


INVERTERS

B INVERTERSAREMOSEIMPORTANT:POWER-ELECTRONIC EQUIPMENT
WHICH 1S BEING: USED FORNVARIOUS PURPOSES SUCH AS VARIABLE
SPEED AC DRIVE (VSD}; UNINTERRUPTED POWER SUPPLIES
(UPS),STATIC FREQUENCY:CHANGERH(SFC).

RANSTRPNE RIS OL 1/ GE SOURCE INVERTER(VSI)

IS ONE IN WHICH THE DC SOURCE HAS SMALL OR NEGLIGIBLE
IMPEDANCE. IN-OTHER WORDS; A VOLTAGE SOURCE INVERTER HAS
A STIFF VOLTAGE SOURCE AT TS INPUT TERMINALS.

A CURRENT FED INVERTER (CFl) or SRS

I F=D WiTH ADJUSTABLE CURRENT FROM A DC SOURCE OF
HIGH IMPEDANCE, I.E. FROM A STIFF DC CURRENT SOURCE.
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RATE AT WHICH THE SEMJCONDUCTOR DE‘VICES ARE SWITCHED ON

AND OFF BY THE INVERTER CONTROL CIRCUITRY AND AN
ADJUSTABLE FREQUENCY AC OUTPUT IS OBTAINED
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SINGLE PHASE HALF BRIDGE VOLTAGE SOURCE INVERTER




SINGLE PHASE FULL BRIDGE VOLTAGE SOURCE INVERTER




® [T CONSISTS OF 6 POWER SWITCHES WITH SIX ASSOCIATED
FREEWHEELING DIODES.

® THE SWITCHES ARE OPENED AND CLOSED PERIODICALLY IN
THE PROPER SEQUENCE TO PRODUCE THE DESIRED OUTPUT
WAVEFORM.

® THE RATE OF SWITCHING DETERMINES THE OUTPUT
FREQUENCY OF THE INVERTER.
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SWITCHING:SCHEME:USED:IN:3-PHASEINVERTERS

BASICALLY THERE ARE TWO POSSIBLE SCHEMES FOR GATING THE
DEVICES
® 180 DEGREES CONDUCTION MODE
EACH SWITCH CONDUCTS FOR 180 DEGREES
®* 120 DEGREES CONDUCTION MODE

EACH SWITCH CONDUCTS FOR 120 DEGREES

IN BOTH OF THESE SCHEMES THE GATING SIGNALS ARE APPLIED AND
REMOVED AT 60 DEGREES INTERVALS



IN THIS CONTROL SCHEME , EACH SWITCH CONDUCTS FOR A PERIOD
OF 180 DEGREES.

SWITCHES ARE NUMBERED IN THE SEQUENCE OF THEIR TRIGGERING.
AT A TIME , 3 SWITCHES CONDUCT.

2 FROM THE UPPER GROUP AND 1 FROM THE LOWER GROUP OR 2
FROM THE LOWER GROUP AND 1 FROM THE UPPER GROUP CONDUCT.

TWO SWITCHES OF THE SAME LEG ARE PREVENTED FROM
CONDUCTING SIMULTANEQUSLY.

ONCE COMPLETE CYCLE IS DIVIDED INTO 6 MODES EACH OF 60
DEGREES INTERVAL.






®* | IKE 180 DEGREES MODE , 120 DEGREES MODE INVERTER
ALSO REQUIRES 6 STEPS EACH OF 60 DEGREES DURATION
FOR COMPLETING ONE CYCLE OF THE OUPUT AC VOLTAGE.

®* EACH THYRISTOR CONDUCTS FOR A PERIOD OF 120

DEGREES AND FOR THE NEXT 60 DEGREES, NEITHER OF
THEM CONDUCT.

® EACH PAIR CONDUCTS FOR A PERIOD OF 60 DEGREES.
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OUTPUT VOLTAGE(120 MODE)
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VSI FED INDUCTION MOTOR DRIVES
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PWM INVERTERS




PULSE WIDTH MODULATION

SINGLE PULSE WIDTH MODULATION \/
MULTIPLE PULSE WIDTH MODULATION \/
SINUSOIDAL PULSE WIDTH MODULATION et
SPACE VECTOR PULSE WIDTH MODULATION ><

HYSTERESIS BAND CURRENT CONTROL PWM
SELECTED HARMONIC ELIMINATION PWM
SIGMA DELTA MODULATION
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G I UG
(b) Stenped wave inverter line voltage waveform (c) PWM inverter Line voltage wavefomn




SINGLE PULSE WIDTH MODULATION




MULTIPLE PULSE WIDTH MODULATION

: szpem'(¢¢ s';.’na,

S'IB V\a"




