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POWER
SEMICONDUCTOR DEVICES

Power semiconductor devices are electronic devices made of semiconductor material but rating of these devices are high.

1.1. Classification of Devices

Uncontrolled devices (BJT, DIAC etc)

Semicontrolled devices (SCR)
Fully controlled devices. (BJT, MOSFET, IGBT, GTO, etc.)

Unipolar directional devices (Schottky diode, MOSFET etc)
Bipolar devices (BJT, IGBT, Diode, SCR, GTO, DIAC, TRIAC etc)

Unipolar voltage blocking (Diode, BJT, MOSFET, RCT etc)
Bipolar voltage blocking (IGBT, SCR, TRIAC, GTO etc)

Continuous singal devices ( BJT, MOSFET, IGBT etc)
Latching devices (SCR, GTO, TRIAC etc)

< Unidirectional devices (Diode, BJT, IGBT, SCR, GTO etc)
Bidirectional devices (MOSFET, RCT, DIAC, TRIAC etc)

<

<

<

1.1.1. Semiconductor Devices as a Switch

Power semiconductor devices may work as a static switches. It has two stable state
(1) ON state (conduction)
(2) OFF state (Blocking)

Switch can operate in 4 mode of operation.

(1) Forward conduction mode :

Ideal switch—> <—Practical switch

Fig. 1.1
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(2) Forward blocking mode :

o Power Electronics

J,Praclical switch

!

Fig. 1.2

(3) Reverse conducting mode :

Ideal switch

Practical — <—Ideal switch

switch
Fig. 1.3

(4) Reverse blocking mode :

Ideal switch

l

Practical
switch
Fig. 1.4
1.1.2. Computation of power in Power Electronics

e In PE voltage and current are penodic in nature
¢ Instantaneous power P(t) = v(t) i(t)

e Energy losses in a time period

E= j; V() i(t)dt

e Average power loss

P, = %j; v(t) i(t)dt

Case-I If voltage is constant V() =V
Pav :V Iav

Case-11 If current is constant i(t) = |
Pav = I Vav

Case-l111 If current is flowing through R
Py =1mR
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o Power Electronics

1. Conduction losses — it is power loss when device are in conduction mode

T, -
Avg. conduction loss = 1 .[ V,, i, dt
T Jo

Von = “on state” voltage drop
i,, = “on state” current.

2. Blocking losses : it is power loss when device are in blocking mode. It occur due to leakage current
. 1 (7.
Avg. blocking losses = T IOV i dt

i, = leakage current

Note : In modern semiconducter devices these losses are neglected.
3. Switching losses : it is power loss during switching transition either during turning ON or during turning OFF.

p7
Vi)
i(1)
< ON—> <! OFF>
Fig. 1.5
e Energy loss during “turn on” period
Vi
Eon = ? ton

. ton . J .
¢ Instantaneous maximum power loss occur at t = %tlme and magnitude of maximum power loss

I:)max = \ﬂ
4
e Energy loss during “turning off” period
Vi
Eorr = ?tOFF

. tore . . .
e Instantaneous maximum power loss occur at t =% time and magnitude of maximum power loss

Pmax = \ﬂ
4
e Average switching power losses
1V
Pt = ?? (tON +loer )
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A

T 7777777
P

i
LSS

K
Fig. 1.6

In power diode P and N semiconductor layer are connected in vertical configuration it reduce “ON state” resistance of
diode.

Lightly doped n™ layer (Drift layer) increase reverse blocking capacity of diode.

It is bipolar, uncontrolled device

It is unidirectional device, current can flows only from anode to cathode

It is unipolar voltage blocking capacity. It can block reverse voltage only.

Conductivity modulation occurs in power diode, which reduce drift layer resistance during conduction time.

N
-
— linear rise
< cxponential rise
< 5
v
Fig. 1.7

e Turn off characteristic of diode is also called reverse recovery characteristic

A 1>
1 \let >ty

e Reverse recovery time t,, = sz—R
di/dt

di

e Peak value of reverse current I, =,/2Q o
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Softness factor s = ty /ta

In slow recovery diode s =1

In fast recovery diode s << 1

In fast recovery diode, doping of gold and platinum is done. It reduce turn off time and increase “on state” voltage
drop.

The Schottky diode is metal semiconductor junction diode. It is majority carrier device and its turn off time is nano
seconds.

-
Il
<

<—)<
Y

C) |::| Load

Fig. 1.9

o For purely resistive load, diode conduct for = period.
e For purely inductive load, diode conduct for 2z period.

o For purely capacitive load, diode conduct for g period.

ol =0
Vs 2 L
Fig. 1.10
S VA
e Current in circuit i(t) =—-sinmt
o,L
e Voltage across inductor V, (t) =V cosm,t
* Voltage across capacitor V (t) =V; [1-cosm,t]
1
Where, 0y = —F— C

JLc

e Itisathree terminal, fully controlled device, in which collector and emitter is main terminals and
base is control terminal.

e Itisunidirectional device, current can flows only from collector to emitter.

¢ It has unipolar voltage blocking capacity it can block only forward voltage.

o It has negative temperature coefficient, so its parallel operation is not possible and it also has of E
the possibility of secondary break down. Fig. 1.11
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I E I
S
p—>
P
.
”1
T 7777 7 7 7 7 7 7 777
C
Fig. 1.12
e BJT operate in three region
Region Jcs Jee Application
Cut-off RB RB OFF switch
Active (linear) RB FB Amplifier
Saturation FB FB ON switch

e BJT is the current controlled device. Control signal is base current Ig. It Ig =0 it act as a “OFF switch”. It base current
Ig > Igs it act as a “ON switch”
Where Igs is the minimum value of base current, which may bring device into saturation region.
o If operating point of BJT lies within SOA (Safe Operating Area) then may be damaged.

Maximum

current limit .
\ Maximum

limit
A 5 power limi
Secondary

C Break-down limit

D .
Maximum

voltage limit

Fig. 1.13

QD
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It is a three terminal device, in which drain and source are main terminal and gate is control terminal.

It is a Bidirectional device.

It is unipolar device, current flows only due to electrons.

It is fully controlled device, control signal is Vgs.

It has positive temperature coefficient.

It has large conduction losses and less switching losses

Due to SiO; its input impedance is high

Itis fully controlled device when Vgs < Vgst it behaves like “OFF switch” and when Vgs > Vgst it behave like “ON switch”
Vgst = threshold gate to source voltage, it is minimum voltage required to formed n channel.

Vgso = minimum gate to source voltage to bring MOSFET into ohmic region.

