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1. Overview

a. Target population:
For students of third class of Department of Medical Instrumentation Techniques Engineering,

Electrical Engineering Technical College, Middle Technical University, Baghdad, Iraqg.

b. Rationale:
A regulated power supply converts unregulated AC (Alternating Current) to a constant DC
(Direct Current). A regulated power supply is used to ensure that the output remains constant

even if the input changes.

c. Objectives:

The student will be able after finishing lecture on:

¢ Identify the main components of regulated power supply.

2. Introduction:

[2]



Al-Mustagbal University
Department of Medical Instrumentation Techniques Eng
Class: Third
Subject: Medical Communication Systems
Lecturer: Prof. Adnan Ali
Lecture: 2

A regulated power supply converts unregulated AC (Alternating
Current) to a constant DC (Direct Current). A regulated power supply is
used to ensure that the output remains constant even if the input changes.
A regulated DC power supply is also known as a linear power supply, it
is an embedded circuit and consists of various blocks.

The regulated power supply will accept an AC input and give a constant
DC output. The figure below shows the block diagram of a typical
regulated DC power supply.

The basic building blocks of a regulated DC power supply are as follows:
1. A step-down transformer
2. A rectifier
3. A DC filter

4. A regulator
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Components of typical linear power supply

Operation of Regulated Power Supply
Step Down Transformer

A step down transformer will step down the voltage from the ac mains to
the required voltage level. The turn’s ratio of the transformer is so adjusted
such as to obtain the required voltage value. The output of the transformer

is given as an input to the rectifier circuit.

Rectification

Rectifier is an electronic circuit consisting of diodes which carries out the
rectification process. Rectification is the process of converting an
alternating voltage or current into corresponding direct (DC) quantity.
The input to a rectifier is AC whereas its output is unidirectional pulsating
DC.
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There are a number of ways in which the amplitude of a sinewave is
referenced, usually as peak voltage (Vpk, Vp or Vmax) peak-to-peak voltage
(Vpp ), average voltage (Vavg), and root-mean-square voltage (Vms). Peak
voltage and peak-to-peak voltage are apparent by looking at the above
plot. Root-mean-square and average voltage are not so apparent.
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As the name implies, Vs is calculated by taking the square root of the
mean average of the square of the voltage in an appropriately chosen
interval. In the case of symmetrical waveforms like the sinewave, a
quarter cycle faithfully represents all four quarter cycles of the
waveform. Therefore, it is acceptable to choose the first quarter cycle,

which goes from 0 radians (0°) through p/2 radians (90°).

Vrms is the value indicated by the vast majority of AC voltmeters. It is the
value that, when applied across a resistance, produces that same amount
of heat that a direct current (DC) voltage of the same magnitude would
produce. For example, 1 V applied across a 1 Q resistor produces 1 W of
heat. A 1 Vims sinewave applied across a 1 Q) resistor also produces 1 W
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of heat. That 1 Vims sinewave has a peak voltage of V2 V (=1.414 V), and a
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peak-to-peak voltage of 2¥2 V (=2.828 V).

Average voltage or mean voltage (Vmean) is calculated by taking the
average of the voltage in an appropriately chosen interval.
Therefore, it is acceptable to choose the first quarter cycle, which goes
from 0 radians (0°) through p/2 radians (90°).
As with the Vims formula, a full derivation for the Vmean formula is given

here as well.

Although a half wave rectifier could teéh#ertly be used, its power

losses are significapt,compared to a J1/‘3(12?1‘\wavefr;(}ctifier.
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Ex1: For the 1-¢ half wave rectifier circuit shown in Figure below, R =
1.3KQ, V, =150 sinwt. Calculate Vi ean ILmean,

, form factor (FF)and ripple factor (RF).

vsr.m.s’ 1'701”.m.s' lor.m.s
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4 — Vsmax — 150 =477V
lmean T 3.14
% 47.7
I = = [mean _ =36.7mA
lmean R 1.3k
%4 0
Vops = 0 = 106.06 V
V2o W2
Vomax 150
vO rms = 2 == 2 == 75 V
i — Vo rms — 75 =57.7mA
orms R 1.3k
Vorms 75
FF = - =1.
Vlmean 47.7 1.57

[10]



Al-Mustagbal University
Department of Medical Instrumentation Techniques Eng

Diode -

|

2

Vo rms Vlmean2 (75)2 - (47'7)2
RFEV - — 1
Vo =V azzy =123 _
@ Vs="180 sinwt R=13K
Réctification efficiency (7) = "% = MmeanVimean _ S6TMATT _ 4 = 4004
Pac Lo rms-Vo rms 57.7mx75




||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Al-Mustagbal University
Department of Medical Instrumentation Techniques Eng
Class: Third

Subject: Medical Communication Systems
... ... Tecturer: Prof Adnan Ali. . .. ..

