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SEVERAL PROBLEMS OF THE DYNAMICS OF HYDRAULIC=-
GEAR LATHES

by

B. L. Korobochkii

This article examines the operating unit of a hydraulic gear lathe which
is a closed system. A generalized structural scheme of a hydraulic gear lathe
has been compiled which makes it possible to use frequency methods to study

the dynamics of a hydraulic gear.

In modeling the hydraulic gear of a broaching lathe, it is shown that it is
possible to sythesize the stabilizing devices in order to obtain the desired

transitional process of the operating unit of the lathe.

The advantages of using a hydraulic gear in automatic lathes and lines
~which have brought about its extensive use, are well known.( However, there
often occasions of instability of motion of the operating units‘, especially in lathes
with long hydraulic cylinders. Occasions of instability of motion are encountered
not only when there are low shifting velocities, where one of the causes of
instability is the ''falling'' characteristic of friction, but also when there are
relatively high travelling speeds where the force of friction in the controls

is slightly dependent upon the travelling speed.

Frequency methods of analyzing the synthesizing linear systems which
have been widely used in the technology of automatic controls, have been applied
only to solve the problems of instability in hydraulic tracking systems and, as

far as we know have not been used up to now in planning ordinary feed gear lathes.

This work attempts to present the dynamic system of a hydraulic gear
in a structural scheme which makes it possible to be analyzed by known fre-

quency methods using electronic modulating devices.

The hydraulic gear system can be represented as a closed system consisting
of two sections (Fig. 1): the mechanical section whose characteristics are
described by the transmission function Wm(s), and the hydraulic section with

the transmission function Wr(s). The input effect of the mechanical section is

Declassified in Part - Sanitized Copy Approved for Release 2012/01/04 : CIA-RDP80T00246A018700330001-8
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the change in the motive power'ZJ(s); the output coordinate is the change in
the velocity of the operating unit of the lathe M(s). There is a disturbance
in the operating unit of the lathe which corresponds to changes in the cutting
and friction forces which can be overcome by the operating unit. Depending
on the type of lathe, this disturbance can be either periodic, as in broaching

and cutting lathes, or single, as in planning and grooving lathes.

The transmission function of the mechanical section
. »0s)
y e / 5 ] P i
W, ()

characterizes not only the construction of the mechanical part of the operating
unit of the lathe, but also the dynamic characteristics of the operating process,
i.e., the relationship between velocity changes and the cutting and friction forces
produced by these changes. A number of works in the fields of cutting and friction

have been devoted to a determination of these characteristics e. g. [1].

The task of a hydraulic gear, as for any other gear, is to obtain the
operating unit of the machine with the motive force converting the corresponding
form of energy into mechanical energy, and to make the motive force conform
to a given velocity. The dynamic characteristics of a hydraulic gear are

described by the transmission function

i / - — !
W) ==

where the input coordinate is the change in Velocit')yms), and the output coordinate

is the change in the motive force 2(3).

In a general case, a regulating action can also be applied to the gear during
a programmed regulation of the velocity. In this work, the simplest case is
examined when the gear is constructed for a specific shifting velocity, the estab-

lished value of which is not regulatedduringthe time interval under study.

Thus,we have aclosed system whose behavior is influenced by the character~
istics of both the mechanical and hydraulic parts. When the entire system is divided

into its mechanical and hydraulic parts, elements, which constructively, belong
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more to a hydraulic gear, may enter the mechanical system. For example,
when we study the operating unit of a lathe, which has been started by a
hydraulic cylinder, it is necessary to relate the mass of the piston and coupling
rod and their friction characteristics, when compressed, to the transmission
function of the mechanical section, although constructively they belong to

the hydraulic gear.

Since Wn(s) > 0, for, when the motive force increases, its velocity and
derivatives always increase; the necessary conditions for the stability of the
system is the negative value of the transmission function of the hydraulic gear,

since only under this condition is the system closed by the negative feedback.

The stability and quality of the transition processes of a system may be
made to conform to the operational requirements of the lathe by assigning the

corresponding characteristics of both the mechanical and hydraulic sections.

