Unit-V Slip Power Recovery Schemes
Slip Power Recovery Schemes:
While controlling the speed of induction motor by introducing external resistance in the rotor, the power is wasted in the resistance. This power can be used to supply back to the grid system or can be used to operate the motor. Slip power recovery system uses the waste rotor power and operates a motor or supplied back to the grid. In this system, the rotor terminals are supplied from the three-phase AC through two controlled thyristors bridge. This type of system has been adopted from the time before the advent of the thyristor and rotary converter is used instead of the thyristor. First bridge circuit acts as the rectifier (or converter) and the second bridge circuit acts as the converter (or rectifier). Some power from the rotor is used to recover the supply and the frequency of the rotor current is slip frequency hence this system is known as slip power recovery system. The output of the system can be varied by changing the firing angle of the controlled bridge circuits. Thus, the motor slip and speed will change. This method is not applicable for squirrel cage induction motor because the rotor of the induction motor is already short circuited so to run the motor supply isn’t necessary for squirrel cage rotor and no output can be achieved from it. The main drawback of this system is that the controlled bridge circuits consume the reactive power making the overall power factor very poor. If speed required is always below the synchronous speed then bridge one can be made uncontrolled. Using both controlled thyristor bridge circuits is used to get speed above synchronous speed. The rotary converter is replaced with thyristors and circuit is modified which is known as the static Scherbius drive and it returns some power to the supply and the rotor power is used to drive and auxiliary motor which is mechanically coupled is known as static Kramer-drive

1. Static Scherbius Drive
This drive uses the principle of slip power recovery. Both the bridge circuit used in this system are either fully controlled or only one circuit is fully controlled that means the system can gain either both sub synchronous and super synchronous speed or only sub synchronous speed. The wound coil is connected to the three phase supply from the distribution system and rotor starts to rotate. From slip ring wires are connected to the rectifier to rectify the output from the slip ring of rotor then a smoothing inductor is used to smooth the current and after that, the smooth current is supplied to the inverter which inverts the DC into AC. The three phase transformer is used to build up the voltage which will be synchronized with the grid voltage and power is returned to the supply. This type of drive has the application in high power fans and motors which need a very narrow region of speed control.
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Static Scherbius Drive

2. Static Kramer-drive
This drive also is based on the principle of slip power recovery system but unlike Scherbius, the slip power doesn’t return to the supply but it is used to operate a DC motor instead. The power obtained from slip ring of the induction motor is rectified and supplied to the armature of separately excited DC motor which is mechanically coupled with the same induction motor from which the slip power is taken. The speed of the DC motor is controlled using the controlled input to the armature coil which is done by using controlled rectifier. With the connection to the Dc motor, the speed of induction motor seems to vary and it is due to the back emf of DC motor is considered to be injected to the rotor of the induction motor. The reactive power consumption is less because only one bridge circuit is used hence power factor will be high as compared to the Scherbius drive. This type of drive is used in large power pumps and compressor where speed range is small.
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Static Kramer drive
Static Scherbius drive

The Static Scherbius Drive provides the speed control of a wound rotor motor below synchronous speed. The portion of rotor AC power is converted into DC by a diode bridge. The controlled rectifier works as an inverter and converts the DC power back into AC and feeds it back to the AC source. This drive has the ability of flow the power both in the positive as well as the negative direction of the injected voltage. This increases the operating condition of the drive.

The feedback power is controlled by controlling the inverter counter emf Vd2, which is controlled by controlling the inverter firing angle. The DC link inverter reduced the ripple in DC link current Id. The slip power of the drive is fed back to the source due to which the efficiency of the drive increases.
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The drive input power is the difference of the DC input power and the power fed back. Reactive input power is the sum of the motor and input reactive power. Thus, the drive has poor power factor throughout the range of its operation.




Where α is the inverter firing angle and n, and m are respectively the stator to the rotor turn ratio of motor and source side to convert side turns ratio of the transformer. The neglecting drop across the inductor.




