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Chapter 1
Part (a): Ic I
R = = =0 A/Wb
¢ #A c r0c
R ! A/Wb
= =5.457 x 106

g M?_c

Part (b):
NI -5
CD:RC+ R g= 2437 x10 Wb

Part (c):

A=N®=2315%x103 Wb
Part (d):

A
L= _=1654 mH
1
Problem 1-2
Part (a): I ;
Re= 4= ¢ =2419%x105 A/Wb
H-HA-



https://testbankpack.com/p/solution-manual-for-fitzgerald-and-kingsleys-electric-machinery-7th-edition-by-umans-isbn-0073380466-9780073380469/
https://testbankpack.com/p/solution-manual-for-fitzgerald-and-kingsleys-electric-machinery-7th-edition-by-umans-isbn-0073380466-9780073380469/




=5.457 x 106 A/Wb




Part (b):

Part (c):

Part (d):

Problem 1-3

Part (a):

Part (b):

Problem 1-4

Part (a):

()

_ NI

- ———=2334 x10> Wb
Rc+ Rg

A=NDd=2217 X 103 Wb

A
L= _=1584 mH
1

s
L
N = g = 287 turns
HOAC
—_ Bcore
=—— =768 A
1oN/g
s

L(g *lepo/b) _ L(g + lepto/(ri0)) _ 159 turns

,U-OAC HoAc




Part (b):

Bcore

I = =20.78 A
poN/(g + lcpo/ 1)




Problem 1-5

Part (a):
25
] e
O!d 1 3 A 5
H [A/m] x10*
Part (b):

Bg=Bm=21T
For Bn=2.1T, ur = 37.88 and thus

_ Bm I.
I'= _ "7 g+ —1584
poN Y

Part (c):
707
8O-
2 50} 4
3
e 40+ 4
g
-
=2 L O S | S—— |
107 ..... 4
5 i i
0 50 100 150 200
Current [A]
Problem 1-6
Part (a):




%

QN




Ag = HoNI 1 X

Be=Bg , 29 Xo

Part (b): Will assume I is “large” and I, is relatively “small”. Thus,
BgAg = BpAg = BcAc
We can also write
2gHg+ Hpl, + Hcle = NI,
and
Bg = poHyg; By = uHy Bc = pH.

These equations can be combined to give

[] [] []
— HoNI UoNI
B =q - O _r T o _
g —F—o - B
2g+ Tt R 2g+ ) b+ ) 1=k
and
X
Bc = 1_ Yo Bg
Problem 1-7

From Problem 1-6, the inductance can be found as

— NAch — MON 2Ac

L

I 29 +R2Up+ (1 — x/X)d)




from which we can solve for ur




‘[,[r-: ,Ll — Llp+(1_X/XO)IC

Ho HoN?Ac — 2g1.
Problem 1-8
Part (a):
L — l,l,O(ZN)ZAC

29

and thus
s
2g9L
N =05 yr 38.8

which rounds to N = 39 turns for which L = 12.33 mH.

Part (b): g =0.121 cm
Part(c):
2uoNI
Bc=Bg=
29
and thus
Bcg
I=—"—<=371A
poN
Problem 1-9

Part (a):

=88.5




1(




and thus

s
2g9L
N= =77.6
A

C

which rounds to N = 78 turns for which L = 12.33 mH.

Part (b): g =0.121 cm
Part(c):
B.—p.= o(2N)(1/2
c — g 2g
and thus
2B
1=%"9=371A
poN

Problem 1-10

Part (a):

L = I,LO(ZN)ZAC

IJ C
and thus

Y
uZ(g + (:ﬁ I)L —
N = 0-51: 38.8
Ac

which rounds to N = 39 turns for which L =12.33 mH.

Part (b): g =0.121 cm
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Part(c):

= 2uoNI
Bc=Bg 2(g +%]0)
and thus

B(g +% 1)
I = L —409A

poN

Problem 1-11

Part (a): From the solution to Problem 1-6 withx =0

;= Be29*2 8 (h+l) g

poN

Part (b): For Bm=125T, ur=941 and thus I = 243 A

Part (c):

1.5
g
$ -
- 05 -

/"‘/"’
00,- 2 4 8 8 10
Current [A]
Problem 1-12
1 _
_ uoN 2Ac o 10 *m
L u c=7.8X%X




Problem 1-13

Part (a):

Part (b):

Part (c):

Part (d):

Part (e):

AC: h(Ro - Rl) = 1.62 sz

Re=——=0
HA,
9 -1
Rg = =7.37 x 106 H
® T koA
2
L:N—:704><10*4H
Rc +Rg
BAR_+R)
I= gA‘A‘, ¥ -207A

A=LI =146 x 102\Whp

13




Problem 1-14

See solution to Problem 1-13

Part (a):

Part (b):

Part (c):

Part (d):

Part (e):

lc=22.8cm

Ac =1.62 cm?

R.=1.37 X 106H

6 1
Rg=7.37 X 10 H

L =594 104H

I1=246 A

A =146 x 1072 Wh

14




Problem 1-15

Wr must be greater than 2886.

