input Capacitance c, - 14 - - 1.4 - pF
Offset Vortage Adjustment Range VioR +15 - - +15 - mv
Common Mode Input Voltage Rangt VicR : 12 <13 - =12 +13 - v
Large Sigral Vottage Gan A, S0 200 20 200 - Vimv
{tvg * 210V, R 22.08)
Output Resistance o - 75 - 75 - 1
Comonr Mode Rejection Ratio CMRR 70 90 70 90 - dB
tRg €10 &}
Supply Voliage Rejection Rato PSRR 30 150 - 30 150 pVIV
{Rg <10 &)
Output Vorlage Swing Vo v
Ry 210K 232 218 - 212 214 -
{Ry R 2k . <10 =13 - +10 =13 -
OCutput Short-Circunt Current toy - 20 - - 20 - mA
Suopty Current o 1.7 2.8 - 1.7 2.8 mA
Power Consumption Pc 50 85 . 50 85 mw
Transient Response (Urity Gain - Non-investing}
(Vir20mV R 128, C < 100 pF i Ruse Timw TLH 03 - 0.3 - Hs
(Vp s 20mv Ry =24, Cy & 100 pF) Overshoot os 15 - 15 - %
tVys 10V, R ~2k C <100 pF} Siew Rae SR 05 - - 0.5 - Vius
ELECTRICAL CHARACTERISTICS (veg = -15V. Vgg = =15V, Ta = Tiow 10 Thigh uniess otherwise noted).
MC1241 . MC1741C
Characieristic Symbol Min Typ Max Min Typ Max Unit
Input Offser Voitage V10 - 1.0 6.0 - - 7.5 myv
tRg S 10k
1nput Otfset Current ho nA
{Ta = 125°C) - 7.0 200 - - -
IT4 = -55°C) - 85 500 - - -
{Tp = 0°C 10 - 70°C) - - - - - 300
Input Bias Current he nA
T = 125°C) - 30 500 - - -
T4 = -55°C) - 300 1500 - -
(T 4 = 0°C 10 -70°C} - - - - - 800
Common Mode fnpul Votage Rangt VIiCR <12 13 - - - - v
Common Mode Rejection Rano CMRR 70 90 - - - oB
{Re S 10 &)
Suppiy Vohage Ryectiun Rano PSAR - 150 - - - VIV
{Rg £ 10k
Output Voltage Swing Vo \4
1Ry & 10 k) =12 *14 - - - -
(R 22} 110 213 ~ +10 213 -
L.arge Signat Vottagr Gan A, 25 - - 15 - - vimv
(R B2k Voy »210V)
Supply Currents o mA
ITa = 125°C) - 15 25 - -
T4 = -55°C) - 2.0 33 - -
Power Consumption (T 4 = +125°C) Pc - 45 75 - - mw
iTa * -55°C) - 60 100 - h -
*Thign * 1259C tor MC1741 and 70°C for MC1241C

Tiow * -55°C for MC1741 ana 0°C for MC1741C
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FIGURE 1 -~ BURST NOISE versus SOURCE RESISTANCE
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FIGURE 3 = OUTPUT NOISE versus SOURCE RESISTANCE
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FIGURE 2 ~ RMS NOISE versus SOURCE RESISTANCE
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FIGURE 4 = SPECTRAL NOISE DENSITY
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FIGURE § — BURST NDISE TEST CIRCUIT

1008 Coreranong Ampider
unger Test

ll'—- -

Unhihe ccnventional pesh reading or ANS meters, thi system was
especially orngnes 10 proviae the gusCh response time essential 1o
burst (popcorninone testing

Poustive
Threshola
Voitage

——t % 500 x2

Lo Prss .
Falter
10 M 107 ke

To Pass/Fan
incwcator

Negative
Theesnola
Votiage

The test ume empioved s 10 seconds and the 20 sV pesh
st refecs to the operanonal amphitier input thus ehminating
errgrs on the closed-ioop gain lactor of the operational ampirfier

unger test
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TYPICAL CHARACTERISTICS
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FIGURE 6 = POWER BANOWIDTH
ILARGE SIGNAL SWING versus FREQUENCYI)
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Av, VOLTAGE GAIN (48)
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FGURE 12 — NONINVERTING PULSE RESPONSE
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FIGURE 13 — TRANSJENT REPONSE TEST CIRCUIT
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ORDERING INFORMATION

Device Temperature Range Pachage
MC17418G -55"Cto -125°C Metai Can
MC17415CD 0*Cto ~70°C s0-8
MC1741SCG 0C 1o +70°C Metal Can
MC17215CPY 0Cto +70°C Plastic DIP

221

MC1741$S
- MC1741SC

OPERATIONAL AMPLIFIER

settling time and high slew rate.

No Frequency Compensation Required
Short-Cireuit Protection

Otiset Voliage Nult Capability

Wide Common-Mode and Differential Voltage Ranges
Low Power Consumption

No Latch-Up

HIGH SLEW RATE, INTERNALLY COMPENSATED

The MC1741S/MC17418C is functionally equivalent, pin com-
patible, and possegses the same ease of use as the popular MC1741
cireuit, yetr offers 20 umes higher siew rate and powet bandwidth.
This device is ideally suited for D-10-A converters due to its fast

High Slew Rate — 10 V/us Guaranteed Minimum (for unity gain only)

OPERATIONAL AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

G SUFFIX
METAL PACKAGE
CASE 601-04

v ~50V v,'.-:ovn«
G Ay Ry T Qs

By eu0e
3

\ -
MLk ad e ...20——~w—.——-—.\',..
A,,h_.l | B
7 ' 1.
—;o—yw——-.
&3 . MCTIS06L 8 3
Yy M rami 3
o9 Seerey
AL
|
Al 20 — ]
a? (ki 2
Y a
L LN A —o—-‘

—-ir—i
Veg o=y "o

Pins not shown are not connected.

Settfing time to within 1/2 LSB (=195 mV) is spprosi
mately 4.0 us from the time thay ait bits we switched.
*The value 0f C may by seiecred 10 minimize owershoot
and ringing [C » 150 pF).

TYPICAL APPLICATION OF OUTPUT CURRENT TO
VOLTAGE TRANSFORMATION FOR A D-TD-A CONVERTER

D SUFFIX
» Pt SUFFIX PLASTIC PACKAGE
PLASTIC PACKAGE CASE 751-02
" CASE 626-05 sO-8

(Top View)

Theoretical Vg

v ""'m ol [M JA2 A3 AL A5 AG AT AS
LTy TR TR TR T T

Adjust Ve, R1 0r RQ 30 that Vg with all digital inputs at high leve!
isequal 10 9,961 volts.

2v 1131 1 1 1 255
-_. . - —|a 10V |—1] 8861V
vorqysu [2 I RRTRE u'm‘zss] [zss] ¥

MC1741S LARGE-SIGNAL TRANSIENT RESPONSE

STANDARD MC1747 versus MC1741S RESPONSE COMPARISON

LIS

$ 8 v/Div
14
I
nu-nnsnu;nnuun e
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CIRCUIT SCHEMATIC
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MAXIMUM RATINGS (T4 * +259C uniess ctheswise noted.)
Vahue
Rating Symbol MC1741SC MC1741S Unit
Powe: Sunply Vohage Vee +18 22 Vde
VEE -18 «22
Ditferenuiat Input Signs! Voitage vio ~230 Volts
Common-Mode Input Voltage Swing {5ee Noze 1) VicR 215 Volis
Output Short-Circust Duration [See Note 2) tg Continuous
Power Dissipation (Package Limnation) Po
Metat Package 680 mwW
Derate above T4 = 425°C 45 : mw/oC
N Plasric Dual In-Line Pachage 625 i mw
Derate above T = =25°C 50 mwi°C
Opersring Ambient Temperature Renge Ta 0t =75 | -5510+125 °c
Storage Temperstur e Range Tag °c
Metatl Pachage -65 1w +150
v Plastic Package -5510 4125

Note 1. For supp'y voltages less than 21§ Vdc, the absolute manimum input voltage 13 equal 10 the supply voltage.
Note 2. Suppiy voltage equal 10 or less than 15 Vec.