1.2. IGBT (Insulated Gate Bipolar Transistor)

==

OE

Fig. 1.15
e IGBT is three terminal device in which collector and emitter are main terminal and gate is control terminal.
e ltis voltage control device, where control signal is Vge.
e Itis unidirectional device, current can flows only from collector to emitter.
e It has bipolar voltage blocking capacity.
e It has positive temperature coefficient
e It has high input impedance due to SiO,
e ltisahybrid device of BJT and MOSFET.
e Due to conductivity modulation, the resistance of drift layer is reduced during conduction period.
e Itisa fully controlled device. If vge < Vge it behave like “OFF switch” and if Vge > Vgeo it behave like “ON switch”

Where vyt = gate to emitter threshold voltage it is minimum voltage required for formation of n channel.
Vgeo = Minimum gate to emitter voltage to bring IGBT into ohmic region.

1IGBT = 2BJT +1 MOSFET
1IGBT = 1SCR+1MOSFET
a0o0o

GATE WALLAH ELECTRICAL HANDBOOK 10.7




THYRISTOR

e Any power semiconductor device which have minimum 3 junctions and two stable state is called thyristor.
e SCR is widely and oldest use member of this family.
e SCR is semi controlled, unidirectional, bipolar voltage blocking capacity, 3 terminal device.

& ®

.
I, /
e o

N

'®

2.1. Static I-V Characteristic

Reverse Blocking

e J1 & J3 Junction are reverse bias but J; is forward bas
o Mainly reverse voltage is blocked by junction J;
e Only reverse leakage current flows.

Forward Blocking Mode

e J1 & J3 Junction are Forward bias but J; junction are in reverse bias. 1 Forward

e Only forward leakage current flows. T conducting
Forward Conduction Mode:

e  All three junctions are in forward bias. I L, |

e, el
e Insymmetrical SCR Vg, >V, VBR —= L,
o | =2t031Iyx V,—»V
b0

Turn-ON Method:

e Forward voltage triggering. Szzif;;

e Gate triggering.
(I) Constant gate triggering

(1) Pulse gate triggering Fig. 2.2.
(1) High frequency. Gate triggering

GATE WALLAH ELECTRICAL HANDBOOK 10.8
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Pulse width = time taken by anode current to reach upto latching current value.
. \Y _
. |nRmej|m)=E{L—em“]=h

Find out t, it is pulse width.
o If pulse width is not sufficient to reach anode current up to latching current value, then we connect a resistance in
parallel of R-L load.

. ﬂtri erin
at ggering

e Thermal triggering

e Lighttriggering.

e It gate pulse is applied in reverse bias.
SCR. Then
() Magnitude of leakage current increase

(1) Power losses will be increase so SCR may be damaged.

2.1.1. Switching Characteristic

Turn ON time = time required to bring SCR from forward blocking mode to forward conducting mode.

v

a

Fig. 2.3.
toy =ty +1, +1,
tg v, ->0.9v,
leakage current — 0.1 I,
current flow in very low area.
High gate current and more forward voltage decrease delay time.
tr 0.11,—-091,
0.9va—-0.1va
Rise time mainly depend on circuit element
Power losses is maximum during rise time.
ts 091a—1a
0.1 va — ON state voltage drop.
It depend on area of cathode & gate structure
Turn OFF time — time to bring SCR from forward conduction mode to forward blocking mode
lorr =1y +1y

GATE WALLAH ELECTRICAL HANDBOOK 10.9



o Power Electronics O

trr — Storage charge near junction J; & Js is removed & SCR regain its reverse blocking capacity. After t, SCR behave

like diode
tor — Trapped storage charge near middle junction J; is also removed. After ty it regain forward blocking capacity.
tg=trr + tor
Converter grade SCR ty =50 — 100 m sec
Inverter grade SCR ty=3-50 m sec
e For sucessful commutation te>1tg
te =(F.0.S)) tq

o Iftg>tc = Commutation failure

Circuit turn off time — It is time for which SCR is reverse bias after anode current is become less than holding current

2.2. Thyristor Gate Characteristic

I)

gav

gmn

Fig. 2:4.
|

<l <]
gmin g gmax

Viomin SV <V
e For pulse width less than 100ms
Vg Ig < gmax
Pg nax = Peak power dissipation limit
e For pulse width greater than 100 us
Vol <R
P = average power dissipation limit
Pt = P T
T = time period of pulse
T1 = pulse width (T, time)
Mark to space ratio I
-
Es =v, +1,Rs

If vq is not given assume it zero.

Fig. 2.5.
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Vg
Es = Ig+€ Rg +V,.

e Itis given by manufacturer

e It does not depent on current wave form.

¢ Not given by manufacturer.

ITRMS H
=—" (Ratin
FE ( 0)

® I Tav
(rating)

e It depend on FF of wave form.
e [f conduction angle increase Ity increase

e |fload inductance increase, ltav increase.

Isl = \jﬁ Isn
I, = one cycle surge current rating
I, =ncycle surge current rating
(Is)ljn :\/ﬁ Isl

(l;)y, = Surge current rating for 1/n period

2.3. Thyristor protection:

CB FACLE di/dt Inductor

la 5 Ry Voltage

R, }Z snubber
Varistor _ crreuit
zD R, —+— C, T4
-~
Fig. 2.7.

e  Current snubber circuit (L) is used in series of SCR.

¢ Inductor value can be calculated by (ﬂj s(ﬂj
actual dt rated

GATE WALLAH ELECTRICAL HANDBOOK
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T"
Fig. 2.8.
Vp =Ve =Vq (1_e—t/RLC)
v _ Vs
dt RC
— VS
R, dv; /dt
. . A
Discharging current = —
RS
= VS VS
Total current through SCR = —=+—=
Ry R
e Issourceisa A.C source Vg =V, Sinwt then use maximum voltage vy in formula vy =F\:/_mC
L
J— Vm
RLdVT [ dt R C
dv di Vv I
—aswell as —: L=— S | }—‘ .
dt dt (di/dt)

dt max

dv v,
— =R.= Fig. 2.9.
(dtjmax S Ig. 2.9

Py

7\

Q.l o

— | -

N

3

8
o¢—<—>0

2.3.1. Over Voltage Protection

Varistor (voltage clamping device is used) whose resistance decrease with increment of voltage.

e CBand FACLF (fast acting current limiting fuse is used).
e Electronic crowbar protection is used.

GATE WALLAH ELECTRICAL HANDBOOK 10.12
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e R, — over current protection
e Ry||C: — For Noise immunity
e ZD —> over voltage protection
Shielded cable & twisted gate lead — spurious firing.