Substituting the equation (1) and (2) in the above equation we get




where a = n/m

The maximum value of alpha is restricted to 165º for safe commutation of inverter thyristor. The slip can be controlled from 0 to 0.966α when α is changed from 90º to 165º.The appropriate speed range can be obtained by choosing the appropriate value of α.

The transformer is used to match the voltage from Vd1 and Vd2. At the lowest speed required from the drive, Vd1 will have the maximum value Vd1m, and it is given by




Where Sm is the value of slip at the lowest speed. If α is restricted to 165, m is chosen such that the inverter voltage has a value Vd1m when α is 165º, i.e.,




The value of m determines the highest firing angle at the lower motor speed. It also gives the highest firing angle and the lowest reactive power at the lowest speed.

Considered the circuit of the motor, which is neglecting the magnetizing branch. When referred to DC link, resistance (sRs + Rr) will be 2(sR’s + Rr). This gives the equivalent circuit of the drive, where Vd1 and Vd2 are given. Rd is the resistance of the DC link inductor.







If rotor copper loss is neglected




The nature of the speed torque curve is shown in the figure below.




The drive has application in pump drive which requires the speed control in the narrow range only. The drive is widely used in medium and high power fan and pump drives, because of high efficiency and low cost.

Operating Modes of Static Scherbius Drives

The following are the operating modes of Static Scherbius Drives.

Sub-synchronous Motoring – In this mode of operation the slip and torque both are positive and hence the injected voltage is in phase with rotor current. The power flows into the stator and feedback into the rotor circuit.

Super-synchronous Motoring – When the speed of the motor is above the synchronous speed, then the slip is negative. Thus, the voltage and current are out of phase with each other. The power feeds into the rotor from the drive circuit along with input power flowing into the stator.

Sub-synchronous Generating – For sub-synchronous speed, the torque is required to be positive, although the slip is positive. The power is fed into the rotor through the slip ring.

Super-synchronous Generating – When the speed of the motor above the synchronous speed, then the slip and torque becomes negative. Thus, the injecting voltage is in phase with the rotor. The mechanical power is injected by the shaft and the output power is obtained from the stator and rotor circuit.

Static Kramer Drive

A static kramer drive is a method to obtain an injected voltage that is in phase with the rotor current. The schematic circuit for a static Kramer drive is shown below
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The voltage at the slip rings is forced to be in phase with the rotor currents by the diode rectifier. The magnitude of the slip ring voltage is set by the DC link voltage, which is in turn set by the inverter connected back to the AC supply. In the diagram above and the analysis presented, the inverter used is a thyristor converter. However, a PWM inverter can also be used.

Simple Analysis

This simple analysis of the static Kramer drive illustrates the operation of the drive. It neglects the voltage drops in the drive and any possible commutation overlap in the diode rectifier.

The voltage at the input to the diode rectifier is given by
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and the dc link voltage can be found from the diode input line-line voltage as
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Considering the thyristor converter, this circuit can be thought of as a thyristor rectifier connected in reverse, and the DC link voltage is related to the line-line inverter voltage as

[image: image17.png]342 YA

Ny oosa= 22y, kos ]
P




Substituting the above expressions, the voltage injected into the rotor can be calculated as
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In the case that the inverter line-line voltage is connected to the supply through a transformer, as shown in the diagram above, the injected voltage can be related to the supply voltage as
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Using this simplified analysis together with the slip energy recovery torque equations, the thyristor firing angle required for a particular torque at a particular speed can be found. If necessary, more detailed analysis can be carried out by repeating the above process, but including device voltages and commutation overlap.

Torque-Speed

Because the slip ring voltage is derived using a diode bridge, the torque speed curve for a motor operated using a static Kramer drive does not produce a negative torque as soon as the speed exceeds the no-load speed. If the slip is too low for a given injected voltage, the voltage induced in the rotor circuit by the stator will have a lower magnitude than the DC link voltage. As a result, no rotor current will flow and the torque will be zero. Torque speed curves for different injected voltages are animated below

Static Scherbius Drives

Static Scherbius drives are capable of bi-directional power flow, with both positive and negative injected voltages possible, in phase with or opposing the rotor current. As a result, a wider set of operating conditions is possible. Considering the torque equation for slip energy recovery:
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When motoring, torque is positive, when generating torque is negative.

