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TYPES OF CONTROL ACTION
Control action may be divided into five types:
1. Two-position action, Fig. 2, is the type in which
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duce aperating differential. In heating thermostats, a heater ele-
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5. Pmpomonal plus ' eutomatic Fig. 5, com-
bines t.lng action with pmpomonsl action to u!ueve both
the stability P‘r:gomonal control, with a relatively wide
throf range, the invariable control point of
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automatic reset serving to t con! int back to
the set point hmevu' any offset oceurs. e

Reset rate is the number of times per minute the Ppropor-

tional action u duplicated by the reset- acuon, and usually is
cxpresed per minute. The resct rate in most con-
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Fig. 3....Aoating Control Showing Vurlohalschﬂroﬂed
Variable as Load O\cngas
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only whmlmdchangumuf msona.br} long duration and
when the maximum offset mxlung fmm pmporuonal coatrol
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AUTOMAT]C CONTROL SYSTEM
L ' COMPONB‘"S . .
In addition to 1l led devices, many
control systems include aunhary apparatus such as switches
and relays of various kinds, elocks or timers, thermometers,
gages, pilot lights, and other indicators for observing the
operation of the system. Only those more commonly uud

will be described here.

Coritrollers .
+ Automatic controllers have both a sensing elemant and s
transducer. .
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- insulating form. The resistance of t.he

Autginatic Control:

be a change in force, position, or electnml
on the type of sensing element used. *

This effect may
xmsmnmde converts the effect produced byt.hesensmg
ble for of the

The -
element into an effect . mechanical d
device. In P
pressure of a eompxmsed air epergy source
wﬂﬂfﬁw%‘; wnf.-olled devwe in eleciric or e]ec!.mml: 6y5-
phed tes the flow of electrical energy.

Types of Sensmg Bements

sensing dlements usually consist of (1) a bimetal
strip; tod and t.ube of dissimilar metals, (3) a sealed
mﬁ);m or without s remote bulb, or (4) an elecmml

istance. thin of dis-
A- bimedal element ummpoaedoftwo stripa
er. Bemuseﬁmtwomeuh have
mmmhfusedtogeﬂll 1 tho % bends
nchmgempoutwn.
and the
t strip, Uﬂh&ped,
lmmosteommon
mmsu-uon

as the v s t V’"”m’dfuj

l‘::e the f of a
quired, it may in the form
iral. This element fin
az!ougdm:':o;? but is also
?na’ W.nm‘h > of a high- eu.l
zlzmmlconslsu 8 ~eXPANEiON M
tube msldedwhmh is a low-ex) n rod with one end attached
to the rear of the tube. The tul length with changes in’
tempenature, causing the free end of e rod to move. The rod-
nnd—wbealmem.xsmmmonlyemployeduncermn ypegorf
maerhnnmdlmmmon thermostats.
A sealed-bellows element i elt.her vapor—ﬁlled gu—ﬁlled.
hmnd-ﬁued.dwbangwwn Changes of
pressure ur volume of the pa or
r‘nmmlmgmnchmgemfomwsmmmt I\m
em.xsahu: employed in room thermostata.

A remotebulb clement is a sealed bellows or dinphragm to
which a bulb or eapsule is attached b mmsofnmﬂﬂm
,thcenﬁremwnbemgﬁlledm vnpor,ga.s,or
Ch.::fmof ture at the bulb result in
or volome mwmmummwdhthebeﬂmordmpl:‘xﬁm
through- the capillary tube. The remote-bulb element-is
where the temperature m easunn;pomturunnmfmmmdm.red
thermostat location. It usually 1s provided with ﬁt.ungu smtnhls
furnwunnmwnductormwnp!peorunk_

r‘ﬂ.moedema&umadeof'uemtielecu;:l'm-
mtanee t changes with tem; ture changes. A thermistor is &

hn':ih unn—wnducmpra:n wlnch electrical” msu.nz

with temperature changes. A is & union
two metals joined at the ends, havmggenmted voltage
thatvmaasnfunchonof\an ture These various
elements are available in forms sunable for mmrmxmomtﬂn-
perature or for insertiop into a duct, pipe, or tank.

FEs

medwynnn ‘elements are made of [¢}] hygmscopm or-
ganic materials or (2) an electrical resistance.
lhwmdmumuumaﬂymadzo(hummhur wood,
, of animal membrane. Changes in relative humidity cause
'-heel!mentmexpand or contract.
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mﬂuwﬁs,mybausedmmaasureﬂw valouty,
liquid level as well as static pressure. - -

Sensing elements for other purposes, such as flame deteo—
tion, or for measuring smoke density, specific gravity, current,
CO4, CO, etc., are often necessary for the complete control of
& heating, venu!aung or air-conditioning system.