In this work, we assume that the transmission function of the mechanical
section is given, and that it is necessary to define the quality of the transition
processes with parameters énd the scheme of the hydraulic gear. To do this,
let us make a structural scheme of the hydraulic gear in a general form, i.e.,
a scheme which describes the occurence of the operating processes in the

hydraulic gear independent of the scheme used to do this.

The motive force of the hydraulic cylinder (Fig. 2)is determined by the

/.P: E/’a N 'Ll—/a'

where _1? is the motive force

equation

P, is the pressure in the pressure cavity of the cylinder
2] is the pressure in the counterpressure cavity
FZ’ Fl are the areas of the corresponding cavities,

This equation can be written in relative increments as:

:}E{j/ (k#-<%) (1)
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a P
where %2?:‘15 the relative change in the motive force;
Sb:*;iﬁ —1is the relative pressure change in the pressure cavity;
20:-52‘___ is the relative counterpressure change
e:ﬂ&;, is the ratio of pressures in the cavities of the cylinder at the

q/-p;:? - established operational regime;
= is the relationship of the areas of the cylinder cavities.

Now, as well as later on, all the coordinate values with an established

movement will be written with the ”;Linl'aﬁscript "o', and all increases with the prefix A.

Since the operating fluid used in the hydralilic gears in compressible,
the process of pressure change in the cavities takes place with a certain delay
with respect to velocity change. If the wave processes are disregarded, the
equation of continuity of the cavities of the cylinder can be written for both

cavities in the following form:

for the pressure cavity:

A ' Vz
Qz:/::: "";ZEL

for the counterpressure cavity:

Q= £+ -

where v is the travelling velocity of the piston;
Ql’ QZ the seconci discharge of fluid from the cylinder;

Vi V2 the volumes of the fluid in the corresponding cylinder cavities.

But Q/l/l - l/, ’ U/P/
at Eo A

where EO is the elastic modulus of the fluid.

This relationship holds true even for the pressure cavity. Therefore,

the equations of continuity in relative increments can be written as:

/)7= ‘f+7,'53'* (2)

T.R. Note: '"Second'' here meaning unit of time.
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= %-‘Z;:}L (3)

where = Av/v2 is the relative velocity change;
= AQl/Q2 the relative change of discharge in the counterpressure cavity;

= AQZ/QZO is the relative change of discharge in the pressure cavity;

R Sl e

- Ll plO/EOVO the time constant of the compressibility of the fluid in the
counterpressure cavity;

T2 - I_;2 pZO/EOVO the time constant of the compressibility of the fluid

in the pressure cavity;

Ly L2 the lengths of the corresponding cylinder cavities.

Since the time constant of the compressibility of the fluid depends on the
position of the piston in the cylinder, then strictly speaking, they are variable
parameters. However, since we are studying the behavior of the system with
slight deviations, we can assume without any significant error that they are
constant during the transition process examined, but we shoud make a decision
as to the stability of the system when the piston is in different specific positions.
Since, in most cases, the volume of the fluid which is in the cylinder cavities
is considerably greater than the volume of fluid in the tubes, we can disregard the

latter although, if it is necessary, it can be easily calculated.

For the operation of the hydraulic gear, it is necessary to grease the
pressure cavity of the hydraulic cylinder and to take the grease from the counter-
pressure cavity. Depending on the scheme and designation of the gear, a different
hydraulic apparatus and pumps are used to do this. The main feature of this
apparatus is the dependence of the discharge on pressure. It is possible to
express the characteristics of the apparatus and pumps included in the corres-

ponding cavity of the hydraulic scheme of the pump, by the transmission functions.

X (5) (4)

W, &)= 820
) (5)
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where Wl(s) is the transmission function of the apparatus contained in the
counterpressure cavity;
Wz(s) is the transmission function of the apparatus and pump contained

in the pressure cavity.

A simultaneous study of equations 1, 2, 3,4, and 5 makes it possible to
make a generalized structural scheme of the hydraulic gear which is shown

in figure 3.

