A?

{\alto L_Iniygrsi?y _

Power Electronics

ELEC-E8412 Power Electronics, 5 ECTS

By: Edris Pouresmaeil

Department of Electrical Engineering and Automation (EEA)
Aalto University, 02150 Espoo, Finland

Office 3563, Maarintie 8

E-Mail : edris.pouresmaeil@aalto.fi



Course Objectives
At the end of this course, you will be able to:
generally analyse the uncontrolled and controlled half-wave rectifiers

with different loads and apply the power computation concepts from
the previous chapter to these circuits.



Half-Wave Rectifiers

A rectifier converts AC to DC. The half-wave rectifier is used most often in low-power

applications.

1. The Uncontrolled Half-Wave Rectifiers:
Assuming you have an AC source, and you are going to supply a DC load. For this process, you need an

AC/DC rectifier.

AC L oad = Vo is purely DC or has a specified DC component
Oa
Sources | = AC source could be sinusoidal, could be a voltage
Figure 3-1 source

A. The Uncontrolled Half-Wave Rectifiers with resistive load:
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Example: If Vin(t)=170Sin (366t) and R=12 Q, determine:

+ Vu —
(a) The average value of the load current l,>I
(b) The rms value of the load current . —
(c) The apparent power supplied by the source r\) IR
(d) Power factor of the circuit Vin 9
Solution:
: . . Vv 170
a) <I >=<I, >=<1, >=—"-= =451 (A
( ) 0 R d R7Z' 7Z'><12 ( )
Vv 170
b) I = | = | =1 =" = =7.08 (A
( ) INn—rms R—-rms d-rms 0—Irms 2R 2)(12 ( )
(c) apparent power =V I _170 x 7.08 =851.47
INn—-rms * " In—rms \/E ' b
2 2
(d) pfe-2Verage power Pu _ RxIZ..  12x(7.08) 2 0707
apparent power Vin—rms'lin—rms Vin—rms'lin—rms @X 7.08

J2



B. The Uncontrolled Half-Wave Rectifiers with R-L load:

Example: Providing power to the field winding

of a DC machine or armature winding of a DC Vin
machine (winding has internal resistance R and
self-inductance L).
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D turns offi
[O<wt<z  assume DisOFF =V, =V,>0x
l O<ot<z assumeDisON =V,=0-> V=V,

X | ot
+ + V T T
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Vi= - Vo
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+ /|\v
Vi= t() Z=R+jLw

) aAY)
VmSinm

i . ~tis
O=R|+La — & i(t)=Ae

V, o
I :ﬁSm(a)t—AZ)
- L \Y : V,, Sind
A =7 initial condition i(0)=0 = 0= 4 Sin(-0)+A = A=—=L
JR? + (Lw)? JR? + (Lw)?
Vm

L
i(t) = {Sin(wt—0)+8in Oe ”R}
JR? + (Lw)?
DisON for O<wt<p p>x
Dis OFF for B<wt<2z because i(t) tends to become negative

DisOFF = i, =0 = V.=V, =V, =0 = V, =V,

tVe = when ot= = i(ot=p)=0

+ Lo

+ : V _ _ sk

i= - 1(B)= 4 {Sln(ﬂ—0)+8m Pe R }:0

Vi= _
VmSinOﬂ@ Ve £=RHjko \/R2 + (Lw)z
- - * There is no closed-form sloution to find the £ and it
D is OFF must be calculated by software programing like MATLAB
|

but the value of g isalwaysas 7 < <2«
* (3 1S called as conduction angle or turn off angle of diode.



C. The Uncontrolled Half-Wave Rectifiers with R-C load:

+ Vi -
DisON = i, > 0or i, =i +i, > 0 By
. . EVEEvEE . > Ic iR+
if DISON = V, =V, =V =V_ Sin(«t) + id
V= c= R% Vo
~
ic +iR >0 VmSinco'[<>
V. V -
Cd—c+—°>0 -
dt

Half-wave rectifier with RC load

C d(V, Sin(at)) +Vm Sin(at)
dt
0 is the time at which the diode is going to turn off because its current turns to get negative.

>0 — CwV, Cos(wt) +\%Sin(a)t) >0

Until ot=n/2 both terms are positive. After ot>n/2 the first term
get negative and D turns off at ot=60. So, the capacitor is

getting discharged through the resistor. Vi — -
CaV. C05¢9+V—£Sin9 0 \ N\ lmc,
tand=-RCow —> 6 =tan*(-RCw)=r —tan*(RCw) o, ;

RCo>0 — O<tan‘(RCo)<Z = Z<o<rx E ’

2 2 o 2n | | 2n+o
_ . 2

if RCo>>0 = tan(RCw) > % = 06— %

In practical circuits where the time constant is Vs ’

large,

T .
0 ~ > andV, Sing~V, Input and output voltages



D turns OFF:
In this mode capacitor C discharges through resistor R.
if Dis OFF: i +i;=0 — Cdv Ve =0

dt R

dve  dt _ooodve dt

%
V. RC V. RC

Tdve _ fdt T odve  1fdet ) e (A0,
v, Ve RC v, sino VC oy RC Vv,

. —(wt-0)
V. =v, =V _sinfe oRC

. —(27r+a—0/
forot=27+a — V. =V_sinde oRC

—-(27+a-06)
if D turns ON at ot=27+a =V, sin(2z +«a) -V, sinfe

. . 27r+a—n9y
*sina —sin fe “RC¢ =0

No closed form solution for «
must be solved numerically

V, (at) =V, (at) = {V

: —(wt-0)/wRC
dv, |- YnSInGe diode is OFF

+
Vs=
VmSinw

@ “

wRC :O

V_singe R g < ot <27+« (diode is OFF)
- sin ot 2r+a <wt <27+ 60 (diode is ON)

Input and output voltages

=C—= dt R where 8 = 7 —tan ™ (RCw) and « is the numerical solution of *.

