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HUNGARIAN PNEUMATIC ANALOGUE SYSTEM COMPUTER UNIT

[ Following is the translation of an articls by Imre
Szabo in Meres es sutomstkia (Mensuration and Auto -
mation) Vol IX, No 2, Budapest, February 1961, - 5
pagea 57~61ﬂ;7 .

The usual compostion of the pneumatic econtrol eircuits which
are used during the solution of the simpler problems concerning
regulation and control are deacribed below.

~ The mémentary vslues of the physical pneumatle characteristics
which are to be controlled are sensed by a relay which converta the
impulses into corresponding air currents and feeds these alr currents
into the control system, The control signal is an air pressure in
proportion to the sensed physical characteristic. If permanent control
is needed, one adjusts the fundamental signal according to the pre-
ferred value of the physical characteristic which is to be controlled.
This may bs done on the control system itself or through the use of
a separate apparstus., The controlling device compares the control

and the fundsmental signals; if there is a difference between the

signals, the controlling device alters its output to the activator
in order to correct the difference. Accordingly, the gensrally

ugsed pneumatic control circuits are composed of relays and an acti~ -
vator driven by a servo-motor, not conside the external pneu- \
matic accesoriea used for different. purposes (such as rezistering). \

The schemstic disgram of such a system 1s shown in Figur:» 1, which
illustrates the water-level control of an open-surface poul,

"The liquid level of the pool must be kept constant, desplte
the irregular water input., Thisz is possible only if the rate of
liquid drainage is equal to the rate of liquid replacement. This
problem, according to Figure 1, is solved by controlling the drainage
as a function of the actual liQﬁid level.

It is easy to see that in order for the controlling action to -
start, there must be a change in the liquid level, 8o that in case
of disturbance the control signal will differ from the fundamental
signal. The magnitude and duration of the connection depend upon
the comporents of the control device, the magnitude of the disturbance,
and the characteristics of the pool. Under favoarble eccnditions it ls
poasible to produce only a small degree of correction, or it may be
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impossible te solve the problem with the avsilable equipment..
Obviously, if the rate of liquid drainsge equals the rate of .|

liquid replacemert the liquid level must remain consbant. Therefore,
1t is advissble to measure the amount replaced and dralned and to '

act accordingly in case of a differénce. ~In spite of an equal drain-

age and replacement, the constant level may be still arbitrary; there. .

fore, as @ third parameter it is necessary to measurs the actual
1iguid level, As shown in Figure 2, this problem is solved with a8
pneumatic computer unit.' According to Figure 2, the computer adds

B

the smigrials from the relay which measures the amount of liquid = P

replacsd and the signals from the relay which measures the actual o
lquid level; simultansously, the computer subbracts the gignal from .
the relay which messures the emount of drained liquid., The result
is then forwarded Lo the eontrolling device, which compares this
~ gignél with the fundamental signal snd activetes the servo-mechanism

if needed. " It 1s apparent that because the amount drained equals =

the amount replaced the computer will forward the level-indicabing
signal without changing it, and the entire system will work as .
ghown in Figure 1. On the other hand, the result of a change in =
1iquid replacement will show up as 8 change in the actual ligquid -
. level, and thé controlling device will act accordingly to' corréct
the difference. Therefors, the controlling action starts even = .
before the disturbance beccmes effective; that is, the controlled
factor, the liquid lewel, changes. . .~ . . . o
With the utilizetion of the computer, this system offers a

fast solution, At-this time we should mestion that the pheumatic =~
computer can perform not only simple additions and subbractions, = .
but it also mekes possible multdplication by a constent figure. ~ |
Purthermore, it is capable of influencing the signal with a pre~ . 1
determined dynamic characteristiecs - . S e
' The type Mil(} pheumstic computer, to be discusses hclow, is.
capable of -the solution of four simaltanecus signals, Hatvrally, ;
the uait may be used with less than four input -signals. S

“The computer is an important part of prneumatic progressive ‘ _

“eontrol systems, sincs most problems of control can ke selved
sufficlently orily with procedures involving several parameters; . . ..
that is besides the factors to ‘be conbrolled, other enaracteristics |
of the liguid must be consldered. C E

~~ The Gmns%gguioﬁ of the Compuber o .

