ET 332a
Dc Motors, Generators and Energy Conversion Devices

Lesson 9: Power Balance and
Efficiency in Dc Generators

Learning Objectives

After this presentation you will be able to:

|dentify the sources of power loss in separately
excited dc generators and compute their values
Balance the input and output power of a separately
excited dc generator.

Compute generator efficiency

Explain how changing generator load affects
efficiency

Explain how the generator/motor and motor
generator transition takes place in dc machines
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Power Balance for Dc Generators

Pfcl

Pb
Pf stray core Pacir
w
= armature circuit losses I,2(R,;,) (W)
= losses due to brush drop V(1) (W)
= electric power output at terminals (W)
= power delivered to the field circuit

= field-circuit losses, I2(R;) (W)

= total mechanical power
developed at shaft (W)
= friction and windage losses (W)
(from test)
= stray load losses (W) (from test)
= core losses (W) (from test)

Power Balance in Armature

Electric power developed at the armature is equal to the
electromechancial power delivered from the shatft.

Pem = Pe

T-o=E,-I,

To find P, add electrical losses to output electric power, P,
P,=P,+P

acir

+P,
In terms of armature circuit variables the above is:

P=V. L +12R_,+V,-l

acir

Where V,, = 0.5 for metal-graphite brushes
= 2.0 for electrographitic and graphite brushes
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Power Balance in Armature

On mechanical side of generator:

P. and P, and then adding
mechanical losses

Find shaft power input by equating

P
wa Pstray core Pshaft = Pem + wa + Pstray + Pcore
Find electromechanical power in
armatur.e by SUbtraCtmg Pem = Pshaft - wa - Pstray - Pcore
mechanical losses from shaft power

Machine Efficiency

Ratio of output power to input power determines efficiency of
dc generator

P. P
Mathematically n:P__t'loo% or n=ﬁ-100%

out losses

Where: m =machine efficiency
P, = machine output power
P., = machine input power
P|osses = total mechanical and electrical losses

I:)out = Poe = Vt -
|:>in :P

shaft

a Units must be the same

For generator operation :
(Watts or HP)
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Efficiency Example

Example: A 25 kW, 120 V, 1800 rpm separately excited generator is
delivering rated current. The stray losses of the generator are found from
test to be 1.5% of the rated output. The total core, friction, and windage
losses are 2.0% of rated output. R, =0.0280 Q Neglect the losses of
the field circuit. Assume graphite brushes.

a.) Find the power in HP that the prime mover must develop at rated
speed to drive the generator

b.) Find the efficiency of the machine operating at rated load.

c.) Find the efficiency of the machine when operating at 0% 25%, 50%
and 75% of rated output. Assume that rated terminal voltage is maintained
at the generator output as the load varies.

d.) Plot the % efficiency vs the % load and comment on the result

Efficiency Example Solution

Pm{ulx 28 KW Vgey® 120V Vi Vie= 120

Paed® Re Raw O-0285
At Reted
O“J‘P“{I - M‘ | 25,000w _ ype 34
@ A a  IzZoy '

Find losses due 46 Boucles and armature. 12

e»:.; I:’Qm.,f (508.3)z(o.azm)= 1219.9 w

'?;: Vblmz Z(zo8,3)=4lé_«’ow

= - o =
pe_ P s [zle+& = 25,00w + 1214w +Fle.bw= 26315 W
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Example Solution Continued

Remember P, =P, in armature

Add mechanmical lesses Pe Pe.
Rews Rt Gt + Rire

I s{rm[
|
Psw{—is—j”QE 080 = 3‘75 w R e = m“/ (25 a:xb §o0 10

2 fw

Redl™ 26,63) S 43254 SoW = 27§56,3 Wadd

«) pHF’ c

27, So¢ 3w
—— = A
292 winp EQ.QZrin‘i s

Now compute the efficiency at full load

L . _fd Pe
4) ‘)’L- p’ X 106 /{; e“euk X/1o bé 2?}—‘4 3u"”‘5‘3/0—c7‘7 99:./

Efficiency Example: 0 % Output

Compute the efficiency at 0% output power

at % [oad I;Q Se F:m.@: A Ryee® © ARMATURE LossES

E: ZIQ: 20\ =0 berush [lssses
- -0
RLENER
Mechamcal Losses SHill Present 'Pm,rg{f 25 000 W
2.0% eated @R; 25,100 (0.02) = S0 W
1.5%% Rated PL = 2§00 (o.018) = 37S W
Er

En’edmcd Ou_‘}f:u:{ of Armature D - > -
= att em
Lt R B it

ac|e,
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Efficiency Example: 0% Output