From the structural scheme of the hydraulic gear, it is clear that the
basic influence on the characteristics of the hydraulic gear is the time constant
of the compressibility of the fluid and the transmission functions of the hydraulic
apparatus contained in the corresponding cavity. Therefore, the transmission

function of the hydraulic gear can be written as:

/

/ —

e =L p S TS
W= = e (R P 7@ | ©
7S 7,8
In the examination of the general structural scheme of the system of the
operating unit -~ gear, it was shown that for the system to be stable, the
necessary condition was the negative value of the transmission function of the
gear. From equation [ 6], we see that this condition is always fulfilled when
Wz(s) > 0 and Wl(s) > 0. The structural scheme shows that if these conditions
are not fulfilled, the integrating sections of the compressibility of the fluid in

the cylinder cavities are the positive feedbacks.

Independent of the scheme of the hydraulic gear and of the characteristics
of the apparatus used in it, leakages in the hydraulic cylinder, which we did
not consider when making the structural scheme of the gear, can be very
important. Let us show what leakages can do. Since external leakages in
hydraulic cylinders areintolerable we shall study only those leakages which go
from one cylinder cavity into another. Leakages between cylinder cavities

are proportional to pressure drops in the cavities and are defined by the relation-

ship: ? - ¢ ﬁpa ——F/)
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where g is the second leakage discharge;

c is the coefficient of proportionality.

In relative coordinates, this equation has the form:

%:ﬁ/ﬁ%—f/ (7)

Whereﬁ = Ag/go is the relative leakage change.

The equations of continuity can be written in the following form when

leakages are taken into consideration:

/”;;“"77‘534_‘2/ ?y
ﬂ:g*rqu'-*/zlgy (8)

wherezl = go/Flvz is the relative leakage coefficient,

If we set d =1, which corresponds to the equality of the areas of the
cylinder cavities, the structural scheme of the system will take the form
shown in figure 3b which shows that when the areas of both cylinder cavities
are the same, leakages form a negative feedback, which closes the entire
gear. If d>1, the leakages form negative feedbacks which separately close
each of the contours of the gear cavities, Moreover, the effect of the leakages
on each of these contours will be different, and this difference is determined
by the ratio of the areas. Leakages have more effect on a cavity with a smaller
area. However, the qualitative effect is preserved, i.e., leakages between the
cavities favor conditions of system stability due to the introduction of a rigid
negative feedback with the coefficient of the feedback 9, . Therefore, when
a system is not required to be stable (independent of the load velocity), the
leakage can be artificially increased; and this is a very effective way of
stabilizing the system. Another limitation, besides rigidity, in the application
of such a stabilizing contour is the expenditure of the energy and correspondingly,

the heating of the grease in the system.

On the basis of the generalized structural scheme compiled, we studied
the dynamics of a vertically-broaching lathe for the purpose of decreasing

its vibrations while broaching. Figure 4 shows the main hydraulic scheme of

T.R. Note: ''second' being a time interval.
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a broaching lathe. The system works in the following fashion: from a pump

of a variable capacity [1], the grease enters under pressure into the pressure
cavity of the hydraulic cylinder [2]. The grease is forced out from the
opposite cavity back into the pump, but since the amount of grease being

forced out exceeds the amount being supplied by a magnitude which corresponds
to the area of the piston rod, this excess runs off through the counterpressure

valve [ 3] which is adjusted for a constant pressure.

Broaching lathes operate in a velocity range of 1-10 m/min. In this
velocity range, the dependence of the forces of cutting and friction on velocity
is very slight; therefore, the transmission function of the mechanical section

can be derived from the equation:
MNAL @) =8P

where M is the given mass of the operating carriage of the lathe, including the

moving parts.

The transmission function of the mechanical section has the following

form:
W, &= 26 - L
” é(g) 7; Y (9)
where T = MVO/PO

In the hydraulic section, the transmission function of the apparatus of the
pressure cavity WZ(S) is determined by the characteristics of the pump,
and the transmission function WI(S) is determined by the characteristics of

the counterpressure valve.