2.3.2. Thermal Protection

1 L 1, I,
O AAA- O
0, Ocs 0.
Fig. 2.10.
_Ti _Tc _Tc _Ts _Ts _Ta _ Ti _Ta

P, =
o (}IC QCS Qsa QC + QCS + Qsa

Rating o \E

P,, = average power dissipation

T, = junction temperature

T, = Thyristor case temperature

T, = Sink temperature

T, = ambient temperature

Q,. = Thermal resistance between junction & case
Q. = Thermal resistance between case & sink

Q.. = Thermal resistance between sink & atmosphere.

By using centre gate thyristor
e Interdigitating of gate-cathode region.

e By cathode — short structure

e SCR are connected in series for HV application
e SCR are connected in parallel for high current application.
e String efficiency measure “degree of utilization” of SCR’s in a string.
e Actual voltage / Current of wholestring
no. of SCR x Indivisual voltage / Current rating of SCR

e DREF (Derating factor) give reliability of string.
DRF =1-n

e  Problem — unequal voltage distribution during static condition (during Tos).
e Reason — Due to difference in FB characteristic

GATE WALLAH ELECTRICAL HANDBOOK 10.13
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e  Soulution — Static equalizing circuit (ResistanceR in parallel of each SCR)
_ MWVom = Vs
(n-D)Al,
V,m = Maximum blocking voltage
v, = String voltage
Al = pmax — lomex
I, = Maximum blocking current
I, = Minimum blocking current generally
Ibmn = 0
e  Problem — unequal voltage distribution during dynamic time (during turning on and turning off time)
e Reason — Difference in dynamic characteristic

e  Solution — Dynamic equalizing circuit (Rc & c in parallel of each SCR.
C= (n _1)AQ
NV, —V,

AQ = Difference in storage charges.

R. C R, '
_-WD':I__“ AAA | {1
N ~l
gl el
AVAYA ANNN—
R R
Fig. 2.11.

e If nis fraction number while given data of string efficiency always use higer integer number.

Suppose n =6.25 —takeitn=7
2.3.3. DIAC (Diode for Alternating Current)

e Itistwo terminal uncontrolled device

e Itis AC switch, can operate in all 4 modes of operation.
o Its like two diode connected in anti parallel

e lItsisused in firing circuit of Triac.

>y

GATE WALLAH ELECTRICAL HANDBOOK 10.14
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2.3. TRIAC (Triode for Alternating Current)

e Itis 3 terminal semi controlled device

o Itislike two SCR connected in antiparallel

o |f MT; is positive w.r.t. MT; and positive gate pulse given it start conducting in forward direction

e If MT. is negative w.r.t MT1 and negative gate pulse is given, it start conducting is reverse direction.

e The voltage and current rating is low as compared to SCr.

MT,~®
MT, V-6
. ].;'3 ]" ]gﬂ
G MT, S
MT-®
MT, i
Fig. 2.13

2.3.1. ASCR

Its reverse blocking capacity is less as compared to normal SCR.

Its turn off time is less than that of normal SCR.

e In ASCR lightly doped inner n layer is replaced by highly doped layer.

e A diode is connected antiparallel to SCR on same chip. So its reverse blocking
capacity is zero.
e Undesirable stray inductance is elliminate between SCR/ASCR and diode, SCR ASCR RCT

so unwanted reverse voltage transient is eliminated. Fig. 2.14.
2.3.2. GTO (Gate Turn off Thyristor)

e Itis 3 terminal fully controlled device. It can be turn off by negative pulse.
e Its latching and holding current is high

e On state voltage drop and associated loss is high

e It required high gate current so associated gate power loss is high

e Its di/dt rating is high.

e GTO circuit has lower size and weight so it is more efficient.

tys =t +1 +1L

GATE WALLAH ELECTRICAL HANDBOOK 10.15
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o During storage time (ts) excess charge are removed from inner P layer the anode current and voltage remain constant.
e During fall time (tr) , current fall and voltage increase.

e At starting of t; (tail time). There is abrupt change of current so transient voltage is created.

’/\_,

o~

«— li—>el>¢— 1, —>

v

Fig. 2.15.

nn JuL M

Pulsc .| Pulse
Amplifier | Generator

Firing Circuit:

Pulse
Generator

W

Fig. 2.16.

Resistance Firing:

R,
v,=v,simw ()

(V]

Fig. 2.17.

e Rjiisused to limit current

Vm
—<lgmax OF Ry
i g max
e Rzisused to limit gate voltage Vim < Vg max
1+ My

e By varying R we can get firing angle between 0 to 90°

GATE WALLAH ELECTRICAL HANDBOOK 1016
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R-C Firing Circuit

~d

N ) %S'\I_I %R 51
X & / (1

Fig. 2.18.

~J

v, =V, (1-eF%)
o When v, = vy the SCR turn on.
e The firing limit may be from 0 to 180°

UJT (Unijunction Transistor)

e ltis 3 terminal dence, where B; & B is base terminal and E is emitter terminal.

RBl

Vg =Vgg - —————

o R4 R, Eo >
Vag =N Vg
n=0.511t00.82
vT AN (Vplp)
o.1)
—s/
Fig. 2.19.
if voltage >vp, = UJT turn on

voltage <vy = UJT turn off

g R % R, v,

Vip

v LN NN

GATE WALLAH ELECTRICAL HANDBOOK
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The UJT is used as a relaxation oscillator which is used to fired SCR
The time period of relaxation oscillator

(%)

T=RCIn (ij
1-n
i 1
e Firing angle oy =T =®RC |n(nj
e The maximum value of R R, =_VBBI_VP
p
_ VBB ~Vp

e Minimum value of R R, =
P

ves = leakage current (R1 + R 2+ Rgg)

N LV Lv N
ra LA < LA A 7T

RB FB —>V

RC

Fig. 2.21.
¢ In composite switch first on and off the diode during forward & reverse bias.

e Then see all other device would be conducting or blocking mode with or without control signal.

000
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RECTIFIER

3.1. Classification

1. (i) Uncontrolled rectifier (only diode)
(i) Semi controlled rectifier (diode + SCR)
(iii) Fully controlled rectifier (only SCR)
2. (i) Single pulse
(i) Two pulse
(iii) Three pulse

(iv) Six pulse

2
Pulse width = Wn [m=1, for m = 1 pulse width = 7]

Output voltage ripple frequency = mfs
mT = Ripple

3.1.1. Fourier Series

‘o:—x—> «—x—>

Fig. 3.2.

