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Lesson 11: Separately Excited Motor

Examples

ET 332a

Dc Motors, Generators and Energy Conversion Devices

compute its efficiency
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Learning Objectives

After this presentation you will be able to:
» Write a power balance for a separately excited motor and

» Explain how changing motor load affects efficiency

» Interpret motor nameplate data
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Power Relationships for Dc Motors

The electromechanical power output from the armature is equal to the

total electrical power input to the armature

KVL in armature circuit gives VT = Ia : Racir + Ea
. 2
Multlplyby L VT : Ia = Ia 'Racir_'—EaIa
From generator power balance Pem = Ea . Ia
Pe = Ea : Ia
Where: P, = the mechanical power developed in the armature and

P, is the electrical power input to the motor

~1%.R

Combining above equations gives P.= VT . Ia a acir

acir.

em
’ Where: R ;. =R, + R, + Ry - - . -
Ra = armature resistance Rcw = compensating w1nd1ng resistance

\e Lesson 11 332a.pptx R, = interpole resistance
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Motor Nameplate Ratings

Motor nameplate data is given in horsepower (hp) and

revolutions per minute (RPM).

All motor characteristics are standardized by National Electrical
Manufacturers Association (NEMA)

Physical characteristics - size, dimensions shaft placement, etc.
Electrical characteristics - voltage rating torque/speed characteristics.

HP ratings
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Motor Nameplate Ratings

At rated voltage and current, motor delivers rated HP at rated speed.

Relationship between torque and mechanical power at shaft in
terms of mechanical units.

T,..-N
Pshaft = —shatt HP

5252
Where: T, = developed torque at motor shaft (Ib-ft)
n = shaft speed (rpm)
P.i = shaft power output (hp)

Armature torque and power must be larger to overcome mechanical

losses
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Example 11-1 Shaft Power Calculations

A 15 Hp separately excited motor is operating at its rated speed of 1200

rpm Determine the rated torque of the motor in ft-lbs.

Solution p . ted mechantcal pewec awlpﬁ qug*‘_: 5 hp
= (266 Rpm Rared Speed
- I&CAH_ = BSM*-EZSZ = Trated
Sweft  SLER n

e IS smallerthan
the actual 'f‘o«zwe

developed at the armatuce
’ Tw = é.—wi;L

[ Ay A
(ISLP)( 4 ) ';_G‘w(f
(280 RPm

£S5 .6S [b-{+= T&lﬂa{i‘
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Example 11-2 Torque Constant

A 25 Hp separately excited motor is operating at a speed of 250 rpm. It is
supplied from a 120V supply and draws 5.6 A. The total armature circuit
resistance is .473 ohms. Find the torque constant for the machine

Ea® Vi -ToPanp, E_= 120V (5.6 )0 9132) = 117.38V

R = Ealy =(117-25V)(8 4A) = SSLOTW
Pem: Pe Pﬁ‘mz rw

= 26.167radfs
Convert rpm to rad/sec {0 = tzﬂ_é(m R‘P”) £6utet /

o ———=
Find the torque _.-L%T— <T 26,167 rad (,sc« !
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Example 11-2 Torque Constant (2)

Remember T
T B Ike T 7 OpK

Bp is constant for constant

field current. So .........

8 o KG-; K r K is the motor

torque constant

25. 11 N-m '-'EPK(;: 4_4%’97?1
5.6A

Note: K is numerically equal to K_ when using SI units.
In this case K, = 4.485V-sec/rad
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General Speed Equations for

Dc Motors
E-V.-1 .R.. n-_Fa
Remember a T~ la acir = (Dp 'KG

Combine the two above to get speed equation

VT - Ia 'Racir
o, K,

Where: R

I, armature current

.ir — armature circuit resistance
K = machine constant
n = speed (rpm)

CDP = field flux
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General Speed Equations for
Dc Motors

Remember TD = kT . |f . Ia

Decreasing I reduces field flux but

also reduces developed torque

@ Lesson 11 332a.pptx Controlled by I;
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Motor Speed and Terminal Voltage

Motor speed is directly proportional to the terminal voltage. Increasing V..
increases n, Decreasing V. decreases n

Example 11-3: A 50 HP, 240 Vdc separately excited motor is operating
at 1000 rpm. The motor draws 7800 watts from dc supply. The total

armature resistance is 0.221 Q. Find:

a.) The emf constant, K_ of the motor
b.) The motor speed if the terminal voltage is reduced by 20% and the

power drawn remains the same.

a N
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Example 11-3 Solution (1)
Part a.)