Problem 1-16

L = ,UONZAC
g+ l/ur
Problem 1-17

Part (a):

HON ZAC
Part (b):

poN 2
= [=077T
g +lc/ur

A = LI =4.40 x 1072 whp

Problem 1-18

Part (a): With w = 1201

15




(UNAcheak
Vims = —v% =208V

Part (b): Using L from the solution to Problem 1-17

2Vrms

Ipeak = = 166 A

wlL

LI? .
Woeak = élLak =9.13 X 10 2

Problem 1-19
B=0.81Tand A =46.5mWb
Problem 1-20
Part (a):
Rs = Y(R2Z+R2y= 4.49 cm
1 2

Part (b): For

lc.=4l + R, + R3 — 2h;
and

Ag = MR}

‘uOAgN 2

g+ (no/wle

Part (c): For Bpeak= 0.6 T and w = 2m60

16




Apeak = AgNBpeak

(UApeak
Vims = —42 =232V

rms

Lme = =0.99 A
wL
1 1
w = Lr = L2l y2=61.0m
peak 2 peak 2 rms
Part (d): For w = 2150
Vims =19.3 V
Irms = 0.99 A

Wpeak =61.0mJ

Problem 1-21

Part (a);

17




\elap
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Part (b):

part (c): For u = 10000

Problem 1-22

Part (a);

Part (b): Ipeak = O.6A

Part (C): Ipeak =4.0 A

Emax= 4fNAcBpeak = 118 V

Icheak
Ipeax = =0.46 A

uN

19




Problem 1-23

For part (b), Ipeak = 11.9 A. For part (C), Ipeak = 27.2 A.

Problem 1-24

_  HMoAcN?
g+ (uo/pWle

NI
Be= g4+ (/1)1

Part(@Q): ForI=10 A, L=23mHand B.=1.7T

LI

N = =225 turns
AcBc

B u

Part (b): For I =10 Aand B. = Bg = 1.7 T, from Eq. 3.21

20




4 R
R lat

21




based upon

Part (c):

Problem 1-25

Problem 1-26

Part (a):

Part (b):

2
Weore= £V5=0.072]
2u

Veore = Aclc Vg = Acg

=1153="1Lp

Wiot = Wg + Weore 5

Lmin = 3.6 mH Lmax = 86.0 mH

LI
N = =
BA. 167
uoNI
g= 2BA, =0.52mm
LI
84

22




_ MoNI
BA.

=0.52 mm

23




Problem 1-27

Part (a):
LI
N=__ =
BA: 167
uo NI
g=""" = (u/wl =0.39 mm
2BA. o«
Part (b):
LI
N=_"_=
2BA. 84

Lo NI
g="""— (u/wl =039 mm
BAC 0 [¢

Problem 1-28
Part (a): N=450and g =2.2 mm
Part (b): N=225and g =2.2 mm
Problem 1-29

Part (a):

uoN 2A
= =11.3H

where

24




A = ma?

I =2nr

25
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Part (b):

_ B2
W= — +« Volume =6.93 x 10 J

20
where

Volume = (mwa?)(2mr)

Part (c): For a flux density of 1.80 T,

B 2ntrB
1=""_ =" _675kA
poN — puoN
and
_26.75 X 103
Al 3 =

Problem 1-30

Part (a):
Copper cross — sectional area = Acu = fwab
w w
Copper volume = Vol = fwb (a+ E)(h+ ) — wh
Part (b):
B = .uojcuAcu
g

Part (c):




]cu:
NI

(o]

27




Part (d):
Pdiss = p] %UV0|cu
Part (e):
B2 Uof 2 A2 wh
Ws ored — T = i
tored 20 X gap volume 29
Part (f):
Wstore - Zl IZL
Pdiss IZR
and thus
L Wistored ,L£0142 wh

R_ ] diss = gp\;;lcu

Problem 1-31

Paiss =6.20 W T1=155mA N =12, 019 turns

R=258Q L=32H t=126 msec Wiresize =34 AWG

Problem 1-32

Part (a) (I):
_ ko1 I _ g0N1I
Bgl 1 BgZ 1
g1 g2

(ii)

28




A1 = N1(A1Bg1 + A2Bg2) = polN? A1+ A_2 I
L g1 g2




A=NAB =uNN Az

2 22g2 0 1 2g—21
Part (b) (i):
HolN2
gz
(i)
A=N@AB +AB)=uNN 4z
1 1 1g1 2g2 0 1 2 2
92
A
A=NAB =pNz2]
2 22 g2 0 24, 2
Part (c) (i):
N
By =ML gy = MO oY,
g1 gz g2
(ii)

A1 = N1(A1Bg1 + A2Bgz) = poN? A1+ A_Z I +,u0N1N2AiIz

L g1 g2 g2

A
A=NAB =uNN 427 +u N2

2 222 0 1 2g2 102y, 2
Part (d):
A1 A L,uNZI42
L1:,uoNf g1+ g_z 20 24,

30




A
L =uNN ?
12 012 —

g2
Problem 1-33
9 h
Rs = Ri=
LTIV 1T LA,
[ I
Re=ya, =4
Part (a):
L= Nf
Rg+ Ri + Ry + RA/2
La=Lg="N"
R
where
Ra(Rg + R1 + Rp)
R=Ra™t
Ra + Rg + R1 + R
Part (b):
L =-L - N1N
1B 1A 2(Rg+ R1 + Rz + Ra/2)

NZ(Rg+ R + Rz)




Li>

~ 2R (RE+ R4 R }+ R2A

32




Part (c):

Problem 1-34

Part (a):

Part (b):

Problem 1-35

Part (a):

Part (b):

Part (c):

uoN1N2D(w — x)
29

Lip =

v(t)=—wl _HoNiN2DW  cos wt

2 0 4g

__ 2Niiy
(Ro + Ri)

v2(t) = Naw(nA) d5(t)

dt

vo(t) = GN2w(nA)B(t)

33




Problem 1-36

Must have

Mol <005g+ Mo

B9 L
= U= > o
U I

H g

For g = 0.05 cm and I. = 30 cm, must have u > 0.014. This is satisfied over the approx-
imate range 0.65T < B < 1.65T.