. S 4l . . .
i)=Y 270 6in M sin nd sin nwt
n-135. "M 2
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3.1.2. Performance Parameter

Sinusodial voltage

<— Rectifier — voltage (D.C + Ripple)

Non sinusodial current & current
(F.C + harmonic)

Fig. 3.3.

tarti I
e  Distortion factor g =—*

o Displacement angle is angle between sinusoidal voltage & F.C. of current (¢)
o Displacement factor DF = cos¢

Active power
o Input power factor = ———

VA
v |
— _sr leOS(I) ZECOS(I)
VSI' Isr ISI’
IPF = g x DF.
o Current harmonic factor/total harmonic Distortion = iz—l
. D.C output power V,lo
o A.C output power Vor lor
A - Pe V
e  Rectification efficiency n=-2&=_09" lor
dc Volo

v
. Form factor (FF) =2~ (for voltage)

v

0

e Voltage ripple factor VRF = FF? -1

2
. |
e  Current ripple factor CRF = (%} -1

0

I:)dc

. Transformer utilization factor TUF = -
VARating of transformer

e Same frequency component create active & reactive power.

GATE WALLAH ELECTRICAL HANDBOOK
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3.2. Single Phase Half Wave Rectifier

v
e  Average o/p voltage Vv, = 2_m(1+ cosa)
T

Vm

e  Average o/p current |, = (1+cosa)
27R
. 1/2
Vv sin2a
e RMSo/p voltage v, =—"| (t—a) + }
p ge Vor 2\/;[( ) 5

v,
e RMSo/pcurrent I, =%

V2 . .
e  Output power P = % . (always use RMS voltage to find out power in R load)

; 1/2
e  Power factor _Vor __1 {(R_Z)Jrsm 201
Vo \/ﬁ 2
* Wt =T
v Vv
e  Fordiode rectifier v, =—,v, =
T 2

\Y/
e  Average o/p voltage V, = 2—”‘ [cos o —cosp]
T
B = extinction angle

Vv,
e  Average o/p current |, = EO

Vi, 1,. g i
e  RMS o/p voltage V,, =2— B-o) +§(sm 200 —Sin2pP)
T

Jrn
. Vi Vi -R
e Instantaneous current i(t) = 7sm(vvt ) —TSIH((L —bh)exp vy (Wt—o)

e  0/ppower p, =V,l,

e oc=(1-)

V
e  Average o/p voltage V, =2—m(1+ cosa)
n

V
e Average o/p current I, = EO

GATE WALLAH ELECTRICAL HANDBOOK 10.21
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sin 20(}1/2

e RMS o/p voltage V,, :V_m[(n_a) +
2\m 2

NES

L] Oic = T

Advantage :
()  The input P.f is improved
(I1)  The average o/p voltage is increased.
(I11)  The chances of continuous current increases.

(IV) The average o/p power is increased.

e  Peak inverse voltage (PIV = (v + En)

e Average o/p voltage v, =2i[vm (cosa.—c0s0,) + E(2n+0.—6,)]
T

\

Radian

e Average charging current | :ﬁ[vm (cosa.—cos6,)—E(0, —a)]
T

J
Radian

2
. Pf= I5-R+El, _ Volo

Vsr lgr Vsr lgr

9 2
e —
° RMS current |§r:ij 2 M d(wt)
2o R

e  Average charging current for diode rectifier |, = ﬁ[va cosO, —E(n— 261)]
T
\:

Radian

1
e  Average o/p voltage for diode rectifier v, = 2—[2vm cos6, + E(n+ 261)]
T

o 91=Sin_1£ 62 Z(TE_(X]_)
Vm
0, <a<9,
PIV = (E+V,)
ote = (21 +6:1— p)

. Average output current

= 2TCiR[vm(cosoc—cos B)-E@-o)]

o
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e Average output voltage,

Vo

i[Vm (cosa—cos B)—E(2n+a— B)]
27

IZR+El,  V,l,

Pf = =
Vsrlsr Verlsr

o Heater & lightening load is resistive load if heater rating is given in V and P then find out it's resistance
V2
P

R =

¢ In half wave rectifier (without FD)
Supply Current = Thyristor Current = Load Current
e Itisone pulse converter.

3.3. 1¢ Full Wave Rectifier

Midpoint converter (M-2)
< Bridge converter (B-2)

O l/l
g le &Tz
= = ]
° -
- le T,
o_
gl
T,
Mid Point Bridge
Fig. 3.4.

Vm
e Average o/p voltage V, =—"(1+cosa)

T

VO
e Average o/p current |, = T
. 1/2
V sin 2o
e RMS o/p voltage V,, = — | (n—a) +
p voltage Vo, \/ﬁ{(n )+ }

° Ot =T

2V,
e  Average o/p voltage V, =———C0Sa.

T
- \'A
e  Average o/p current (as an rectifier) |, :E (RL load)
V —-E
l,=—° (RLE load)

GATE WALLAH ELECTRICAL HANDBOOK
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RMS output voltage V,, =V,
o = (T — o)
PIV = 2V, (for midpoint converter)

= Vn (for bridge converter)

V
Average o/p voltage V, =—"[coso — cosf]
n
VO
Average o/p current |, = =

1/2
RMS o/p voltage V,, = V—m[(cosa —Ccosf) + % (sin2o.—sin 2[3)}

V2r

V
Average o/p voltage V, = (1+cosa)
T

RMS o/p voltage V,, = Vi [(n—a)+ sin 2a:|1/2
J2n 2

Performance parameter of full converter for RL/RLE Load Continuous Conduction

. [,
Average value of Thyristor current | = >

. I
RMS value of Thyristor current |, =—=

N

RMS value of supply current I =1,

a o+ 7

. > 41 .
Instataneous value of supply current i (t) = Z —2sinn(wt —a)
=1,2

n=12,3 n

a

RMS value of fundamental component of supply current |, =

0

2,
T

Displacement factor DF = cosa.

Distortion factor g :ﬁ
T

THD/CHF = 0.4834 = 48.34%
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Single phase full converter as an Inverter:
(1) There must be D.C. source on load side

(2) a>90°
(3) Polarity of E should be reverse

Application :
() Discharging of Battery V, o (Rectifier)
(1)  Regenerative braking of D.C. Motor ; :: :
Average current during Inverter mode P = +
| Vv, +E Vo= > 1,
° R I =+
2v P=-
mcosa+ E (Inverter)
| =L
° R

Average Power Rating of Converter:

o For mid point converter 2v, xF.O.S= voltage rating

. 2V,
Power rating = —x I,
n

For bridge converter v,,, x F.O.S = voltage rating

. 2V,
Power rating = — x Iy,
T

Active power P =V I cosa=V,l,

Reactive power Q=P tana

2

-1

Voltage ripple factor =
Jerip 8cos? a

Average o/p voltage V, = l[Vm (cos a—cosP)+E(n+a—6,)]
T

1
Average charging current |, =—R[(Vm (cosa.—cos6,) - E(6, —a)]
T

1
Charging current for diode rectifier |, = —R[(va cos6, —E(n— 261)]
I

RLE Load (Discontinuous Conduction)

v, :%[(vm(cosa—cosB) +E(n+a—p)]
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3.4. Single Phase Semi Converter