The operation of the pump is characterized by the dependence of discharge
on pressure. Generally speaking, this characteristic is non linear; but it can

be made linear without any serious errors, describing it by the following equation:
a G, =c 4P~ (10)

where QH is the second discharge of the pump under pressure of PH.
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PH is the pressure of the pump;

C1 is the angular coefficient.
If we disregard the counterpressures in the tube conductors, and the
i - P, and QH = QZ'

The angular coefficient of the characteristic can be expressed by the volume

leakages in the cylinder, then P

coefficient of the efficiency of the pump as:

. _Qac ‘
@A /’7/2’“ y &

where 7 is the volume coefficient of the efficiency of the pump:

The common solution of equations 10 and 11 gives

Ny

W@ =26 - _ 3,
7 & -
where =_1 __ 7
'? 4
The pressure gate valve is used as the counterpressure valve in the lathe.
Its transmission function has the following form:
3 S +/
Pa (5) A /

where 91( is the relative discharge of the valve;

kl is the amplification factor of the valve;

T, T’ are the time constants.

Considering that the time constant of the valve is several orders less
than the other time constants of the system, and that in practice they do not
effect the frequency characteristics of the system within the limits of the cutting

frequency, we get

M([S):/{/ (13)
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The transmission function kl is determined from the experimental
statistical characteristics of the valve. Since the valve discharge corresponds

to the difference of the discharges of the cylinder,

¢ = o

Jh g-/, 7'
Therefore, the transmission function of the apparatus of the counterpressure

cavity is determined as:
/4/, (s) = o a¥ (14)

The structural scheme of the system of the broaching lathe is shown

in figure 5.

The study of the system was carried out on an INT-5 electronic modulating
machine. The operation was carried out by engineer Iu. R. Chernova. Fig. 6
shows the scheme of the model. The study was made when the piston was in
different positions in the cylinder /Ll’ LZ/ and when there were different specific
broaching velocities with a single disturbing effect and with the periodic external
effect of a right angle form with the frequency which corresponds to the broaching
operation of a given pitch with a given velocity. Table 1 shows the parameters
of the system for the middle position of the piston in the cylinder when three

speeds are given.
TABLE I

Figures 7a and 7b show the oscillograms and transition process of the
system which were derived on the model with an average broaching velocity
(8 cm/sec), with a single (a) and right angle periodic (b) effect. The top
curve corresponds to the velocity change /ﬂ/, the bottom curve ~- to the

change in the motive force /‘&/.

The oscillogram shows that although the system is stable, the transition
process is highly oscillating with a small attenuation decrement. The structure
of the amplitude and phase characteristics of the system show that the phase

margin in this system is about 10°. Oscillogram 76 shows that during broaching,
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the oscillations in the system do not attenuate between the two impulses from
the mouth of the broaching teeth. This can be confirmed by studying the machine

when there are strong vibrations during the broaching.

As was pointed out above, stabilization of the system by the artificial
increase of leakages is expedient in this case because the temperature of the
grease in the hydraulic gear is increased. Therefore, another stabilization
method was accepted which was developed on the basis of an analysis of the
structural scheme of the system. A study of the system on the model shows
that the effect on the stability of the system of the pressure cavity is consi-
derably greater than that of the counterpressure cavity, since R> a, T2 > Tl
and W, > WZ'

cavity an additional flexible feedback which encompasses the integrating section

Therefore, it is expedient to introduce into the pressure

- l/TZS. Figure 8 shows the hydraulic scheme of the lathe with a device which
provides the required characteristics. The device consists of a hydraulic
holding capacity and a throttle. No explanation is required for the operation

of this device.

The transmission function of the stabilizing device can be introduced in the

following fashion.

The equation of continuity of the pressure cavity when the holding

capacity is included is
A= %”Z‘}L“‘gz (14)

where ge is the relative discharge of the holding capacity.

The throttle outlay is determined by the relationship:
A?f::’q/AP"*“A/%J (15)

where g is the throttle outlay;
p3 is the pressure after choking;

A is the characteristic of the throttle.
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The equation of the holding capacity, when its mass, which is small,

is disregarded, has the form

deps) _ ea
e e 2 _._%. (16)
2 P
where e is the spring rigidity of the holding capacity;
f is the piston area of the holding capacity.

The common solution of [15] and [16] gives

W () = ,ng, [e S

(5) /-f7-5

where W (s) 1s the transmission function of the stabilizing device
Te = fz P, 0/
Tg = f“/Ae the damping time constant.

