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# relatively easy process to control alnce
no time Jogs are present, A moro difi-
cult process requires careful adjustment
of the instrument to aitain gtability,
Thermal Log, Assums the left.hand
tank represents heat inflow or steam fn-
put to an sir-heating coil. Water flow
from the tank now represents heat flow.
ing through the coil wall. By imposing
-arestriction to water flow from the first
tank we can simulate resistance to hest
flow through the pipe wall, {thermal
lag). To provide this restriction, a
small hols is drilled in gate of valve be-
tween the two tanka.  With valve closed,
water fow is restricted (o the amall
opening. Right-hand tank represents
temperaturo level of surrounding air,
and it is this Jeve) we wish 1o conirol.

Closing the gate valve introduces
time lag in system, and lefi-hond tank
level begins 10 rise becauss of restricted
outflow. Weo now visualize continued
inflow of steam to the cofl (first tank),
but b of th )] 1
{small hole in valve}, heat is delivered
slowly to surrounding air (second
tank).,  With continued sddition of
stezm, temperature leve) of alr (water
in second 1ank) risea enough to cause
the controller to close the aupply valve.
Level in left-hand tank is still aboorm.
ally high and because of the time lag,
it recedes slowly. Excess water in this
tank corresponds 1o heat stored in the
walls of a heating coil when supplied
with too much steam.

As air temperature grodually drops
(leve! in second tank), the coniroller
8gain comes into action to open the
valve. Cycle then ropeats because the
valve tends to overshoot desired flow
rate necessary [or alable operation. The
cyclic condition may continue indef-
nitely and at best requires cansiderable
time to dampen out. We can tud

-

P

‘\’,’—-h"ﬂd o’”m with
G

r (TRe 1008}

% Beilows trovel
with propertiono!
ection enly

Owput to control velre

K proportienal ection only

output pressure. Remember when the
pen is at midpoint, the baffle is at its
midpoint, and oulput is at midpoint
of lis range. Consequently, lever T
is at its midpolnt of iravel, and thus
the nozmle is correctly positioned in
relation 10 baffle. With a change in
pen position, afl the foregoing parts
move In proporiion to magnitude of
change.

1t we change the procesas load to 75%,
the float dreps, pen moves up scale,
and a8 the controller mechaniam grade.
olly reaches & new point of balance,
cutput pressure reschea 12 pal. Control
valve now passes a flow equivalent 1o
75% load and ithe process is again In
balance. Examination shows that lever
T has moved to the leht and now occu-

that the throtiling range of the Instru.
ment must be increased 16 srabilize the
aystem.

Effects on Offser. Increasing the
throtiling range also increases amount
of offser Irom the contro! point experi-
enced with a load change, so we need
automatic load-change compensation,
Before designing such automatic com-

ion, let's i i P of
a proportional controller having 1009
throtding renge when the load chenges,

Moking dj

pies s ftion corr ding to 759
of its tota) travel.

Secking some way to return the pro-
cess 1o its original control point and
still maintsin balance at 759 load, ws
Erat analyze the condition of the pro.
cess. It is evident that tank level is be.
low the desired control point, so the
velve must be opened farther to admit
more water. To do this we mast in.
cresse the output air pressure.

By disturbing the nozle-baffle clear-
ance the arplilying action of the relay

Y J , we
set the peicocks for 509 load. Output
preasure settles out ot 9 psi and the pro.
With

d the desired incresse. Com.
pressing bellows X 1o cause auch a dis-
turbance returns Jever T 1o its original

9-pal output pressure, lever T, Fig. 4,
is In its midposition since movement of
bellows and spring mechanism is pro-

+ portionol over a range of 3. to 15.psf

9% (696}

| Output air pressure im-
increnses, lled valve
opens, and tank level rises to its origs.
nal position. Pen has now retumed to
the desired control point.

At al

Two opposod bellows connecting to nozzle arm gives both proportioning ond reser
actlon if restricting valve to bellows Y s odjusted 1o motch the protess needy

If repositioning of Jever T needed
the application of an external fores to
the bellows and spring unit In s dires
tion to further oppose bellows sctinn,
and the load change experienced caused
un increase in output from 9 to 12 P
an suxiliary betlows, so placed to oppase
bellows X, would supply the needed er-
temal force if the 3.psi change wen
utilized as the restoring power, Lets
Investigte replacing the spring with's

bellows.

Rolerring to Fig. 5, bellows ¥ 1o
places the spring and opposes bellom
X. 11 Y is to furnish an opposing loree,
equal to the spring 8 given amount of

alr must bo trapped within iL At s
starting point, let's charge the bellows
with normal output pressure of 9 g8t
required by the controller 10 msintais
stablo control ot 509 lond ond elest

valva R.

Alter adjuating link § 10 compensats
for & slight varlation between, spring
ond inflated hellows, the controller 1
10095 proportioning -

produces Lhe

uction obtained with tha spring-op!

bollows. This action can be checked b7

moving pen, Fig. 3, across chart wd

observing the proportional change o

output pressure.
Eliminatiap Offsat.