Types of Transducers s MNAE

Transducers differ widely; some regulme the spp!xmtmn of
poeumatic energy, while others regulate the application of
electrical energy. They also differ nceordmg to the type of con-.
trol action produced. Five typa are in common use: -

1. Blectric d: 11 bined with pepsing
elements having a force or poemon type output to obtain various
oonnol modes.

For hmosdwn control, the transducer may be a simple ele&
tnul contact which starts a burner; pump, etc., or which actu-
atasspnngnmmvnlveordampaopemm 8PD’ Tmu‘.hmg
circuits are used to control a 3-wire unidirectional motor operator.
SPDT circuita also are used for beating-cooling applications.
Fither SPST or SPDT circuits may be modified to obtain timed
two-position action.

b. -For floating control, the transducer output is s SPDT mwh—
ing circuit with a neutral zone where neither contact is made. This
type of control is normally used with reversible motor operatora.

¢. For proportional control, two typen of transducer systems are
in comunon use.

{1.) The sensing

element moves a wiper arm scross a potenti:
ometer to vary the voli nppl.\ed ton balancing relay. relay
controls the op motor and is re-
balanced by & va.nable voluge feedback signal from a second
potentiometer in the motor operator.

(2.) The sensing element poeitions a floating type mwhmg
cireuit with a neutral zone, which controls the operation of a re-
versible motor operator. The control is rebalanced by a small
solenoid, epergized by a variable volt.age feedback n@al frora a
pomuomew n the motor operator. . .

! d: uses an el i n.mphﬁefw defect
generated by the sensing elements. Two
ifferent transducer outputa are in common

d:ne ama.ll voltage
typu of systems with
n. In one system the amplifier output actuates an electric rehy
relays. 'I\:e control mude may be tvavt:r—posgm“l;nl,n floating, or pro-

di

g‘onr mporuonal mntml, rehyn eontxol d:e operauon of a r&

vermible motor

voltage feedback signal impressed on t.he t\mphﬁu fmm a po-
in the motor

b. Another system uses the n.mphﬁar output. to actuate.an

electrohydraulic relay which-in varies the position of a:
hydraulic operator. The control mode is propomoml, and re-’
balance is provided by a spring in the operator.

3." Electranic-pneumalic transducers use the output of an elec—
tronic amplifier to actuate an 1
a variable air pressure applied to the controlled de'vwe. ‘The eon-
trol mode may be r:l‘:o_mum or pmpomom.l. depending upon
the

2. A resitonce element, for use with i 1l
of- hygmmpn: et ux:n f;l:

Pressure mnnq elements can be divided into two general
clagses, depending upon pressure range.

. L Far 5 d in pounds per
mﬂhwmchuolmucury,thedementumuaﬂysb:ﬂgm
dizpl or Bourdon tube. One gide of the element ma
mwthasunmphm,mwhdxuuthe
Ppressuréa above or :below

element, has connections to both sides so that \t.wdlmspondto
the difference between two pressures.

2. Forhwmguofpresamarmuumwhmbmumﬂly

element respon uz
diff

4. Ps d i bi ne w“hvmahmle
lementa hnvmg a force or pouhon output to obtain &
. emrmure tput. Ths cont.ml mode is malem{v]l proportional,
but oumr modu r\-is used. They sre generally classified as
vonrelsy type and y type. the o
The nonrelay type d is the !
fo:n_ It uses mmctm' in the éa;r suppl; Lud a bleed nox;.lde.
el t positions a w the nozzle
e e e o v air mpper output npplwd to the

opem, resulting in a variable
be - ; coni devu;‘-:,8 usually a smnll pnmmahc openwr The nox

re.lay type is limited to
% In a relay pneumhc tnnsdueu- the vn.nable force pro-
duoed by the m‘?‘ng element either dmscdy or indirectly through
Y rutzu:tm, nozzle, and flapper nrnngem t, nctuat;s & relay of
t 1 air di by the out~

meagured in inches of water, such as the static in an

putprmmchnngeumbdan nplnst&fompmducedby
thcmmng

air duct, t.hcmeamnngdzmentmaybemmveﬂedbelllm—
mﬁledlnod,ahrgeahck’ phngm,urnla.rgeﬁgxible
metal bellows. The r.lc.mmtu.mnl.lyuof

when emplnyed in’ conjunction’ with orifices. Pitot tubes, aud

direct- or reverse-acting. - I

are furthes classificd by construction aa’
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