Problame 9-1 to 9-12 refer to the following de motor

P ,=15hp Jira = 55 A

Ve=240V N . = 2700 turnz per pole

Ry = 1200 1/fmn Ng =27tras perpole

R,=0400 K =100

Ro=0040 Ralj:m[]todmﬂﬁ

Eotatonal lesses = 1800 W at full 1ead, Magnetization cirve a8 shown in Flgure P9-1
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Note:  An elesfronic wersion of this magretization curve can b fourd in file
291 mag.dat, whica can 22 used with MATLAE programs. Column 1
zorfaite field current in amps, and colimn 2 cortaing the infernal gensrated
voltage B4 in volfs,

Ir. Problems 9-1 through Ei asgame that the motor described above cad be conected in shunt. Tre equivalent

cirenit of the shunt motor iz showr, in Fignre 29-2,




9-1.
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MNote:  Fioure P9-2 shows incotrect valves for Hs and Re in the fizst printing of this
book, The correct walues are given in the text, but shown incorrecly on the
figure, This will be corrected af toe second printing

If the resistor Radj iz adiustedto 175 Lwhat i the rotational speed of the motor at ro-load conditions ?
wOLUTICH At no-lead conditions, &, =V =240 Y, "'he fizld currert is given by

v, M0V MY

I = = = =087 4
Rg+ Ry T1750L+1008 25010

Frow Figure F2-1, 1l [eld curend would prodice aninlernal generaled vollage £, ol 271V 4l 4 speed
n, of 1200 t/min. ‘Theretore, the speedn with a voltage &, of 240 ¥ wou.d be

E, _n
Ei n,
E M0V
n= —% n = —— (1200t/min) = 1063 r/min

E. ¢ 21V

]

If the motor is operating at Full load and if itz variable resistance Raij iz inereased to 220 L), what iz the
rew speed of the motor? Compare the full-load speed of the motor with £, = 175 Lo the full-load speed

With Ry = 250 L4 (Assume no armature reaction, as in the previous problem)

SoLution If R, is sef to 250 L4, the field current is now

W 40V 240V

= = = =06a6 4
Bgt+Ey 20L0+1000 3250

Iy

Since the motor is still at full load, E, is still 218,32 V. From the magnetization curve (Figure P9-1), the
rew field current [ would produce a voltage £, of 247V at a speed », of 1200 t/min. Therefore,

By, = A8V (1200 t/min)= 1061 r/min

E ! IV

A

=

Maote that R‘dj has increased, and as a result the speed of the motor » increased



9.0

9-8.

What is the starting eurtent of “his machine if it is startedby cornecting it directly to the power suppy V. %
How does this stasting curtent sompase to the full-load current of the motcr?
Sovurien The sterting currant of “his mechine (igroring the amall field curent) i
V240V
PR 0400

=600 4

The rated carrant is 55 A, so the sarting currert is 10 9 f:mes greater thar. the full-load currert. Thiz much
airrent iz extremely likey to damege the motor,

What iz the no-load speed of this separately excited motor when Raij =175 landfa) V, = 120V, (B) V,
=180, (¢) V, = 240 V7

SoLution At no-lead conditions, £, =V, The fisld curtent is given by

o Ve 20V 20V
T Ry+R 175041000 2750

=085 A

Frotm Figure P9-1, this field current would produce an internal generated voltage £, of 271 at a speed
n, of 1200 r/min. Therefore, the speed »n with a voltage of 240V wouldbe

)

fa P
Eﬂ.-::' - n-::'
= =4
M EM H,
(@l IfV, =120V, then B, = 120V, and
we 2V (1200 pfnin] = 531 tmin
Y

(4] 1fV, =180V, then £, = 180V, and

e 150V (1200 vfnin) =797 rfinin
27V

() IEV, =240V, then By =240, and
240 W

n= —— (1200r/min) =1063 r/min
TV



0-0, For the separately ex cited motor of Problem 9-3;
fa) What iz the max irmim no-load speed attainable by varying both V, and & . 7

(B} What is the minimumno-load speed attainable by varying both ¥V, and £,/

SOLUTICH
fe)  The maximmm speed will occur with the maximum V, and the manimum £, The field currert
when By = 400 L2 i