Problem 1-37

Part (a): See Problem 1-35. For the given dimensions, Vpeak= 20 V, Bpeak =1 T and
w = 1007 rad/sec

Vt)eak
N, = =79 turns
w(Ro — Ri)(nA)
Part (b): (i)
B = Vopeak  — g3 T
peak  GN»(Ro — Ri)(nA)
(i)

Vpeak: a)Nl(Ro - Ri)(nA)Bpeak: 9.26 V

Problem 1-38

Part (a): From the M-5 dc-magnetization characteristic, H. = 19 A-turns/m at B. =
Bg=1.3T. For Hg = 1.3 T/uo = 1.03 X 106 A-turns/m

_Hc(la+1c — g) + Heg
N1

I =30.24

34
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Part(b):

@2
Weap=9Ac = =377
20

Foru=B./H: =0.0684 H/m

BZ
We = (IaAa + A + (Ic — g)Ac) ch— =437 x 103

— 2(I/Vgap + Wc) —

L 8.26 mH
12
Part (c):
2Weap
L= p = 8.25 mH

Problem 1-39

Part (a):

1 ] ! ] : 4
0.8 //74 |
/ /
F 06} L o asss o 4
<
[+=]
04
02
-%0 o 50 100 180 200
H [A/m]

Part (b): Loop area = 191 J/m3

Part (c):




Core

loss =

X _Loop
area

36




37

For f=60 Hz, p = 7.65 X 103 kg/m3, Core loss = 1.50 W/kg

Problem 1-40
Brms = 1.1 T and f = 60 Hz,
Vims = WNAcBrms = 86.7 V

Core volume = Aclc= 1.54 X 10-3 m3. Mass density = 7.65 X 103 kg/m3. Thus, the core
mass = (1.54 x 10-3)(7.65 x 103) = 11.8 kg.

AtB=1.1Trms =156 T peak, core loss density = 1.3 W/kg and rms VA density is
2.0 VA/kg. Thus, the core loss = 1.3 X 11.8 = 15.3 W. The tota|/exciting VA for the core is

2.0 X 11.8 = 23.6 VA. Thus, its reactive component is given by  23.62 — 15.32=17.9 VAR.
The rms energy storage in the air gap is

gAc:B?
Wgap:_ ms :508 \]
Ho

corresponding to an rms reactive power of
VARgp = wWgap =1917 VAR

Thus, the total rms exciting VA for the magnetic circuit is

q
VAms= 15.32+(1917+17.9)2=1935 VA

and the rms current is Irms = VArms/Vrms = 22.3 A.

Problem 1-41

Part(a): Areaincreases by a factor of 4. Thus the voltage increases by a factor of 4 to
e = 1096 cos(377¢t).
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Part (b): I doubles therefore so does the current. Thus I = 0.26 A.

Part (c): Volume increases by a factor of 8 and voltage increases by a factor of 4. There
Ip,rms doubles to 0.20 A.

Part (d): Volume increases by a factor of 8 as does the core loss. Thus P. = 128 W.

Problem 1-42

From Fig. 1.19, the maximum energy product for samarium-cobalt occurs at (approxi-
mately) B = 0.47 T and H = -360 KA/m. Thus the maximum energy product is 1.6% 105
J/m3,

Thus,
Am= E 2 cm? = 3.40 cm?
0.47
and
|
[l =-0.2cm 0.8 =0.35¢cm
m po(—3.60 x 10%)

Thus the volume is 3.40 « 0.35 = 1.20 cm3, which is a reduction by a factor of 5.09/1.21
=4.9.

Problem 1-43

From Fig. 1.19, the maximum energy product for neodymium-iron-boron occurs at (ap-
proximately) B =0.63 T and H =-470 KA/m. Thus the maximum energy product is 2.90

X 105 J/ms.

Thus,
0.8

Am = —— 2cm?=254cm?
0.63




and

39
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In= —0.2¢cm 0.8 =0.27cm

1o(—4.70 X 109)

Thus the volumeis 2.54 % 0.25 = 0.688 cm3, which is a reduction by a factor of 5.09/0.688
=7.4.

Problem 1-44

From Fig. 1.19, the maximum energy product for samarium-cobalt occurs at (approxi-
mately) B =0.47 T and H = -360 kA/m. Thus the maximum energy product is 1.69 X 105

J/m3. Thus, wewant B; = 1.3 T, Bm = 0.47 T and Hn = —360 kKA/m.

H B
hm=-g 3° =-9 wpy =287 mm
m 0 m

Am = Ag Be —2nrn Big =451 cm?

m

—m —
R = =3.66 cm

Problem 1-45

From Fig. 1.19, the maximum energy product for samarium-cobalt occurs at (approxi-
mately) B =0.63 T and H = -482 kA/m. Thus the maximum energy product is 3.03 X< 105

J/m3. Thus, we want Bg = 1.3 T, Bm = 0.47 T and Hm = —360 KA/m.

By

Hg
_ - _ - =215 mm




Am

Ag

g

=2nRh

g

=31.3 cm?

41
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—m —
R = =316 cm

Problem 1-46

For Bm = ur(Hm—H.), the maximum value of the product —BmHm occurs at Hm = H./2
and the value is B2f4ur.

3 Corresponding
T [C] | =(BmHm)max [k3/m] | Hn [KA/m] | Bu[T ]
20 253.0 -440.0 0.57
60 235.7 -424.7 0.56
80 223.1 -413.2 0.54
150 187.5 -378.8 0.50
180 169.0 -359.6 0.47
210 151.5 -340.5 0.45

Problem 1-47

From Fig. 1.19, the maximum energy product for neodymium-iron-boron occurs at (ap-
proximately) Bm = 0.63 T and Hm =-470 kA/m. The magnetization curve for neodymium-
iron-boron can be represented as

Bm = urHm + Br
where Br = 1.26 T and ur = 1.067u0. The magnetic circuit must satisfy
Hmd + Hgg = Ni;  BmAm = BgAg

part (a): For i = 0 and Bg= 0.6 T, the minimum magnet volume will occur when the
magnet is operating at the maximum energy point.