CONTROL OF THE SWITCHES FOR SINUSOIDAL PWM OUTPUT REQUIRES

’:’A REFERENCE SIGNAL CALLED A MODULATING OR CONTROL SIGNAL
WHICH IS SINUSOIDAL

’:’A CARRIER SIGNAL WHICH IS A TRIANGULAR WAVE THAT CONTROLS
THE SWITCHING FREQUENCY

+¢* MODULATION INDEX (M) IS THE RATIO OF AR/AC WHERE AR IS THE
PEAK AMPLITUDE OF REFERENCE SIGNAL AND AC IS THE PEAK
AMPLITUDE OF CARRIER SIGNAL
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Sinusoidal pulse width modulation

Reference wave, freq.f_

‘ A-Carrier wave,freq;

LAVAVAV_.,!
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CLOSED LOOP SPEED CONTROL OF VSI DRIVEN INDUCTION MOTOR
CLOSED LOOP SLIP CONTROLLED PWM INVERTER WITH REGENERATIVE BRAKING
CLOSED LOOP SPEED CONTROL SCHEME OF INDUCTION MOTOR USING V/F METHOD
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SLIP REGULATION:IN-CEOSEDLOOPV/FSPEED:CONTROL OF

VSI DRIVEN INDUCTION MOTOR

Slip <
regulator | Wy
D W, Jp-
- h s Q( }
Speed
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Constant volis/HZ confrol with slip speed regulation
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SLIP REGULATION-WHEN:FREQUENCY:IS.INCREASED
AND VOLTAGE IS KEPT CONSTANT
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MOTORING AND BRAKING MODE OPERATION
OF CSI FED INDUCTION MOTOR DRIVE

method?

Explain the static Kramer scheme for the speed control of a slip ring IM. Explain (10)
the firing angle control of thyristor bridge with constant motor field.

PART D
Answer any two full questions, each carries 10 marks.

/ith a neat circuit and waveform explain 4 ased CSI fed IMl(drive.

Explain how CSI fed IM drive can be used for regenerative braking and

multiquadrant operation.

Explain in detaii zbout the classification of PM synchronous motor?

Explain the field oriented control (FOC) of an AC motor with a block diagram




pevation of Csl Fed IM Drive
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CSI DRIVEN INDUCTION MOTOR DRIVE













BRAKING OF VSI INDUCTION MOTOR DRIVES

Dynamic Braking: In dynamic braking, the switch SW and a self-
commutated switch in series with the braking resistance R are connected
across the DC links. When the operation of the motor is shifted from
motoring to braking switch SW is opened. The energy flowing through the
DC link charges the capacitors and its voltage rises.

<
Inverter -@

< 7 'ilJD—a No<b
Possibe
Dynamic Braking of VS| Controlled IM Drives

When the voltage crosses the set value, switch S is closed, connecting the
resistance across the link. The energy which is stored in the capacitor flows into the
resistance and reduces the DC link voltage. When it falls to its nominal value S is
opened.Thus the closing and opening of the switch depends on the DC link voltage,
and the generated energy is dissipated in the resistance gives dynamic braking.



When the operation shift from motoring to braking, the DC link current I
reverse and flows into the DC supply feeding the energy to the source.
Thus the drive already has the regenerative braking capability. In
regenerative braking the, the power supply to the DC link must be transferred
to the AC supply. When the operation shift from motoring to braking, the DC
link current |4 reverse, but the V4 remain in the same direction. Thus, for
regenerative braking, a converter is required for converting the DC voltage
and direct current in either direction.

\/:Tﬁ- Wil YeverSe wy — U.J5

PWM
Inverter

ynchronous
Link Converter




Braking capability obtains the four quadrant operation of the drive. The
reduction of the inverter frequency makes the synchronous speed less

than the motor speed. Thus the operation of the motors is transferred
from quadrant 1 (forward motoring) to quadrant 2 (forward braking).

The inverter frequency and voltage are progressively reduced as the
speed falls, to brake the machine from zero speed. The phase sequence

of the output voltage is reversed by interchanging the firing pulse of the
thyristor. Thus, the operation of the motor is transferre the
second quadrant to the third quadrant (reverse motoring). The inverter

frequency and voltage are increased to get the required speed in the
reverse direction.
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CONTROL
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® |NHERENT COUPLING EFFECT MEANS BOTH TORQUE AND FLUX ARE
FUNCTIONS OF VOLTAGE OR CURRENT AND FREQUENCY

57



DC DRIVE ANALOGY

-

u\j field

—_— Decoupled

To =Ky ya= _K,LLUJ.‘
Torque Field
component component
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VECTOR CONTROL

* VECTOR CONTROL CAN BE CLASSIFIED INTO TWO TYPES
1 ) DIRECT FEEDBACK CONTROL
2 ) INDIRECT FEED FORWARD CONTROL

v S

Inverter

M
/

Te =K Uy iqs =Ky iqs lds

Torque Field
component component




VECTOR CONTROLLED AC DRIVE PROVIDES BETTER DYNAMIC RESPONSE AND
LESSER TORQUE RIPPLES.

