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Milestones of the early electric utility

+ 1882 Thomas A. Edison opens

Pearl St. Station, NYC Industry

Waterwheel-driven 1882 +

dc generator installed

in Appleton, Wisconsin + 1882  First transmission lines . .
installed in Germany )‘ oaLo_L..:‘ st..b.@.n 9 LSoLa.’;_‘B‘ J.A!o (J'g.w D
(2400 V dc, 59 km) ¢ ) ]

Frank J. Sprague 1884 T ML’ P )Le 4w 6L®)‘J..o

produces dc motor
for Edison systems

5 Cawl Sl 9990 (59, HoluiS ¢ Jolo L Cow — )
((gwdig Judo) ol oles ) ol ol

I

- 1885/6 William Stanley
develops commercially
practical transformer

Nikola Tesla 1888 + ¥y ).’ &:A}‘) 4)1.9 adw L: )‘9O GAW-ELM Q‘M dL?U‘ —-Y
presents paper on — .. . . e . .
M‘ n and o BN
synchronous motors + 1889 First single-phase ac f(dow‘ J-‘JQ) O g

transmission line in . - . . e .

United States, in Oregon: W?J‘ )‘J.o.o 3o Q‘y < acC )Ls dw (i b - Y

Oregon City to Portland 3| . sl b .
First three-phase ac 1891 + (4 kV, 21 km) 5(L5~5l-4~9 J-JQ) 0)5 S5 Ve JLo.u 5—L=-‘>
transmission line in . . e
Germany (12 kV, 179 km) dw lads SOy LgL> L sJOlaNo 6L°)l’ [ 2 ¥

T 1893  First three-phase ac - o

transmission line in el )t:‘:’ ©)9R (o

United States, in California

(2.3 kV, 12 km)
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Y connected load relations:

Van = |Vp|20° Vo Ven o Va
/ /
Vin = |Vp|2 —120 K 2 V
Ven = |Vp|2 —240°
Vab = Van — Von = | |(120° — 12 —120°) = V3|1, |230° %
Voe = Vpn — Ve = || (12 =120 =12 —240") = V3|V},|2 —90° o
Vea = Ve — Van = | |(12 —240° —120°) = V3|V, | 2150 Ve 2 -
=> V, =vV3|V,[230° Z "
(Ban)
V. NN
la =7, = liple =0 e 2
% => I, =1Ip oz, B e
b ° - - ’ T,
I = Z—: = |I,|2 -120" -6
Vcn o Mﬁﬂyﬂ
I, =7, " |1,|2 —240" -6 i
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O A connected load relations: I;
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I(Lb/
. Z
Van = [Vp|20 2
) b Iy Z T[(.,,
Vbn = Vp £4—120 => VL= Vp 7
P
Ve = |V,|2 —240° ¢ I o
Iop = |1,]|20° L
Ipe = |I,|2 —120°
Ica
leq = |I,|2 —240°
Io = Iop — Ieq = |I,|(120° — 12 —240%) = V3|1,|2 —30°
Ip = Iye — Iy = |I,|(1£ =120" —120°) = V3|1,|2 =150 L
Iy

Io = Ieq — Ipe = || (12 — 240° — 12 —120") = V3|1, 290°
=> I, =v3|I,|2-30
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J AtoY transformation:

‘/;71 V;lb

“";m ",(u:

For the A-connected circuit, the phase current I, is given by

L= Vab + Vac _ Vab + Vac ZA
Zy  Zy Z) —> V., =—1I,
Z)

Vap + Vae = V3|V |230° + V3|V, |2 — 30° = 3V,

Now, for the Y-connected circuit: Von = Zyl,
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sl o 2 4 b 5l acule (2
Vay = (39 +j28)(2.44 — 36.87) = 115.222 — 1.19

%ﬁjoﬁelodjéﬁgbkﬂﬁ
Vgy = 115.2224 - 121.19 Vey = 115.222118.81

ksl w0 b la 5Ly auloxe (O
Vg = (V3230)V,y = 199.58228.81 , Ve = 199.582 — 91.19, Vi, = 199.582148.81
AbALdQ)u)du;d-Q.h5‘5ujb%=gwbu “ﬁ

Von = 12020 — (0.2 +j0.5)(2.42 — 36.87) = 118.92 — 0.32
Vpn = 118924 —120.32 V., =118.92119.68

A%ALdﬁfw)dlz$Ldb}tb:%mbmo(C

Vap = (V32120)V,,, = 205.94£29.68 , V), = 205.942 — 90.32,V,, = 205.942149.68
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