By , _
A= D% Ag=667 cm?
B

Hg Hm




g=347 mm

43
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part (b): Want B; = 0.8 T when i = Ipeak

h i

Bg dAg +_g_ . Brd
lyeak = HeAm N He HR_ =6.37 A

Because the neodymium-iron-boron magnet is essentially linear over the operating range
of this problem, the system is linear and hence a sinusoidal flux variation will correspond to
a sinusoidal current variation.

Problem 1-48

Part(a): Fromthesolution to Problem 1-46, themaximumenergyproductforneodymium-
iron-boron at 180 C occurs at (approximately) Bm = 0.47 T and Hm = -360 KA/m. The
magnetization curve for neodymium-iron-boron can be represented as

Bm = urHm + Br

where Br = 0.94 T and ur = 1.04u0. The magnetic circuit must satisfy
Hmd+ Hgg =0; BmAm = BgAg

For Bg= 0.8 T, the minimum magnet volume will occur when the magnet is operating
at the maximum energy point.

B
Am = —F Ag=153 cmz2
B

m

Hg

d= g =566 mm

m

Part(b): At 60 C, Br = 1.12 T. Combining

Bm = urHm + Br




Hmd + Hgg = 0

45




gives

Bg =

AmBm = AgAg = l,l,OHgAg

HodAm

Br=095T
podAg + URgAm

46




PROBLEM SOLUTIONS: Chapter 2

Problem 2-1

At 60 Hz, w =120n.

primary:  (Vims)max = N1WA(Brms)max = 3520 V, rms

secondary: (Vims)max = N2WA(Brms)max = 245V, rms

At 50 Hz, @ = 100nm. Primary voltage is 2934 V, rms and secondary voltage is 204 V, rms.

Problem 2-2
V/
2VI‘I‘I‘lS
N=—__ =147 turns

wACBpeak

Problem 2-3
s
N= — =2 turns

75

Problem 2-4
Part (a):
R1 = Ny Y =1.28 A
=N R,=9.38Q I;= I, =L

47




VzZ

N, Vi=48V Py= V2’_ 146y
N1 R2

48




49

Part (b): For w =2nf =6.28 X 103 Q

Vi
Xi=wlL=2.14Q LL=—_ =1.25A
R1 + jX1
_ M
I> = y, 11=0.312A V2=DR,=46.8V
2

P, =V,I, =14.6 W

Problem 2-5

For w =100]r7, Z. = RL + jwL =5.0 +j0.79 Q

20

VL=110 — =18.3V I.= Vi 36A
120
I
and

120
= — =604 mA

In=1I. 5,

Problem 2-6

The maximum power will be supplied to the load resistor when its impedance, as reflected
to the primary of the ideal transformer, equals that of the source (1.5 kQ). Thus the

transformer turns ratio /V to give maximum power must be

Under these conditions, the source voltage will see a total resistance of Rt = 3 kQ and the
source current will thus equal I = Vs/Rw: =4 mA. Thus, the power delivered to the load will
equal




P]oad = IZ(N ZR]oad) = 24 mW

50




o1

Here is the desired MATLAB plot:

4 5 [}
Number of turna

Problem 2-7

The maximum power will be supplied to the load resistor when its impedance, as reflected
to the primary of the ideal transformer, equals that of the source (1.5 kQ). Thus the

transformer turns ratio /V to give maximum power must be

s

X.
N= “S=4.47
Rload

Under these conditions,_ /the source voltage will see a total impedance of Ziot = /1.5+ j1.5 k€

whose magnitude is 1.5 2 kQ. The current will thus equal I = Vs/|Zwt| = 5.7 2 mA. Thus,
the power delivered to the load will equal

Pioad = I’(N?R10aa) = 48 mW

Here is the desired MATLAB plot:

& &

Load power [m\\]
~
i

i i i i
0 2 4 6 8 10
Number of turns
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Problem 2-8

X, L
Vo= Vi X +X =y, L+1  =119.86 V

Problem 2-9

Part (a): Referred to the secondary

L
Lz = - =37.9 mH

Part(b): Referred to the secondary, Xm = WLm,2 = 14.3 Q, X2 = 16.6 mQ and X; =
16.5 mQ. Thus,

Xm
() Vi=N x_ 4+x, V2=791 V

and

(i) I = Vo= Ve -3629 A

Xse Xz + Xm || X1

Problem 2-10

Part (a):

!
I =¢=4.98 A; v =NV Xm =6596 V

1 2 1

+ X1 X1]+X

Part (b): LetXOl = X1 /N2 and Xsc = Xi +Xm||(Xm+X01). For Itateqa = 45 kVA/230 V =
2 2 1 2




196 A

Vl = IratedXsc =11.4 V

Xm ! Irated =6.81 A

53
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Problem 2-11

Part (a): At 60 Hz, all reactances increase by a factor of 1.2 over their 50-Hz values.
Thus

Xm=55.4Q Xi,1 =33.4 mQ X1,2=30.4Q

Part (b): For V1 =240V
Vi X.,  =6883V
I —_—
1= X1+ Xm =4.33A V=NV X + X1

Problem 2-12

The load voltage as referred to the high-voltage side is V 0= 447 x 2400/460 = 2332 V.
Thus the load current as referred to the high voltage side is

o P
Ii=y,=180A

and the voltage at the high voltage terminals is

Vu = |VLQ +_]'X1,1IP;| = 2347V

and the power factor is

PL
pf = Vil,0= 0.957 lagging

here we know that it is lagging because the transformer is inductive.
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Problem 2-13

At 50 Hz, Xi=39.3 X (5/6) = 32.8 Q. The load voltage as referred to the high-voltage
side is V1 0= 362 x 2400/460 = 1889 V. Thus the load current as referred to the high voltage
side is