VECTOR CONTROL IS USED TO CONTROL THE AC MOTOR IN ORDER TO ACHIEVE
HIGH PERFORMANCE CONTROL CHARACTERISTICS.

IN AC MACHINES, THE STATOR AND ROTOR FIELDS ARE NOT ORTHOGONAL TO
EACH OTHER. THE ONLY CURRENT THAT CAN BE CONTROLLED IS THE STATOR
CURRENT. FIELD ORIENTED CONTROL IS THE TECHNIQUE USED TO ACHIEVE THE
DECOUPLED CONTROL OF TORQUE AND FLUX.

FOC SCHEME NOT ONLY DECOUPLES THE TORQUE AND FLUX WHICH MAKES
FASTER RESPONSE BUT ALSO MAKES CONTROL TASK EASY.

FOC IS CARRIED OUT TO CONTROL THE SPACE VECTOR OF MAGNETIC FLUX,
CURRENT AND VOLTAGE OF MACHINES IN ORDER TO ACHIEVE THE PRECISE
SPEED TARGET.

THE AIM OF THE FOC METHOD IS TO CONTROL THE MAGNETIC FIELD AND
TORQUE BY CONTROLLING THE D AND Q COMPONENTS OF THE STATOR
CURRENTS OR CONSEQUENTLY THE FLUXES.
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Continued...

’:’ FOC TECHNIQUE INVOLVES THREE REFERENCE FRAMES AND NEEDS
TRANSFORMATIONS FROM ONE TO THE OTHER.

+$* STATOR REFERENCE FRAME (A,B,C) IN WHICH THE A,B,C ARE CO-PLANAR, AT 120
DEGREES TO EACH OTHER.

”AN ORTHOGONAL REFERENCE FRAME (u \D,) IN THE SAME PLANE AS THE STATOR
REFERENCE FRAME IN WHICH THE ANGLE BETWEEN THE TWO AXES 1S 90 DEGREES
INSTEAD OF 120 DEGREES. THEokAXIS IS ALIGNED WITH A AXIS IN THE SECOND
FRAME.

** ROTOR REFERENCE FRAME (DQ), IN WHICH THE D AXIS IS ALONG THE N AND S
POLES OR ALONG THE FLUX VECTOR OF THE ROTOR AND THE Q AXIS IS AT 90
DEGREES TO THE D AXIS. d




Continued....

Stepl:Stator currents 1a & 1b are measured using electric current
sensors, and ic Is calculated using the formula ic=-(ia+ib).

STEP2:THE ELECTRIC CURRENTS IA, IB AND IC ARE TRANSFORMED INTO THE DIRECT
COMPONENT 1Q, ID IN THE REVOLVING COORDINATE SYSTEM THROUGH THE
CLARKE AND THE PARK TRANSFORMATIONS.

CLARKE TRANSFORM PARK TRANSFORM

'|| = Ia
[lJ, = {13 "'i-.||!||:'3|}||l"l|I -.5

lg =1, 0SB + g Sin6 an
lq = -1, SinB + iy cosh




Continued....

INVERSE PARK 7ravstorwi

Vg = Vd.cosB - Vq.sin0
Vg = Vg.sin + V4. cos6

LX]



AC SUUPMmMY

ik

Rectifier

|~

Park Inverse
Iransformation

Position Sensing

t

Space Vector Three Phase
\Modulation Inverter
PW\




DIRECT OR FEEDBACK VECTOR CONTROL



ADVANTAGES OF FIELD ORIENTED CONTROL
Transtormation of a complex and coupled AC model mto a stmple Imear system.

[ndependent control of Torque and flux

Fast dynamic response and good transtent and steady state performance.

High torque and low current af start up.

-

High Effictency.