(17)

0 is the time constant of the holding capacity;

If we consider the equation of continuity [ 14], when this device is included,

the transmission function of the pressure cavity may be defined as:

ie., [4//'5)::: ——/ )4/69))

T +7e
b/ &)= — l—:\zié_a_:,——————
AR/ *3
The optimum values of the time cdnstants Te’ Tg were derived directly

on the electronic model according to the form of the transition processes.

Figure 7c shows the transition process of the system when there is
the same regime as before, but with the included stabilizing contour /Te = 0.02/
Tg =T Z4x 10"8 sec. We can see that the transition process of the system
has improved considerably, and after two oscillations, the system returns to

a state of equilibrium.

The use of this apparatus on the lathe eliminated its vibrations and

considerably lowered its noise level,
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Thus, if we consider the hydraulic gear of the lathe as a closed system
consisting of a mechanical and hydraulic section, we can use the frequency
methods of investigation with the application of electronic modulating devices.
This method makes it convenient to synthesize the stabilizing devices which
provide the desired range of the transition processes of the operating unit

of the machine.
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FIGURE CAPTIONS

Fig. 1. Closed system operating unit of the lathe - the hydraulic gear,
which is a closed system.

Fig. 2. Scheme of the hydraulic cylinder.
Fig. 3(a). Generalized structural scheme of the hydraulic gear.

Fig. 3(b). Structural scheme of the system when there are leakages in the
cylinder /d = T/.

Fig. 4. Hydraulic scheme of the operating behavior of the broaching lathe.
Fig. 5. Structural scheme of the gear of the broaching lathe.
Fig. 6. Principle scheme of the moadel.

Fig. 7(a). Transition process whenthere is a step impulse.
Fig. 7(b). Transition process when there is a periodic effect.

Fig. 7(c). The transition process when there is a step impulse with the
introduction of the stabilizing device.

Fig. 8. Scheme of the hydraulic gear with the stabilizing device.
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REALIZATION OF MACHINES IN SEQUENCE BY MEANS OF PNEUMATIC AUTOMATION

A. A, Tal’

Introduction

In the last few years, with the construction of systems and instruments for
industrial pneumatic sutomation, people have started to apply widely an elementary
principle [1]. This leads to a situation in which pneumatic devices ceased to
exist as independent constructions. Now each device is a certain combination of
unified elements assembled into a system with the help of special mounting plates.
Thus one device is distinguished from another by the composition of elements and by
the mounting plates. Such a "radio-engineering” process of constructing devices,
carried over into pneumatic autamation from electrical automation, has opened up,
for pneumatic autamation, qualitatively, new possibilities (if ome does not pay
attention to quick operation) which are close to those which electrical sutomation has.

After the basic elements of pneumatic sutomation were established and a technique
of installing these elements was worked out, it became practically possible to
realize any laws of control by pneumatic means.

In these conditions a necessity arose for creating methods of designing
pneumatic systems realizing the laws of control of one type or another. In this
present work, methods of constructing systems by pneumatic means are investigated,
systems which pertain to the class of machines in sequence.

Before we investigate the methods themselves, we shall meke several explanations
apropos of the class of realized systems and concerning the type of pneumatic

apparatus on which we shall depend.

Declassified in Part - Sanitized Copy Approved for Release 2012/01/04 : CIA-RDP80T00246A018700330001-8
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A dynamic system determined by the equations
po = F o, L)
x/{» /}" /‘//f/
A =P(%,f) (1)

is called a sequence machine (for example see [2])
where t is the conditionel time (discrete and teking values in the natural sequence
of numbers); », ¥ (or M), | --- variables determining respectively the state of
input, the internal state, and the state of output of a sequence machine, whereupon
each of these variables can take the final number of the different values defined
by the alphsbets p = {pl, cee, ng » o, (ori) =Z.9(l oo "V}(S’ and )\:JA NN
—~ K ! 5
f a.nd‘?b -- respectively k and e --known logical functions. The temporary g’
correlation between the va.riablesde a.nd/'( determined by the second equation in
(1) we will call the lag and we will use the designations/X = ‘){'t’and H = ,tf‘.