CaV Coswt diode is ON



What is the peak to peak ripple of output voltage (AVo)?

The maximum output voltage is Vm. The minimum output voltage occurs at wt=2z+a, which can be computed from
Vmsina . Then, the peak-to-peak ripple of output voltage can be expressed as:

AV,=V, -V _sina=V_(l-sina)
It is not easy to use this equation if is not existed. For this reason we need to consider some approximations.

The peak-to-peak ripple is approximately: vk

27 V
AV =V =(—"
0 m(Q)RC) (fRC)

2n+o

wRC >1
*This approximation is valid if:< or

RC>T



Example: The half-wave rectifier with RC load has a 120-V rms source at 60 Hz, R= 500 (Q2), and C=100 (uF).
Determine:

a. anexpression for output voltage
the peak-to-peak voltage variation on the output

b
c. an expression for capacitor current
d. the peak diode current

e

the value of C such that AVo is 1 percent of Vm.

Solution:

From the parameters given,

V, =1202 =169.7 V
®RC = (27 x 60)(500)(10) ® =18.85 rad
The angle 6 is determined as — @ = 7 —tan " (RCw) = 7 —tan *(18.85) =1.62 rad=93"

_ ] ] . -(2z+a-0) ] . —(27z+a—1.62y
The angle « is determined as — sin o —sin ge “RC =0 —>sina —sin(1.62)e 1885 =0

yielding: «=0.843 rad=48°

a. Output voltage is expressed as:
V_sin ge (-eRC O<at<2r+a . {169.76(”‘“'62)/18'85 O<at<2r+a

V, (at) =
o() { V,_ sin ot 2r+a<wt<27+0 169.7sin wt 2r+a<ot<27+0

b. Peak-to-peak output voltage can be expressed as:

AV, =V, (1-sina)=169.7(1-sin0.843) =43 V



c. The capacitor current is determined as:

H —(wt-0)/wRC
c =
CaV Cosat  27+a<at<2z+0 6.4Cos(at) A 27+a<ot<2r+0

d. Peak diode current is determined as:

4 peak = Vim (Ca)c05a+ =4.26+0.34=4.50 A

) V2 (120)[377(10)%050 843+ M}

e. For AVo= 0.01 Vm, C can be calculated as:

~( )= (— )_ - F =3333uF
fR(AV) 60x500x 0.0V,

INPUT AND OUTPUT VOLTAGES
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2. The Controlled Half-Wave Rectifier:

The half-wave rectifiers analyzed previously are classified as uncontrolled rectifiers. Away to control

the output of a half-wave rectifier is to use an SCR instead of a diode. + Voep -

N

1%
Two conditions must be met before the SCR can conduct: + \? lg +
1. The SCR must be forward-biased (Vscr >0). vy =V, sin(r) r\) ggftml RZv,
2. A current must be applied to the gate of the SCR. = —

Q

of

VSCR
ON Reverged biased

w7

< L
Forward ;‘

biased o \

\oltage waveforms

Qs

A basic controlled rectifier

Forward bias—

Reverse bias—Jp»

0 v

O<wt<a, SCR is forward blocking (OFF)

o <ot<m, SCR is ON

n <ot< 2m, SCR is reversed biased

@ ot=a, the SCR is triggered and starts conducting
@ wt= w, the SCR current reduces to zero and it
stops conducting

o is called the delay angle



The average (DC) voltage across the load resistor can be calculated as:

:—/ V,, sin (w?) d(wt) —i(l + cos a)
2

The power absorbed by the resistor is V.2 / R, where the rms voltage across the resistor is
computed from

v, = \/i IV, ()] d(at) = \/i [ V2 sin*(@td (et) = \/i [ V2 (%)d (o)

__\/(7[ ay, Sin2a-Sin2r, \/(1__) (S|n2a) o inrad
27

27
) = 2 V
Power Factor (pf)= —overage power Ry =Fou _ rms/ R Voms
apparent InPUt power Vin,rms X Ir o rms Vm rms
Vm a Sin2a
1= 1 a Sin2«a
- 2 2% =\/—— + a inrad
vVm 2 27 4rn

7



Example: Design a circuit to produce an average voltage of 40 V across a 100-Q load resistor from a
120-V rms 60-Hz ac source. Determine the power absorbed by the resistance and the power factor.

Solution: In an uncontrolled half-wave rectifier, the average voltage will be Vm/n=(120V2)/n =54 V.

2w 2
= -1 -1 |= - 40{ }—1}:61.2":1.07 d
o = COS [VO( Vm) l} COS { V2(120) ra

- \/5(2120)\/1 B 1.T(r)7 L sin [22(;.07)] Csev —
Load power is: + V\? g
P Vi _56° _ Vs = Vi sin(i) _9 Control K
R 100
The power factor of the circuit is:
of P P 57.1 —0.63

- E - VS rms[rms - (120)(756/100) -



Questions and comments are
most welcome!
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