. ""The schematic diegram of the computer is shown in Figure 3. 1.
As far ss operation im concerned, the most important section is the
chamber system, consisting of four chambers (a,b,c,d) so that four
simnltanecus signals may be dealt with, The direction of pressure is:
negstive in chambera "a' asnd "c" end positive in chambers Rp* and "4."
By positive in direction, we mean that as the input increases or
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decreases, the output of the computer also increases or decreases.
In the case of a negative direction the reverse of this is true, .
Phe chamber system is under pressure from a spring that can be
adjusted with & hand-crank. The chamber system controls a pneumatic
signal-amplifier. This pneumatie signal-anplifier was described in
an earlisr edition of the MMG. The octput of the amplifier is fed
into the lowest membrane of the chamber system. The influence of
the input pressure in chambers a,b,c, and 4 is equalized by the out-
put pressure. | A : e
. The computer unit eperates on the compensating-force theory.
This theory states that for a given input signal, the outpub signal
can assume only one value, : » o P
There are twe adjustable chokes tullt into the apparstus. These -
are conical nesdle valves which are useful for the continuous control -
of the circulating air masses; this is done with a fine adjustment of
the cross-saction azrea of the opening. The dypemie characteristics
of ths computer can be adjusted with these nesile valves. Besides
these, there is a two-position shut-off valve which ‘also influences
the operation of the computef, In its opéd position the shub-off . -
valve allows the cutput pressurés bf the computer to be fed not only .
under ths lowest membrane bat &leo into chamber "a," thus dividing
the catput by two. This assurss e constant mathematical ratio in
case only two input signale are used. (In this case, of couras, we
are not using chamber "a.t) I L
We must alsoc mention that the membranss bordering each chamber
are without exception double mesbranes, even though they are shown .
as plane membranes on the schematic' diagram. This is because thsy -
are subjscted to pressurs from both sldes, The four connections on
the casing of the cylindrical device are for the input signals. The
bottom two serve as valves for the cutput signal and-the air supply.
In the fundemental position of the chambers and in the closed position
of the 2djustable and shut~off valves, the A ,B8,0, and D signals are .
fed into thelr corresponding a,b,¢, and d chambers, OSince the
cylindrical cylinders can rotate around their own axles in their own
planes, it is& possibles teo interchange the order of the signals; fur-
thermore, it is possible to achieve & position in which more than
one chamber receives the same sigoal. In this case, of course, the
pumber of workable input signals is less than four. Also, by the
rotation of the chambers it is possible to send a signal through the
adjustable valve or to allow fres air to pass through a chamber. The
mmber of varistions that may be produced in this manner allow the
computer toc perform certain funciions; we ghall discuss the most
important of these. We will mot go inmto all pessibilities; but thess
csn be derived from this article, - . R
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The Ogaratiaﬁ‘cf ghe Computer Unit

The computer is capable of processing the four signals, A,B,C,
and D, simultaneously. The construction of the chamber system is such

- that ezch chamber is isolated alternately with membranes whose surface-

area retio is one to two. If, according to the fundamental setting,
we fead signals A,B,0, and D in this order into chambers z,b,e, end
d, then the operation will develop according to Figoye 4. The equi-
1ibrius of the chambay sysztem iz expressed in the following Yormla:

RfD~C4B-A-K = O.
The value of the output signal is
¥ = BeD-(A$C MR,

The computer, therefore, subtrasis the sum of pressures A and ¢ from
the sum of pressures B and D, R is the force exerted by the spring
with which We adjust the output~level so that under the eircumstances
expected during cperation a negative signal will not develop. During
operation, interference will not develop, even in case of a negative
regult becsuse the naturs of the equipment is such that it cennot
produce a negative output.




Figux‘e i »

In suah a s*tuahian the minimum input gignal will slways prepare the i
computar for copftrolling the action of ‘maximum magnitvde and spsed.
The meximum magnitude and speed aré detsrmined by the physical limi- i
tations of the eguipment.' Since the operating range of the pneumatic
control system is between .2 ~ 1.0 atmospheres of pressure, the pes- :
gibility exists that after the opsrations have been performed an
. output signal may result whose pressurs is grester than 1.0 atmos-
pheres. 1n the case of the conbrol system, however, the situstion
is similar to the cne deacribed previcugly. We do not utilize the

corputer as a single unit where ibs limitationa would,ba disadvan»
tageocus. , .
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Figure 5

We past also mention that the lebtara uamﬁ in the abave illus» ;,.
trations represent forces; and that the A,B,C, and D forces result .-
. from the input pressures and act upon tha surfacaa of the chambers
in use. The chember surfaces are equal; as & result, the forcea are °
proportional, £o the presaures. This is why we can use the letter -
symbols to represent pressures. If less than four input signals are’
used, certain connections on the analyzer will remain free, "In place

of the letteys corresponding to thew we subatitute a zere, thns, the
equation remains walid. :



~ The connsction diagram of the computer in the control eystem
shown in Figure 2 is shown in Figure 5. In this case one connection
(C) is not used, and according to the formula the value of the output
signal can be determined in the following manner: , ‘

K=BsD-A4R.

. Since R, which ie adjusted by a spring, is a constant, it is
obvious that the output of the computer depends upon the actual
liquid level when the rate of 1iquid replacement and drainage is

he function of the two-position shut-off valve shown in
Pigure 3 is illustrated in Figure 6. Ths output of the computer is
fed into chamber "a® in addition té the normal feedback, This is
accomplished through the opening of the two-position shut-off valve.
(Naturally, in thie case the A connection is sesled off from the cut~

side.) _.
AN o
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Figure 6

This example alse illustrates the possibility of feeding one signal
intc two chambers simultanecusly by rotating the chambers. In this
case wo shall feed signal B into chambers b and d. The equation
is the following: L

RgB-CFB-E-K=03
KulBoCPR
- ¢ ie'bbvioué t.ha.t the rqeding of the output signal into s
chamber "a* resulted in a division by two, while the effect of signal

B was doubled. When such connections are used we place much greater
esphasis on the B parameter than on that of C.