FIGURE 2 = INPUT BIAS CURRENT versus TEMPERATURE

FIGURE 1 — OFFSET ADJUST CIRCUIT a0
L

NI
\\

vee o

outTPUT

INPUTS

OFFSET NULL
TEAMINALS

119. AVERAGE INPUT BIAS CURRENT {nA)

VEE o
.15 -5 -25 25 50 75 100 “an
1. TEMPERATURE {°C)
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ELECTRICAL CHARACTERISTICS :vge -1t Voc. Vgg - - 18 Vac, Ty ¢ =259C uniess cthe-viise noted |
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I MC17418 MC1741SC
i Charactermtic Symbol Min Typ Max Man Typ Mas Unn
1
T BrnowiCTh tSee Figure 31 8\Wp [T
4L 1R - 2081 THD ¢ 5%, Vg 20 Vip-p) 150 200 150 200 -
Large Signwt T:ansien: Response
Siew Rate tFigures 10ana 11} SR
Vi-1 10 Vi+) 10 20 . 0 20 - Vous
Vie) 1o Vi=} 0 2 0 12 - ’
Setthing Teme iFigures 10anc 11) Tserly - 3.0 - - 30 - us
1te withn 0 1%}
Smalt-Signat Tranuent Response
1Gasn s 1 E,, 20mV, see Figures 7 ond 8)
Rise Time ITLH = 0.2¢ - 0.28 - "
Fal Time 1THL = 0.25 - 0.25 - s
Propasgation Delay Time PLH.IPHL - 0% - 0.2 - bs
Over snoot 0s ¥ 20 N - 20 - AN
Snott-Crreurt Ouiput Currents 108 =10 - =38 210 22¢ ma
Open-Loop Voliaye Garn IR 20 k12) (See Frgure 8} Aol -
Vo 210V, T4 -25°C 50,000 | 206.000 - 20.000 | 100.000 -
VO 210V, Ta " Tigw 10 Thon' 75,000 - - 1£.000 - -
Dutin! Impesance it 20 H7) In - 75 - - 75 - R
Input Imordance 1t 20 Hi 5 03 10 - 02 10 - [
Gutput Voltage Swing Vo Vo
AL = 10882, Ta » Tig,, 10 Thygn (MC1741S only} 212 214 = 212 214 -
R -20Kk, Ty -25%C 210 13 - =10 213 -
R 20822, Ta = Ti00 10 Thgn 10 - - 210 - -
1nout Common-Mode Voltags Renge VicR 212 13 a =12 =13 - Vor
TA * Tiow 10 Thign IMC3721S)
Common-Mode Rejection Ratwo il » 20 H2) CMRARR 20 S0 - 70 90 - ab
TA* Tiow t© Thrgh iMC1781S}
Input Bias Current (See Figure 2} 1 hig 1 nA
Ta * +25°C and Thigh - 200 500 - 200 500
TA " Tiow - 800 1500 - - _800
tnput Otfser Currem hol . nA
Ta = +25°Cand Trigh - 30 200 - 30 200
Ta* Tiow - - 500 4 - 200
Input Otfset Voltage IRg * < 10 k22 iviol mv
Tar *25°C - 1.0 5.0 - 20 8.0
Ta " Tiow 0 Thgh - - 6.0 - - 75
DC Power Consumption {See Figure 9) Pc mw
{Power Supply = =15V, Vg r 0} - 50 85 - 50 8s
TA * Tiow 10 Thigh
Posntive Volrage Supply Sensitrvity PSS+ VIV
{VEE constant) - 20 100 - 20 150
Ta™ Tion t© Thiqﬂ on MC1741S
Negative Voitage Supply Sensitwity PSS~ uvIv
(Ve constant) - 10 150 - 10 150

“Tiow * Ofor MC1741SC
» -55°C 1or MC1741S

Thigh » *70°C for MC1743SC
= +125 OC for MC1741S
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TYPICAL CHARACTERISTICS
tVee s =35 Vde, Veg ® - 15 Vde, Tp «259C uniess ciherwise noted.}
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RESPONSE TEST CIRCUIT

1y v
MO T
- 3]
Pt 504 Shown 00 nat Comrrive !

FIGURE 8 ~ SMALL-SIGNAL TRANSIENT

RESPONSE DEFINITIONS

FIGURE 7 ~ SMALL-SIGNAL TRANSIENT
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TYPICAL CHARACTERISTICS
tVee * ~18 Vde, Vg = - 15 Vde, Ta » +25°C untess otherwise noted.)

FIGURE 9 ~ POWER CONSUMPTION versus POWER
SUPPLY VOLTAGES . SETTLING TIME
in ordes to properly ut:hze the high slew raie and fast
setthing time of an operational amplifier, 3 number of
systemn considerations must be observed. Capacitance at
the summung node and at the amplifier output must be

[t VO

‘
el e e et @ e ed

¥ 62 . . : : !
?:: " : ! ,' . ! . mirumal and circuit board layout should be consistent
z v with common high-frequency considerations. Both power
é an . . , “supply connections should be adequately bypassed as
Z : close as possible 1o the device pins. In bypassing, boih
g : ‘ : low and high-treguency components should be con
: sl - <o g sidered 10 avoid the possibility of excessive ringing. In
: . . otder to achieve optimum damping, the selection of a
® - : : : i . capacitor in parailel with the feedback resistor may be
' ’ : ! ] . E necessary. A value too small could result in eacessive
i YN ) % 70 2 unging while a value too large will degrade slew rate and
. VgL wm VEE SUPSY WU TRGE AT TS settling time.

SETTLING TIME MEASUREMENT
In order 10 accurately measure the settling time of an
FIGURE 10 ~ LARGE SIGNAL TRANSIENT WAVEFORMS operational amplifier, it is suggestied that the “false”
ey summing junction approach be taken as shown in
Figure 11. This is necessary since it s difficull 10 de-

iermine when the wavetorm ai the output of the op-
erational amplifier seriles to within 0.1% of it's tinal

‘;;'xv: value. Because the output and input volitages are ef-
PR A sw fectively subtracied from each other at the amplitier
l e A inverting input, this seems like an ideal node for the
= TP i measurement. Hovsever, the p:obe capacitance at this
. | critical node can greatly affect the accuracy of the

! & iowaall ; actual measurement,
i W f The solution to these problemns is the creation of a

QuTryl bans

second or “lalse” summing node. The addition of two
diodes at this node clamps the error voltage to limit the

[} . .

o ! ; : voltage excursion 1o the oscilloscope. Because of the
tING . .

i T voltage divider etiect, only one-half o! the actual error

appears 2t this node. For extremely criticat measure-

ments, the capacitance of the diodes and the oscilloscope,
and the seithng time of the oscilloscope must be con-

sidered. The expression
=
Tsetlg = ™ xZ+y24 72
can be used to determine the actual amplifier setthng

L—ﬁ tume, where
| ..

FIGURE 11 —~ SETTLING TIME AND SLEW RATE TEST CIRCUIT

TS

setlg * Observed settling time
x = amplifier settling time (10 be determined)

y = false summing junction settling time

z = oscilloscope settling time
it shouid be remembeied that to settle within 20.1%
requires 7RC time constants.
1 e v The 20.1% factor was chosen for the MC1741S
. settling time as it is compatible with the 21/2 LSB
o g e accuracy of the MC1508LS digital-to-analog converter,

S gt T e This D-10-A converter teatures 20.19% maximum error.

Ly

o



MC1741S, MC1741SC

FIGURE 12 —~ WAVEFDRM AT FALSE SUMMING NODE
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TYPICAL APPLICATION

FIGURE 14 - 125 WATT WIDEBAND POWER AMPLIFIER
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Features

Compatible with MCS-51"™ Products

® 2 Kbytes of Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles
Data Retention: 10 Years

2.7 V 10 6 V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Two-Level Program Memory Lock

128 x 8-Bit Internal RAM o owhe

15 Programmable VO Lines

Two 16-Bit Timer/Counters

Five Interrupt Sources

Programmable Serial UART Channel

Direct LED Drive Outputs

On-Chip Analog Comparator

Low Power Idle and Power Down Modes

Description

The ATBIC2051 is a low-vollage, high-performance CMOS 8-bit microcomputer with 2
Kbytes of Flash programmable and erasable read only memory (PEROM). The device is man-
ufactured using Atmel’s high density nonvolatile memoary technology and is compatible with
the industry standard MCS-51™ instruction sct and pinout. By combining a versatiie 8-bit

CPU with Flash on a monolithic chip, the Atmel AT89C2051 is a powerful microcomputer -

which provides a highly flexible and cost effcctive solution to many embedded control
applications.