Total Mechanical Poer Q)Ege,lo\oec{ ls Powrer ﬂecessarja to
Over Come med~anical [osses
= 4 + p
pMechloss T}m g‘“fwt Core
p = Soat 31E W = g72sW

MWechloss
Shaft power required of prime mover to overcome mechanical losses

p = SISW _ 73Ry
WP g Wfne =

Now compute the efficiency with 0% output

foN
"o/ o) _ O e
e =

11

Efficiency Example 25, 50, 75%

Now compute the efficiencies for the other load levels

28,
{0a%,

At 25% Rated Locd B (25,000) = ©250w

fo 2 . G2&5dw _
I“: \/’te V{-I'ZGV Iad Zov S2.98 A
z _ Z )
EC*Q: Icu_. ROC](L*(SZ-OeA\ (O-OZ—Q.S?) = 75.95w

- 2(x)* 2 (52,084 = [09. 16 W
376 W

From previous calculations wa Ewe: §“0_9__u_u e{.m‘;
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Efficiency Example 25, 50, 75%

Electric power developed
R Pe

%: RC* E.CIQ_+ i:?o
Grmecture mechan) co

pe= CrCo+ 7695 4 l64./6 W Oower = armeaturd
elechrmie POV

\

- I watts
P, é;%a !

pmcol:: me+ Sw“‘wﬁ Bt %re_
= .J w
‘OmeoL.‘ 6430.01 1 32€ +SooW '?3;5 |

¥

Re
n= L”Xtm%:-ﬁéé—f—vix yA

Prime mover required horsepower
Goean, REYT

Predhy - 3081w S 29 Hp

EJP_' TdLwlye 79 e = n- 85.56 %
-
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Efficiency Example 5o, 75%

Now compute efficiencies for 5o and 75% loading
[oad
d Re

A+ Soth And 2% Rele s 1850 10424
P - ,.590_4‘_2_5,\509.4: fZJS'OD w - Iog&'; VE T lze
oesb loo®ly — p o
18750
78 _ w = AN =8¢ 2
= T h/:«—ZS, G0 = ng_ Iq"?s' Y, Tz 5¢.254

S 9g
Poser Loss at Soand 78% Recte

p - (l09.2)(0.028) = 3ed.1W
= 2(1o1.28) =2083W laes, L ___;
SIS (15¢ 25R) = 312.8W Ponos (56.26) G 028) < €83.6

<

Finally compute the total power losses for 5o and 75% load
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Efficiency Example 5o, 75%

Electric power values in armature

Lz 12,500 #2083 % 3ot 1 W 2
Pegs= 13012.9 W fi; = 19,7961 W
Add fixed losses between armature and shaft to get the required shaft power

aaﬁso: (30124 4 828w pshaft?s = 1979¢.] + /W

oo = 138672.4W SR IR
Peimg ™Meves Hp Sk Prime, Mover Hp 7€
. ‘3387‘q‘ﬁ£=(3_¢zm . 2062t w o0 g 0P
b WeWhp == Mo 40 WP e ~

—a
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Compute Efficiencies at 50 and 75%

o w
C}’z zww)(jm /a % - MQM—X{GQQA)
& 13827 9w 7§ o421 1w

Ng™ 700 % Nag™ 092 %

Power losses related to |, are called load losses since they
relate to the generator loading

Maximum efficiency occurs when the fixed losses equal the
load losses.
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Plot of Efficiency vs Percent Rated

Load

Percentage
of rating used
is called the
load factor

of an
electrical
device.

Percent Efficiency

80

[*2]
(=]

N
o

20

Typical Efficiency curve

Max

Using machine at lower than rated values
reduces machine efficiency. It drop greatly
after about 25% of rated

0 20 40 60 80
Percent Load

100
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Generator-to-Motor and Motor-to

Generator Transitions

For generator action, |, must exit the armature + terminal

|, )

Vyye Dc power

system

Prime
Mover

IfE_>V

sys 1

then I, leaves the machine for generator action and power is
delivered to system

IfE,=V,

ys 1

then |, =o a power is delivered to system but generator action
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Generator-to-Motor and Motor-to

Generator Transitions

For motor action, current must enter the positive terminal of the machine: V> E,

Prime

When current enters, clutch opens
Mover

preventing opposing torque from
damaging prime mover

Mechanical power delivered to load depends on the needs of the load. With no
mechanical power load, the electric power drawn is only that necessary to
overcome electrical and mechanical losses
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End Lesson 9: Power Balance
and Efficiency in Dc Generators
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