Allowing 8

process to ‘reach stable contro} 3t

load, we now increase the load

As with the provious controller,

10 5%
wth

pen moves to 75, output pressure g1

ally reaches 12 pal end lever

T movas

to the 75% positlon. We now wast 2

return laver T 1o Ita midposi
thereby upset the nozzle-befilo
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Nozzle-boffie system mounted on

i 6 vglve positions tha stem accurately
ship to rebalance the system. By open-

* ing valve R, Fig. 5, we con admit out-
 put alr at 12 psi into bellows ¥ ond
‘N - forca lever T to ils midpositlon. At this
B ' point both bellows Y and X are charged

Noxzle position, datermined by lever
T, controls output pressure, Table |

nomle necordingly. As sir slowly bleeds
into X, tever T is gradually forced to its
orginal position preceding the load
shift.

In d ing thie sction, let’s ad-

ES _with 12-psi pressure and reach a posic
« tion of equilibrium just as they were
when cqually charged with 9-psi pres-
wre. In both cases, lover T ls et its
i midposition. Table Il shows this step-
. wise reset action.
. The precess hes rebalanced during
R . this procedure and the pen has returned
. % the contre) point within the color
band.  As we observe the process
actlon, contrgller appesrs to behave
like ¢n onoff unit. Process has fallen
112 » cyclic state and pen i 1

just velve R to admit air gradually to
bellows ¥, Fig. 5. In practice, nability
of the process governs this bleed rote;
otherwise, o cyclic condition may bo set

vp.

?lmposing a 509% load we observe that
the pen lavels out and holds at the 50
mark. Suppose wo change the load to
759%. Pen swings about 20 chart units
10 right of control bmd!.nops'. and' as

the ller is greatly 1
Slowing Follow-wp Action. Evidemtly,
noule follow-up cannot be entirely
eliminated il proportional reaponse is lo
be retnined. But il nomle movement is
momentarily interrupted as the baffle
pssumes 0 new position, output from
the 1) ily chunges at
a rapid rote. 1f follow.up action could
then be resiored, the instrument would
again perform &s o proportional con-
troller.
Recalling that follow.up 18 produced
N impulse delivered to

bellows X, desired momentary interrup-
tion is achieved by instolling o restrict-
ing needle valve P in the air lines (eed-
ing bellows X, Fig. 5.

Controller now operates thus: A
slight pen disturbance causes bafBe to
changs position in relation to noxle,
and thus genarate a rapid change in out-
put pressure. Since needle valve P

ricts air flow, proportional action of
bellows X 1s greatly retarded, and this
holding back allows output preasure to
Increase or decrense rapidly. Such

Terat] provides the | 4
rate of controller response we require.

The term rate response is generslly
spplied 10 such controller action. As
air continues to bleed through needle
valve P, the proportioning bellows
eventually causes nomle to assume i
correct position in relation to baffils and
thus preserve proportionsl sction.

Let's make usc of this response by
partly closing needle valve P and re.
pesting the. load change previomly
shown with proportional plus reset re- -
sponse. lLoad on the process is set ot
50%, throttli range i at

the reset action 1 to
returns to the control point.

slowly Y
C ller has thus P for a

1urge first above and then below the do-
sited contro) point {color band).
Reason for the on-off hehavior is obvi-
Su a8 we watch opposing bellows ¥
work, Fig. 5. With valve R fully open,
bellows receive ‘an equal impulse
from the outpnt line. So no motion In
imparted to lever T to caiise proportion-
ing or fallow.up action of the nomle
Stace It remaing statlonary, the baffe’s
dightest movement couses o rapid
age In output pressure. This sction
b ideatlea) 19 an on-off ler's.

loed change. If the lood is now re-
turned to 50% the pen swings shout 20
units 1o left of contro] band, then

100%,. while reset rats Is Increased
slightly by opening needle, valve R
farther, These three adjustmenis cor-
respond 10 the three adjusting knobs on
a conventional instrument and are set
In accord with process ‘stability,

slowly returna to original positi

While the controller now compensates
for load changes, its recovery speed is
too slow, Increasing the reset rata may
help at times but ot others & higher
reset rate may give unsioble control.
What we need is an auxiliary device to
increasa recavery speed without impair.
ing reses or proportions) aetion.

To nchleve sutomatic resel, yet pro-
v suability, we have to throttle valve
N % 2ir bleeds slowty Into bellows ¥
ihﬂlmr ® load change occurs. Thus,

® ploportioning action of bellows X
:;: be rewined because any load

98¢ causing o bafle movement im-
Bedintely produces n change in output
 Pressure, ang bellows X repositions the

¥
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Reviewing the action of the on-<off
controller we End that any slight mo-
Aion ronsmitted 10 the bafie by the pen
couses n rapid change of output pres-
sure. Because of lack of follow-up
action by the nozale, 8 minute movement
of the baflile caused an instantaneous
change In nozle backpressure. If this
acyon can be Incorporuied in our pro-
porliona) system, response rate of

Load-Changs Action, 1{ we Increase
the load to 75% the pen swings but four
ot five chan units away from the control
band and quickly retums. Decreasing
Josd to 50% shows the same sclion in
the direction. Deviation from
the control band is reduced from 20
units to sbout five, nnd recovery time
fa reduced considerably. R

While this test shows an accelernted
recovery foliowing an instantaneous
Ioad change {rom 50 to 759, the mejor-
ity of processes do not reteive such an
abrupt upsei in actual practice. It fs
more likely that the Jood change wil)
occur ot a for slower rate. Rate zo
aponse will assist greatly in stabilizing
the contro} in such coses since it causes
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