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A NEW CONTROL SYSTEM FOR COMMON
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Cniversity OF Babylon, College Of Enginecring, Department Of Elecirical
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Abstract

[ this research o design of a control {or firing) circuit 1s presented. The
svatem i1y based on a cosine voltage and a DC control voltage scheme. The phase
{delavy anele in this designed system shows a liner transter refationship The proposed
method proved to be very reliable and can be extended to closed loop control. The
proposed control circuit is used Lo control the c¢lectric power from the common
cathode Ac controller.

List of Symbols

Fav: - average output converter voltage.
Lo - rms input converter voltage.
Frms: - rms output converter voeltage
(- delay angle.

Ee: - control de voltage.

I'maxl:-maximum output voltage of converter.
[d: - negative complement of controf de voltage.

1. Introduction

Ao ovwer contal b ol e of applieations i varions indosteinl felds,
These tields range from light dimmerse Ac motors control .power control and heat
~control

One of the main aspects in Ac power controllers is the control or firing circuit that
control portion of the A¢ wave. The period is defined by the phase or delay angle

Control methods based on zero crossing techniques was used The controlled
technique was manual that 1s varying the time constant of the certain 333 times using

variab 1&. resistors [1]

This research presents a new systemt which is based on a cosine control veltage
derived from the input supply voltage. The cosine voltage is intersected with a control
voltage The proposed svstem solves the synehronization problem

. The Ac power controller

Ac power can be controlled using two anti parallel thyristors or a triac as shown
in fig 1. Several cireuit have been presented in this field such as the common cathode
cireuit shown in fie 2.this circuit does not require isolated gate signals because ot the
common —cathode connection of the two thyristors.

The control or firing (rigge
specitication and the required power control range.
The eftective and widely leul method of controlling the average power to a load 1s by
rhase control method which is merely o utilization of the triac to apply the ac su wpply
o the Toad for @ controlled Iraction of both positive and negative eveles. In this mode
of operation. the trine is held in off or open condition at a time i the first halt evele
which Is determined by the proposed control circuitry. In the on condition, the circuit

ring) circuit should be designed aecording to acquired
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is limited only by the load .Hence the applied voltage to the load is the input less the
forward drop of the triac

In spite ot its usefulness. phase control has some disadvantages .The main
disadvantage in phase control is the generation of electromagnetic interference. For
every time the triac is tired (or triggered ) the current rises from zero to load limited
current during a very short time interval .The resulting di‘dt generates a wide
spectrum of noise that may interfere with the operation ot adjacent electronic
cquipment which calls for proper filtering techniques.
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Fig 1 Ac power controllers
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Fig 2 the common cathode circuit

3. The Ac power as a function of the delay angle

The varieus relations of current and voltage are first derived. and then an attempt is
shown o derive the power delivered to the load as a function of the angular period (or
delay angle a).

Sinee the load voltage
complete evele ts zero, However, the average rectified voltage over the half —period is
tmpuortant and is.

E.=0v2E ) 1-cosa il

15 osvmmetrical over the origing it s average value over a

[ order to obtain the power delivered to the resistive load. the rms value of the load
voltage 1s,

: Sy 4 12

=l T (o) +sind2a) 2 ) ()

LOAD
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Theretore the rms load current is.

. .“' -
I:Iﬂ[l-(a:’n)+51n(2a);’2n]"“ (3) -
Where
l=ER. -
It's clear that the maximum rms load current occurs at o =0

The RMS current through cach SCR1s

[oe=0. 7071, [ -{er m)=sin {2¢) 2x] '

The rms SCR current referred to it s maximum value is,
Lot Isca en™ I-l'(U‘-‘T)fSin (2(1)’2711' - : (2)
The torm factor of SCR current 1s.
- . . . 1.2
b f'.\k'f\’:{\k i rz:'.s'i.‘;t Rav= ( I'T+cosa) [H(K—C(*Sl[l (20‘_}2)] N (6)
The peak current through the SCR depends upon the value of the delay angle.
The ratic of peak to mean SCR current 1s

B e Lson o =2 Tcosa) for 0=<o<m2 (7)

]\t [ pouk I\i_ = 2osin ool —eosw) for TUQSU-S‘_[ (8)
The load power 1s.

Pi=P, (m-u—sin (2a)2) (9)
where

P =" xR,

The normalized curves of various clectric quantities against firing angle are shown i

[1e 3.

i
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Fig 3 Normalized electrical quantities versus delay angle
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4. Cosine control of phase (delay) angle

In this scheme of control. a control DC voltage E¢ generates the firing pulses for
SRC1and SRC2 of the common cathode Ac power controller. The proposed system
which is designed in this research generates the pulses at the crossing points of the
control voltage and a synchronously generated cosine voltage which 1s to be derived .
from the input voltage supply. One of the most important consideration in the design
of any firing cireuit used in AC controllers is the way of svnchronizing the power
cireuit with the relevant control (or firing )eircuit .such that the phase {delay yangle is
meastred with respect to the same veltage zero as that of the power circuit . A general
hlock diagram of the proposed control scheme is shown in fig 4. The timing diagrams

re shown in fig 3.

