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suitable air-pressure changes by mesns of an el i the ller, 28 is the case with flosf control, but it im-
ic h-:lnrxxeer ges By b mediately assumes a position in pmt;?;uon to 'the system

TYPES OF CONTROL ACTION
Contral action may be divided into five types:

1. Two-position action, Fig. 2, is the type in which the
controlled device can be only to s or

d

requlmment
An example of proportional control is a thermostat in a
ian discharge duct actuating an automatic valve in the steam
supply to a coil to te the air temperature leaving the
cod. This control wi be similar to that shown in Fig. 1.
Thr?lu‘lmg_ e is the total amocunt of change in the
v

minimum position, or can be either on or of. A th
which opens closes a valve, or starts an smps a burner,
is an example. .

CONTROLLED
VARIABLE

Fig. 2.... Ywo-Position Control

2. Timed ¢ action is i of two-
position control action in whmb d:e time of on periods are
pmmnmrely orte.ned_ ‘This t.ype of action usua.l.ly i8 employed

room is by a beater
element in the thermostat whxch is energized during the on
penod.s.'lhperoenhgeofhmeonlsvmedmpmpomonto
the system load.

Controller d:ﬂereuhal applying to two-position control action,
is the difference between the setting at which the controller
operates to one poamm and the setung a& which it open'es
to the other poation. As an
surtuapnmpnupagu.ndm;)enmlsm the differential
i8 3 pai. It is sometimes desirable oohaveamntrollermwﬁc:

: t.hedxﬁ'exenhalu.nbe b i by manual
d 85 an adjustable diff
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Fig. 3.... Floating Control Showing Variations in C fled

d for the fler to move the
controlled device its complete stroke, from ome ex-
treme to the other. It is often ad)u.stable to meet job re-
quirementa.

Set point is the value at which the controller is set and
represents the desired value of the controlled variable.

Control point is the actual value of the controlled variable
at which t.hemstrumentmeanuoumg Ithllmrymt.hmthe

the system u.nd oﬂ:er variables.

Offset is the difference between the set, point and the actual

control point under stable conditions. This i3 sometimes also
t, deviation, or droop.

5. Proporr.unml plus_outomatic reset action, Fig. 5, com-
bines ting action with proportional action to achieve both
the shbxh'.y of pro, é)omunal control, with a relatively wide
throttling the invariable control point of foating

cont.rol Tbe synem functions the same 23 proportional action, .

the automatic reset serving to shift the control point bu:k to
the set point whenever any offset occurs.
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Fig. 5....Proportioncl Plus Automatic Reset Conirol
Showing How Control Point is Returned to Set
Point ofter a Load Change

Reset rate is the number of times per minute the Ppropor-
tional action is duplicated by the reset action, and usually is
expressed rs repeats per minule. The reset rate in most con-
(.mller‘s IS ad;mb\e snd must be carefully mnu:hed 4o the

Variable as Load Changes

3. Floating action, Fig. 3, is the type, uwn.htwo-posxhon
nchon, where the eom.roller can periurm only two operations:
t.he cantrolled device ususlly at a constant rate either
or its closed position. Generally there is a
neutral me tween the two positions which allows the con-
trolled device to stop at sny position whenever the controlled
variable is within the differential of the controller. When the
controlled variable gefs outside the difierential of the control-
ler, the ller moves the lled device in the proper
direction. An example of floating control is a firebox draft
controller positioning a damper in the breeching of a boiler.
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Fig. 4....Proportional Control Showing Variations in
Controlled Variable as Load Changes .

J:omaml action, Fig. 4, is the t; where the con-
vice u poauoned mpomonate in response to
conf variable. It does not run

\hrcugh ita wmplehe stroke, as is the case with two-position
eunt.rol, nor does it continue to move until the change in the
d variable Iting from that is felt by

system to avoid
sutomatic reset is necessarily slow-acti it should be used

only when load changes are of reasonably long duration and
when the maximum offset resulting from proportiona} control
alone is oustide of acceptable limits.
Figs. 4 and 5 show the results of rather abrupt demand
which usually result in two or three cycles be(oxe
stability is restored. More gradual demand cb&ngu
sult in a smoother curve.

AUTOMATIC CONTROL SYSTEM
COMPONENTS

In addi to 11 and lled devices, many
control systems include auxiliary apparatus such as switches
and relays of various kinds, clocks or timers, thermometers,
gages, pilot lights, and of.her indicators for observing the
operation of the system. Only those more commonly used
will be described here.

Controllers

Autamatic controllers have both a measuring element and
a controlling clement
The

mearuring
variable and produces a propomonal effect on the con-
trolling element. This effect usually is a change in position,
foree, or electrical resistance.
The controlling element converts the effect produced
by the measuring element into an effect suitable for opera-

'Y . Ned

Ling
_relative humidity.

Automatic Control

tion of the controlled device. (In self-contained controllers
the measuring elent produca a foree wlnch is dxrecﬂy
applied to the devme In p or electror
controllers the controlling el t i) the applicat,
of energy such as compressed air or electricity.)

Types of Meusunng Elements

Temperature measuring elements usually consist of (1) a
bimetal strip, (2) 8 rod and tube of dissimilar metals, (3)
a sealed bellows, with or without a remote bulb, or (4) an
electrical resistance.

A bimetal elemem is composed of two thin strips of dis-
sm.lhr metals fused together. Because the two metals have
different coefficienta of thermal expansion, the element bends
as the temperature varies and produces a in position.

Depending on the epace available and the movement re-
quired, it may be in Q.he form of a t strip, U-ghaped,
or wound into & spiral. This element its most common

in room but is also used in insertion
apd immersion thermostats.