Operating Modes

Sub-synchronous motoring

In this mode, operation is similar to that obtained with a static kramer drive. Slip and torque are both positive, therefore injected voltage must be in phase with rotor current. Power flows into the stator and back out of the rotor circuit.

Super-synchronous motoring

Above synchronous speed, the slip is negative. In order for the torque to be positive,
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must be negative. Therefore, voltage and current must be out of phase with each other. Power is being injected into the rotor from the drive circuit connected to the slip rings, in addition to input power flowing into the stator

Sub-synchronous generating

If generation below synchronous speed is required, torque must be negative whilst slip is positive. Again,
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must be negative. Power is being injected into the rotor from the slip rings. 

Super-synchronous generating

If generating above synchronous speed, slip and torque are both negative, therefore
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is positive and injected voltage is in phase with rotor current. In this case, mechanical input power is being supplied from the shaft and both the stator and rotor circuits are providing output power. 

[image: image24.png]SLIP POWER RECOVERY SCHEMES
This system is mainly used for speed control of slip ring induction motor. The foregoing
discussion makes it is very clear that the methods of voltage control and rotor resistance control
have poor efficiency, particularly at low speeds, and find limited application. The slip power is
wasted due to rotor resistance, either inherent in the rotor or connected in the rotor circuit.
However, instead of wasting the slip power in the rotor circuit resistance, it can be converted
by various schemes for the speed control of SRIM. The slip power recovery system can be
classified into two types and they are:

1. Scherbius system

2. Kramer system.




[image: image25.png]Static Scherbius Drive System
Due to wastage of the slip power in the rotor circuit resistance, it can be fed back to the ac mains
supply using the static scherbius. The scherbius drive system can be performed by two ways:

(i) Conventional scherbius drive system
(i) Static Scherbius drive system.

Conventional scherbius system

Slip power is converted into dc power by the rotary converter. DC power is given as input to
the dc motor which is coupled with induction generator. The mechanical power of the dc motor
is converted to electrical power and it is fed back to the supply mains as shown in Fig. 7.9. The
field regulator of the dc motor is varied to control the speed of the slip of the slip-ring induction
motor.
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Fig. 7.9 Conventional scherbius system.





[image: image27.png]Static Scherbius Drives
This drive is also known as the slip power recovery scheme or sub-synchronous cascade, because

it is capable of providing speed control only on the sub-synchronous speed range.

The rotor slip power is rectified by the three-phase diode conveter which is operating at the
slip frequency. The rectified power is fed to the three-phase thyristor inverter through smoothing
inverter. Again the inverter output is fed back to the three-phase supply lines as shown in
Fig. 7.10.

AC-induced emf across slip rings and bus bar lines involves in natural commutation process
to turn off inverter and rectifier. The frequency of the induced emf is made equal to rotor emf
frequency by the rectification of the slip ring voltages because an adjustable dc back emf can
now be used at the injected voltage for speed control.
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Fig. 7.10 Static scherbius drive.




[image: image29.png]The assumptions which are assumed in static rotor resistance (i) to (iii) are included in
addition to that the following assumptions are to be considered:

(iv) The transformer is to be ideal.

(v) The commutation overlap angle in the inverter will be neglected. In any case it is much
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[image: image30.png]where
V,, = Maximum value of line voltage
V, = V; = Line-line rotor voltage at standstill
S = Fractional slip.

For a line-commutated 3-¢ bridge inverter with negligible overlap, the average back emf is

given by e DT Ml}“w
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Vi = 135V, cos o (7.16)
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V, = Source line voltage NV

o = Inverter firing angle (a > 90).

At no load the motor torque is negligible and the rectified rotor current is almost zero.
Consequently the two direct voltages of Egs. (7.15) and (7.16) must balance.