T
1 - @
A ]
D, Ao, ©
Fig. 3.5.
v
e  Average o/p voltage V, =—"(1+cosa)
T
o RMS o/p voltage v, = ,_[( —a)+ sin Za}
3.4.1. Performance Parameter with Continuous Conduction
. (n—a)
e  Average current of Thyristor 1. =1, >
T
e RMS current of Thyristor Iy, =1, 2_a
T
e« RMS value of supply current I = Iy, |~
T
e  Average current of freewheeling diode 1, =1, [gj
T
e  RMS value of freewheeling diode |5, =1, ¢
T
Z ( )sm n(wt gj
n=135 N 2
o RMS value of fundamental component of supply current |, = Mco @

2\2cos ¥
e  Distortion factor g =—=t = 2

I sr ’\/ TC(TE - O(')

o Displacement factor DF = cos%

_ \2(1+cosa)
\/n(n—oc)

o Input Pf =g x DF

1

2

g

Total harmonic distortion/CHF = J——l =

\/n(n —a)
8cos? a

T

e

a

2n
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10.26




o Power Electronics

. a
Active power p =V Iy cosE =V, l,

Reactive power 0= ptan%

VRF = {FF? -1

(1) Single phase semiconverter RLE load Discontinuous Conduction

If extinction angle B <7

v, =1[vm(c05a—cos[3) +E(n+a—p)]
s
for p > m, v, :%[vm(1+(:03a)+E(n+a—B)]

(2) RE Load:

Vo = Same as full converter
I, =same as full converter

Symmetrical half controlled rectifier (cont. conduction without freewheeling diode) :

o

-0 []

% 5 J°

Fig. 3.6.

V
e  Average o/p voltage v, =—(1+cosa)
T
I
e Average Thyristor current |, =E°

|
. RMS Thyristor current |, =—=

J2
IO

e  Average diode current Iy = >

. I
e  RMSdiode current |, =—%=

N

e RMS value of supply current I, =1_, ===

T

Asymmetrical half controlled rectifier (without freewheeling conduction) cont. conduction:

V
e  Average o/p voltage v, =—(1+cosa)
T

(m—a)

e Average Thyristor current Iy =1, >
T
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A\ VvV 4
(Tc o)
e  RMS Thyristor current I, =
2n
. (m+a)
e  Average diode current |, =1,——
21
e RMSdiode current 1, =1, (m+ )
21
T—ao
e  RMS value of supply current I, =1,

DRk
©

T2 D|
Fig. 3.7
3.5. 3¢ rectifier
3.5.1. 3¢ Half Wave Rectifier
@o T
®o
T,
©
0 [
00—t A
@
Fig. 3.8.

(1) For R load a. < 30/RL & RLE load for any a (cont-conduction)

3V,
e V,=—"lcosa
27

e  RMS o/p voltage V., =V

or ml

{ \/_ —CO0S Za}
8n

. Peak inverse voltage = Vi

(2) For R load a > 30/RL & RLE load with FD (a > 30)

WITI
e V,=—"[1+cos(a+30)]
2n

\ 5n 1 T V2
RMS o0.p voltage V.. =—"| | == —q |+ =sin| 200+ =
) O VOTAE Yo 2«/5{(6 aj 2 (a 3ﬂ

. —PIV=v,
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2n . ) .
FD does not conduct and each SCR conduct ?n time for a time period of 2x.

0

. I
I+ (average value of Thyristor current) = 3

. I
RMS value of Thyristor current = 1, =—=

B3

RMS value of supply current = I, =—%

%31_

FD conduct for (a—g) for time period of 2—;

SCR conduct (%—a} for time period of 27.

Average current of Thyristor =

RMS value of Thyristor/supply current = |, x

I, [a _nj
Average value of FD current = 6 .

RMS value of FD current I, =1,

3v,
If vr is voltage drop in a SCR then average o/p voltage Vv, =2—mcosoc—vT (cont. conduction)
T

Average power dissipated in a SCR = I1aV+

Normally 3ph half wave rectifier does not have FD so untill it is mentioned in question do not consider FD.

Pe _ P
\/§V|_I|_ 3Vsrlsr

In 3phase rectifier (TUF = ).

3ph half wave rectifier source current contain D.C component so it saturate the transformer core.
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3.6. 3 Phase Full Converter (Six Pulse Converter)

3V,
e  Average o/p voltage vV, =——C0sa.
T

1/2
RMS voltage v,, = fivm, E+l sin 2a+2)—sin 20c+ﬂ
2n 7|3 2 3 3

or

1/2
v, =V, 3 E+£c0520c
2n| 3 2

. I
e  Average value of Thyristor current |, = 3"

. I
e  RMS value of Thyristor current I, =—2

B

e RMS value of supply current I :\EI

0

Performance Parameter :

o0

S
okl NTC

e  Triplen harmonic does not exist in supply current so minimum order harmonic is 5 harmonic.

e RMS value of fundamental component of supply current |y =

e Displacement factor DF = cosa

kAt 3
e Distortion factor g =—
o

e Input power factor Pf :§c03a
T

e THD- %4:0.31:31%

e Active power P=/3v, I coso=V,I,

sr sl

e Reactive power Q=Ptana
o c=240-0a (a<60)
o :=180-0a (a>60)

e PIV=vy
v,—E
e Average o/p current |, = R (o <90)
. v, +E
e  Average o/p current as an inverter I, = R (only for a > 90)

i, = Z4I° sin(n—;jsin n(wt — o)
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v, =2V 111 cos(o+ 60)]
T

3 [271 1. ( 2r\ ]
Vo, ==V || =——a |+=sin| 2o+ —
2n 3 2 3

¢ In 3 phase half wave rectifier first pulse start from e = 30 and each pulse width = 120

30 150
Fig. 3.9.

So at any a, voltage Mag. =V,,, sin(wt +30)
e In 3-¢ full wave rectifier first pulse start from wt = 60 and each pulse width is 60

So for any firing angle, voltage Mag.=V,, sin(c.+60)
e In3ph converter, P.f can be find out ~/3vg 1 Pf =V, I,
e Forconstant current I, =1,

For P pulse converter (in general) average o/p voltage v, =v,, (Ejsin(zjcom
T

60 120
Fig. 3.10.