Ju P
L= Vo= 18.3 A
and the voltage at the high voltage terminals is

Vu = [V + j X1 = 1981 V

Problem 2-14

Part (a):
797KV : 240k
o—AM—TIN—TIN—AMW 0
Ry X Xy Ry .L »
@en  (4210) @390 @00 g %
?’ €
{i
797KV 24okv
W—W—N\/\—o
ETR
1377m0| ’382m0' (398 m0) «372m0|
L 0
(i)
Part (b):
_40kW .
Jo =166 7 /¢ A
Toas ~ 225/ a

where ¢ is the power-factor angle. Referred to the high voltage side, [ = 5.02 &/¢ A.
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\7]—1 = ZHfH

Thus, (i) for a power factor of 0.87 lagging, Vu = 7820 V and (ii) for a power factor of
0.87 leading, Vu = 7392 V.
part (c):

@
-
o
«Q

—d - .

i

730-%0 -40 -20 0 20 40
pf angle [degrees]

Problem 2-15

Part (a):
3B1KV:230kV
—MWA—TI— T —WW— | 0
Ry X X5 Ry o ‘\ |®
(48500 (4130) (4640) {4450) 5
: [ L.

(i
381KV 230kV

AMN—TIN—TIN—y\W—0
o e R, AR R,
(172m0) (15m) (169m0)} {162mY)

s,

(i}
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Part (b):

_ 40 kW

R jo =326 1.J° A
how 220V e

where ¢ is the power-factor angle. Referred to the high voltage side, fu = 19.7 &/¢ A.
VH = ZHfH

Thus, (i) for a power factor of 0.87 lagging, Vu = 3758 V and (ii) for a power factor of
0.87 leading, Vu = 3570 V.

part (c):

High-side lerminal voltage

20 4] 20
pf angle [degrees]

Problem 2-16
Part (a): fipaq = (178/.78) kKVA/2385 V = 72.6 A at 6. = cos~! (0.78) = 38.7°
Ve = N(Vi, + Z; Tioad) = 34.1 kV
Part (b):
Vsena = N(VL + (Z¢ + Z¢) foad) = 33.5 kV
Part (c): fsena = fload/N and

Ssend = Psend +stend = Vsendf*send =138 KW — _]934 kVAR




ThUS Psend = 138 kW and Qsend = _93.4 kVAR.

Problem 2-17
Part (a):
pf = 0.78 leading:

part (a): Vi,u=34.1kV
part (b): V.4 =33.5kV
part (C): Psend = 138.3 kW, Qsend = -93.4 kKVA

pf = unity:
part (a): Viu = 35.0 kV

part (b): Vsenda = 35.4 kV
part (C): Psend = 137.0 KW, Qsena = 9.1 kVA

pf = 0.78 lagging:

part (a): Vi,u = 35.8 kV

part (C) Psend = 138.335 kW, Qsend = 123.236 kVA

Part (b):

w
&

High-side lerminal voltage [kV]
w g w
4 : .

({‘)

w
w

-40 -20 a 20 40
pf angle [degrees)
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Problem 2-18

Following the methodology of Example 2.6, efficiency = 98.4 percent and regulation =
1.25 percent.

Problem 2-19

Part (a): The core cross-sectional area increases by a factor of two thus the primary
voltage must double to 22 kV to produce the same core flux density.

J

Part (b): The core volume increases by a factor of 2 2 and thus the excitation kVA must_
increase by the same factor which means that the current must increase by a factor of 2
to 0.47 A and the power must increase by a factor of 2 2 to 7.64 kW.

Problem 2-20

Part (a):
VSC
Zegul = " 214,10
Isc,H
Psc H
Req,H = 2 =752 mQ
Isc,H
q
Xegu = | Zequl2— R&H = 14.1 Q
and thus

Zeqn =0.75+j14.1Q

Part (b): With N = 78/8 =9.75




Req,L =

N2

=7.91 mQ
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and thus

Zeq/]_, = 7.9 +j148 mQ

Part (c): From the open-circuit test, the core-loss resistance and the magnetizing reac-
tance as referred to the low-voltage side can be found:

2
Vool — 742 03

RC,L =

oc,L

a___ 000
2 —
SOC,L = VOC,LIOC,L = 317 kVA’ QOC,L = SOC,L - P(%C,L - 305 kVAR

and thus

2
Xz /=210 0
ro,L

The equivalent-T circuit for the transformer from the low-voltage side is thus:

396m0 7410 7410 396mQ givg0 Ly
o—ANN—TIT VW | Q
L

2100 7420 %
o 0
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Problem 2-21

Part (a):
Vsc H
[ Zequl =777 =141 0
Isc,H
Psc[H
Req,H = 2 =752 mQ
Isc,l—[
q
Xeq,H: |Zeq,H|2_ R4,H =14.1Q
and thus

Zegn=0.75+j14.1Q

Part (b): With N = 78/8 =9.75

Requ

Req,L = N2 7.91 mQ
Xeng

Xeq,L = N2 = 148 mQ

and thus

Zeql]_, = 7.9 +j148 mQ

Part (c): From the open-circuit test, the core-loss resistance and the magnetizing reac-
tance as referred to the low-voltage side can be found:




RC,L

=¥i_ 7400
Poc,L
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q
2 —
Socr= Voo loor =317 KVA;  Qocr=  Soot — Po., = 305 KVAR

and thus

2
Xop= V2= 2100
QOC,L

The equivalent-T circuit for the transformer from the low-voltage side is thus:

128m0 2400 7410 240mQ 5 g4y alky
o——AAN——TUT™ I—V VW™ 0
° L ]
13.9 kQ 106 kO E
O . ) | ©