Then Ve + Vi=0
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where a is the effective stator to rotor turns ratio of the motor.

Therefore, speed control is obtained by a simple variation of the inverter firing angle. If a
is unity, the no-load speed of the motor can be controlled from near-standstill to full speed as
Icos al is varied from almost unity to zero. In practice, the motor turns ratio a is usually greater
than unity, resulting in a low rotor voltage. Consequently, a transformer is often required
between the ac supply network and the inverter in order to step down the utility voltage to a level
that is approximate for a slip-ring circuit.




[image: image32.png]From the assumptions (i) and (i), we have to consider the rotor current will have a six-step
waveform or smooth stepless waveform shown in Fig. 7.4(b). Its fundamental component will
be in phase with the slip frequency input voltage of the diode bridge; due to these the diode
bridge always operates at & = 0°. From the Eqs. (7.12) and (7.13). If the firing angle of the
inverter in Fig. 7.10 changes, then the input voltage of the diode bridge rectifier in turn changes
the speed of the induction motor drive. Thus these methods are used to carry out speed control
of the induction motor by injecting a slip frequency voltage in the rotor circuit.

If the transformer turns ratio for the utility side relative to the inverter side is denoted by
ar, then the ac line-line voltage applied to the inverter terminals is V;/ar and Eq. (7.17) is
modified as

s=Lcosa (7.18)
ar




[image: image33.png]In order to develop motor torque, a rotor current is required and the rectified rotor voltage
must force the current flow against the inverter back emf. As the induction motor is loaded, the
speed falls slightly, so that the resulting increase in the rotor voltage can overcome the voltage
drops in the rotor winding and in the dc link circuit. Now the fundamental rotor slip power (SP,,)
is approximately equal to the dc line power if the rotor resistance in small; thus
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1.35V,1
G L (7.20)

S,




[image: image35.png]Substituting § = a cos a from Eq. (7.17) in Eq. (7.20), we have
1.35V,1,

aw,

s

e (7.21)

Thus, the steady-state torque is proportional to the rectified rotor current I, which in turn
is equal to the difference between the rectified rotor voltage and the average back emf of the
inverter divided by the resistance of the dc link inductor. The inverter emf is constant for a fixed
firing angle, and hence the rotor slip increases linearly with load torque, giving a torque-speed
characteristics similar to that of a separately excited dc motor with armature voltage control as
shown in Fig. 7.11.




Operating Modes of Static Scherbius Drives

The following are the operating modes of Static Scherbius Drives.

Sub-synchronous Motoring – In this mode of operation the slip and torque both are positive and hence the injected voltage is in phase with rotor current. The power flows into the stator and feedback into the rotor circuit.

Super-synchronous Motoring – When the speed of the motor is above the synchronous speed, then the slip is negative. Thus, the voltage and current are out of phase with each other. The power feeds into the rotor from the drive circuit along with input power flowing into the stator.

Sub-synchronous Generating – For sub-synchronous speed, the torque is required to be positive, although the slip is positive. The power is fed into the rotor through the slip ring.

Super-synchronous Generating – When the speed of the motor above the synchronous speed, then the slip and torque becomes negative. Thus, the injecting voltage is in phase with the rotor. The mechanical power is injected by the shaft and the output power is obtained from the stator and rotor circuit.
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Fig. 7.11 Speed-torque characteristics for the induction motor and static converter cascade.




[image: image37.png]Disadvantages of sub-synchronous cascade drives

In general, stator current is lagging in nature, because the total power supplied comprises real
and reactive powers. The power transferred to the rotor and then to bridge rectifier is real, and
the power of the stator winding is reactive. Also, the current from the supply mains is also
lagging. The effects of harmonics generated in the converter limits the usage of the capacitor.

The following changes are to be made so as to improve the power factor of the slip energy
recovery system:

e The turns ratio of the motor should be less than unity. In case it is greater than one, a
step-down transformer is employed.

e Firing angle a is approximately 180° in order to make the reactive power taken by the
converter low.