Figure 7 11lustrates the method of obtaining the algebraie .
mean of the two signals aceording to the fellewing relationship: .

Ka%. B
2f2

Figure & shows a situstion in which we wish to place less
emphasis on a signsl. The A and € signals are fed into chamber "d"
throvgh &diustable cheke no 11, Chamber ?d" is in cireulation with
the atmosphere through a constant choke. C :

Circulation T
with atlmoss i o
where - m,»'——‘-'--~~_-~w--~@-»-~} .
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The A rnd D input conuections are sealed from the cutside. Thug, ;
we have created a pnsumatic mesmber (RCR). The constant value of the
pressure dsveloped in the intermediate storage chamber (d) will :
‘be (k:R), where {0¢x{1}.  The value of {x) can be ‘adjusted with choke

no IT. The value of the outpet signal is:  * ~ . ° - P

K=UGEBAR,




Plgure 10

When proper coupling is used, the amplification factor of the
eomputer can be changed with adjustatie choke no I, This connection
dlegram is shown in Figure 9. As an example, the computer must
process negative (C) and positive (D) input signals. The input
eormsetion is sealed fram the outside. The culpat signal ls fod
through choke no I, into chamber k" which 1z in cireulation with
the stmosphere through the constant choke. C

K : ‘

"C\)" %M‘%

@ B ‘
in _ | t

S =

i

Figure 11 -




The (RCR) member thus created is stored in chamber "by" the pressure
that is developed here will have a value of (k-K), where (O¢k<l).
The value of (k) is determined by the adjustable choke. The balancing
scuation of the chember system is: '

R D GpREwEC
The value of the output signal ist

Km 3 (DCfR).
(1-k]

Therefore, the amplilicetlon fagtor becomes:

Tk

Since the value of {k) can be adjusted betwsen (0-1), thecretically
the smplification factor can be adjusted bstwsen (1-00); in practice,
we can acquire an amplificastion factor of (35-4C). This satisfies
the industrial needs in sll respechs.

10




~ The variations se far discussed were the statistical functions
of the computer. As we mentioned before, the computer ls also’ napable
of the dynamic analyzation of the individual signels. .
In the case of the set-up shown in Figure 10, the D signal
is fed into chambers d and ¢ in proportion, but into chamber "¢
we fesd signsl D through an adjustable choke. Thus, in the first
moment signal D, emters only chamber "d."‘ The equation is:

me?R,t*'b@ @

, Starting from (t=te) time interval, t.he value of the out.mt
signal begins to decrease gince tha D signal beging to £ill wp
chamber " through the asdjustable choke, After the filling process
has taken place, the pressure in chambeyr "c". will brild up to sgual
the pressure in chamber "d.," The time which is required to reach

the stable condition depends upon the setiing of the adjustable choks.
The equation of thig function in the stable mndition ia:

KwBiuR.,

: By comparing the two equatiena it 4s easy ta see that the
eompuber considers the I signal st the beginning of its operation
cnly; later on, it disregards it. Naturally, this situstion exists
vhenever the D signal changes even to a small degree. Figurs 11
shows the functions of this changing pracemx; this re@fem to the
sudden engagement of signals B and D,

The cceasional occurrence of imerfemnca signals in such a
computer should be noticed. The influence of these interference
- signals is thc, greatest. dur*ing periads of no manga in the contral

signsls, :
' Figure 12 illustrates a syatam in which the effect cwf the ,
input signsls is intensified for & certaln period of time, but when
the stable condition is resched the output adgnal is set back to
its orignal velue. Two adjustable chokss are used for this parpose.
Figvre 13 illustrates the transition of thle process.

The capabilities of this computer have still not been axhausatsd. ,
The cases mentionsd above serve only as examples. . The method of i
connection should be chosen with considerstion for the properties
of the section which iz to bs controlled. With the utilisstion of
the computer the usefulness of pneumstic control systems is greatly
expanded; furtherxmors, it becomss pessible to cope with problems
which could not be solved with simpler control systems. The phote-
graph of the spparatus iz shown in Figure 4. Tt is finished in
gray hammertone, . Lo
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The properties of the computer aret

ﬁﬁm&@r of inp.ﬂ;e“3ign&lgéb¢@nettc@a&aaoﬁwog(m—oah ’ S :
The vange of Inpub signalaaﬁ.«»un».i,.@...,.o.oaz-a'1,0 abmospheres
The range of outpub elgnaldcsecacorrssonvaresslal = 1.0 stmogpherss
The pressure of air feﬁdmena-;em aqea‘éataosaie'aqpluzj stoospheres ‘
Acﬁﬂr&ﬁy«»atoshec»0&@.ve»coobaéawwa'oﬁab‘uq‘acso..mtlum

Type ﬁumb@raeoaaseo;eaoe'u&ooa««scéuouatsoecuvnlj?"?Bﬂe

The pictorial diagram ié ghown ih Fig&ra'1$¢f ;
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