Problem 2-22

Parts (a) & (b): For Ve, =7.96 KV, o, = 17.3 A and Poc,1. = 48 KW

2
Ror= %ol =1.32kQ  Rey=N2R.. = 33.0 kQ
Poc,L

g q
2

Qoer= Socl—Plcr= (Voorloor - Pai)>= 129 KVAR

2

Xmp= Yosl =491 Q  Xmu=N 2Xm1 = 12.3kQ
ro,L

FOF Vsc,H = 1. 92 kV, IOC,L = 252 A and POC,L = 60.3 kW

PsclH
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a a
XH = 8 — Ri = (Vsc,H/Isc:,H)2 —R%-[ =7.56 Q
R =Ri_3s0ma x="" _smmo
LNz L WT
Part (c):
Puiss = Poc,L + Psc,H = 108 kW
Problem 2-23

Pal’tS (a.) & (b) FOI’ VOCIL = 3.81 kV, IOC/L = 9.86 A and POC/L = 8. 14 kW

2
Ron= %el=1.78kQ  Rou= N2R. = 44.8 kQ

Poc,L
a_ a
QOC,L = SOC/L o PZOC,L = (VOC,LIOC,L — POZC/L)Z = 36.7 kVAR
2
Xmp = Yosl =305 Xpu= N 2Xm1 = 9.95kQ
ro,L
FOI’ Vsc,H = 920 V, I()c,]_, = 141 A and Poc,]_, = 10.3 kW
Psc H
RH— Iz H —518mQ
sC,
a a

Xu= za_Ri= (Vew/Ien)?-Ru=6.50Q




R =Ri_20emao x = Xu=250m0
L N2 L NZ
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Part (c):

Puiss = Poc,L + Psc,H =18.4 kW

Problem 2-24

Solution the same as Problem 2-22
Problem 2-25

Part (a): 7.69 kV:79.6 kV, 10 MVA

Part (b): 17.3 A, 48.0 KW

Part (c): Since the number of turns on the high-voltage side have doubled, this will occur
at a voltage equal to twice that of the original transformer, i.e. 3.84 kV.

Part (d): The equivalent-circuit parameters referred to the low-voltage side will be un-

changed from those of Problem 2-22. Those referred to the high-voltage side will have 4 times
the values of Problem 2-22.

RC,L 1.32 kQ Rc,H = 132 kQ

Xm,L

491 Q Xmu = 49.1 kQ

RL = 38.0 mQ RH =3.80 Q

X1 =302 mQ Xu=30.2Q
Problem 2-26

Part (a): Under this condition, the total transformer power dissipation is 163.7 KW. Thus
the efficiency is
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25 MW

= = 0
=100 X o0 mw + 163.7 kw — 99-4%

From Problem 2-20, the transformer equivalent series impedance from the low voltage
side is Zeg,. = 7.91 + j148 mQ. The transformer rated current is Iraeda = 3125 A and thus
under load the transformer high-side voltage (neglecting the effects of magnetizing current)
referred to the primary is

|VH0| = |VL - IratedZeq,Ll =7.989 kV
and thus the voltage regulation is 100 x (7.989 — 8.00)/7.989 = 0.14%.

Part (b): Same methodology as part (a) except that the load is 22.5 MW and the current
iS I = Iratea 6.¢p Where ¢¢ = cos—1 (0.9) = 25.8°. In this case, the efficiency is 99.3% and the
regulation is 1.94%.

Problem 2-27

Part (a):
9B 55 , ,
985+ T :

i ‘\\
>
S o845- i i $oomeecs
= : : : \
z / P ; W
& 984/ — : \
8 : : ;
£ / \

08 35 s : :

40 30 20 10 0 16 20 30 40

pf angle [degrees)
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Part (b);

w

- N

Vollage regulation [percent)
- o

]
N

— L —_— ]
-40 -30 -20 -10 0 10 20 30 40
pf angle [degrees]

Problem 2-28
Part (a): The transformer loss will be equal to the sum of the open-circuit and short- circuit
losses, i.e. 313 W. With a load of 0.85 x 25 = 21.25 kW, the efficiency is equalto
21.25
n= =0.9855 = 98.55%
21.25+0.313

Part (b): The transformer equivalent-circuit parameters are found as is shown in the
solution to Problem 2-23.

Rl = 414 Q Ren = 41.4 kQ

Xmpi =193 Q Xmu = 19.3 kQ

RL=17.1mQ Ry =1.71 Q

XL = 64.9 mQ XH: 6.49 Q

The desired solution is 0.963 leading power factor, based upon a MATLAB search for the
load power factor that corresponds to rated voltage at both the low- and high-voltage
terminals.




71

Problem 2-29
Efficiency = 98.4% and regulation = 2.38%.
Problem 2-30

The voltage rating is 280 V:400 V. The rated current of the high voltage terminal is equal
to that of the 120-V winding, Iratea = 45 X 103/120 = 375 A. Hence the kVVA rating of the

transformer is 400 X 375 = 150 kVA.
Problem 2-31

Part (a):

Vi =600V

V =480V

5 [

Part (b): The rated current of the high voltage terminal is equal to that of the 120-V
winding, Iratea = 104/120 = 83.3 A. Hence the kVArating of the transformer is 600 X 83.3 =
50 kVA.

Part (c): The full load loss is equal to that of the transformer in the conventional con-
nection, Poss = (1 — 0.979) 10 kW = 180 W. Hence as an autotransformer operating with a

load at 0.93 power factor (Picaa = 0.93 X 50 kW = 46.5 kW), the efficiency will be

46.5 kW

n=_——— _ _
46.78 KW 0.996 = 99.6 percent

Problem 2-32

Part (a): The voltage rating is 78 kV:86 kV. The rated current of the high voltage ter-
minal is equal to that of the 8-kV winding, Iratea = 50 X 106/8000 = 3.125 kA. Hence the
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kVA rating of the transformer is 86 kV X 3.125 kA = 268.8 MVA.