¢ Forced commutation inverters are preferable over link-commutated ones, because the
inverter avoids taking reactive power from the supply.

* Capacitor is introduced on either stator side or the rotor side to improve the power factor
of the system.

® PWM technique is employed by replacing thyristors with self-commutated switches, so
that the inverter can also be operated at leading reactive power.




[image: image38.png]The following modifications are required to improve the power factor of the slip energy recovery
schemes:

e For reliable commutation of thyristor, the inverter firing angle is kept less than 180°.




[image: image39.png]The drive pf decreases with an increase in slip, because while the real power drawn from
the line is the difference between the real power drawn by the motor and inverter, the
reactive power is the sum of the reactive power drawn by the motor and the inverter.
Using a motor having a turn’s ratio a less than 1, if a is greater than 1, then a step-down
transformer can be interposed. ;

The reactive power drawn by the inverter can be kept low and this is possible if o= 180°
at the lowest value of the controllable speed range.

Use the force-commutated inverters in place of link-commutated inverters. When force-
commutated, the inverter does not drawn the reactive power from the line.

Capacitive compensation of the converter cascade. The capacitors may be connected to
improve the power factor in the complete speed range. The compensation can be either
on the stator side or on the rotor side.

By operating the inverter with pulsé-width modulation for this, thyristors in the inverter
are replaced by self-commutated switches. When PWM is employed, the inverter can
also be operated with a leading reactive power. This leads to further improvement in the
drive power factor.




[image: image40.png]Conventional Kramer System
Figure 7.15 shows the conventional Kramer system.
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Fig. 7.15 Conventional Kramer system.




[image: image41.png]In this method, the speed of an induction motor is controlled by injecting a voltage in the
rotor circuit, It is of course necessary for inject the voltage to have the same frequency as the
slip frequency. There is, however, no restriction as to injected emf. When we insert a voltage
which is in phase opposition to the induced rotor emf, it amounts to increasing the rotor
resistance. Whereas inserting a voltage which is in phase with the induced rotor emf, it
equivalent to decreasing its resistance. Hence by changing of the injected emf and the rotor
resistance, the speed can be controlled.

Power is extracted from the rotor of the main induction motor and supplied to the
synchronous converter which supplies dc power to the auxiliary dc machine. This will now
operate as a motor and develop an additional torque. The developed torque is, therefore, the sum
of the torques developed by the induction motor and dc motor. Thus we get high torque at low
speed. Separate excitations are used for the dc machine and the synchronous converter. Change
in excitation of the synchronous converter will regulate the power factor of the ac input. This
inturn will change the pf of the main induction motor. The dc motor exciter or field regulator
governs the back emf E, of the dc motor and hence the dc potential voltage rotor’s converter,
which further controls this slip-ring voltage and therefore the speed of Induction motor.




[image: image42.png]If the dc excitation of the auxiliary dc machine is increased, it will tend to reduce its speed.
The main induction motor will, therefore, be driving the auxiliary dc machine which will now
operate as a dc generator. The dc power generated will now be converted to power at slip
frequency by the synchronous converter and fed into the rotor circuit of the main induction
motor. Thus the speed of the induction motor will increase. Some of the torque developed by




[image: image43.png]the induction motor will be consumed by the dc machine operating as a generator now. Hence
the cascaded set with excessive excitation of auxiliary dc machine will run at high speed and
with low torque. The speed of the main motor in this scheme is controlled by the field regulator
of the auxiliary dc machine. This is sometimes called constant output power cascading.

Advantages

The advantages are:
e Any speed within the working range can be obtained, instead of only two or three as with
other methods of speed control.
o If the rotary converter in over-excited, it will take a lead current which compensates the
lagging current drawn by the main motor (induction motor) and hence improves the pf
of the system. Such a system is employed for large motors.




[image: image44.png]Static Kramer Drive
Figure 7.16 shows the static Kramer drive.
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[image: image45.png]Fig. 7.16 Static Kramer drive.