‘The AT89C2051 provides the following standard features: 2 Kbytes of Flash, 128 bytes of
RAM, 15 U/Q lines, two 16-bittimer/counters, a five source two-level interrupt architecture, a
full duplex serial port, a precision analog comparator, on-chip oscillator and clock circuitry.
In addition, the AT89C2051 is designed with static Jogic for operation down to zero [requency
and supports twe soltware selectable power saving modes. The Idle Mode stops the CPU
while allowing the RAM, timer/counters, serial port and interrupt system to continue function-
ing, The Power Down Mode saves the RAM contents but freezes the oscillator disabling all
other chip functlions dntil the next hardware reset,

Pin Configuration

PDIP/SOIC
~——_——
RST (] 3 ' 202 vee ,
(RX0) P3.0 C] 2 1983 P1.7
(Tx0) P3.1 C} 3 18 {7 P16
XTAL2 () 4 1713 prs
X¥FALLCLS 16 |3 P14
(INT3) P3.2 C] 6° 1s [3 P1.3
(INTi) P33 ] 7 14 D P12
(T0) P3.4 ] n 13 |3 P11 (AN~
(THPISCl9- 12 |3 P1.0 (AND) +
~ @mo c|o 11 [ypas
e

AImEL
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8-Bit ’
Microcontroller
with 2 Kbytes
Flash

AT89C2051



Block Diagram

.
Vee !
: RAM ADDR.
GND REGISTER » A FLASH |4
H A 4
1]
s :
' Y A :
' 4 y A s
i 4 y y e .
; PROGRAM '
: B STACK ;
: ADDRESS  [¢—— .
: REGISTER ACC POINTER REGISTER .
E Y y Y :
: <>  BUFFER [¢—p !
' ° TMP2 TMP1 : :
4 1]
' .
N PC H
: ALY INCREMENTER [¢—> !
1] - s 1
1 L]
[ 1]
! INTERRUPT, SERIAL PORT, | :
' AND TIMER BLOCKS J
1] 1
i y '
: 2 1 PROGRAM :
; o counten ¥ :
; E
H TIMING :
INSTRUGTION v y :
RST —-'—> co?g'gox_ REGISTER |4 y y > DPTR ¢ :
' '
5 7 r y :
' PORT 1 PORT 3 !
, ANALOG LATCH LATCH J
' COMPARATOR y - !
s . |
' 1]
osc ’ 4 :
' , PORT 1 DRIVERS L PORT 3 DRIVERS :
E ‘ I i i I 1 1 i 1 I i i 1 f ‘ ------------------ .:
ﬂ Yy 3 ;
P1.0-P17 P3.0-P3.5 Pa.7 '
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Pin Description

Vee
Supply voltage.

GND
Ground.

Port 1

Port 1 is an 8-bit bidirectional YO port. Port pins P1.2 10 P1.7
provide internal pullups. P1.0 and P1. 1 require external pullups.
P1.0 and P11 also serve as the positive input (AINO) and the
negative input (AIN1), respectively, of the on-chip precision an-
alog comparator. The Port | output buffers can sink 20 mA and
can drive LED displays dircctly. When [s are wrillen to Port 1
pins, they can be used as inputs. When pins P1.2 to P1.7 are used
as inpuls and are externally pulled low, they will source current
(1IL) because of the internal pullups.

Port 1 also receives code data during Flash programming and
program verification.

Port3

Port 3 pins P3.0 to P3.5, P3.7 are seven bidirectional /O pins
with internal pullyps. P3.6 is hard-wired as an input to the out-
put of the on-chip comparator and is not accessible as a generai
purpose /O pin. The Port 3 output buflers can sink 20 mA.
When Is are written to Port 3 pins they are pulled high by the
internal pullups and can be used as inputs. As inputs, Port 3 pins
that are externally being pulled low will source current (TiL) be-
cause of the pullups.

Port 3 also serves the functions of various special features of the

AT89C2051 as listed below: For
Port Pin | Alternate Functions
P3.0 RXD (serial input port)
P3.1 TXD (serial output porl)
P32 INTG (external interrupt 0)
P3.3 INTT (extemal interrupt 1)
P3.4 TO (timer 0 external input)
P3.5 T1 (timer 1 external input)

Port 3 also receives some control signals for Flash programming
and programming verification.

RST

Reset input. All VO pins are reset to Is as soon as RST goes
high. Holding the RST pin high for two machine cycles while
the oscillator is running resets the device.

XTAL1 S

Input to the inverting oscillator amplifier and input to the inter-
nal clock operating circuil.

XTAL2 )

Ouvtput from the inverting oscillator amplificr.

229

Oscilldtor Characteristics

XTAL! and XTAL?2 are the input and output, respectively, of
an inverting amplificr which can be configured for use as an
on-chip oscillator, as shown in Figure. |. Either a quartz crystal
or ceramic resonator may he used. To drive the device from an
external clock source, XTAL2 should be left unconnccted
while XTALLis driven as showh in Figure 2. There are no re-
quirements on the duty cycle of the external.clock signal, since
the input to the internal clocking circuitry is through a divide-
by-two flip-flop, but minimum and maximum voltage high and
low tlime specifications must be observed.

Figure 1. Oscillator Conncclions

c2
—II I_ XTAL2
c1
) | XTAL
GND
=

N

Notes: C1, C2=30 pF £ 10 pF for Crystals
=40 pF £ 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

NC ——— | XTAL2

EXTERNAL
OSCILLATOR XTALY
SIGNAL
GND

]

AIMEL



230

AIMEL

User software should not write Is to these unlisted locations,
since they may be used in future products to invoke new fea-
tures. In that case, the reset or inactive values of the new bits
will always be 0.

Special Function Registers

A map of the on-chip memory area called the Special Function
Register (SI°R) space is shown in the tabie below.

Note that not all of the addresses are occupied, and unoccupicd
addresses may not be implemented on the chip. Read accesses
to these addresses will in general return random data, and write
accesses will have an indeterminate effect.

Table I._AT89C2051 SFR Map and Reset Values .
OF8H OFFH
OFOH 8 OF7H

00000000 g
OE8H OEFH
ACC
OE0H | 50000000 OE7H
0D8H 0DFH
PSW

0D0H | 50000000 0D7H
0CaH ! 0CFH
0COH 0C7H
0B8H P 0BFH

X0000000
P3
OBOH | 44411111 087H
0ABH IE OAFH
00000000
0AOH 0A7H
SCON SBUF
98H | 00000000 | XX00O0XX SFH
P1
SO0H 1 41111111 97H
geH | TCON TMOD TLO L THO TH1 8FH
00000000 | 00000000 | 00000000 | 0GO00000 | 00000000 | 00000000
SP DPL DPH PCON
80H 00000111 | 00000000 | 00000000 oooooooo | 87H
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Program Memory Lock Bits

On the chip are two lock bits which can be left unprogrammed
(U) or can be programmed (P) to vbtain the additional features
listed in the table below:

Lock Bit Protection Modes!"

Program Lock Bits
LB1 LB2 | Protection Type
1 U U No program lock features.
5 p U Furlhgr pr.ogramming of the
Flash is disabled.
3 p P is';sadrit"sz glse g?ode 2, aiso verify

Note: 1. The Lock Bits can only he erased with the Chip Erase
operation
Idle Mode

In idle mode, the CPU puts itsell to sleep while all the on-chip
peripherals remain active. The mode is invoked by software.
The content of the on-chip RAM and all the special functions
registers remain unchanged during this mode. The idle mode
can be terminatcd by any enablcd interrupt or by a hardware
reset.

P1.0and PL.1 should be sct to '0” il no external pullups are uscd,
or sct to ’1” il external pullups are used.

It should be nolcd that when idle is terminated by a hardware
reset, the device normaily resumes program execution, from
where it left off, up to two machine cycles before dhe internal
reset algoritlun takes control. On-chip hardware inhibils access
to internal RAM in this event, but access o the port pins is not
inhibited. To eliminate the possibility of an unexpected write to
a purt pin when [dle is terminated by reset, the instruction fol-
lowing the one that invokes Idle should not be one that writes to
a port pin or to external memory.

Power Down Mode

In the power down mode the oscillator is stopped, and the in-
struction that invokes power down is the last instruction cxe-
cuted. The on-chip RAM and Special Function Registers retain
their values until the power down mode is terminated. The only
exit from power down is a hardware reset. Reset redefines the
SFRs but docs not change the on-chip RAM. The reset should
not be activated before Vg is restored to its normal operating
level and must be held active fong enough to allow the oscillator
to restart and stabilize.

P1.0and P1.1 should be set to '0" if no external pullups are used,
orsctto 'I' if external pullups are uscd.
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Programming The Flash

The AT89C2051 is shipped with the 2 Kbhytes of on-chip
PEROM code mictnory array in the crascd state (i.c., contents =
FFH) and ready to be programmed. The code memory array is
programmed one byte at a time. Once the array is prog"ammer/.
to re-praogram any non-blank byte, the entire memory array
needs to be erased electrically. !

Internal Address Counter:, The AT89C2051 conlains an in-

ternal PEROM address counter which is always reset to O00OIT

on the rising cdige of RST and is advanced by applying a positve
going pulse to-pin XTALI.

