UNIT-5
SLIP POWER RECOVERY SCHEMES
During speed control of an Induction motor (SRIM) using rotor resistance control, rotor power is wasted in the external rotor resistance. The same can be utilized to increase the efficiency of the drive. Basically there are two schemes for recovering the wasted power.
1. Scherbius drive
Here the variable frequency (sf) rotor power is converted to dc by a diode bridge rectifier and then an inverter converts it back to ac (50/60 Hz) and is fed back to the supply mains. Thus the slip power is fed back to the source instead of wasting it in the rotor resistance thereby increasing the efficiency of the drive .
2. Kramer Drive
Here the variable frequency (sf) rotor power is converted to dc by a diode bridge rectifier. The dc power is fed to a dc motor which is mechanically coupled to the induction motor. Thus the torque supplied to the load is the sum of the torque produced by induction and dc motor. In this scheme, the slip power is utilized mechanically.
Slip Power : A part of the air-gap power which is not converted into mechanical power is called slip power. it is represented by spg. Where s=slip, pg= air-gap power
slip recovery: the air gap power which is getting wasted in rotor is fed back to the supply mains this is called slip recovery
 
How is slip power recovered?
The slip energy recovery method provides the speed control of a slip ring induction motor below its synchronous speed. A portion of rotor AC power (slip power) is converted into DC by a diode bridge. ... 

The inverter inverts the DC power to the AC power and feeds it back to the AC source. This system is mainly used for Induction motor speed control. The speed control in induction motor has poor efficiency due to wasting of slip power in the rotor circuit. 
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By using recovery schemes the induction motor speed is controlled to avoidslip power loss.The slip power is classified into two types

1. Static Scherbius system
2. Static Karmer system
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Static Kramer Drive
Definition: The static Kramer-drive is the method of controlling the speed of an induction motor by injecting the opposite-phase voltage in the rotor circuit. The injected voltage increases the resistance of the rotor, thus controlled the speed of the motor. By changing the injected voltage, the resistance and speed of an induction motor are controlled.
[image: https://circuitglobe.com/wp-content/uploads/2016/11/static-kramer-drive.jpg]

The static Kramer-drive converts the slip power of an induction motor into AC power and supply back to the line. The slip power is the air gap power between the stator and the rotor of an induction motor which is not converted into mechanical power. Thus, the power is getting wasted. The static Kramer drives fed back the wasted power into the main supply. This method is only applicable when the speed of the drive is less than the synchronous speed.
Static Kramer Drive Working
The rotor slip power is converted into DC by a diode bridge. This DC power is now fed into DC motor which is mechanically coupled to an induction motor. The torque supplied to the load is the total sum of the torque produced by the induction and DC motor drive.

The figure shown below represents the variation of Vd1 and Vd2 with a speed of two values of DC motor field current. When the value of Vd1 is equal to the value of Vd2 then the steady state operation of the drive is obtained, i.e., at A and B for field current of If1 and If2.
The speed control is possible only when speed is less or half of the synchronous speed. When the large range speed is required, the diode bridge is replaced by the thyristor bridge. The relationship between the Vd1 and the speed can be altered by controlling the firing angle of thyristor amplifier. Speed can now be controlled up to stand still.
Speed Torque characteristics of Static kramers drive
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Since Slip Power Recovery Scheme used in Induction Motor is fed back to the source, unlike rotor

resistance control where it is wasted in resistors, drive has a high efficiency. The drive has higher efficiency
than stator voltage control by ac voltage controllers because of the same reasons.

1 - = =t
3-phase ac supply %
motor =
T

s, B o = Y

%

k% Var v,
. & N

(a) The drive circuit

+ =90°
e % 90° < @ <, < 180°
o
—_
o
"

(b} Speed-torque curves

Fig. 654 Static Scherbius drive

Drive input power is the difference between motor input power and the power fed back. Reactive input

power is the sum of motor and inverter reactive powers. Therefore, drive has a poor power factor
throughout the range of its operation.

From Fig. 6.54(a), neglecting stator and rotor drops
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where a is the inverter firing angle and, n and m are, respectively, the stator to rotor turns ratio of motor
and source side to converter side turns ratio of the transformer. Neglecting drop across inductor

Vg + Vg =0

Substituting from Eqs. (6.93) and (6.94) yields

n
~Leosa=-acosa (6.95)

where a = n/m.

Maximum value of  is restricted to 165° for safe commutation of inverter thyristors. Slip can be controlled
from 0 to 0.966a when o is changed from 90 to 165°. By appropriate choice of a, required speed range can
be obtained.

Transformer is used to match the voltages Va1 and Veg. At the lowest speed required from the drive, Vg; will
have the maximum value Vi given by

Vaim = Vnan/t
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Where sy, is the value of slip at the lowest speed. If o is restricted to 165°, m is chosen such that the
inverter voltage has a value Vi when ais 165° ie.
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Such a choice of m ensures inverter operation at the highest firing angle at the lowest motor speed, giving
highest power factor (Eqn. (5.109)) and lowest reactive power at the lowest speed. This improves the drive
power factor and reduces reactive power at all speeds in the speed range of the drive.
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¥ig. 6.55 Motor and drive equivalent circuits

Figure 6.55(a) shows equivalent circuit of motor referred to the rotor, neglecting magnetizing branch.
Derivation of Eq. (6.90) shows that when referred to dc link, resistance (sR's + Ry) will be 2(sRs + Ry). This
gives approximate dc equivalent circuit of the drive (Fig. 6.5(b)), where Vg and Ve are given in Eqs. (6.93)
and (6.94). Ry is the resistance of dc li
the diode bridge. Now

inductor. Equivalent circuit ignores the commutation overlap in
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The nature of speed torque curves is shown in Fig. 6.54(6).
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The drive has applications in fan and pump drives which require speed control in a narrow range only. If
maximum slip is denoted by sy then power ratings of diode bridge, inverter and transformer can be just
Smax times the motor power rating (Eq. 6.97). For example, when speed is to be reduced below synchronous
speed by only 20%, power ratings of diode bridge, inverter and transformer will be just 20% of motor

power rating. Consequently, drive has a low cost.