\/T- Ia. 'ch-.)ﬂ_ Il&(hem\ge, W ‘IP KG: Re
—NMEP ke K & em{ Constant

Rz 1000 Rpm  Vp=290V  Ragps 0215
F-mc_l L pe'-' VT-IQ_ electerg lnpu,‘f POW?I‘

“EQ”‘L o 180V 7 e Ve faRase Ke: 290V-G25A)025)

U'T 290V Ke 1660 Rpm
32.54 ~‘.I;L o V=L Rache 'wlze; 0. 2328V [pom
PR Saditieiiod
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Example 11-3 Solution (2)

Partb. K, remains the same, no change in the field current

a3,

\VACRVERY %} AV 2<lo~2.%@'2-°) =192V

Bin - L WowW = do, 628A

PQ Remouwng Cons fﬂﬂ't

2 R TPV,
Vi dapRacin _ 192V -(o.c2ca) .22 A)
Y?z,' '——K—@_.———_—‘ 612329 V{)er

Ny 786 ZRpm Calculate % speed 1000 = 284.2 ¢ /0
1006

change
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Power Balance In Dc Motors

P, =P, inthe

em

armature

shaft

Armature P

P.., = electric power in at terminals (W)
P = armature circuit losses 1,2(R,g) (W)
P, = losses due to brush drop V,(l,) (W)
P. = electric power delivered to armature
(E,) 1, circuit (W)
P.., = Electromechanical power developed
in armature (Ty) o (W)

@ Lesson 11 332a.pptx P TP e TP are called rotational losses

P, = friction and windage losses (W)
(from test)
Pay = stray load losses (W) (from test)
P.ore = core losses (W) (from test)
P . = total mechanical power develop
at the shaft (Rated hp)

stray core

/
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Motor Efficiency

Remember from generators Just like generators, efficiency

e {h} 6 varies with motor P .

) Nameplate efficiency occurs at
n

rated output.

For motors: P.=
Pin =P

e,in

P .. mechanical power developed at the shaft
the electrical power supplied to the terminals
N = percent efficiency

In terms of losses Plosses = Pacir + Pb + wa + Pcore + Pstray

Where P ;. = armature circuit losses
P, = brush losses

Py, = friction and windage losses

P_... = core losses
P, = stray losses
P
n= |:0“t .100%
Pout + Plosses
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Example 11-4 Motor Solutions Using
Efficiency

A separately excited dc motor is rated at 100 HP, 600V at 1200
rpm. The total armature resistance is 0.24 ohms. When the motor
is delivering 75 HP at 1200 rpm its efficiency is 88%. At the 75 HP
output find:

a.) the motor armature current

b.) counter emf (Ea)

c.) torque at the shaft

d.) an estimate of the mechanical losses
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Example 11-4 Solution (1)

a.) Find the armature current. Use efficiency to relate Py o to P,

Saew]
Bur™ 78hp T kr]“sg’gmw

mf%‘ ]“"’% N9,

R SS90 e
pe.lh: %/:ﬂl}‘ &%"6 R in - &3, S8ow

Lo T ey
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Example 11-4 Solution (2)

b.) Find E,. Use the current from part a to find the emf

V™ Eat L Raaie = VoI R o7 E,,
£,z €0V 0. A=) (196A) :

c.) Find shaft torque (N-m). Use rated Hp and speed

Bt” Rbhake = 55, 25°W Part o

convert speed to fod(sec
120 Rpm [ﬂl: 1267 rad(s
Ga

§S,9% W - N -m
s t - 2 =[44S.
Tui® St o SO <EETD]
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Example 11-4 Solution (3)

d.) Estimate the rotational losses (mechanical losses)

MECHANICAL LoSSES
P{w* Pu;»e* Ehw.l
P{wt P@¢31 e‘]-navl: PEM.- P'Sf'\q,ﬁ

Fom o Gala, LzsviCV
- 10¢ A

£, (EH-00)Uoer) = ©@J07.6 W

62,2026 - §5,350w F357.4W

- Rbkout 6.6 kP
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End Lesson 11
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