Programming Algorithm: To program the AT89C2051, the

following sequence is recommended.:

1. Power-up sequence: ’

Apply power between Vee and GND pins

Sct RST and XTAL! to GND .
With ail other pins MMoating, wait for greater than 10
milliseconds

2. SctpinRSTio'H’

SctpinP3.210'H’

3. Apply the appropriate combination of "H' or 'L’ logic
levels to pins P3.3, P3.4, P3.5, P3.7 to select one of the
programnming operations shown in the PEROM Program-
ming Modes table.

To Program and Verily the Array:

4. Apply data for Code byte at location 000H to P1.0 to PLT.

5. Raise RST to 12V to enable programming.

6. Pulse P3.2 once to program a byte in the PEROM array or
the lock bits. The hyte-write cycle is sel{-timed and typi-
cally takes 1.2 ms.

7. To verify the programmecd data, Jower RST from 12V to
logic "H’ level and set pins P3.3 to P3.7 to the appropiate
levels. Output data can be read at the port P1 pins.

8. To program a bylc at the next address lucation, pulse
XTALYI pin once to advance the internal address counter.
Apply ncw data to the port P'l pins.

9. Repeat steps S through 8, changing data and advancing the
address counter for the entire 2 Kbytes array or until the
end of the object file is reached.

10. Power-off scquence:
set XTALIto 'L’
set RST to 'L’

Float all other 1/O pins
Turn Vee power of [
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Data Polling: The AT89C2051 features Daia Polling to indi-
cate the end of a write cycle. During a write cycle, an attempted
read of the last byte written will result in the complement of the
written data on P1.7. Once the write cycle has been completed,
true data is valid on all outputs, and the next cycle may begin.
Data Polling may bcgm any time after a write cycle has heen
initiated.

Ready/Busy: The Progress of byte programming can aiso be
manitored by the RDY/BSY output signal. Pin P3.1 is pulled*
low after P3.2 goes High during programming to indicate
BUSY. P3.1 is pulled High again when programming is donc to
indicate READY.

Program Verify: If lock bits LBI and LB2 have not been pro-
grammed code data can be read back via the data lines for veri-
fication:

1. Resct the internal address counter to 000H by bringing RST
from 'L’ 1o 'H'.

2. Apply the appropriate contro} signals for Read Code data
and read the output data at the port P| pins.

3. Pulse pin XTALI once to advance the internal address
counter.

4. Read the next code data byle at the port P} pins.
5. Repeal steps 3 and 4 until the entire array is read.

Flash Programming Modes

232

The lock bits cannot be verificd directly. Verification of the lock
bits is achicved by observing that their fealures are cnabled.

Chip Erase: The entire PEROM array (2 Kbytes) and the dwo
Lock Bits arc crascd electrically by using the proper combina.
tion of control signals and by holding P3.2 low for 10 ms. The
code array is written with all "1”s in the Chip Lrase operation
and must he executed hefore any non-blank memory byte can be
re-programmed. .

Reading the Signature Bytes: The signature byles are read hy
the same procedure as a aormal verilication of locations (mml
O01H, and 002H, except that P3.5 and P3.7 must be pulled to a
logic low. The values returned are as follows.

(O0OH) = 1EH indicates manulactured by Atincl
(00TH) = 21H indicates 89C2051
(002H) = FFH indicates 12 V programming

Programming Intesface

Every code byte in the Flash array can be written and the entire
array can be crased by using the appropriale combination of
control signals. The write operation cycle is self~timed and once
initiated, will automatically time itself to completion.

All major programming vendors offer worldwide support for

the Atmet uncmcomrollcr serics. Please contaet your local pro-
gramming vendor f()r the appropriate soltware revision.

P3.2/

Mode RST PROG P3.3 P3.4 P3.5 P37
Write Code Data‘*? 12v - A4 L H H H
Read Code Datal" H H L L H H
Wirite Lock Bit - 1 12v A H H H H
Bit-2 12v S H H L L
Chip Erase . 12v A H L L L
Read Signature Byle H H L L L L

1. The intemal PEROM address counter is reset to 0001 on
the rising edge of RST and is advanced by a positive
pulse at XTAL! pin.

Notes:

2. Chip Erase requires a 10 ms PROG puise.
3. P3.1 is pulled Law during programming to indicate RDY/BSY\.
1]
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sigure 3. Programming the Flash Memory sv Figure 4. Verilying the Flash Mcmory 5V
AT89C2051 AT89C2051 _]'
RDY/BSY  +—— Pa.1 Vee —I Vee |
PROG  ——» P32 P1 oM Vm —* P32 P o
—»{ P33 —» P33
— | P34 | SEEFLASH ——» P34
SEE FLASH PROGRAMMING
PROGRAMMING ———» P3.5 MODES TABLE —M P3.5
MODESTABLE __ ! pa7 ’ —» P37
L xmaLt RST (4—— Vy/Vpp 1L —> x7aL1 RST [4— Vy
TO INCREMENT GND [ GhD
ADDRESS COUNTER '—_ _’__
Flash Programming and Verification Characteristics’
Ta=21"Cl027°C,Vcc =5.0% 10%
Symbol Parameter Min Max Units
Vpp Programming Enable Vollage 11.5 12.5 \
lpp Programming Enabie Current 250 ns
tovaL Data Setup to PROG Low 1.0 us
{GHDX Data Hold After PROG 1.0 ns
1EHSH P3.4 (ENABLE) High to Vpp 1.0 us
SHGL Vpp Setup to PROG Low 10 us
lGHsL Vep Hold Aller PROG 10 is
IGLGH PROG Width 1 110 us
teLqv ENABLE Low to Data Valid 1.0 us
leHaz Data Float After ENABLE 0 1.0 ' ps
laHsL PROG High to BUSY Low 50 ns
we Byte Wrile Cycle Time 2.0 ms
teHH RDY/BSY\ to Increment Clock Delay 1.0 us
tHIL Increment Clock High 200 ns



Flash Programming and Verification Waveforms

L
-

I

DATA IN

—
(_DATA OUT

=

lGHD)(

tova

=

_P34
(ENABLE)

P3.1

toHBL —

(RDY/BSY)

XTAL1
(INCREMENT

ADDRESS)

Absolute Maximum Ratings*

Operating Temperature................... -55'Cto +125°C
Slorage Temperalure..................... -65°C 1o +150'C
Voltage on Any Pin

with Respect lo Ground..........ccounuu. -1.0Vio+7.0V
Maximum Operating Vollage ..........cooueenn....... 6.6V
DC Output Current.. 25.0 mA

*NOTICE: Stresses heyond those listed under "Absolute Maxi-
mum Ratings™ may cause permancnt damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions beyond those indicated in
the operational scctions of this specification is not implicd. Ex-
posure to absolute maximum rating conditions for extended
periods may affect device reliability.



D.C. Characteristics
Ta=-40"C 10 85°C, Vo = 2.7 V 10 6.0 V (unless otherwise noted)
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Symbol Parameler Condition Min Max Units
ViL Input Low Vollage -0.5 0.2 Vce-0.1 v
Vi Input High Vollage (Except XTAL1, RST) 0.2 Vcc+0.9 Vec+0.5 \
ViH1 Input High Voltage (XTAL1, RST) 0.7 Vce Vec+0.5 \')
Output Low Vollage(') loL=20mA, Vcc=5V
VoL | (ponts 1,3) lot = 10 mA, Veg =27V ‘ 0.45 v
Output High Voltage lon = -80 pA, Vec =5V + 10% 2.4 \
Vo | (Ports1,3) loH = -30 A 0.75 Ve v
loH = -12 pA 0.9 Vce Ve
Logical 0 Input Current
I = -
L (Ports 1, 2, 3) Vin=045V 50 HA
Logical 1 to O Transition
. Current (Ports 1, 2, 3) Vin=2V -750 HA
Input Leakage Current
lu (Port P1.0, P1.1) oulg s Y +10 uA
Comparator Input Offset a
Vos | yoitage Vec=5V 20 mv
Comparator Inpul
Veum Common Mode Vollage A Vee M
RRST | Reset Pulldown Resislor 50 300 KQ
Cio Pin Capacilance Test Freq. = 1 MHz, TA=25'C 10 pF
Active Mode, 12 MHz, Vcg =6 VI3V 20/5.5 mA
Power Supply Cumrent - 1jg Mode, 12 MHz, Vcc =6 VI3 V ” A
Icc P1.0 & P1.1 =0V orVcc
Power Down MOde(Z’ Vec=6 VP1.0&P1.1=0V 0:’ Vee 100 }lA
Vcc=3VP1.0&P1.1=0VorVce 20 HA

Notes: 1. Under steady state (non-iransient) conditions, loL must

be externaily limited as follows:

Mazimum Iy, per port pine

Maximum total IOL for all output pins:

20mA
80 mA

I 10L exceeds the test condition, VOL inay exceed the
relatcd specification. Pins are not guarantcetd to sink
curtent greater than the listed test conditions.