Part (b): The loss at rated voltage and current is equal to 164 kW and hence the efficiency
will be

268.8 MW
n= = 0.9994 = 99.94 percent

268.96 MW
Problem 2-33

MATLAB script should reproduce the answers to Problem 2-32.

Problem 2-34

Part (a): 7.97 kV:2.3kV; 188 A:652 A; 1500 kVA

Part (b): 13.8 kV:1.33 kV; 109 A:1130 A; 1500 kVA

Part (c): 7.97 kV:1.33 kV; 188 A:1130 A; 1500 kVA

part (d): 13.8 kV:2.3kV; 109 A:652 A; 1500 kVA

Problem 2-35

Part (a):

(i) 68.9 KV:230 KV, 225 MVA
(ii) Zeq = 0.087 + j1.01 Q
(|||) Zeq =0.97 +J113.(2

Part (b):

(i) 68.9 kV:133 KV, 225 MVA
(ii) Zeq = 0.087 + j1.01 Q




(iii) Zeq = 0.32 + j3.77 Q
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Problem 2-36

Part (a):
(i) 480 V:13.8 kV, 675 kVA

(i) Zeq = 0.0031 + j0.0215 Q
(iii) Zoq = 2.57 + j17.8 Q

Part (b):
(i) 480 V:7.97 kV, 675 MVA

(ii) Zeq = 0.0031 + j0.0215 Q
(iii) Zeq = 0.86 + j5.93 Q

Problem 2-37

Following the methodology of Example 2.8, Vicada = 236 V, line-to-line.
Problem 2-38

Part (a): The rated current on the high-voltage side of the transformer is

25 MVA

Toated = V————— =209 A
e Y 68 KV

The equivalent series impedance reflected to the high-voltage side is

Zeq,H = NZZeq,L = 1.55 +j9.70 Q

and the corresponding line-neutral voltage magnitude is

VH = Irated,H |Zeq,l—[| = 2.05 kV

corresponding to a line-line voltage of 3.56 kV.
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Part (b): The apparent power at the high-voltage winding is S = 18/.75 = 24 MVA and
the corresponding current is

24 MVA

Load = W 209 A

The power factor angle 6 = — cos—1(0.75) = —41.4° and thus

Tload = 209 6_—41.4°

V
With a high-side line-neutral voltage Vi =69 kV/ 3 =39.8 kV, referred to the high-

voltage side, the line-neutral load voltage referred to the high-voltage side is thus

Vl?)ad = |VH - floadZeq,H| = 38.7 kV

Referred to the low-voltage winding, the line-neutral load voltage is

13.8

Vicad = E Vl%ad =7.68 kV

corresponding to a line-line voltage of 13.3 kV.
Problem 2-39

Vv
Part (a): The line-neutral load voltage Vicad = 24 kV/ 3 =13.85 kV and the load
current is

|
375 MVA "

[ . = A; P — I

where ¢ =cos-10.89 =27.1°.

The transformer turns ratio V. = 9.37 and thus referred to the high voltage side, V0 o =

NVioaa = 129.9 kV and [ioad = lloas/N = 962¢/® A. Thus, the transformer high-side line-
neutral terminal voltage is




Vi = [VE + j XD oaq| = 127.3 kV
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corresponding to a line-line voltage of 220.6 kV.

Part (b): In a similar fashion, the line-neutral voltage at the source end of the feeder is
given by

Vs = [V + (Zr + X oaal = 126.6 kV
corresponding to a line-line voltage of 219.3 kV.

Problem 2-40

Laggng pawer factor

Leasing poeds fact0r-,

Problem 2-41

Part (a): For a single transformer

Psc
Req,]—[ = = 342 mQ

2
Isc

SSC = VscIsc = 8.188 kVA

q
Qsc=  Svc_ pc=8.079 KVAR

and thus

Xeq,H = =2.07Q

JI2
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For the there-phase bank with the high-voltage side connected in A, the transformer
series impedance reflected to the high-voltage side will be 1/3 of this value. Thus

Req,H + leq,H

Zin

= 2 =114 + j689 mQ

Part (b): Referred to the high voltage side, the line-neutral load voltage is Vieada =
2400/sqrt3 = 1386 V and the 450-kW load current will be

Thus the line-neutral source voltage is

Vs = |Vioaa + (Zo, 1 + Z£) Iioaa| =1.40 kV

corresponding to a line-line voltage of 2.43 kV.

Problem 2-42

79

Part (a): The transformer turns ratio is /N = 13800/120 = 115. The secondary voltage

will thus be
1

v, =" X =119.87 60.051°

N Ri+jX1+ jXm

Part (b): Defining R, = N 2RL =9.92 MQ and

Zeq = jXul[(Rh + RY + jX1)

v, = Zeq = 119.80 6 0.012

N Rl +jX1+Zeq

Part (c): Defining Xt = N2X1 = 9.92 MQ and




Zeq = JXml[(R + jXL +jX2)

80




81

Vi Leq =119.78 6 0.083°

N Rl +jX1 + Zeq

Problem 2-43

Following the methodology of Part (c) of Problem 2-42 and varying X1, one finds that
the minimum reactance is 80.9Q.

Problem 2-44

This solution uses the methodology of Problem 2-42.

Part (a):
D1}
T e r——
g 02 s
o
Y ' —— Kaantroa
3 03¢ ’./ Reoztve
- !
X 04 ‘
3 J
,'} o5t}
0 L
i 0 000 1500 CO
ot aReacance 0]
Part (b):
. — At
02 AROI(IN«!
K
% 01
o
3 e g
¥ ¢ 5 B
i /
g 01—
- f
T /
L2 |

o 50 1000 1560 2000
SewsanceReacance 1]

Problem 2-45

Part (a): For I; = 150 A and turns ratio NV = 150/5 = 30
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L=5h JXm =4.99560.01° A
N Rt jm + x2)

Part (b): With R, = 0.1 mQ and R}, = N2R, = 90 mQ

=

fzz

JXm =4.98862.99° A

N Ry o Rb+ (X +X9)
Problem 2-46

This solution uses the methodology of Problem 2-45.

