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How 
Temperature 
Cot1trollers 

w 
There's mora to thennostat switching 

than meets the eye. 

DR. H.VIRANI 
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ontrolling the temperature is one 
of the basis industrial process tasks. 
In its essence, a temperature con
trol system involves sensing the 
temperature of the plant, and 
depending on whether the plant 
temperature is higher or lower 
than the set point, increasing or 

decreasing, the heating or cooling accord
ingly. Of course things are not that 
straightforward. Some plants are easier to 
control than others, and some processes 
require more accurate control than others. 
Therefore, there is a range of controllers 
to satisfy these needs, each with their own 
advantages and disadvantages. 

OniOH Controlers 
The on/off controller (also known as the 
bang-bang controller) in its simplest form 
turns the heat off if temperature increases 
beyond the set point, and turns heat on if 
temperature drops beyond the set point. The 
trouble with this scheme is that if the 
temperature is hanging around the set point 
(which is what you want it to do) the control
ler will be turning on and off very quickly and 
often, especially if there is a bit of noise in the 
temperature measurement. The "chatter" 
very quickly shortens the life of the controller 
output, and if it is driving large solenoids or 
actuators of some sort they could easily be 
destroyed. For this reason nearly all on-off 
controllers need hysteresis built into the con
trol characteristic (see figure 1). 

When a little hysteresis is introduced, 
the plant is forced to cycle between the 
two temperatures either side of the set 
point. Typically the hysteresis is about 
O.SOC to 2"C. If you can live with your plant 
being cycled over a couple of degrees or 
more, than an on/off controller will solve 
your problem. However, there's a trap. If 
the plant is slow to respond, then the cy
cling can be much larger than the 
hysteresis. The typical control system has a 
number of elements that will introduce 
small time delays (see figure 2). 

The cumulative effect is that it might be 
many seconds or minutes before the con
troller sees the result of turning the heater on 
or oil Figure 3 compares the respond of a 
fast and slow plant with the same on-off con
troller. Usually if the plant is slow the cycling 
will be unacceptable and you must look at a 
more sophisticated controller. 

Propor1lonal Cantralars 
The proportional controller adjusts the 
heating or cooling in proportion to the 
temperature error it sees. A typical control 
characteristic is shown in figure 4, and 
fJgUre 5 demonstrates most of the proper-
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How Temperatura Controllers Work 

ties of the proportional controller. While 
operating inside the proportional band, 
the controller applies heat according to 
the temperature error. 

Heat applied = (some constant) X 
(temperature error)= K(To-T)Watts 
Where K is the controller gain [units: 
Watt:s/'C]. Generally the heat lost from the 
plant is proportional to the temperature of 
the plant - ie the hotter the plant, the 
more heat is lost. 

Heat lost = ( constant)X(plant 
temperature-room temperature = 

(T-Ta)/R 

Where Ta is the ambient temperature 
(room temperature) and R is the thermal 
resistance to ambient ( units: °C/Watt). 
When the plant temperature is steady the 
heat applied equals the heat lost. If the 
loop gain of the system, RK, is very large, 
then the temperature error will be very 
small. Typical values for RK are 05 to 5 or 
more for an industrial plant, to greater 
than 200 for "well behaved " plant, eg a 
calibration bath. Notice too that the larger 
RK is, the less sensitive the plant is to ex
ternal influences. 

Suppose that the ambient tempera
ture changes by 10°C; the plant tempera
ture will change by: 

changeinT = 10/(1 + RK) 

So high values of RK are desirable. 

However, there's another trap here. In 
any system R and K are not constants. For 
example, the controller usually has filters to 
remove high frequency interference, noise, 
etc. Similarly, the plant takes time to respond 
to heater power changes-it won't sec the 
power changing in the heater at 120 cycles 
per second (assuming a 60Hz mains). So 
both Rand K fall to very low values at high 
frequency and usually become negative. In 
fact it is inevitable that if you keep increasing 
the frequency gain then eventually there will 
be one frequency where RK = -1. Then we 
are in trouble because the terms with RK in 
the denominator become very large and the 
plant/control system will burst into osdlla
tion at the frequency where RK = -1. This 
frequency can be anything from a few cycles 
per minute to many minutes or hours 
depending on how slow the plant is. The 
result is that there is a practical limit to the 
low frequency loop gain RK. This means 
there will always be a temperature error. 