The problem that now arises is how to modify the proposed method such that
wo firing pulses are obtained in order to fire SCR1T and SCR2 of the common ¢ cathode
Ac co.nmllu.\. This problem was solved by introducing the control voltage Foeand 1t's
negathve complemient —E (referred w as By These two voltages are co mpared with
the cosine voltage derived from the input Ac supply. The firing pulses tor SCR1 15
cenerated from the crossing points of E¢ and the cosine voltage . however the firing
pulses of SCR2 is generated from the crossing points of —E¢ with the derived cosine
voltace. the block diagram of the proposed method is now medified to that of fig 6.

Input supply

I ‘ SO i I Comparator | W

] ) ) ‘ To SCR
Sepdang Crasing vy PPulse processing

transformer L ey generator ‘ L,,’ ¢3 circuits T o

E¢

Fig 4 block diagram of the proposed cosine control method
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Fig 5 timing diagrams

Fig 6 modification of the proposed system
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4.1 Mathematica! analysis of the proposed cosine control method
For the cosine method. the attempt is made to derive the phase angle in terms
of the contro! signal Ec.
Since
Vo) =Enu Cos(wty {(10) ’

At the crossing point between the control voltage E¢ and cosine voltage.
Voiin=Ee and wi=a

Then
Fo=l. Coso ()

3

co=Cos (e B (1)

The output voltage of the converter is given by,

E=Fany Cose (13}
=F g Cos [eos™ (Bl Tl (1-4)
Then
E=K L (13
Where .

Ki=Emax, L.

It s clear that the cosine control scheme provides o lincar transfer
characteristics between the output voltage Eo and the control voltage b
Reterring to eq 12, the AC normalized power can be re written using ¢q 9. so.

P = [:t-Cos’wflfL- E..-Sin2 (Cos (EL | BT (16)

The power output from the controller is a function of the control voltage Fe.
(Using this proposed control scheme the delivered power is varied by varving the
mmml voltage. Closed loop control may also be implemented using this proposed
sche
4.2 Implcmcnt.ltmn of the propnscd cosine control scheme
The desiened svstem is split in to the following stages:-
4.2.1 Stage once
In this stage the input voltege (of the Ac controller) is stepped down and then
inrerated o generate o synchronized cosine voltage. Then it s compared to the
control voltage b oand it s negative complement £y The two zener diodes connected .
back o back elamp the control voltage E¢ below the peak value of { the cosine voltage
(b b The mnuol voltage L is inverted by o unity vain amplificr to give 1t s
INVErse 81 wmi Com saring 110 and By with the cosine voltage will produce sivnals -
esoand e lmpu,lml_ These signals are FED to monoe stable M, and M to produce
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signal e, and ey respectively. These signals trigger a set —rest tlip —tlop (F-F) to
venerate signals e;and e,.
4.2.2 Stage two ;

This stage consists of modulating signal ¢jand ¢ at a high frequency (usually
15 .20 KHZ). This stage was implemented by Anding each signal (¢; and ¢;, by a high
frequency from a 335 timer. It's clear that a modulated firing pulse for SCRland
SCR2 will reduce gate dissipation and ensure firing therefore reducing the risk of
mistiring.
4.2.3 Stage three

The proposed system has generated two pulse (e and &, . These pulses should
he strong enough to ensure tiring the relevant SCR (the criteria for this is Var & [gr1).
Therelore @ suitable amplitier is designed using a Darlington transistor amplifier to
amplify the pulse current. In addition an adequate isolation between the power clreult
(Ac controller) and the control circuit imptemented. hence pulse transtformer isolaton
is suggested.

The complete designed system and relevant timing diagram are shown in fig 7

and g 8 respectively
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5. Experimental Results

The proposed control circuit was simulated and tested with variable load
condition. The results show that there is a linear variation between electric quantities
such as delivered load power load current and the form tactor. The relevant graphs are
shown in fig 9. fig 10 and fig 11 respectively. It s also seen that the proposed method
gives reliable phase control (from 10% to 95% ot the AC sine wave).
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Fig 9 normalized load current versus control voltage
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Fig 10 normalized load power versus control voltage
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Fig 11 form factor versus control voltage
Conclusions
From the results obtained the following conclusions can be drawn:- .
. The proposed svstem offers a reliable p} ase control scheme.
:. th. \ll,j.d\ \Lll‘h_ Uil L‘\ \tu.u_l ]L & \uh\l Sl \“T.Ll\_' U: 11\.\, Ccolll! k}l ‘\"\f“:"'.‘.t' ]

et

. Synchronization is autematically achie ved since the cosine voltage 1s deriv L(_l fron :
the step down input voltage of the Ac controller.

4. Closed loop control can easily be implemented. This Is done by feeding the output

signal back to the input and comparing it with a relerence value,

5. A wide range of contrel of the phase (delayv) angle can be achieved by varving the
control voltage
0. The pr po\ui svstem is very much suitable for light dimmers. heat control systems

and A¢ motor control.
7. The proposed svstem gives a linear relationship between the converter eutput
voltage and the control voltage. .
<A linear relationship is observed between the power delivered 1o the load and the
control voltage
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