The Answerwith MULTISIM ~ |F\ e

F SRS | LRI
ingoos  Yewss
- V(pp): 149V
V(rms): 74.5V

ANASOVRK e Y
6)5'3“2_: L S 3K 1 27.4mA

T ~ I(-p): 115mA
.- . I(rms): 57.3mA
o7 I(dc): 36.4mA
- - Freq.: 50.0 Hz

—

Ex2: (H.W) For the 1-¢ half wave rectifier circuit shown in Figure
below, R =10Q, V, = 200 volED¥termine Vmean imean

v
Srm.s’ 7 Orms)’ Orm.s’

Yo

6..) Vs max =200V R=15K

Ex3 (H.W): For the 1-¢ half wave rectifier circuit shown in Figure below,
[12]
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V, =75sin2r x50 ¢ <\4> % R=IK
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has a purety resistor load of R=1K, determine

1. Efficiency.

Load

A full wave rectifier or a bridge rectifier is used to rectify both the half

cycles of the ac supply (full wave rectification). The figure below shows a
full wave bridge rectifier.
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A bridge rectifier consists of four p-n junction diodes connected in the
manner shown above. In the positive half cycle of the supply, the voltage
induced across the secondary of the electrical transformer i.e. VMN is
positive. Therefore point E is positive with respect to F. Hence, diodes Ds
and D: are reversed biased and diodes D1 and D2 are forward biased. The
diode D3 and D4 will act as open switches (practically there is some voltage
drop) and diodes D1 andD: will act as closed switches and will start
conducting.
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Load

Load

Hence a rectified waveform appears at the output of the rectifier as shown
in the first figure. When voltage induced in secondary i.e. VMN is negative
than D3 and D4 are forward biased with the other two reversed biased and
a positive voltage appears at the input of the filter.

Bridge Rectifier IC & Module ”‘e""-"“”‘ﬁ‘”"m
g
,/

~

Ex4: For the 1-¢ full wave rectifier circuit shown in Figure below, R =
10kQ, Vgnax = 200 volt. Determine Vimean I1mean s Vo, » RF and

lor.m.s 4

rectifier efficiency.
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smax oo g 2 0 Smax. g 0

i 1 sin26 =
e BTN 27T[ 2

: . .

| =v VI TgosEER g sine ety

! smax op 9 2

v Vsmax_— 1
0rms \/2 == Vsmax ;[TL’]
f == 1414v
V2

Vo rms

“ o rms = R

E 141.4

| = = 14.14 mA

| 10k

| 2

Vorms™ = Vimean (141.4)2 - (127.3)2

f RF =+ =/ = 0.48

I 2 2

: Vimean (127.3)

. . - P 1 V 12.7 127.3

; Rectification  efficiency (7) = ~% = "meanTimean _ 227X = 08=
; Pae  igrmsVorms  14.14mx141.4

g 80%
§ [18]
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The Answer with MULTISIM
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100 sin wt. Determme Vimeans ILmean + Vo, . and i,

A center-tapped rectifier is a type of full-wave rectifier that uses two
diodes connected to the secondary of a center-tapped transformer, as
shown in Below Figure. The input voltage is coupled through the
transformer to the center-tapped secondary. Half of the total secondary

[20]
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voltage appears between the center tap and each end of the secondary
winding as shown.

Centre Tapped D

L »RL )
. . - I I\ 2 o
Primary Winding | D5

Secondary Winding

Centre Tapped Full Wave Rectifier
Figure - 1

Center Tapped Full Wave Rectifier

During Positive Half Cycle D1 : Forward Bias — Closed Circuit
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For a positive half-cycle of the input voltage, the polarities of the
secondary voltages are as shown in Figure (a). This condition forward-
biases diode D1 and reverse-biases diode D2. The current path is

through D1 and the load resistor RL, as indicated.

For a negative half-cycle of the input voltage, the voltage polarities on the
secondary are as shown in Figure (b). This condition reverse-biases D1 and
forward-biases D2. The current path is through D2 and RL, as indicated.
Because the output current during both the positive and negative
portions of the input cycle is in the same direction through the load, the
output voltage developed across the load resistor is a full-

wave rectified dc voltage, as shown.
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I CENiLEr iappea ruil vvave necurier I

During Negative Half Cycle D1: Reverse Bias— Open Circuit

Input
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(b) During negative half—cycles,_l_)Z_ is forward-biased and D1 is reverse-

biased.
Rectifier
1 Full wave
Half wave s
rectifier 1— rectifier —1
Center Tapped Full Bridge
Wave Rectifier Rectifier

Dy _Lvﬁ |
0 q

>
()
1 I
=
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Comparison of Rectifiers

Full Wave Center Full Wave
Rectifier Tap Rectifier Bridge Rectifier
1 2 4
| Dccurrent [NUVAL 2Im/m 2Im/m

Transformer Necessa No Yes No
Vm/(rf+RL)  Vm/(f+RL)  Vm/(2rf+RL)
1.21 0.482 0.482

0/P Frequenc fin 2fin 2fin