This an obvious fact, really, because 
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to be putting heat into the plant at all, the 
controller must see that the plant is not at 
the set point temperature. This tempera
ture error is known as offset. On most 
commercial controllers there is an adjust
ment usually called reset or manual reset, 
which adds or subtracts a couple of 
degrees to the set point and makes the 
controller look perfect. It also means that 
the operator doesn't have to add or sub
tract a few degrees from the set point 
every time he or she changes it. The other 
adjustment on proportional controllers is 
the controller gain. It is usually expressed 

What the Controller Wants 

_j Heater Turned On 

Heater Temperature 

Heater On 

FiEJ-Ire 2 FiEJ-u-e 4 

Heater Off 

Heater On 

Heater Off 

Heater On 

Fi[J-tre3 

Plant 
T 

I 
I 
I 

Fast Plant 

'( __ --------
Slow Plant 

To 
( setpoint) 

I 

I 
I 

I : ~Off 
To (set point) Temperawre 

H~ot•r 
'Hord Qrt· 

I 
I • 

K (T0-T) 

E&TTJ..-y1-



On Time 
f--- _., 

Cycle Time 

Figure6 

as a percentage of full scale. For a control
ler wilh a range of 0 to lOOO"C a 5% 
proportional band is 0.05 x 1000 = 5Q°C. 
A 1% proportional band is lQ0C. The 
smaller lhe proporticnal band the higher 
the controller gain. 

Having said all that, it should be 
pointed out that most proportional con
trollers actually control the power by 
switching the heater hard on and hard off 
for short periods, as in figure 6. By varying 
the duty cycle (the ratio of on-time to total 
cycle time), the amount of heat can be 
controlled proportionally. If the cycle time 
is fast enough, then the plant won't know 
the dillerence. Typically the total cycle 
time will vary between a second for 
laboratory controllers to minutes for in
dustrial controllers. If your plant is par
ticularly responsive (fast) and lhe cycle of 
your controller is long, the cycling will be 
apparent in the plant response. If the 
temperature variation proves to be unac
ceptable a controller with a short cycle 
time should be sought. Some controllers 
have an adjustable cycle Lime. 

P.LD. Controlen 
If your plant is parl.icularly slow and difficult 
to contro~ it is almost impossible to get the 
loop gain enough to ensure good immunity 
to ambient temperature variations. For ex
ample, the day and night temperature may 
differ by 15°C or more. If the loop gain is less 
than five then the plant temperature will vary 
at least 3°C each day, and this may be unac
ceptable. To alleviate this problem some 
controllers include an integral component 
(the I in PJ.D.) as well as the usual propor
tional component (the Pin P.I.D.). The in
tegrator constantly adds up the temperature 
off set (T-To) and applies a corrccl.ional sig
nal. Only ~en the integrator has driven the 
plant to the set point will the integrator sum 
stop increasing or decreasing. In this way the 
integrator component will slowly but surely 
remove the oiiset. So long as the offset does 
not change too fast for the integrator, it will 
constantly adjust to long term (hours or 
longer) changes in the ambient temperature. 
The feature is often called automatic reset 
The integrator component then will ensure 
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long term stability and solve the offset 
problem, but will not help solve the short 
term stability problem. Ultimately, the only 
solution is to increase the loop gain some
how. Derivative action (the D in P J.D. 
makes this possible). Essentially the deriva
ti-.e component looks at the rate of change of 
the plant temperature. If it is moving too fast 
then it says "slow down". This action helps 
damp out oscillations that may occur when 
the loop is again very high and the system is 
marginally stable. It is then possible to 
operate at slightly higher loop gains. 

In some industrial plants where the 
loop gain might otherwise be as low as 0.5 
the derivative component is essential. The 
big disadvantages of P.I.D. controllers is 
that they are difficult to tune, particularly if 
the set point often changes and the plant 
must settle quickly. On a plant that is in
herently slow, tuning could easily take 
weeks under the eye of an expert. Each of 
the P, I, and D gains must be adjusted and 
they all interact with each other. In very 
difficult plants more sophisticated control
lers are required. 

Self Tuning controlars 
To overcome the P J.D. tuning problem, a lot 
of theoretical effort on the part of control 
theorists has resulted in intelligent ''black 
boxes" called self tuning regulators. They are 
often P.I.D. controllers with a microproces
sor that constantly adjusts the gains to op
timize the performance. Others are even 
more sophisticated. These controllers 
generally work by constantly twiddling with 
the gains (in a well defined manner) and as
sessing the results. E-.en ~e twiddling they 
perform better than any fixed gain P J.D. 
controller. 

