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1o move the controlled device through its complete stroke, from one extreme to the
other. It is often adjustable to meet job requirements. !

Set Point is the value at which the controller is set and represents thedesired value
of the controlled variable.

Control Point.is the actual value of the controlled variable at which the instrument
is controlling. It will vary within the throttling range of the controller according
to the demand on the system and other variables.

Offset is the difference between the set point and the actual control point under
stable conditions. This is sometimes also called drift, deviation, or droop.

5. Proportional plus Automatic Reset Action, Fig. 5 combines floating action with
proportional action to achieve both the stability of proportional control, with a
relatively wide throttling range, and the invariable control point of floating control.
The system functions the same as proportional action, the automatic reset serving to
shift the control point back to the set point whenever any offset occurs.

Reset rate is the number of times per minute the proportional action is duplicated
by the reset action, and usually is expressed as repeats per minute. The reset rate in
most controllers is adjustable and must be carefully matched to the system charac-
teristies to avoid unstable operation. Because automatic reset is necessarily slow-
acting, it should be used only when load changes are of reasonably long duration and
when the maximum offset resulting from proportional control alone is outside of
acceptable limits.

Figs. 4 and 5 show the results of rather abrupt demand changes, which usually
result in two or three cycles before stability is restored. More gradual demand
changes will result in a smoother curve. .

AUTOMATIC CONTROL SYSTEM COMPONENTS

In addition to controllers and controlled devices, many control systems
include auxiliary apparatus such as switches and relays of various kinds,
clocks or timers, thermometers, gauges, pilot lights, and other indicators for
observing the operation of the system. Only those more commonly used
will be described here.

Controllers
Automatic controllers have both a measuring element and a controlling
element.

The measuring element measures changes in the controlled variable and
produces a proportional effect on the controlling element. This effect

- usually is a.change in position, force or electrical resistance.

The controlling element converts the effect produced by the measuring
element into an effect suitable for operation of the controlled device. (In
self-contained controllers the measuring element produces a force which is
directly applied to the controlled device. In preumatic or electric con-
trollers the controlling element, regulates the application of energy such
as compressed air or electricity.)

Types of Measuring Elements

Temperature measuring elements usually consist of (1) a bimetal strip, (2)
a rod and tube of dissimilar metals, (3) a sealed bellows, with or without a
remote bulb or (4) an electrical resistance.

1. A bimelal element iz composed of two thin strips of dissimilar metals fused to- )

gether. Because the two metals have different ccefficients of thermal expansion, the
element bends as the temperature varies and produces a change in position. De:
pending on the space available and the movement re uired, it may be in the form of
a straight strip, U-shaped, or wound into a spiral. This element finds its most com-
mon application in room thermostats, but is also used in insertion and immersiot
thermostats.

2. A rod-and-tube element consists of a high-expansion metal tube inside of which 18
a low-expansion rod with one end attached to the rear of the tube. The tube changes
length with changes in temperature, causing the free end of the rod to move. The

Automatic Control LT : 899

rod-and-tube.element is commonly employed .o i i i i '
Tod-and-4 o0 oment comn y employed .on certain types of insertion and im-

3. A sealed bellows-element is either vapor ﬁiled 3 iquid

L ) gas filled, or liquid filled

(l:;n&ge eg::l:)?tﬁg uo_fdalr. ?:3anges of lt]emperatu.re cause change’s in prg_ssure 6?'. v’oﬁ:;

-or liquid, resulting in a change in fo i i

often employed in room thermostats. g - ree ?r * movgt_nent. This element is

" Aremote-bulb element is a sealed bellows or diaph ich s : is
. 3 phragm to which a bulb or ca.

attached by means of a capillary tube, the entire system being filled with vapg')sx}1 I;;:

prhlixquxd. Changes of temperature at the bulb result in changes of pressure or volume

;h ch are communicated to the bellows or diaphragm through the capillary tube

frofn r:ﬁ;otéi-sl;g;g (teilement éstu]sefu};'wherelthe'temperature measuring point is remote

. desi) ermostat location. It usually is i ith fitti i
for insertion into a duct or into a pipe or tank. Y 18 provided with Bittings suitable

4. A resistance element is made of wire whose electrical resi i
] [ resistance cha :
temperature changes. It isused with electronic controllers. Itis availablg%ﬁsf;gl;

suitable for measur 1ng room tempex ature or-for insertion into duct or into a pe
a P
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- Humidity measuring elements are made of (1) hygroscopic :
teri - organic ma-
rials or (2) an electrical resistance. & PIC orgame ma

1. An organic element usually is made of human hair, wo i
eni usus ma od, paper, or a;
membrane. Changes in rélative humidity cause the element to 'ex’pgng and conf;:::ﬁ

2. A resistance element, for use with electronic controll f i

thin coating of hygroscoi)ic salt on an insulatin cofn bt e eialo
1 b orm. Th

varies with the relative humidity. 8 © resistance of the salt

Pressure measuring elements can be divided into one of two general classes

depending upon pressure range.

1. For pressures or vacuums measured in pounds per square inch or ‘in h
:]lgy, the element usually is a bellows, diaphragm, orpBou(xl-don tube. On: s?gt;) f)?llsfe
ab;nent. xf)wiy be open to atmosphere in which case the element responds to pressures
o ve or below atmospheric. A differential pressure element has connections to both
1des 8o that it will respond to the difference between'two pressures.

2. For low ranges of pressure or vacuum which are usually measured in i
ivgtter, such as the static pressure in an air duct, the measuxying element I:nlan; l?)?:;
owerte% }ll)ell immersed in oil, a larﬁe slack diaphragm, or a large flexible metal bel-
jun:’;' e (ﬂem.ent usually is of ‘the differential type, and when employed in con-
o lon with orifices, pitot tubes, and similar accessories, may be used to measure
W, velogity or liquid level as well as static pressure.

mMeas_uring elements for other purposes, such as flame detection or for
casuring smoke density, specific gravity, CO;, CO, etc., often are neces-

syge Iflcl)r the complete control of a heating, ventilating or air conditioning

Types of Controlling Elements

Controlling elements differ because some r : icati

) ) egulate the application of

%fllleumatlc energy whxle; others regulate the application of electrical energy.
ey also dlﬁ'er.a,ccordmg to the type of control action produced.