[image: image46.png]Rotary slip power is converted into dc by a diode bridge as shown in Fig. 7.16(a). The dc
power is now fed to a dc motor mechanically coupled to the induction motor. The torque
supplied to the load is the sum of the torque produced by the induction and dc motors. Speed
control is obtained by controlling the field current of the dc motor. Figure 7.16(b) shows
variations of V; and V, with speed for two values of dc motor field current. The steady state
operation is obtained when V;; = V,, i.e., at A and B for field current Iy and Ip,. Speed control
is possible from synchronous speed to around half of synchronous speed. When larger speed
range is required, the diode bridge is replaced by a thyristor bridge. Now the relationship
between V;; and speed can be altered by controlling the firing angle of the thyristor rectifier as
shown in Fig. 7.16(c). Speed can now be controlled up to standstill.




[image: image47.png]Modified Static Kramer’s Drive System

A commutatorless Kramer drive is shown in Fig. 7.17. In these drives the dc machine is replaced
by a commutatorless dc motor which consists of a synchronous motor fed by a load commutated
inverter. In this modification of the Kramer’s drive, the speed is controlled by the field current
control. In order to drive the system at synchronous speed, the field current must be reduced to
zero to reduce the inverter terminal voltage to zero. Now the induced voltage will not be
sufficient to obtain load commutation. The field current control can, however, be used to control
the flux and the synchronous motor terminal voltage within the rating of the inverter thyristors.
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[image: image49.png]The drive has a better pf and has less harmonic content in the line current when compared
to the static Kramer’s drive. In static scherbius drive, the reactive power and the harmonics are
associated with the power feedback to the line. In the static Kramer’s drive, since the power is
not feedback to the line, problems associated with the feedback of the power are also eliminated.




1) Speed torque characteristics of static Kramer drive for open loop system
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Fig: speed-torque characteristics of static Kramer drive for Open loop system

2) Advantages

· very efficient

· the converted power rating is low because t has to handle only the slip power

· the drive system has D.C. machine like characteristics

· the control is very simple

3) Disadvantages

The major is the poor input power factor. Reasons of poor input factor as follows:

· The reactive power drawn by the motor to maintain the air gap flux.

· The reactive power drawn by the inverter (SCR bridge)

· The reactive power drawn by inverter is maximum at α=90° and reduces as α is increased from 90° to 180°

The sum of all the reactive power drawn by the machine and inverter causes power factor becomes extremely poor at low speeds.

4) Improvement

· Force commutated inverter in place of line commutated inverter.

· For α = 180°, lowest value of controllable speed range, reactive power drawn is less.

· Suitable transformer required between the inverter and the supply line.

Questions &  Answers

· What are the advantages of voltage/frequency control?

a. Smooth speed control.

b. High starting torque for low cage resistance.

· What is meant by stator current control?

The three phase induction motor speed can be controlled by stator current control. The stator current can be varied by using current source inverter.

· What is meant by slip power recovery system?

The wasting of slip power can be recovered by various schemes for the speed control of slip ring Induction motor. This system is called as slip power recovery system.

· What are the advantages of slip power recovery system?

a. The slip power can be recovered and fed back to the supply.

b. The overall efficiency also improved.

· What is meant by sub synchronous speed operation?

The sub synchronous speed operation means, the slip ring induction motor speed can be controlled below synchronous speed. The slip power is fed back to the supply.

· What is meant by supper synchronous speed operation?

The supper synchronous speed operation means, the slip ring induction motor speed can be controlled above synchronous speed. The slip power is fed back to the rotor side.

· What is meant by Kramer system?

The Kramer system is only applicable for sub synchronous speed operation because the slip power is fed back to the supply.

· What is the function of conventional Kramer system?

In conventional Kramer system, the slip Power is converted in to dc by rotary converter. The dc voltage is fed to dc motor. The dc motor is coupled with slip ring induction motor. The speed of the slip ring induction motor can be controlled by varying the field regulator of the dc motor.

· What is meant by static Scherbius drive?