There can be drawbacks with some 
designs, since when they first start learning 
to control a particular plant, the twiddling 
can be excessive and cause major plant 
disturbances. Nevertheless, they represent 
the highest performance available with off 
the shelf controllers. They can only be bet
tered by special custom designed control
lers based on intensive studies of the plant 
to be controlled Many of the controller 
manufacturers now offer such a service. • 
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PRODUCTS 
PLANS - BlidYOLOSel - All Pans Avaiablo in Stock 
• C7-BU~N3 CUTTN3 C02 LASER .................................. $20.00 
• RUBA--I'OHABL£ LASER RAY PISTa. ........ ...................... $:!0.00 
• TCC1--3 SEPARATE TESI.A COIL PLANS TO 1.5 MEV ...... $25.00 
• KlGI--0'1 RAY Gl.tl ................. .............................................. $10.00 
• GAA1-GRAVITY GEi'ERATOR ............................................ $10.00 
• EML 1--ELECTRO MAGNET COIL GlJN!l.Al.N.:HER ............. $8.00 

KITS Wlh AI NecossaJy Plans 
• MFT'JK-FM VOCE TRANSMITTER 3 Ml RANGE ............... $49.50 
• VWPt.I7K--TEL£Pf«:lt.E TRANSMITTER 3 Ml RANGE ....... $39.50 
• BTCJK-.250,00 va. T 1().14" SPARK TESI.A COIL ........... $249.50 
• LK:~IMU.ATEDt.ULTCa.ORLASER ....................... $44.50 
• BLS1K-100,000 WATT BLASTER DEFEN::E DEVCE ..... .. $69.50 
• m.t1~100,000Ya.T20' AFFECTIVE 

RANGE M't.lDA Ta! .. ................................ ........ .................... $69.50 
• PSP4K--TII.I: VARIANT Sf«)CC( WAVE PISTa. ................. $50.50 
• STA 1K-Alli£W SPACE AGE ACTIVE PLASMA SABER .$50.00 
• MVP1K-SEE tl DARK KIT ............ ........ .... ........ .... .............. $19!1.50 
• PTG1K-SPECTACUAR PLASMA 

Ta!NAOOGENERATOR ...................................................... $149.50 

ASSEMBLED Wlh AI NecossaJy mtructiom 
• BTC 10-8J,OOO Va. T-WORD'S SMALlEST 

TESI.A COL .......................... ............ ......................................... $54.50 
• LGU40--1MWHeNeVISIIL£REDLASERGLtl .......... .... . $249.50 
• TATJG-AUTO TEL£Pf«:lt.E IEORDIOO DEVCE .. .... .... .. $2.4.50 
• GVP1~E tl TOTAL DARKNESS 11 VEVw£R .............. $349.50 
• LIST1!l-SNOOI'ER P!OjE tlFtliTY TRANSMITTER .. ... $169.50 
• I'Gm-tiVISIIIE PAtl FIB.D GENERAT<JI-

MULn MODE ... ........ ................................................................ . $7..SO 

• CATALOG CONTAINING DESCRIPTlONS OF ABOVE PLUS 
HltiDREDS MORE AVAlABL£ Fa! $1.00 a! IN::LWED FREE 
Vl1rn ALL M'1:NE a!DERS. 

PLEASE tlCLUDE $3.00 PH ctl ALL KITS ANl PROOLCTS. PLANS 
ARE POSTAGE PAID. SEND CI£CK, MO, VISA, MC tl LIS FUIDS. 

INFORMATION UNUMITED 
P.O. BOX 716, DEPT. ET AMHBIST, NH o:ll31 

Circle No. 3 on Reader Service Card 

Electronic Design/Computer program
ming. Call Bob (416) 665-4288. 

PC/AT 6401<8 6-slot 101-KB 1.2MB FOD 
SIP Ports, clock, monitor Dox/Basic 1-Yr 
warranty- $1450 + $20 S&H, C.O.D., 
H.E.S., P.O. Box 2752, Station B, 
Kitchener, ON N2H 6N3. 

ORIGINAL TRI-MODE parts $89.95, 
SB3 Parts $69.95, Notch Filters 
$39.95, Catalogues $1.00, GENIE,Box 
522, Montreal, PQ,H3S 2V3 

CABLE TV DESCRAMBLING TECHNI
QUES. 56 pages. $13.95.Channel3 
notch filter $39.95.Amazing see-in-the 
dark infra-red night view kit $295.00. 
SCA background music kit $49.95. 
Catalogues $1.00 Octe(J),P .0. 
Box 173, Montreal, PO., H3X 3T4. 
(514) 739-9328. 
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