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Abstract— In recent times the problem of the precise control 

of the temperature of liquid flowing through a tank containing 

a heater is one which is important and familiar in the process-

control industry. When the heater is electrical the thyristor is 

a natural choice for the main controller. A simple and novel 

method of triggering the thyristors is described in which the 

power dissipated in the heater is a linear function of the 

control signal. The method is compared with the conventional 

non-linear and linearized arrangements and its electronic 

implementation is described. A 50 Watt model has been 

designed. With the same basic circuitry but with more 

powerful gating circuits the arrangement could be used to 

control very large powers.  
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I. INTRODUCTION 

The problem of the precise control of the temperature of 

liquid flowing through a tank containing a heater is one which 

is important and familiar in the process control industry. 

When the heater is electrical, the thyristor is a natural choice 

for the main controller. A scheme in which it is intrinsically 

possible to achieve a steady-state accuracy of about +0-

01degC is shown in Fig. 1. The temperature 9O "of the 

emerging liquid is monitored by means of a thermistor 

connected in an a.c. bridge network excited by a sinusoidal 

e.m.f. generated by an oscillator of suitable frequency (e.g. 5 

kHz). The set value of the temperature 9{is adjusted by means 

of a variable resistor connected in the opposite arm of the 

bridge. The voltage appearing across the detector terminals of 

the bridge is then amplified and detected by a phase-sensitive 

detector; a D.C. signal proportional to the deviation is thus 

available. This signal is processed by a single, two or three-

term electronic controller to form the control signal f (6) and 

then is applied to a trigger pulse control circuit. The trigger 

pulses are then routed into the gates of the thyristors. 

II. PROBLEM STATEMENT 

The objective of the present work is separation of two mixing 

chemical in tank by using linear control temperature 

techniques and novel method of triggering the thyristors such 

that the power dissipated in the heater is a linear function of 

the control signal. 

III. RESEARCH WORK 

A. The Linear Control 

In the field of process control will agree that if it is convenient 

and cheap then linear control is preferable to non-linear 

control, although so long as it is possible to keep the loop-

gain high the undesirable effects introduced by non-

linearity’s in a feedback control system can usually be 

virtually eliminated. Unfortunately, for reasons of stability of 

operation of closed-loop systems, particularly in process 

control where the time-constants tend to be large and 

distance/velocity lag is prevalent, it is not usually possible to 

keep the loop-gain very high. This will often lead to the 

emergence of the undesirable side-effects of the non-

linearity. For instance, in a temperature control system, if 

some systems it is necessary to have a wide range of set 

values and therefore linear control for large step-inputs. In 

others, whilst the set value may normally be constant, the 

system must cater for a large range of disturbances (e.g. 

changes in fluid flow rate, ambient temperature and power 

supply voltage); the magnitude of the control signals will vary 

considerably and again it is desirable to have linear control 

over a wide range. 

 
Fig. 1: Circuit for controlling electrical heater 

B. Conventional Methods of Thyristor Triggering 

A thyristors and diodes for controlling the mains power 

dissipated in a heater element is shown in Fig. 2. The most 

obvious method of triggering the thyristors is to arrange for 

the trigger pulses 1 and 2 to appear at firing angles <p and cp 

+ n respectively as shown in Fig. 3. The power dissipated in 

the heater element is proportional to the mean square current 

J2 which is given by. 

 

 
Fig. 2: (Waveforms of thyristor trigger action) 
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C. Characteristics for Conventional Thyristor Control 

This technique (termed cosine-modified ramp control) has 

been described elsewhere’s it has the advantage that it gives 

linear control over the whole of the range of power output. Its 

disadvantage is that the circuitry required to achieve this 

modification is fairly involved and must generate the required 

nonlinearity with good accuracy to be of real use. It may also 

be argued that for a substantial range of control signals, Fig. 

4(c) is fairly linear anyway. This is of course true and all the 

more valid in the present context since power is continuously 

being absorbed by the process when in normal operation so 

that under steady-state conditions the control signal f(9) 

would be about half its maximum value for a given normal 

liquid temperature and rate of flow. The authors feel, 

however, that regardless of the validity of these arguments, if 

it is possible to achieve completely linear control neatly and 

without substantially increasing the cost it is well worth doing 

so.  

 
Fig. 3: (Characteristics for conventional thyristor control) 

D. The New Method of Achieving Linear Control 

The new method of control developed by the system designed 

to control the temperature of liquid flowing through process 

tank, it is implicit that it is quite unnecessary to associate zero 

power with zero control signal. With this in mind the authors 

defined a new firing angle i// as shown in Fig. 5The power 

dissipated in the heater element is again proportional to the 

mean square current i2 which is given by: 

 
1) Characteristics for new method of thyristor control 

 
Fig. 4: (Characteristics for new method of thyristor control) 

2) Waveforms for thyristor trigger action with zero power 

not associated with zero control signals 

 
Fig. 5: (Waveforms for thyristor trigger action with zero 

power not associated with zero control signals.) 

IV. SIMULATION DIAGRAM AND RESULTS 

 
Fig. 6: (simulation design in proteus) 

A. Output Waveform 

Time  

Voltage 

Fig. 7: (0% firing angle) 
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Fig. 8: (20% firing angle) 
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Fig. 9: (40% firing angle) 
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Fig. 10: (60% firing angle) 
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Fig. 11: (80% firing angle) 

Time  

Voltage 

Fig. 12: (100% firing angle) 
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