Part (a):
0 g — — ——
T -
g — Resstve
i Tanztve
= 4
g
[}
3 2
= .8
X 160 150 200
RessstarceReactance [l
Part (b):
L A
7~
//
2 -
H -
& =
35'3 I s — Reamn
3 // Reactie
: ¥
T )
T
0 b e |
50 100 180 200

-
Fesstonco/Reocance [4%

Problem 2-47
The base impedance on the high-voltage side of the transformer is

_ W2d,n _
Zbase,H =——=136.1 Q
Prated
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Thus, in Ohms referred to the high-voltage side, the primary and secondary impedances
are

Z = (0.0029 + jO.023)Zpase,11 = 0.29 + j23.0 mQ

and the magnetizing reactance is similarly found to be Xm =172 Q.
Problem 2-48

From the solution to Problem 2-20, as referred to the low voltage side, the total series
impedance of the transformer is 7.92 + j148.2 mQ, the magnetizing reactance is 210 Q and
the core-loss resistance is 742 Q. The low-voltage base impedance of this transformer is

(8 X 103)2

Zhase, L= ————=
el e 106 256 Q

and thus the per-unit series impedance is 0.0031 + j0.0579, the per-unit magnetizing reac-
tance is 82.0 and the per-unit core-loss resistance is 289.8.

Problem 2-49

From the solution to Problem 2-23, as referred to the low voltage side, the total series
impedance of the transformer is 20.6 + j259 mQ, the magnetizing reactance is 395 Q and the
core-loss resistance is 1780 Q. The low-voltage base impedance of this transformer is

(3.81 x 103)2
Zbase,L =

2.5 x 10°

and thus the per-unit series impedance is 0.0035 + j0.0446, the per-unit magnetizing reac-
tance is 68.0 and the per-unit core-loss resistance is 306.6.

=5.81 Q

Problem 2-50

Part (a): (i) The high-voltage base impedance of the transformer is

_(7.97 x 1092

base,H —

25 % 10° =2.54 kQ
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and thus the series reactance referred high-voltage terminal is

XH: 0.0752base,]—[ = 191 Q

(i) The low-voltage base impedance is 2.83 Q and thus the series reactance referred to
the low-voltage terminal is 212 mQ.

Part (b):

(i) Power rating: 3. X 25 kVA = 75 kVA
Voltage rating: 3 X7.97kV: 3 X 266V =13.8kV :460 V
(i) The per-unit impedance remains 0.075 per-unit

(iii) Referred to the high-voltage terminal, Xu = 191 Q
(iv) Referred to the low-voltage terminal, X1 = 212 mQ

Part (c):

(i) Power rating: 3. X 25 kVA =75 kVA

Voltage rating: 3 X 7.97kV : 266V =13.8kV : 266 V
(if) The per-unit impedance remains 0.075 per-unit

(iii) Referred to the high-voltage terminal, Xy = 191 Q
(iv) Referred to the low-voltage terminal, the base impedance is Now Zyase,L. =
2662/(75 x 103) = 0.943 Q and thus X1 = 0.943 X< 0.075 = 70.8mQ

Problem 2-51

Part (a): 500 V at the high-voltage terminals is equal to 500/13.8 x 103 = 0.0362 per
unit. Thus the per-unit short-circuit current will be

~0.0363
Isc I

0.075

= 0.48 perunit

(i) The base current on the high-voltage side is

75 103
Ibase,L= \/ X 5 =3.14A




3 X 13.8 X 10
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and thus the short-circuit current at the high-voltage terminals will equal

Iscn=0.48 X 3.14=1.51 A

(i) The base current on the low-voltage side is

[ERY 103

Ibase,L =V 3_>< 460 =094.1A

and thus the short-circuit current at the low-voltage terminals will equal

Is. =0.48 X 94.1=45.4 A

Part (b): The per-unit short-circuit current as well as the short-circuit current
at the high-voltage terminals remains the same as for Part (a). The base current
on the low-voltage side is now
3
75,10

Ibase,L = V??X 266 =163 A

and thus the short-circuit current at the low-voltage terminals will equal

I =0.48 X 163 =78.6 A

Problem 2-52

Part (a): On the transformer 26-kV base, the transformer base impedance is

262
Zbase,t = Sﬁ: 0.795 Q

and on the same voltage base, the generator base impedance is

262
Zbase,g = mz 0.845 Q

Thus, on the transformer base, the per-unit generator reactance is

Zbase,g
Xg=1.28 7z =1.36 perunit
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Part (b):

Part (c): In per-unit on the transformer base,

V =10 perunit P= =0 _ 0.882per unit S = i = 0.980 per unit

t,H aQacn
850 0.9

and thus
I’ =0.98¢e/®

where ¢ =cos—1 (0.9) = 25.8°

Thus, the per-unit generator terminal voltage on the transformer voltage base is

Ve = Vou + (Re + jXo)I = 0.979 6.3.01° per — unit

which corresponds to a terminal voltage of 0.979 X 26 kV = 25.4 kV.

The per-unit generator internal terminal voltage on the transformer voltage base is

Ear = Vin + (Re + jX: + jXg)[ =131 6 72.4° per - unit

which corresponds to a terminal voltage of 1.31 X 26 kV = 34.1 kV.

In per unit, the generator complex output power is

S = V,I* = 0.884 - j0.373 per unit

and thus the generator output power iS Pgen = 0.884 x 850 = 751.4 MW. The generator
power factor is




and it is leading.

pf

— =0.92
S|
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