Vr 240°% 240V

Ir = = = =048 A
Ryg+Re 400Q+100Q 5000

From Figure P9-1, this field current would produce an internal generated voltage F, of 198 ¥ at a speed
r, of 1200 r/min. At no-lead conditions, the maximum irternal generated voltage F, =V, = 240V,
Therefore, the speed »r with a voltage of 240 % would be

E, =n

EAO n’o

n- La ", = 20V (1200 r/min | = 1447 r/min
E 199V

A
(b} The minimum speed will oceur with the minitmim V, and the minimum R, The field current when
A= 10082 is:

Lo Ve 20V 240V
" Rg+Re 1000+1000Q 2000

=124

From Figure P9-1, this field cutrent would produce an internal generated voltage &, of 287V at a speed
w, of 1200 rfmin. At no-lead conditions, the minimum internal gererated voltage E, =V, = 120V,
Therefore, the speed » with a voltage of 120 ¥V would be

E, n
EA-::' H'-::'
n= LA n, = DY (1200 rfmin) = 502 rfmin



221, A 15-hp 120-% 1800 t/min shurt de motor aas a full-lcad armabire cirrant of 60 A when operaticg st rated
condit:ors. The armamre resizarce of the motor = K, = 0.15 £, and the field resistance R iz 80 LL

“he adjustable resizance in the fielC cirorit X, may be varied over the range from 0 to 200 £2 and is

g pertly set to 50 0L Armature reaction may be lgnored nthis maciine Tle magneizaticn ourse Jor this
motor, taken at a speed of 1500 r/min, is given in tabular Jorm below

B 5 o 93 112 1138 125

I, A QoD 0B | 1L0d | L23 | 144 | 238

Note:  Ar elecronic varsion cof “hiz magretization curve can be fouad in file
probd 21 mag. dat, whica canbe used with MATLAE programs, Colltmn
1 corfains field cur-ent in amps, anc column 2 zontaing the infernal senerated
votage Fq n volfs,

fex) Wat iz the speed of this motor whet. it is runnirg 2t the -ated conditiors specifiad above?

(&) The output power fromthe motor 13 7.3 hp atrated cond:tlons, Whet 12 the cutput torgque of the motor?

(o) What ara the sopper leases snd rotatonal losges in the motor &0 frll oad (ignore stray lossea)?

() What iz the efficenzy of the motor at full load?

el If he motor 12 now unlosded with no changes in termingl woltage o ij, what iz the no-load apead of
the trotor?

(f suppose that the motor i rurring at the ro-load conditions descrdbed inopatt (2) Wha: would happen
tothe mrator if its field cfrendt sere 0 open?  Tonoring armatire res ction, what wonld the final ateady-
stete speed of the motar be under hicee zonditions?

{g) Whaat range of no-load speeds is sosaible in chiz motor, given the range of field resistance acdjustmarts
available with & %
i
SOLUT.ON
) If Raij =90 L2, the total field resistance i 170 £2, and the reaulting field current ia

.V owmav
U Be+Ry GO0 +800

3T A

“hiz field crrrent weuld produce a voltage &, of 221V at a speed of », = 1200 t/min, The cefual &, i
B, =V -I,R, =230V - (60 4)(0150]=221V
co the actual speed will be

a
= n, = Z1y (1800 rénin) = 1800 rinin
2315

(B} The oatpat powes iz T hp oand the ovtput 2pead iz 1800 rfmir at reted conditions, therafore, the

torque is
o _Pu_ (BEJ(EWAp,
R 2rrad 1min 77

™ (1300 r/min)
Ir 603

(el The copper losaes are



P =L R AV I =(60 8)° (015 ) +(230 VI(1.35 A) =51 W
The porgrer cotverted from electrical to mecnanizal form is

P = Eglg =(221V)(60 4) = 13,260 W
The cutput power is

Eorr=[15hp) (746 Whpl= 11190 W

Therefote, the roational losses are
P = F.,— Fap= 13260 W— 11,190 W = 2070 W

€} The input powe: to this motor ia
P =Vp(li+1)=(230V)(60 & + 135 4) =14,100 W
Therefore, the efficiency is