2. Minimum Ve for Power Downis 2 V.
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External Clock Drive Waveforms

terex

ol
Vo - 0.5 V- lonex ! teen — +— ltenct
0.7 Ve > 2
0.45V

N N

+—— lerex — '
¢ terct >
External Clock Drive
Symbol  Parameter Min Max Unils ]
i/lcLeL Oscillator Frequency 0 24 MHz
lcLecL Clock Period 41.6 ns
ICHCX High Time 15 t ns
tcLex Low Time 15 / ns
lcLeH Rise Time 20 ns
tcHeL Fall Time 20 ns

et
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Serial Port Timing: Shift Register Mode Test Conditions
. (Vce = 5.0 V £ 20%,; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator
Symboi Parameter Min Max Min - Max Units
IXLXL Serial Port Clock Cycle Time 1.0 12lclct | us
tQvxH Output Data Setup lo Clock Rising Edge 700 10tcLeL-133 ns
_txHax Qutput Data Hold Alter Clock Rising Edge 50 2lcLoL-33 ns
IXHDX input Data Hold After Clock Rising Edge 0 0 ns
txHDV Clock Rising Edge to Inpul Data Valid 700 10tICLCL-133 | ns
Shift Register Mode Timing Waveforms
INSTRUCTION | 0 | 1 ] 2 | 3 ] 4. | 5 | 6 | 7 ] 8 } —
D Hboo .
clock N/ R ZNNERG T\ S LI
tavias Je |
o '._ ek .
WRITE TO SBUF oy Gl LN A el | I G
t
OUTPUT DATA B f—— S b SETTI
_CLEARAL, MO@O@O@OW
v
INPUT DATA SETRI

AC Testing Input/Output Waveforms”  Float Waveforms "’

Vge- 0.5V

02V +09V

TEST POINTS
0.2Ve-0.4V

Timing Reference
Points

045V

Note: 1. AC Inputs during testing are driven at Vcc-0.5 Vfora  Note: 1. For timing purposcs, a port pin is no longer floating when

logic 1 and 0.45 V for a logic 0. Timing measurc- a 100 mV change from load vollage occurs. A port
ments arc made at Vgimin. for a logic 1 and Vi max. pin begins to Moat when a 100 mV change from the
for a logic 0. loaded Yow/Vor level oceurs.

ATEL



‘PK(PD,PE,KKI25F

_Power Thyristor/Diode Module PK25F series are designed for

various rectifier circuits and power controls. For your circuit
application, following internal connections and wide voltage rat-
ings up to 1,600 V are available. High precision 25 mm

width package and electrically isolated mounting base make your

mechanical design easy.

OIf(,w,ZSA, IT(RMS)39A, lrsm 580A
®di/dt 100 A/xS
o dv/dt 500 V/us

PX

(linch)

2:45 ) e :
AN T 1 : H
T — %
SR --@-}-—"‘7‘32{
I il v S| S g
(Applications)
Various rectifiers
AC/DC motor drives wo 22

Heater controls
Light dimmers
Static switches

KX

r——o @ G2 a3
Lo (Ui v SV S FO | W v PK25F r
e —_— i ~ Ysi e
MMaximum Ratings
| PK25SF-40 PKOSF80 | PK25F-120 | PK25F-160 - |
j  PD25F-40 PD25F-80 . PD25F-120 PD25F-160
Symbol Item : ‘ !
i i PE25F-40 PE25F-80 ! PE25F-120 : PE25F-160
. KK25F-40 KK25F-80 @ KK25F-120 i KK2&F 380
Vemm | % Napetitive Peak Reverse Voltage ! 400 800 i 1200 . 1600 v
Vasw | % Non-Repetitive Peak Reverse Voitage! 480 960 5 1300 [ 1700 v
Voms | Repetitive Peak Off-State Voltage | 400 800 i 1200 | 16C0 .oV
Symbol | ltem ' Conditions i i Ratings * Unit
Ireav ! * Average On-State Current | Single phase, half wave, 180" conduction, Tc:36C 25 A
lrams | % R.M.S On-State Current | Single phase, half wave, 180" conduction. Te: 89°C 3¢ A
ltsw | % Surge On-State Current i /% cycle. 50/60Hz, peak value, non-repetitive 530/580 A
Rt Gk 12t ' value for one cycle of surge current 1400 AS
Pow Peak Gate Power Dissipation ' 10 W
Psiav Average Gate Power Dissipation i PwW
Irou Peak Gate Current 3 POA
Vreu Peak Gate Voltage(Forwad) 10 v
Vegm Peak Gate Voltage(Reverse) 5 vV
di/dt Critical Rate of Rise of On-State Current ; l¢=100mA, Tj=25'C, Vo= ' /s Vorm. dic/dt=0.1A/us 100 | Ads
Viso % Isolation Breakdown Voltage(RM.S) ‘| A.C. Tminute 2500 v
Tj * Operating Junction Temperature -40~+125f °C
Tstg | * Storage Temperature ~40~+125 ‘C
. (MS)| Recommended Value 25kgf-cm 22~28
Mounting Torque Terminal (M5)| Recommended Value 25kgf-cm 22~28 kgt-om
Mass 170 g
M Electrical Characteristics
Symbol Item Conditions Ratings | Unit
lorm Repetitive Peak Off-State Current, max. at Voaw, single phase, half wave, Tj= 125°C i0 mA
larm * Repetitive Peak Reverse Current, max. at Vomw, single phase, half wave, Tj=125'C 10 mA
Viu % Peak On-State Voltage, max. On-State Current 75A, Tj=25°C Inst. measurement 1.55 v
ler/Ver GateTrigger Current/Voltage, max. | Tj=25'C, = 1A, Vo=6V 50/3 mA/V |
Veo Non-Trigger Gate, Voltage, min. Tj=125'C, Vo= "/, Vorm 0.25 v
tgt Turn On Time, max lr=25A, s =100mA, Tj=25'C, Vo= '/ Vomw, dic/dt=1A/us 10 us |
dv/dt Critical Rate of Rise of On-State Voitage, min.| Tj=125'C, Vo = 2/ Vorm, Exponential wave. 500 V/”j'_
In Holding Current, typ. Tj=25C 50 mA |
I Lutching Current, typ. Ti=25'C 100 mA |
Rth(j-c) |* Thermal Impedance, max. Junction to case 0.78 ‘C/W_|

o e A s maasd [V mden st

Na marke © Thyristor part




) Gate Characteristics - On-State Voltage max
- le:x Flnrwlcnli z;.'yvm.q.x}ov; | £ I -
I EENTT ! % 5
10 A, o] - T
-~ Tt N ] s e, ] <
S = S w 3 2 =
e ! o o PN T § 2 L~
g LT S |13 [ e
£? s HE 3" z
<] 74 g
S Ll A S >
[ % = 8 ° Z
1 srsrIy SO IS as — S E - /
G 5 [RkrA + 1] 4
77 15c | 15c]=%c N § ?
- rs : ]
2 Maumum Gate Vokage that will ot 1rngger any ww 10 f
10 RN N i —H— T
100 2 5 107 2 5 10 5 20 ] ] 3 1
Gate Current (mA) On-State Voltage (V)
Average On-State Current Vs Power Dissipation Average On-State Current Vs Maximum Allowable
0 (Single phase half wave) e Case Temperature (Single phase haif wave)
T o
onuchm'om p l T-'S. mim;‘
50 2120
-~ 0 & %
E / | 3 ,"’ x 2%
c 4 A £ o Yo s —
2 g=rzgr 77180 / a \ \\4\\ Yt
2 0 5 i 4 /| £ 100 \ N §:Conduction Angle
/) 5 ; S
8 é;150//V/ A As 2 2 4 \\
« 20 il Q - -
H / rnn . rex | = Tomite S5
T ol &:%unduction Angle ,§ 80 8=50" | #=1200
|| :
! =3 ,
00 5 iG 5 20 25 30 35 40 45 30 MoT5 10 5. 20 25 30 35 40 45
Average On-State Current {(A) Average On-State Current (A)
Surge On-State Current Rating | N
(Non-Repetitive) g Transient Thermal Impedance
800 : T 7T < LD T ™ T
] t ” Per one slement 8} Por o slement ” Ill
z - T o9 H -
-~ o ‘ I Ancon 10 Case
- 2 0.8 - 1 ==
§ s y
N i g Al
3 N £o0s LA i 1
. \ . 4 [
« 00 N 805 — - f -
2 ‘ . ‘\.L B0Hz & -1 - 1 21
9 : S— g 0.4
5 | }§=\= F 0.3 Ll L
o 200 o 2 4
] | $ 0.2 HH M ot
3 . ] 0.1 ! | 12 =3 a4l
] | ' co.
10¢ 5 10 10? 10 10 10 10 10 i
Time {cycles) Time (sec.)
B5 :Six puise bridge connection
Output Current W1 ; Bidirectional connection B2 Two puise bridge connection bidirectionsl conmection
r— T3 Mnit.0 C/W A0t O
s Conducton Angie 187 I _D'_J fus- ni0.8 T/ Py
Z w / Rin:0.6 T W N\ \ @
e 2008 £ :0.4 T/W| Am 5
] as/ ;/,.,,,:lo,z .f,w 0 N V@m:r.z TM'IOO?E
] . @
2 SVLY / Towed N / = :
3! >4 - NN N W |8
e} 100 ] -
t \QQQWWSA 110
[ ] 4 NN K 2
T ® N SNNAERE
110
a ~ L
3 . /P s N 100 \ﬁ\ \%&\ %
L H120
F AL ; = TN
B ‘ 195 <
0 IR 00 B I L R S R R T
Output Current (A)  Ambient Temperature (°C) Ambient Temperature(C) Ambient Temperature(C)
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#TECHNICAL DATA
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EIGHT-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