3.7. 3¢ Semi Converter

If o < 60 it work as a 6 pulse converter

If o>60 it work as a 3 pulse converter width of pulse =60 —
=60 +a

3v
Average o/p voltage Vv, = 2—”“(1+ cosa.)
T

e PIV=Vy
FD does not conduct
. l,
e Average value of Thyristor current |, = 3

. I
e RMS value of Thyristor |, =—=

N

RMS value of supply current 1 :\EI0
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FD will conduct
e  Conduction of each Thyristor (r — o) for every 2r radian

l,(t—a
Average current, I; =L
2n
e RMS value of Thyristor current I, =1, (nz_a)
T
(t—o)
e RMS value of supply current I, =1,
T
T
-3
e  Average value of FD current 1, =1, 5
3

e RMSvalue of FD current 1, =1,

3.8. Effect of Source Inductance

e  One pulse converter/(1¢) half wave

0

I, = \XILL'S[COSOL —cos(a+ )]

v, =h(1+0030c)— f L,
21
e During overlapping period, SCR and FD both conduct simultaneously.
3.8.1. Two Pulse Converter

V
l, = ﬁ[cow—cos(ow W]

2V,
Vo :Tm'c03a—4f LI,

(o]

v :%Cos(a+u)+4f LI,
T

Each SCR conduct ( =« + p)period.

Displacement factor = cos(oc + %)

cosa —cos(o + )
2

Inductive voltage regulation =

During overlapping period incoming as well as out going SCR conduct simultaneously.
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3.8.2. 6 Pulse Converter

le
=—"—|cosa —cos(o+
o 2st[ oL —Cos(ot+ )
VO:%COSOL—Gf LI,

T

v, =%cos(oc+u)+6f LI,
T

During over lapping period 3 SCR conduct simultaneously either 2 from positive group & one from negative group or 2 from
negative group & one from positive group.

3.8.3. 3 Pulse Converter:

oy cosa—3f L,
21

v, =

Average o/p voltage of 1¢ full converter

v

v, =—"cosa—4f L1, —1 1, -2y
T

r, = Source resistance

L, = Source Inductance

v; = Voltage drop of SCR

v,—E
Average current |, = =
v, +E
Average current as Inverter |, = =
3V,
Average o/p voltage for 3¢ full converter v, =—"cosa—6f LI, =2l r, =2v,
o
V,-E
Average current |, = R
V,+E
Average current as Inverter | n

3.9. Dual Converter

Fig. 3.11.
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o, > 90 o, <90
v, =@, I,-0|v,=®, I,-®
P =© P, =®
o, <90 a, > 90
v, =@, I,-0O|v, ©, ,-®
P, —® JS)

Fig. 3.12.
< Non circulating current type
Circulating current type
e Incirculating current type a, + o, =180 one act as a rectifier & second act as a inverter.

o Mid point reactor is used to limit circulating current

o Peak value of circulating current

iy :%[1—% o

0oo
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CHOPPER

4.1. Step down/Class A Chopper

4.1.1.R Load

J— SW

Fig. 4.1.
° Pulse width = Ton
T

e  Dutycycle a:%
o Ton =0T & Tore =(1—a)T
e  Average o/p voltage, V, =aV

or

Vo = G,(VS —VT)

Where v; = voltage drop across switch

v
e Average o/p current |, :EO

e  RMSo/p voltage v, =~/ou(v, —V;)

\/&(VS —Vr )
R

e RMso/pcurrent | =

. Effective I/P resistance R, :\II—S
S

. Chopper efficiency n:\ﬂ (lop=1s)

SIO
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4.1.2. RL/RLE Load Continuous Conduction

SW R
Vs_“_ L
E

T

Fig. 4.2.
° V, =aV,
\Y
. |, =— for RL load
R
V —-E
. l, = OR for RLE load
° Iy =al,
° lep =(A-a)l,
2V, . .
e v()=av, +Zn—sm nmasin(nwt +0.)
n=1 H7T
o - tan‘l(cos nnaj
h sin nmo
. To reduce n harmonic [azlj
n

e VRF=VFF-1- /11
o

Tm/Ta
o Minimum current |1, :VES[BTTH_%
e -
_ a~Tn/Ta
e  Maximum current ImX:£ Ealh N eiT/T h
R|1-e""™ | R

o Peak to peak current ripple for any o
__p—aT/Ta _ a~(-0)T/Ta
v, [L-e T et ]

Al == [1_e—T/Ta]
Al
b a=0.5
—
Fig. 4.3.

So Al will be maximum for oo = 0.5

(A1) max :ﬁ (applicable only for o = 0.5)
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For any other a it is always better to use this formula to find out Al

Ldi
T

4.1.3. Step Down Chopper with RLE Load

e Whether current is continuous or discontinuous it may be checked by two methods.
T
0) o =?’°‘In[1+ me(™= | m=—, T--

Is actual o <o = discontinuous.

vV eTon/Te1 —1}_ E

. , A
(i) Find out 1, _E[W R

If Imin= negative current is discontinuous.

e Incase of discontinuous conduction v, =av, + E(l—:[r—"j
t, = extinction time

1/2
t
e  RMS output voltage V,, = [OLVS2 +E° (1—%)}

4.2. Step up Chopper

oo — >
S \‘SW []
Fig. 4.4.
o Pulse width = Torr
VS
e  Average o/p voltage V, =
l-a
4.3. Step up/down Chopper
A |1
N
sw
Vo=
[]
Fig. 4.5.
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Pulse width = Togr

Average o/p voltage V, =

2 v,
-
Buck Regulator:
2 v
— ﬁ»@wﬁp@
L I
| e e
VS ____T]\ I/n KFD -T- ( [] vo
©
Fig. 4.6.
. Al
) Peak to peak current ripple (v, —v,)=L—*-
ON
a(l—a)v
Al =——==Al
L fL ©
e Average supply current VI, =V,

| | a’v
=0
[ ]

° R
Peak to peak voltage ripple

Ay 2 Al _al-o)V,
€ 8fC 8f2LC
(IL)mX=(Isw)mx=(|S)mX=|L+A—;L and I, =1,

Al
(IL)mn _(ISW)mn _(IS)mn L _TL
Al
e  Critical Inductance I =1, _TL
_(-)R
RPY:
. . Av,
e  Critical capacitance V, =
Co— l-a) 1
Cc — 2 T 6f M
16f°L. 8fR
b (ic)mx = (IL)mx - Io

(ic)mn = (IL)mn - Io

o
* Vo = Evs (Vo)discontinuous > (Vo)Continuous
| Vs —Vo)aT  a(l—a)vg
m L fL
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Vs (Vs —Vo)aT :V_o2
2L R
(Use this formula when R and L is given)

Boost Regulator:

%
@ I
N >
e
I, 1.
+ \@ ®
_ v = R
@) S
Fig. 4.7.
. Al
e  Peakto peak currentripple V, =L—+
ON
v,
Al =—=
- L
e Average supply current Vg =Vl
I0 VS