2. A rod-ond-tubs element consists of a high-expansion
metal tube inside of which is a low-expansion rod with one
endnt. tached to the rear of the tube. The tube changes length
with dmngesm(empemtxg:,uusmgthefmeendofﬁherod

to move. The rod-and

611

Measuring elements for other purposes, such as flame de-
tection or for measuring smoke density, specific gravity,
CO0,, CO, etc., often are necessary for the camplete control
of a heating, ventilating, or air-conditioning system. -

Types of Controlling Elements

Controlling el ts differ b some regulate the ap-
plication of pneumatic energy while others regulate the ap-
plication of electrical energy. They also differ according to
the type of control action produced.

An electric controlling element is used in several of the
the common types of control action.

For two-position control it may simply make and break
an electrical contact, to start a burmer, motor, etc., or to ac-
tuate a spring-return valve or damper operator. A.nol‘.he: type
makes one cocntaect while breaking another and is used to
control unidirectional valve or damper operators. Either type
may be used for timed two-podition action by the addition of

a small resistance heater.

For floating control two contacts are employed, but there
is a neutral zone between the two contacts where peither is
made. This type is used with ble valve or

- For proportional control a contact is moved across a
to vary the volt.sge applied to a relay. The

on certain types of insertion and i
3. A sealed-bellows element is either vapar-filled,

, gasfilled,
- or liquid-filled, after being evacuated of air. Changu of tem-

perature cause in prwum or volume of the gas or
liquid, resulting in B change in oroe or a movement. This
element is often ployed 1 room

A remote-bulb element is a sealed bellows or diaph

. ;elay ls the ible valve or damper

and is rebalar ast.h Hed device is
In another arrangement the controlling element has two con-
tacts and a neuu'al sone as described for figating control and
is rebalanced by a amall solenoid which is energized by a’
variable vol'age feedback from the reversible va.lve or damper

to which a bulb or capsule is attached by means of a mfl
tube, the entire system with vapor, g;n.s., or quld
C’hangee of temperature at the bulb result in changes
pressure or volume which are communicated to-the bellow!
or diaphragm through the ‘capillary tube. The remote-bulb
element is usaful where the temperature measuring point is
remote from the desired thermostat location. It usually is
provided with ﬁmngs suitable for insertion into a duct or into
a pipe or
4Aremtamslemntumadeofmwhoseelmzmc&l

ilable in forms suitable for

‘xust.mee chn.ngm wrt.hltempemture changes. It is used with

meaguring room temperature or for maert.lon into a duct or
into a pipe or tank.

Humidity measuring elements are made of (1) hygro-
scopic organic maf.exia.ls or (2) an electrical resistance.
1. An organic dcment “usually iy made of human hair,

wood,
paper, or animal membrane. Changes in relative humidity
cause the element to expand and contract.

which

An slsctmmc contmllww elemen! consists of an electronic
amplifier and an electric relsy or relays. The amplifier re-
ceives the minute electrical signals from the measuring element
and a.mphﬁes them suﬂimendy m u:t:uate the relays. The

trolling oating,
or propoﬂaom.\ depending upon t.he n.mphﬂer and relay ar-
rapgement.

An electronic-; smatic controlling element consists of an
electronic amplxd and an electropneumatic relay. It may be.
two-position, or proportional, depending upon the amphﬁer
and relay arrangement.

A pneumatic controlling element is most often of the pro-
portiopal action type but may also be used for the other types
of control action. -It may be classified as nonrelay type and
relay type. co

A nonrelay type of pneumatic controlling element is the.
simplest form and employs & restricted air supply and &
nonle or control gort The measunng element varies the opening

the nozzle and the resuiting variable pressure is applied to
f.he ooxxt.rol.le:u devme T‘l’xfm type is limited to applications
air.

" 2. A resistance element, ioruswl'.h )
frequently cunsm of a thin m"f hygrowoplc 2alt on an
form. The resistance the salt varies with the

Pressure measuring elements can be divided into one of
two general classes depending upon pmm range.

1. For or vacuums d Bﬂlm
inch or inches of mercury, the element u.sually is a bel

diaphragm, or Bourdon tube, One side of the element may
be open to atmosphere in which csse the element responds to

pressures above or below atmospheric. A differential-pressure
element has cannections to both sides so that it will respond
to the difference between iwo pressures.

2. lewnn;esoiymorvmumwhmhmusunlly
measured in inches of water, such 23 the gtatic pressure in an
air duct, the measuring element may be an inverted bell im
mersed in oil, a large slack diaphragm, or a large’ ﬂmble
metal bellows. The element usually is of "the differential type,
and when employed in conjunction with orifices, Pitot tubes,
and &imilar-aceessories, may be used to measure flow, velocity,
or liguid level as well as static pressure.

In a relay-type trolling el the relay.
contains both a mpply and an exbausz valve usually arranged
80 that the exhsust valve must close before the supply valve
opens. Both valves are closed except. when the control pres-
sure is required to change. The variable force for operating.
the valves may be supphed du-ect.ly by the measuring element
ar it may by a d by air pres-
sure from a very small noule and restrictor arrangement,
this air pressure being varied by the me&surmg element In
either case the control p
within the relsy, prodtxuu a force whx%uen the force
produced by the measuring element.

Ppeumatic controllers may be either direct or reverse
acting. ’

A direct-acting controller increases the control air pressure’
as the _varisble . For a direct-’
acting th the air p as the p
increases.

A i 5 the oantml air pres-
sure as the cantmllcd vannble increases. A reverse-acting