-
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Clarke Transformation




Park Transformation:

[I:d] _ [ cosf sinf frx] s ids
]
q

—sin@ cos Ol |ip ipgi%;

P O axis

Park Transtormation




Inverse Park Transform

— sm cos @

Los_-,b' —sin 9] [ ]

The Clarke transformation transforms the three phase (a, b, ¢) signals into a, 3
—  — —

reference frame in the stator. In order to transform the signals to the rotor reference frame
Park transformation 1s used so as to transform the signals into rotor reference frame (d-q).

e ———————

Inverse park transform converts the signals back to stator reference frame (d-q to a, p).
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stator current (Fig. 8.29)

Figure 8.27 Direct vector control block diagram with rotor flux orientation
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DIRECT OR FEEDBACK VECTOR CONTROL



ADVANTAGES OF FIELD ORIENTED CONTROL
Transtormation of a complex and coupled AC model mto a stmple Imear system.

[ndependent control of Torque and flux

Fast dynamic response and good transtent and steady state performance.

High torque and low current af start up.

-

High Effictency.

-

76



Clarke Transformation




Park Transformation:

[I:d] _ [ cosf sinf frx] s ids
]
q

—sin@ cos Ol |ip ipgi%;

P O axis

Park Transtormation




Inverse Park Transform

— sm cos @

Los_-,b' —sin 9] [ ]

The Clarke transformation transforms the three phase (a, b, ¢) signals into a, 3
—  — —

reference frame in the stator. In order to transform the signals to the rotor reference frame
Park transformation 1s used so as to transform the signals into rotor reference frame (d-q).

e ———————

Inverse park transform converts the signals back to stator reference frame (d-q to a, p).
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Voltage model
Torque comp. cf /* ( /estlmatlon
stator current (Fig. 8.29)

Figure 8.27 Direct vector control block diagram with rotor flux orientation
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THREE PHASE VOLTAGE SOURCE INVERTER(VSI)

AC motor
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OUTPUT VOLTAGE(180 MODE)
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vV nhage Swilching Vectors | Line to neutral voltage Line to line voltage

4] abh l'l

é vmvo

/
/

-1/3 -1/3

-2/3 113

1 -113 213

Ve, | (1 1| 1
A | 1 1

(Note that the respective voltage should be multiplied by V. )

01 0140







Step 1. Determine V V. V1, and angle ()

Step 2. Determine time duration T, Ty, To

Step 3. Determine the switching time of each transistor (S to S)




Ve "c0s60 — V_ -cos60

1

=V

=V-'—

R ]
2

%= O+ V., -cos30—-V_ -cos30




DETERMINATION OF T1,T2 AND [TE

Switching time duration at any Sector

. n n ]
sin— ITcos @ —cos— ITsin H]
\ 3 3

g an
R

J3- TtVrcf‘[ n—1

-cosqd - sm—-—— m+sing - cus—}— rr]

v

where, n =_I/th_g:_ugh_§(that is, Sectorl to 6)
.-_E:Tz _TI -Tji [ 05&560“ \/




DETERMINATION OF T1,T2 AND TO IN SECTOR |

Switching time duration at Sector |

1 2 v cos(m/ 3)
_'vdf'[glqu?‘E- - L‘.inin-‘ll

(where, 0 s a s 60%)

_ _\sin[ﬂa"’3-a}/
=Ty =T (A (77 3) /
| . _sin(@).

4 " sin(r7/3)

=T, — (T, +'13),

._/_H




Red IN SECTORI




COMPARE SPWM AND SVPWM
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SWITCHING DURATION

Upper Switches (S,, S,, S.) Lower Switches (S, S;.. S,)

S. =T +T,+T/2— S=Tg2 ~ _-
S:=T,+Ta/2 S;=T.+T, /2
S:=T,/2 v S,=T.+T,+T,/2
Sa=T1+T°,2 SA=T2+TCf2
S.-=T,+T,+T,/2 Sg=T,172
S.=T,/2 Sp;=T#+T+T, 2
S.=T,/72 S,=T,+T,+T, /2
83 T1+T2+T°,2 SG Tg’2
S.=T,72 S, = T+T2+ch2
S,=T,+Ty/2 Se=T,+T,72
S:=T;+T,+T,/2 S,=T, 12
S.=T,+Ty/2 S;=T,+T,72
S,=T,12 Se=T,+T,+T, /2
S£=T1+T2+Tof2 52=T3/2

S, =T, +T,+T,72 S,=T,72
83=TOI2 SS=T,*T2*T0/.2
85=T1*To”2 SZ=T2+T0,2

(g
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(upper) S;
e

S,
“0“'“‘ ) Sé
)

SECTOR3 AND SECTOR4

—

1 V, Vl

(c) Sector 3.

Vi

Vo

(lower) $;
S

\’0 \'s

v v\ 'V

(d) Sector 4.

Vs




ECTORS AND SECTORé

(e) Sector 5. (f) Sector 6.