Is

(l-a) (1-w)?R
o Peak to peak voltage ripple

AV =Av, = :jg
. o
e Average current through switch 1y, = T I,
-o
e Average current of Inductor = I =1 = ,
1-o)
Al
° (IL)mx:(IS)mx:(ISW)mX_IL 2L
Al
° (IL)mn:(Is)mn_(lsw)mn_lL_TL
- Al
e  Critical Inductance |, =
L - a(l-a)’R
2f
- . AV,
e  Critical capacitance V, =
(04
C.=—+
¢ 2fR

* (IS)RMS :(IL)RMS
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|V
mx f L
— VS
° 1-alP
(Vo ) Discont. > (Vo )cont.
Buck-Boost Regulator:
/ [~
™~
| | S)
T EUEEC 3R
@
Fig. 4.8.
o Peak to peak current ripple
v, —L Al
Ton
Al = v,
fL

e  Average supply current VI, =V I,

e  Average Inductor current= | =-—-=2
1-0)
Al
° (IL)mx:(IS)mx_(ISW)mx_IL+TL
Al

e  Peak to peak capacitor voltage ripple Av, = :cog

e  Critical Inductance 1, =Al /2

_(1-w)’R
Le 2f
. . Av,
e  Critical capacitance V, = >
(04
Co=—
¢ 2fR
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(19)rus = gw)rms z\/a(IL)RMS
(Ip)rvs =v1=0(l )rus
|V
™fL
v, =V, ol/p
1-a/p
(Vo ) Discont. > (Vo )cont.
4.3.1. Effect of Source Inductance in boost Regulator
VS
Vv, =
() E—
R(l—o)
v, is maximum at (1:1—\/% Yo
v, |R
V —_S |_
( s)mx 2 ”\/:
4.3.2. Effect of Source Inductance on Buck Boost Regulator
v, = v, r
1-o) + v,
d-a) R1-o)
Vv, is maximum at =1+ L(1+L
R \R R
Vg r
v == 1+—-1
Ny
4.4 Voltage Commutated Chopper
i i Y, C ! t\{
e Peak circulating current = ——=v_, [— @ Nl
oL L A I
== C
o C T ®
e Peak current through main Thyristor = 1 +v,,[— Nk
L 1 Z |:|
v, y
o Peak current through auxillary Thyristor = I, 0
e PIV of main and auxillary Thyristor = Vs ]ﬂ) I ©
e  PIV of freewheel diode = 2V, o’

e  Circuit turn off time of auxillary Thyristor = g\/ LC

Fig. 4.9.
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Circuit turn off time of main Thyristor t, :%

0o

Minimum turn ON time (Toy ), =7WLC

i/ LC

Minimum duty cycle = =

2cv.

Effective on period T,' =T, +I_s

[0}

2cv,

Average o/p voltage T ! =T, +—=

Minimum load voltage (V,),,, =

Maximum on period (Ty, ) =(T -

[n\/fc + 2::v5 }

S

0

Power Electronics

Maximum load voltage (v,),, =

Total commutation period = 2tc =

2¢cv,

(o]

4.5. Current Commutated Chopper

T
Nl
Q >
TA ®
1% l/l
’ :|: C FDA Y,
L ©
A4
©
Fig. 4.10.
I, > 1,
v, =XI, x=14t03
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-20
Circuit turn off time of main SCR  t, =u 0, =sin{|—°]

e  Circuit turn off time of auxillary SCR  t, =

e  Total commutation period = (5—; —91)\/Ec+cvs ﬁiel)

0

, L
e  Peak capacitor voltage = V, + Io\/;

4.6. Load Commutated Chopper

I
{>'L

I~
L1
_—C
N
7l

=l

~
=

Fig. 4.11.
2
28
e  Output voltage v, = =V, Toy f
2CV,
o Ton=—7"
0
VCf
e SoV,=—2
. . 1
. Maximum chopping frequency f =—
ON
T cv,
e  Circuitturn off time = X ===
2 1,
: 2cv
e  Total commutation Interval = 2t; = |
0
000
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INVERTER

5.1. INTRODUCTION

5.1.1. Single Phase Half Bridge Inverter

V.2
V.2 —
_—lr Vo
VO
V.2 —/
V.2
Fig. 5.1.
VS
e RMS outputvoltage=?
. . S 2V,
o Fourier Series= > —=sin nat
n=135 7T
e RMS of Fundamental Voltage
Vo1 = \/EVS
T
e Distortion factor, g = ﬂ:@
Vor T

,1
e THD= |—-1=0.4834.
g

e n"™harmonic component isn = —-sin (nwt —6,,)
nmz,

2
Zn = \/R2+(nmL—Lj
noC

1
noL ———
0, = tanl(—anJ

R

GATE WALLAH ELECTRICAL HANDBOOK 10.44



o Power Electronics O

5.1.2. Single Phase Full Bridge Inverter

Fig. 5.2.

e RMS O/P voltage Vor = Vs
e Fourier series

Vo) = D AV innwt

n=135...
e RMS value of fundamental component = 22Vs
T
* 9 =& and THD =48.34%
T

e WhenVo=©®, lo=® (T; T, conduct)
Vo = ©,lo =0 (Ts T4 conduct)
Vo = @, lo =9 (D; D, condcut)
Vo = O, lo=®, (D3 Ds conduct)

e Inatime period of 2n
Each Diode conduct = ¢ = tan™ (%)
each SCR conduct = ¢=(n—09)
for purely inductive load current is triangular in nature and each didoe and SCR conduct for g

o For RL load current vary from —lg to g

Ve 1_e-RTRL
lg =— —=————(in stcady state)
R 1+ e—RT/ZL

e In RLC under damped circuit
load commutation is possible is t; >t

O = tan~? X=X,
4 X=X
t, :i{tan 12C L}
O] R

e n harmonic component of current

:Lsin(noﬁ—en)
n+1|Z,|

2
Z, :JRZ +(nm|_—ij
NwC

IOI’I
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(nooL —1)
nwc
R

0, =tan

e In 1¢ full inverter/half converter.
RMS value of thyristor current,

2 _iq) L2
(s =5 - £ Iy sin ot)?d(wt)

Im 2\/5 I01
lo1 = RMS value of F.C. of load current
X. =X
= tan 12 2L
¢ R
RMS values of Diode current

0
(1, sin wt)? d(ot)

1 T
(10)ams P
TT

O — |

5.1.3. Phase Inverter (180° Mode)

e Each SCR conduct for 180°
e Positive & negative group SCR trigger at a interval of 120°
e Same phase SCR trigger at a interval of 180°

Vab

2n/3

Fig. 5.4.