The slip ring induction motor speed can be controlled both below and above synchronous speed; static Scherbius drive system is used.

· What are the two types of static Scherbius system?

a. DC link static Scherbius system

b. Cycloconverter Scherbius system.

· What are the disadvantages of static rotor resistance control?

a. Slip power is wasted in the rotor circuit resistance.

b. Efficiency is less.

· State one major advantage and disadvantage of slip power recovery scheme based wound rotor induction motor drive.

Advantage: The slip power can be recovered and fed back to the supply due to this overall efficiency is increased.

Disadvantage: Power factor of the system is low.

· What are the different types of slip power control system?
Kramer system, Scherbius system

· What is meant by slip power?
The portion of air gap power, which is not converted into mechanical power, is called slip power. Slip power is nothing but multiplication of slip (s) and air gap power (P ag)
                                    Slip power = s (P ag)

· What are the advantages of slip power recovery system?

 The slip power can be recovered and fed back to the supply. The overall efficiency also improved.
· What are the different types of slip power recovery system?

    These are classified two types.

    1. Kramer system

        i. Conventional Kramer system

        ii. Static Kramer system

    2. Scherbius system

        i. Conventional Scherbius system

        ii. Static Scherbius system

        iii. DC link static Scherbius system

        iv. Cycloconverter Scherbius system

· What is meant by Kramer system?

    The Kramer system is only applicable for sub-synchronous speed operation because the slip power is fed back to the supply.

· What are advantages of conventional Kramer method?

                  1) The main advantage of this method is that any speed, within the working range, can be obtained instead of only two or three, as with other methods of speed control.

                  2) If the rotor converter is over excited, it will take a leading current which compensates for the lagging current drawn by SRIM & hence improves the power factor of the system.

· What is the function of static Kramer system?

The slip power is converted into dc by diode bridge rectifier and the DC voltage is converted into AC by line commutated inverter and fed back to supply. As the slip power can flow only in one direction, static Kramer drive offers speed control below synchronous speed only.

· Define slip power control. What is meant by slip power recovery system?

       In slip ring induction motor the rotor power (slip power can be recover and fed     back to supply or can be used to supply and additional motor which is mechanically coupled to the main motor. This type of drive is known as slip power recovery system and improves overall efficiency of the system.

· What is the function of conventional Kramer System?

        In conventional Kramer system, the slip power is converted into dc by rotary converter. The dc voltage is fed to dc motor. The dc motor is coupled with slip ring induction motor. The speed of the SRIM can be controlled by varying the field regulator of the de motor.

· Where static Kramer drive is used?

       In large power pump and fan type drives, where speed control within narrow range and below synchronous speed.

· What are the advantages of static Kramer system?

       1. The drive system is very efficient and the converter power rating is low, because it has to handle only the slip power.

       2. The drive system has dc machine-like characteristics and the control is very simple.

· What are applications of static Scherbius drive system?

 1. Multi-MW, variable speed pumps/generators.

 2. Flywheel energy storage system.

· What are the advantages and disadvantages of static Scherbius drive?
Advantages:

1. In this method, the problem of commutation near synchronous speed disappears.

2. The cyclo-converter can easily operates as a phase-controlled rectifier, supplying dc current in the rotor and permitting true synchronous machine operation.

3. The near-sinusoidal current waves in the rotor, which reduce harmonic loss and a machine over excitation capacity that permits leading power factor operation on the stator side. So the line's power factor is unity.   

4. The cyclo-converter is to be controlled so that its output frequency tracks precisely with the slip frequency.

Disadvantages:

   1. The cyclo-converter cost is increases.

   2. The control of the Scherbius drive is somewhat complex.

· Compare conventional method of Kramer and Scherbius system
	Kramer Method
	Scherbius Method

	This system consists of SRIM, Rotary

converter and dc motor and Induction

generator
	This system consists of SRIM, Rotary

converter and dc motor

	Here, the return power is Mechanical
	Here, the return power is mechanical

	Less cost.
	More cost