. . . designed for use where the output current is a linear product
;- of an eight-bit digital word and an analog input voltage:
® Eight-Bit Accuracy Availabie in Both Temperature Aanges

Relative Accuracy: £0.19% Error maximum
{MC1408L38, MC1408P8, MC1508L.8)

® Seven and Six-Bit Accuracy Available with MC1408 Oesignated
by 7 or 6 Suffix after Package Suffix

® Fast Settling Time — 300 ns typical

® Noninverting Digital Inputs are MTTL and
CMOS Compatible

® Output Voltage Swing — +0.4 V t0 -5.0 V
® High-Speed Multiplying Input
Slew Rate 4.0 mA/us

® Standard Supply Voitages: +5.0 V and
-5.0Vto-15V

240

MC1408
MC1508

EIGHT-BIT MULTIPLYING
DIGITAL-TO-ANALOG
CONVERTER

. SILICON MONOLITHIC
INTEGRATED CIRCUIT

L SUFFIX
N CERAMIC PACKAGE
ﬂ } CASE 620

P SUFFIX
PLASTIC PACKAGE
CASE 648 b ‘

!

ORDERING INFORMATION

Device Temp ® Rang Packag
MC1408P8 Plastic
MC1408L8 Ot0+75°C Caramic
MC1508L8 55 to »1255°C Ceramic

FIGURE 1 — D-to-A TRANSFER CHARACTERISTICS
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z
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Q1.0

o,

]

-
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2 -
Q

S2.0

.{00000000) R {11111111)
INPUT DIGITAL WORD

FIGURE 2 - BLOCX DIAGRAM

ms8 [8-1:]
A:IA‘.‘T A:!T MT AST AGT A‘IT ABT
RANGE S [6 7 s Jo Jio 11 |2

conTAoL -—ig
1 Cusrent Switches F~Oa
R2R Laccer Sl Cirewit  —0 2
GNO
Veeti=y
140 =013
Reterence Vee
15 O—1 Current
Vratt) Ampiitier
}—0 18
COMPEN
vegda
NPN Current
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MC1408, MC1508

Rederence Amplifier Driv'n and Compensstion

The reference amplifier provides a voltage at pin 14 for con-
verting the reference voltage to a current, and a turn-sround circuit
or current mirror for feeding the ladder. The relerence amplifier
input current, 114, must always flow into pin 14 regardiess of the
setup method or reference voltage potarity.

Connections for a positive reference voltage are shown in Figure
7. The reference voltage source supplies the full current 114. For
bipolar reference signals, as in the multiplying mode, R15 can be
tied to a negative voltage corresponding to the minimum input
level. !t is possible to eliminate R15 with only a small sacrifice
in accuracy and temperature drift. Another method for bipolar
inputs is Shown in Figure 25.

The compensation capacitor value must be increased with in-
creases in R14 to maintain proper phase margin; for R14 values
of 1.0, 2.5 and 5.0 kilohms, minimum capacitor values are 15,
37, and 75 pF. The capacitor should be tied t0 Vgg as this in-
creases negative supply rejection.

A negative reference voltage may be used if R14 is grounded
and the reference voltage is applied to R15 as shown in Figure 8.
A high input impedance is the main ad\mmago.o( this method.
Compensation’involves a capacitor to VEg on pin 16, using the
values of the previous paragraph. The negative reference voltage
must be at least 3.0-volts above the VEg supply. Bipolar input
signals may be handted by connecting R14 to a positive reference
voltage equal to the peak positive input level at pin 15.

When a dc reference voltage is used, capacitive bypass to ground
is recommanded: The 5.0-V logic supply is not recommended as
3 reference voltage. If a well regulated 5.0-V supply which drives
logic is to be used as the reference. R14 should be decoupled by
connecting it to +5.0 V through another resistor and bypassing
the junction of the two resistors with 0.1 uF to ground. For
reference voitages greater than 5.0 V, a clamp diode is recommen-
ded between pin 14 and ground.

M pin 14 is driven by a high impedance such as a transistor
current source, none of the above compensation methods apply
and the amplifier must be heavily compensated, decreasing the
overall bandwidth.

Qutput Voitage Range

The voltage on pin 4 is restricted to a range of -0.55 to +0.4
volts at +25°C, due to the current switching methods employed
in the MC1408, When a current switch is turned “off*, the posi-
tive voltage on the output terminal can turn “on” the output
diode and increasa the output current level. When a current switch
is turned “"on’, the negative output voltage range is restricted.
The base of the termination circuit Darlington ‘transistor is one
diode voltage below ground when pin 1is groundeaf SO a negative
voltaga below the specified safe Jevel will drive the low current
device of the Dartington into saturation, decreasing the output
current level. .

The negative output voltage compliance of the MC1408 may
be extended to -5.0 V volts by opening the circuit at pin 1. The
negative supply voltage must be more negative than -10 volts.
Using 8 full scale current of 1.992 mA and load resistor of 2.5
kilohms between ‘pin 4 and ground will yield a voitage output
of 256 levels between 0 and -4.980 voits. Floating pin 1 does
not affect the converter speed or power dissipation. Howaver, the
value of the load resistor determines the switching time due to
increased voitage swing. Values of Ry up to 500 ohms do not sig-
nificantly affect performance, but a 2.5kilohm loed increases
“worst cass’ settling time to 1.2 ps iwhen all pits are switched on).

H.

P

-9
Refer to the subsequent text section®on Settling Time for more
details on output loading.
If @ power supply value between -5.0 V and -10 V is desired,
a voltage of between O and -5.0 V may be applied to pin 1. The
value of this voitage will be the maximum aliowable negative out-
put swing.

Qutput Current Rango

The output current maximum rating of 4.2 mA may be used
only for negative supply voltages typically more negative than
-8.0 volts, due to the increased voltage drop across the 350-ohm
resistors in the reference current amplifier.

Accuracy

Absolute accuracy is the measure of each output current levei
with respect to its intended value, and is dependent upon relative
accuracy and full scale current drift. Relative accuracy is the
measure of each output current level as a fraction of the full scaie
current. The relative accuracy of the MC1408 is essentially
constant with ternperature due to the excelient temperature track-
ing of the mondlithic resistor ladder. The reference current may
drift with temperature, causing a change in the absolute accuracy
of output current. However, the MC1408 has a very low full
scale current drift with temperature.

The MC1408/MC1508 Saries is guaranteed accurste to with-
in £1/2 LSB at +25°C at a full scale cutput current of 1.992 mA.
This corresponds to a reference ampiifier output current drive to
the ladder network of 2.0 mA, with the loss of one LSB = 8.0 uA
which is the ladder remainder shunted 10 ground. The input current
to pin 14 has a guaranteed value of between 1.9 and 2.1 mA,
allowing some mismatch in the NPN current source pair. =The
accuracy test circuit is shown in Figure 4. The 12.bit converter
is calibrated for a full scale output current of 1.992 mA. This is
an optional step since the MC1408 accuracy is essantially the
sarhe between 1.5 and 2.5 mA. Then the MC1408 circuits’ full
scale current is trimmed to the same value with A 14 so that a zer0
value appears at the error amplifies cutput. The counter is activated
and the error band may be displayed on an oscilloscope, detected
by comparators, or stored in a peak detector.

Two B-bit D-to-A converters may not be used 1o construct 3
16-bit accurate D-to-A converter. 16-bit accuracy impligs a total
error of £1/2 of one part in 65, 536, or £0.00076%, which is much
more accurate than the +0.19% specification orovided by the
MC1408x8.