Only Remember line voltage is a quasi square wave of pulse width 2—3“ in a time period of 21 & magnitude Vs

J2r/3 \/E

T

Vir = Vg x
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Vi \E I "phr
Venr = ﬁ = ?Vs I'rl -
_ Vonr _ J2Vs R R
PR TO3R YWy
R
_ J2Vs
I = Iphr = 3R

P=3I13R= 3Vch_3ZV52_ngz Fig. 5.5.
" R "gR 3R

ITr: IA = E
J2 3R
o P=Vsls
Is (avg) =P/Vs

IS

e Average thyristor current | =3

o Fourier series of line voltage

n
k1 N7 2 3 6
Fundament component of line voltage

:EZ\/E\/S
V3 =«
Vil 2\,
R iR

Fundament component of phase voltage Vph1

Fundament component of current |, =

Fundament component of power = Igth

-

Fig. 5.6.

n
va(t)= > s sinnat (No need to Remember)
a
6k+1 N7

Per phase current 1, (t) = 2Vs sin(nowt—06,)
n

7t|Zn|
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0. —tan-t Xin = Xen
= ZALn = Acn

e ForRLC load
Diode conduct for = ¢

SCR conduct for = (n—¢)
e Both line voltage and phase voltage does not have any triplen harmonics.

g=§ and T.H. D =31%
T

~ —

Lr

J2v,

Vphr =Vi,= 3 >
_Vavs V2 Vs g 57
phr — 3R Lr—%ﬁ 9.1

5.1.4. 3 phase Inverter (120° Mode)

e Each SCR conduct only for 120°,

o Positive and negative group SCR are trigged at 120° time interval
e Same phase SCR are trigger at time interval of 180°

I/.9/2

2n/3

Fig. 5.8.

Only remember that phase voltage is quasi square wave of magnitude Vs/2. The pulse width is 2—3“ is a time period of 2x.

Vyy Yo [P _Ve
2 N
Vs Vs
V, =\Ex—=—
Lr \/6 \/E
[phr
ILrl -
R R
AAA
\11R\—

Fig. 5.9.
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| = Vphr Vs
phr —

R RJ6

Vs
I = lohr “Ré

2 2
a2 b VS Vs
P—3IphrR—3ﬁXR—ﬁ

. I \%
e RMS value of thyristor current I, =-LtL = >

2 RV12

P=V;lI;

So avg value of supply current = %

e Average thyristor current I :%S

Fourier series of phase voltage

(@ 6+x1
Fourier Component of phase voltage
2Vs /3

2VssinE
T3 m2 3V

V = = = ——
phy 2 NA D
| _Vem _VBVs 1

=R "2 = R

Fundamental component of power P, = Igth

3 Vs

2 =n

Fundamental component of line voltage V,; = \/§V|Oh1 =

I I [ ]

L

Fig. 5.10.

n

Vo=V )= Y s sin n(mtﬂj

k1 " 3

¢ Both line and phase voltage are free from triplen harmonics
3

e g=2 THD=31%
Y
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%hr :VLr:% 11;
.
phr \/ER
Ierﬁﬁ Fig. 5.11
2 R g.5.11.
2
P=3I§hrR=%

5.2. Voltage and Frequency Control in Inverter

e Frequency can be change by changing the time of conduction for thyristor
External control voltage

Voltage control

Internal control of voltage
¢ In External control of voltage we use extra power controller. It increase cost and filter circuit requirement.

5.2.1. Internal Control of Voltage

o Single pulse per half cycle

— 2d —>

5.12.

Vo = 2 %sinn—;sin ndsin nwt

n-135 N7
Vo =Vs /ﬁ
7T
V1 = 22Vs sind
T
fC

e Frequency modulating Index mg :f—
r

M
o No of pulses per half cycle = >

e In multiple pulse modulation. The amplitude of lower harmonic is reduced by amplitude of higher harmonic is
increased.
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e Triggcring pulses is generated by comparing sinusoidal reference wave with high frequency triangular wave.

o |f peak of carrier wave coincide with zero of ref wave.

No of pulse per half cycle = L—m_f
P P Y 2f 2

r

e If zero of carrier wave coincide with zero of reference wave.

f m
No of pulses per half cycle = S T B
21, 2
Vo1
g = —
VOI’
THD = iz—l
g
271

e To eliminate n harmonic pulse width 2d = —
n

e Multiple pulses per half cycle.

e Triggering pulses is generated by comparing square ref (modulating) pulse with high frequency. triangular pulse.

o Pulse width depend on amplitude modulating Index MI=¥
C

Single Pulse width = (l—MI)%

e Frequency of o/p voltage is same as frequency of reference wave.
o No of pulses per half cycle is determined by carrier wave frequency.
e Dominating harmonic = 2N +1
N = No of pulses per half cycle.
e For multiple and sinusoidal pulse width modulation.

Fundamental component of output voltage = Vpc * MIsinwt
Max" (Peak) value of F.C = V. x Ml

2

RMS value of fundamental component =

5.3. Current Source Inverter

e Output current wave form does not depend on load but voltage wave from depend on load.
o Mainly suitable for capacitive type of load.
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~.

5.13.

. S 4l .
ib®)= > —Zsinnot
n=135.. 7T

22
g=—-
TT
e THD =0.4834 =48.34%
¢ IN CSI we need a switch which can operats forward conducting, forward blocking and reverse blocking.

¢ In VSI we need a switch which can operate forward conducting, forward blocking and reverse blocking.

5.4. ASCI (Auto Sequential Commutated Inverter)

Y ¢ ¥
| |
[
AV AV
( %
Y e /Y
|1
|
5.14.
e Use class C commutation technique
Maximum frequency = —orL
8RC 10RC
where C=C;+C,
e circuit turn off time tc =RCIn2
C= Cl+ C2
o [fitis fed from supply voltage then Inductance connected in series of source to line current change.
di
Vo= Ls—
S S dt
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Lo =
S dildt

5.5. Series Inverter

!

_'LJO

% 11
VS ;Z C
—%R( load)

X

5.15.
Tzz(luc)
0‘)r
b= R L, B 1
° 2L JLC
2 2
0 = 030“%
T T
tcz(___J
O o
J’_
i(t)= Me_asin ®,!
o, L

Veco

Initial voltage of capacitor.

. T
Maximum current occur at t; = CY S

0‘)1'
I _ Vs + VCO e,};tl
max
° WrL
Iomax
Ipms =
2
Qaaa
O Library:- https://smart.link/sdfez8ejd80if
PW Mobile APP:- https://smart.link/7wwosivoicgd4

CUSTOMER
SERVICE
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