Drive is started by resistance control with S; closed and S, open (Fig. 6.54). When speed reaches within
control range of the drive, S is closed to connect diode bridge and inverter is activated. Now S is opened

to remove the resistances.
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In fan and pump drives braking is not required, because the fluid pressure provides adequate braking
fons in pressure head and the nature of pumped fluid,

torque. To maintain constant fluid flow with vari
the drive is operated with a closed loop speed control. A close loop speed control scheme with inner
current control is shown in Fig. 6.56. It operates in the same way as the scheme of Fig. 3.5.

This drive is widely used in medium and high power (up to around 10 MW) fan and pump drives, because
of high efficiency and low cost.

This drive provides a constant torque control (Eqn. (6.98)). Constant power control is obtained by static
Kramer drive described below.
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Closed Loop Control of Static Scherbius Drive
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Static Kramer Drive Circuit
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(b) Field control with diode (©) Firing angle control of thyristor bridge
bridge with constant motor field
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ExampLE 6.18
A 440 V, 50 Hz, 970 rpm, 6~polc Y-connected, 3-phase wound rotor induction motor has

following parameters referred to the stator:
R,=01Q,R=008Q,X,=03Q,X/=04Q
The stator to rotor turns ratio Is 2,

Motor speed Is controlled by Static Scherbius Drive. Drive is designed for a speed range of
25% below the synchronous speed. Maximum value of firing angle is 165°. Calculate

(l) Transformer turns ratio.
i) Torque for a speed of 780 rpm and o = 140°,
ii) Firing angle for half the rated motor torque and speed of 800 rpm.

de link inductor has a resistance of 0.01 Q.

Solulln’n
(i) From Eq. (6.95), maximum slip

S == COS Oy

For 25% speed range s, = 0.25. Thus
025 =-acos 165° or a=0259

Bogor 22025 or m=7722
m m
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(ii) For a speed of 780 rpm
= 1000 - 780
o0 =02
From Egs. (6. 93) and (6.94)

————--——— =65363V
"V =3JE 36 440/4'

——” -—-cosa.. ”‘ 772_)

From Eq. (6.96)

X cos 140° = — 5895V

L I= Va+ Va
A 2(sR; + R,) + Ry
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R{=0.1x (05?2 =0.025Q
Ry =0.08 x (0.5 = 0.02 Q
Substituting values of parameters in Eq. (6 96)

Iy= 65.363 — 58.95
2(022 % 0.025 +0.02) + 0.01 ~

Valla _ 5895 x 10513 it
__ﬁomEq(M&) T= ]——L— = % 10455 = 369N-m .

=105.13A
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‘This should be equal to half rated torque 302.66 N-m. Therefore
“3.673 X (990.33 - 1282.5X) = 302.66 v

“or ~0.772X +0.06425 = 0
which gives - X = 0.677 and 00949
or @=1326° and 95.45°

Later value of o corresponds to operation in unstable pan of characteristic,
Hence & = 132.6° is the answer.
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Slip Power Recovery Scheme used in Induction Motor:

Slip Power Recovery Scheme used in Induction Motor — Figure 6.53 shows an equivalent circuit of a wound-
rotor induction motor with voltage V, injected into its rotor, assuming stator-to-rotor turns ratio unity.
When rotor copper loss is neglected

Pry=Py=P, (6.92)

where P, is the power absorbed by the source V;. The magnitude and sign of P, can be controlled by
controlling the magnitude and phase of V,. When P, is zero, motor runs on its natural speed torque
characteristic. A positive P, will reduce Py, and therefore, motor will run at a lower speed for the same
torque. When P, is made equal to Py, then Py, and consequently speed will be zero. Thus, variation of P,
from 0 to Py will allow speed control from synchronous to zero speed. Polarity of V; for this operation is
shown in Fig. 6.53 by a continuous line.

Fig. .53 Induction motor operation with an injected voltage in its rotor
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When P, is negative, i.e. V, acts as a source of power, P, will be larger than Pg and motor will run at a speed
higher than synchronous speed. Polarity of V, for speed control above synchronous speed is shown by a
dotted line in Fig. 6.53.

When rotor copper loss is neglected, P, is equal to Slip Power Recovery Scheme used in Induction Motor,
sPy. Speed control below synchronous speed is obtained by controlling the slip-power. the same approach
was adopted in rotor resistance control. However, instead of wasting power

external resistors, it is
usefully employed here. Therefore, these methods of speed control are classified as Slip Power Recovery
Scheme used in Induction Motor recovery schemes. Two such schemes, Static Sherbius and Static Kramer
Drives, are described here.
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Static Scherbius Drive (Fig. 6.54(a)):

It provides the speed control of a wound rotor motor below synchronous speed. A portion of rotor ac
power is converted into dc by a diode bridge. The controlled rectifier working as an inverter converts it
back to ac and feeds it back to the ac source. Power fed back (i.e. P;) can be controlled by controlling
inverter counter emf Vg, which in turn is controller by controlling the inverter firing angle. The dc link
inductor is provided to reduce ripple in dc link current Ig.