Multiplying Accuracy

The MC1408 may be used in the muitiplying mode with
eight-bit accuracy when the reference current is varied over arange
of 256:1. The msjor source of error, is the bias current of the
tarmination amplifier. Under “worst case’” conditions, thesa eight
amplifiers can contribute a total of 1.6 uA extra current at the
output terminal. 1f the reference current in the multiplying mode
ranges from 16 pA to 4.0 mA, the 1.6 uA contributes an error
of 0.1 LSB. This is well within eight-bit accuracy referenced to
4.0mA.

A monotonic converter is ang which supplies an increas in
current for each increment in the binary word. Typically, the
MC1408 is monotonic for all values of reference current sbdve
0.5mA. The recommended range for operation with a dc refefence
current is0.5 10 4.0mA. | .
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... MAXIMUM RATINGS (T4 = +25°C uniess atherwise noted.)

T T Rafing—m—— == [=Symbol. ez o o Value_ — Unit
Power Supply Voltage Vee +45 T Vde
. Veg -16.5
Digital Input Voltage Vs thry Vqg Qto +5.5 Vde
Applied Qutput Voltage Vo +0.5,-5.2 Vde
Reference Current 114 5.0 mA
Reference Amplifier Inputs Vi4.Vis Vee.Vee Vde
Operating Temperature Range Ta °c
MC1508 -55 to +125
MC1408 Series Oto+75
Storage Temperature Range Tstg -85 to +150 %

.

V
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M
ELECTRICAL CHARACTERISTICS (Ve = +5.0 Vd, VEE ==15Vdc, R14 = 2.0 mA, MC1508L8: Ta =-55°C to +125°C.
MC1408L Series: Tp = 0 to + 75°C unless otherwise noted. All digital inputs at high logic level.)

Characteristics Figure | Symbol Min Typ Max Unit
Relative Accuracy (Error relative to full scale o) 4 E; %
MC1508L8, MC1408L8, MC1408P8 — — +0.19
_ —_ +0.39
— — +0.78 ..|
Settling Time to with +1/2 LS8 lincludes tp jl{TA = + 25°C) (Note 2) 5 ts - 300 — ns
Propagation Delay Time . 5 tPHL, - 30 100 ns
TA = +25°C ! tPHL
Output Full Scale Current Drift TClg — ~20 — PPM/PC
Digital Input Logic Levels {(MSB) 3 Vde
High Level, Logic “1° ViH 2.0 —_ —
Low Level, Logic “0~ ViL - — 0.8
Digital Input Current (MSB) 3 mA
High Level, Vi = 5.0V i e 0 0.04
Low Level, V) =08V e - -0.4 -0.8
Refarence Input Bias Current (Pin 15) 3 s —_ ~-1.0 ~-5.0 HA
Output Current Range ) 3 IoR mA
VEE =-5.0V 0 2.0 2.1
VEE =-15V, Ta = 25°C 0 2.0 42
Output Current 3 lo mA
VREF = 2.000 V, R14 = 1000 Q 1.9 1.99 2.1
Output Current 3 10{min) — 0 4.0 A
(Al Bits Low) .
‘Output Voltage Compliance {Er <0.19% 3t Tp = + 25°C) 3 Vo Vde
Pin 1 Grounded — — -0.55, +0.4
Pin 1 Open, Vgg below - 10V - — -5.0, +0.4
Reference Current Slew Rate 6 SR lyef — 4.0 - mA/s
Output Current Power Supply Sensitivity -~ PSRR(~) - 0.5 2.7 HAN
Power Supply Current 3 ice - +135 +22 mA
(All Bits Low) Ieg - -75 -13
Power Supply Voitage Range 3 Veer +45 +5.0 +55 Vde ’
{Ta = +25°C) VEER | -45 | -15 ~16.5
Power Dissipation 3 Pp mw
All Bits Low -
VEE =*-5.0 Vde ®
-VEE = ~15 Vdc . . — 106 170
" _— 190 305
All Bits High - .
VEE =~5.0 Vde — 90 -—
VEE =-15 Vdc — 160 —

Notes: 1. Al current switches are tested to guarantee at least 50% of rated output current.

2. All bits switched.

.
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TEST CIRCUITS
FIGURE 3 — NOTATION DEFINITIONS TEST CIRCUIT
Vee

I !
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. ? 11a are C=19pfF V| and 1; spply to inputs A -
1

A 14— Voot (3) thru A8 .
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a3 ol 15 +— N5 bias current and may not be necessary for all spplications.
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FIGURE 4 — RELATIVE ACCURACY TEST CIRCUIT

FIGURE S - TRANSIENT RESPONSE and SETTLING TIME
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FIGURE 9 — MC1408, MC1508 SERIES EQUIVALENT

oo e - CIRCUIT.SCHEMATIC . .. _ .
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CIRCUIT DESCRIPTION

The MC1408 consists of a refsrence current amplifier, an
R-2R 1sdder, and eight high-speed’ current switches. For many
- ®plications, only a reference resistor and reference voltage need
be added.
. The switches are noninverting in operation, therefore a high
§CDQonmo input turns on the spacified output current component,
.The switch uses current steering for high speed, and a termination
Implifier consisting of an sctive Joed gain stags with unity gain
oy k. The termination amplifier holds the parasitic capacitance

lacder st a constant voltage during switching, and provides

>

a low impedance termination of equal voltage for all
the ladder. . -

The R-2R ladder divides the reference amplifier curre
binarily-related components, which are fed to the switcher
that there is always a remainder cutrent which is equal
least significant bit. This current is shunted to ground, &
maximum output current is 255/256 of the reference ar

" *current, or 1.992 mA for a 2.0 mA reference smplifier ~

if the NPN current source pair is perfectly matched.
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GENERAL INFORMATION (Continued)

The “worst case” switching condition occurs when al} bits are
switched “on”, which corresponds to a low-to-high transition for
all bits. This time is typically 300 ns for settling to within +.1/2
LSB, for 8-bit accuracy, and 200 ns to 1/2 LSB for 7 and 6-bit
accuracy. The turn off is typically under 100 ns. These times
apply when Ri_ <500 ohms and Co < 25 pF.

The slowest single switch is the least significant bit, which turns
“on" and settles in 250 ns and tums “oft" in 80 ns. In applica-
tions where the D-to-A converter functions in 2 positive-going
ramp mode, the "‘worst case’” switching condition does not occur,
and a settling time of less than 300 ns may be realized. Bit A7
turns “on’ in 200 ns and “‘off*’ in 80 ns, while bit A6 turns “on"’
in 150 ns and “off*" in 80 ns.

~ TRe TesFEwelit ‘otFigure 8 requires-s smaller vollogs iR Ior
the current switches due to internal voltage clamping in the MC.
1408. A 1.0-kilohm load resistor from pin 4 to ground gives
2 typical settling time of 400 ns. Thus, it is voltage swing and not
the output RC time constant that determines settiing time for
most applications.

Extra care must be taken in board layout since this is usually,
the dominant factor in salisfic(ow test results when measuring
settling time. Short leads, 100 uF supply bypassing for low fre-
quencies, and minimum scope lead length are all mandatory. *

TYPICAL CHARACTERISTICS
Ve = +5.0 V, VEE = -15 V. T 4 = +259C unless otherwise noted. )

FIGURE 10 — LOGIC INPUT CURRENT versus INPUT VOLTAGE
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V1. LOGIC INPUT JOLTAGE (Vdc)

FIGURE 12 — QUTPUT CURRENT versus OUTPUT VOLTAGE
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FIGURE 11 - TRANSFER CHARACTERISTIC versus TEMPERATURE

{AS thru AB thresholds lie within range for A1 thru A4)
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FIGURE 13 - OUTPUT VOLTAGE versus TEMPERATURE

{Negative range with pin 1 open is -5.0 Vde over full temperature rangs)
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~
TYPICAL CHARACTERISTICS (continued) —
{(Vec =+5.0V, Vgg=-15V. Ta " +25°C unless otherwise noted.)
e elbng: o o o FIGURE 15 — TYPICAL POWER SUPPLY CURRENT
FIGURE 14 — REFEAENCE INPUT FREQUENCY-RESPONSEL 2222wy venus TEMPERATURE {all bits low)
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APPLICATIONS INFORMATION
FIGURE 17 — OUTPUT CURRENT TO VOLTAGE CONVERSION
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APPLICATIONS INFORMATION (continued)

T Velage-gutpats ofudergersmagnitud btainsblewith-thi ==The-positi itag o be-extraded-h i
circuit which uses an externsi operational amplilier 8s a current output with a high beta common base transisior, O7, as shown.

