ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY
Power Input and Power Developed Equations

Net input to the synchronous motor is the three phase input to the stator.
Pin = V3 VL 1L cos® W where
V. = Applied LineVoltage
I = Line current drawn by the motor
cos® = operating p.f. of synchronous motor or Pj,
= 3 ([er phase power)
= 3 X Vph laph cos® W
Now in stator, due to its resistance R, per phase there are stator copper losses.
Total stator copper losses = 3 x (lzph)* X Ra W
The remaining power is converted to the mechanical power, called gross mechanical
power developed by the motor denoted as P.
Pm = Pin - Stator copper losses
Now P=Txwo
Pm = Ty X (2nN4/60) as speed is always Ns

Pm x60
Ty = 2z N, N‘“Jl

This is the gross mechanical torque developed. In d.c. motor, electrical equivalent of gross
mechanical power developed is Ep X |5, similar in synchronous motor the electrical equivalent
of gross mechanical power developed is given by,

Pm = 3 Epph X laph X €OS (Epph * lapn)

1) For lagging p.f.,

Ebph A |aph: D-9
I1) For leading p.f.,

Ebph A |aph= D +0o
1) For unity p.f.,

Ebph " laph =9

Note : While calculating angle between Epp, and lopn from phasor diagram, it is necessary to
reverse Eppn phasor. After reversing Eppn, as it is in opposition to Vyp, angle between Epn and
laphmust be determined.

In general,
H Pm = 3Ebph I.‘.h cos (¢ £5) I

Positive sign for leading p.f.
Neglecting sign for lagging p.f.
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Net output of the motor then can be obtained by subtracting friction and windage i.e.
mechanical losses from gross mechanical power developed.
Pout = Pm- mechanical losses.

Puul"bo
Taan = RN, N

where Tshait = Shaft torque available to load.
Pout = Power available to load
Overall efficiency = Poyui/Pin

Conditionfor MaximumPower Developed
The value of & for which the mechanical power developed is maximum can be obtained

as,

& =0
d [EvVph B e _
EE[ 7. cos (0-8)- T ]- 0
r-.;v,. .sin (0-8) (1) = 0
sin 0-8) = 0
0 =5 .e(6)

Note : Thus when R, is negligible, 6 = 90° for maximum power developed. The corresponding
torque is called pull out torque.

The Value of Maximum Power Developed
The value of maximum power developed can be obtained by substituting 6

=9 in the equation of Py,

(P )man = Ebzﬁ cos (0) - ‘—} cos (5)
(P )max = Ebz—\irh —-,;z%cos& ...(6a)
(Pr)max = E"Z"" S -il cos 0 ...(6b)
When R, is negligible, 0 =90° and cos (0) = 0 hence,
(P Jonax = E‘:Z‘vi .. when R, is negligible

We know that Zs = R4+)Xs=‘Z,]AO
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Ra = Zs COSG and Xs = ZSSine
Substituting  cos0 = RJ/Zs in equation (6b) we get,

EsVen _EZR,

(Pn)max = Z ls o (7)

Solving the above quadratic in E, we get,

B le [V £ YV = 4R, (Pa ) | .(8)

As Ey, is completely dependent on excitation, the equation (8) gives the excitation limits
for any load for a synchronous motor. If the excitation exceeds this limit, the motor falls out
of step.

Condition for Excitation When Motor Developm,s (Pmax ) R

Let us find excitation condition for maximum power developed. The excitation controls

Ep. Hence the condition of excitation can be obtained as,

dP,
m 0
dE,
d EbVon . Ef
S ¥ s (0 -8) - =
JE: Z cos (0 -9) z‘cose 0
Assume load constant hence & constant.
Von ]
ol cos (9-6)—2[:” cosh = 0
s Z
but  8=25 for Pm =(Pm)max
Ven  2E,
—ZT- Z, os 0 0
Substitute cos0 = R./Zs
Veh 2Es R, _ 0
Ze & 4y
Z,
Ey = {;{‘ o (9)

This is the required condition of excitation.

Note : Note that this is not maximum value of but this is the value of foe which power
developed is maximum.
The corresponding value of maximum power is,

V2 Vzh
(Pr)max = —"E'-ZRJ -_L4Ra ... (10)
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