11,150 %W

;.?z‘aﬂ_wxmgqu X 100% =794%

P L& Lon w7
(e} The nolead &, willbe 220¥, s the no-load speed wil be

a .
=2ty =229V (1800 vhrin) = 1873 rinin
£ 221%

A
(f)  If the field circuit opens, the field current would go tc zero = ¢ drops to ¢, = B = 1, T=
T4 = wltoaveryhigh spead If 7o =04, E, = 55V at 1800 r/min, so

E, 230V
S

A

(1800 ririn) = 48700 rinin

{In reality, the motor apeed would be limited by rofational losses, or else the motor will destroy itaelf first,)
(g} The matimm value of £, — 200 L4, 20

v, 230 V

I = = = 0.814
R,+R, 20002 +80Q

Thiz field current would prodvee avoltage &, of 152 Voat aspead of n, = 1800 /mi1 The acal £, is
230°%, o the acial speed will be

E, 230V

EERY

(1800 thrin) = 2706 rimin

h=—"n
E

A
The mirimo value ¢ Rﬁj =1 L3, 50

1, Z230%
I r

= - =2.8754
Re+Ry 10 +810

This field eurrent would produee avoltage £ of shour 242V et a speed of 2, = 1800 r/min The actual
F, iz 230V, 20 the actual speed will be

E, 230V

n, = (1200 r/min)=1711 r/min
£, 242V

o=



9-22.  Tle megretzaticty cutve for a separately excited do generaot s sacsn i Figure P97 The garerator is
sated at & KW, 120W, A0 A, aad 1800 tfrin and i= shown i Flouse P9-8, [tz fizld cironidt is rated at 54,

Tle following daza are knowmn aboat the machne:
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Mote:  An zlectronic version of thiz magnetizetion curve can be found in file
P97 mac. daz, which cen be vsed with MATLAE programe.  Colimn |
cerfaing field currant in amps. =nc column 2 conteing the itfernal menerated
voltame Eq in volts,




IO == W — _;"cn
f (L D180
II-'::ﬂl_
Fd
120V |V Rp=240 By ¥r
I, )
o L]
Ky=0.18 L) Ve =120 ¥
Rﬂ__=0t::30£1 A.=2410

A = 1000 furns per pole

Arngwer the following questions about this generator, szeumneno armaturs reaction
(o, If this gererator s operating at no load, what = the range of voltage adjusznents that can bz adyeved

by changing &, 7

(B 11 the feld thecetat 18 allossed toovary Mot 0 to 30 8 and the geterators speed 12 allowed 1o vary ot
L300 1o 2000 i, whet are he matimum and minirmn ao-lead voltages 0 he gererator?

DCLUTION

fet, If the gererator is operating with no load at TBC0 fmin, then fhe ferminal volage will equal the

intarnal generated woltage ¥, . The matimum possible fleld curtent aecnrs when Raj = 002 The current

iz

17 I

I3

I = =
TR R+ Ry 240+00

From the magnesization surve, the voltage By, at 1800 rimin 2 122 ¥, Since the adual cpeed ia 1200
ity the masitrum fte-lead veltage i 29 7%,

Tte minimmm pezzinle field current occrs wher Ruj = 3002 The earrenf is

v, 120V

oo = = —__=3204
: RF+R3.@ 24 024+ 50 02

From the magnetization surve, the voltage £y, at 1200 r/min &= 374 ¥, Since the actial speed iz 1200
ritin, the minmmne-loadvotage &8 87 V.

{b, The maximirm voltage w=rill ooenr &b the highest enr-ert and apeed, anc the minirnm vnltame il
ocanr at the lewest current and speed  The mavimmum pessible fizld current ccours when K, — 0L The

crrent i

T

— 5

o1
T R+ R, 240+080

From tle magnetization curve, the voltage E,, at 1800 rimin iz 128 ¥, 3inz the acual speed is 2000
rirain, the masirim no-load voltage is



] _EI:II:II:Irf‘rnin(129 V):143V

F =__F =
A n Y 1200 pmin

@

The minimum possible field currert occurs when Raij = 30 L2 The current is

oo Ve 10V
M Re+Ry 240+300

From the magnetization curve, the voltage E, at 1800 r/min is 874 V. Since the actual speed iz 1500

iy, the maximum no-load voltage is

E, =, =200 ey o8y
A, Y 1800 vmin

@