to voltage converter. This configuration automaticaily keeps the

output of the MC1408 at ground potential and the operstional

amplifier can generate a positive voltage limited only by its positive FIGURE 20 — EXTENDING POSITIVE

supply voltage. Frequency response and settling time are primarily VOLTAGE RANGE

determined by the characteristics of the operational amplifier. In

addition, the operational amplifier must be compensated for unity

gain, and in some cases overcompensation may be desirable. -
Note that this configuration resuits in a positive output voitage :

only, the magnitude of which is dependent on the digital input.
The foltowing circuit shows how the MLM301AG can be used

in a feedforward mode resulting in a full scale settling time on

the order of 2.0 us. -

tResistor and
diocae optional

see tewt)
MC1508L8 Ge
FIGURE 18
3
65 pF
d e
5.1 %

The output voltage ratige for this circuit is O volts to 8Veso
of the transistor. If pin 1 is left open, the transistor base may be
——8 Vg grounded, eliminating both the resistor and the diode. Variations
in beta must be considered for wide temperature range applica-
tions. An inverted output waveform may be obtained by using a
load resistor from 3 positive reference voltage to the collector of
the transistor. Also, high-speed operation is possible with a large
output voltage swing, because pin 4 is held at a constant voltage.
The resistor (R) to Veg maintains the transistor emitter voltage
. when all bits are “off” and insures fast turn-on of the least

An alternative method is to use the MC1539G and input com- significant bit.
pensation. Response of this circuit is also on the order of 2.0 us.

See Motorola Application Note AN-459 for more details on this
concept. 4 .4

(To pin 4 a
of MC1508L8)

¢ FIGURE 19 Combined Qutput Amptifier and Voltage Reference

. . For many of its applications the MC1408 requires a reference
voltage and an operational amplifier. Normally- the operstional
amplifier is usad as a current to voltage converter and its output
need only go positive. With the popular MC1723G voltage regula-
tor both of these functions are provided in a single package with
{6~ the added bonus of up to 150 mA of output current. See Figure
i st 21. The MC1723G uses both a positive and negative power supply.
: AAA et The reference voltage of the MC1723G is then developed with
respect to the negative voltage and appears as a common-mode
signal to the reference amplifier in the D-to-A converter. This
1o s allows use of its output amplifier as a classic current-to-voftage
(Topin 4 = 2 converter with the non-inverting input ¢rounded.
of MC1508L38) - [ y N -Since +15 V and 45.0 V are normally available in a combina-
. 240 3 ':‘C'SJSG s ——eVo tion digital-to-analog system, only the ~5.0 V need be developed.
o A resistor divider is sufficiently accurate since the allowable range
0.2 uf ! 100k 22000nF on pin 5 is from -2.0 to -8.0 volts. The 5.0 kilohm pullidown
resistor on the amplifier output is necessary for fast negative
I . transitions. . ' et

= -15 v : . Fult scale output may be increased to as much ‘as 32 valts by
** increasing RQ oand raising the +15 V supply vbltage to 35 V maxi-
. mum. The resistor divider should be altered to comply with the
maximum limit of 40 volts across the MC1723G. Co may be
decreased to maintain the same RQCQ product it maximum speed

. L, is desired. .
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S .APPLICAT!ON$ INFORMATION {continued)

Programmable Power Supply FIGURE 22 BIPOLAR OR NEGATIVE OUTPUT

The circuit of Figure 21 can be used a3 s digitally programmed VOLTAGE CIRCUIT
powsr supply by the addition of thumbwheet switches and a BCD-
to-binary converter. The outout voitage can be scaled in several
ways, incltuding 0 to +25.5 volts in 0.1-volt increments, £0.05 voit:
or O to 5.1 volts in 20 mV increments, 210 mV.

Vui
. R4 Rg An
14 4
FIGURE 21 — COMBINED OUTPUT AMPLIFIER and asol =
VOLTAGE REFERENCE CIRCUIT A7o:—’- i
A6 N
Asod, MC1408 Series [ 70+
adod] MC1508 N
A0l N vo
[
azo0d ~o—]
Ro v arod ' uciratG
R1S or Equiv
Veg*S Vv co"25 oF 13 |3 }:5 e
FY = =
14 c =
MSB Y _rpese=selaryy A By =12 R4
103 &} Mczac - Vee §ysv A1 - Ata
6 2 Vee
A2 O—{ et
asol ' o vy
>
8 25 &
Ad 0 1
s Mcug&:sst;m e Viof A1 a2 21 As a5 A6 Al as] v,
~s ) YO R MO T T T e 5 e iz aws| A O
10 b 256] Ry
A8 O— ! sisV
azoll £ L2
as ol b ! .
Lse i I FIGURE 23 — BIPOLAR OR INVERTED NEGATIVE
“L 3 }L' 2 1 1 OUTPUT VOLTAGE CIRCUIT
5(0_. 36% lravE :
S$1.6< |
pF |
¢k 5 | | A
[}
EI.G k 0.0t uF | ! Al ZAJAAASAGA‘_ ..=e Ay
[_ . W sl 'IT BT QTI T
[ .
Vee -;sov MC1408 Series
Vo = Vre ® — {A) MC1508
‘Settling tima for a 10-vort rteo =2 1.0 ps N;'C;:::vc vo
vlzn 3| 1sfre s
NC c For A = 00000000
bit configuration
- . Rll§ VO " Vet
. For 8 +8.0 volt output range:
= Veeg = Vet * -5.00 voits
Vee ys v R14 = A% « 2.5k
S Vv =Viet C » 37 of (min)
N R = 5§
Biowisr or Negative Output Voltage
L]
Tha circuit of Figure 22 is a variation from the standard voit- .
29 output circuit and will prodece binolar ouput signals. A ¥, Oscresse R 10 2.5 k(1 for @ O to ~5.0-voit output range.
positive current may be sourced into the summing node to offsat *  This applicstion provides somewhat lower speed, as previousty
the output voitage in the negative direction. For example, if discussed in the Outmut Voltage Range sectjon of the General
vo:oxlmndv 1.0 mA is used a bipolar cutput signal resuits which tnformation.
. may be described »3 a 8-bit"1’¢ * complement offset binary. Vig¢ -
may be used as this auxahary reference. Noté that Rg has been
doubled to 10 kilohms because of the snticipsted 20 Vip-p}
" outnut range.
S .
Py . R4 ) { - »

.- . . g ‘ 1 ! o
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APPLICATIONS INFORMATICN (continued)

" Polarity Switching Circuit, 8.8t Magnitugs
Plus Sign O-to-A Converter

8iootar outbuts may also be ootained by using a polarity switch-
ing circuit, The circuit of Figure 24 gives 8-bit magnitude plus
a sign bit, th this configuration the operational ampiifier is switched
between a gain of +1.0 and -1.0. Although another operational
amplifier is required, no rnore space is takenwhen a dual operationai
amplifier such as the MC1558G is used. The transistor should be
selected for a very low saturation voitage and resistance.

FIGURE 24 — POLARITY SWITCHING CIRCUIT
{8-Bit Magnitude Plus Sign D-to-A Converter)

Vg vg?¥ - vg?

10 % i 2 MC1558G
or Equiv
- MPSE514
Polarty \. or Eauiv .
~— Py oA, .
Contral Bit %5 M ™ Gt

Progrzmmable Gain Amplifier or Digital Attenuvator

When used in the multiplying mode the MC1408 can be
applied as a digitat attenuator, See Figure 25. One advantage of
this techniue is that il Rg = S0 ohms, no compensation capacitor
is needed. The smail and large signal bandwidths are now identicat
and are shown in Figure 14,

The best frequency response is abrtained by not allowing 114
to reach zero. However, the high impedance node, pin 16, is
ctamped to prevent saturation and insure fast recovery when the
current through R14 goes to zero. Rg can be set for 3 1.0 mA
variation in refation to I14. 114 can never be negative.

The output currentis alwavs unipolar. The quiescent d¢ ourput

current fevel changes with the digital word which makes ac couoling
necessary.

FIGURE 25 — PROGRAMMABLE GAIN AMPLIFIER OR
DIGITAL ATTENUATOR CIRCUIT
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Panel Mster Readout

The MC1408 can be used to read out the status of 8CD or
Sinary registers or counters in a digital control tysiem. The current
output can be used o drive directly an analog panel meter. Sx.
ternal meter shunts may be necessary il a meter of lass than 2.0
mA lull scale is used. Full scale calibration can be done by adiust-
mg R14 or V.

FIGURE 26 — PANEL METER READCUT CIRCUIT
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FIGURE 27 -~ DC COUPLED DIGITAL ATTENUATOR
and DIGITAL SUBTRACTION
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