System (1) can be represented in the form

seltr7)=F{ast) pore)}

A(#) = 5 faele) pr#)} @
The system corresponding to the fi;'st two equations in (1) or to the first equation
in (2) is called the terminal automaton.

The block diegram shown in Fig. 1 corresponds to the determination introduced

for the sequence machine,

As was done in [2], we shall proceed from the conjecture that the task for a

synthesized system of a sequence machine is shown in Table 1, determining the
r— -
logicel functions & and P .
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Table 1
{) fule. 1
ae{f[ Pr | 1;/ xf°zf j_,/x
;x ) e ‘) ¢ '1
2¢, “//xffof‘ .. Fux, r'L--.
fx', o }76‘%:,?7)“-7 i, ﬂj
9’6‘ E/[gr /oﬁz _— _!;39; /Qs.')...--_ [

,j W,(u‘i“‘EX, l
Z Ja 'm/a:: ol [Vi/o/i)

_________..-i

Besides such a table, in the representation must be shown the condition determining
the beat (?) of the operation of the sequence machine. The symbolsdf written in

the boxes in Table 1 can be interpreted in two ways; in accordance with system (1)

it is possible to consider that they are the values of the variable /{ formed at time t
at the output of the logical cmverter:}v, at the input of which at this very moment

of time t are given the signals )ej' and pi; or it is permissible in accordance with
system (2) to consider that they are the values of the varisble J established at

time t+1 and caused by the values ¥ J and f; at the present time t. In the future

we shall use both these interpretatioms.

A three-membraned pneumatic relay is the basic element of the discrete technique
of industrial pneumatic automation [1]. The principle scheme of this relay, the
conventional representation used for it, and its statistical characteristics are
given in Fig. 2. 1In Fig. 3 are shown the circuits for switching on the pneumatic

relay for the realization of several elementary logical functions. In these and

?
in all future pneumatic systems P = Pp:'.f. corresponds to symbol 1, and P = () ati
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"MdM"
to symbol O. For the realization of the operation "OR" an even simpler element

is used, the diegram and conventional represemtation of which are given in Fig. 4.
The summary introduced of the elementary logical functions realized by the
named pneumatic means shows that these means are enough for the realization of any
logical function. For an example, in Fig. 5 are depicted the circui'lis of cells
"Sheeffer streak," "Pierce Arrow," "equivalence," and "the excluded or." The
systems introduced are fully enough to see that with the nemed pneumatic ‘mea.ns it
is possible to realize any logical converter.
The aim of this present work :};A ﬁ:ushow how, using these same pneumatic means
(the pneumatic relay, the element ':gr," and perheps even pneumatic resistance )
it 1s possible to construct systems not only of any logical converters, but also of
sequence machines whose operation is defined in the form shown sbove.

Section 1. General Observation sbout the pneumatic
realization of a sequence machine.

Here we will not examine any specific type of lag used in the system nor any
determined form of the problem of the beat in the operation of a sequence machine.
We will only consider that there is a lag in our arrangement, that it is binary as
are all the elements of a pneumatic system, and that its use corresponds to the
conditions determining the beat of operation of a sequence machine.

In connection with the binary form of all pneumstic elements (including lag)
we mach look for pneumatic realization in the form of the system shown in Fig. 6
which is a corollary of the general system shown in Fig. 1. The bina.fy logical
converters fz and.?;’j are subjJect to the determination, for which a tabular recording
is obtained from the given table of a sequence machine by means of the binary coding
of all the varisbles of this teble. During coding of the varisbles determining
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the state of input of the machine f°, its internal state ¥ (or M), and the
output state }\, the set of binary pneumatic signals is brought in conformity
with each of these varisbles. For exsmple, it is possible to bring the sets

P

S e PJ‘,? > in which q ) log, k, into canfornity with the variable
¥ = {)gl yeus }@K\g .
Section 2. Positive binary lag in time and its use in systems
of machines in sequence

Four pneumatic relays comnected according to the circuit shown in Fig Ta
form the so-called binary lag in time. The graph in Fig. Tb indicates the
operation of this circuit. The two inputs .of the cell Ft and F, have a different
velue: [} 1s strictly the input, and& determines the moments of onmset of times,
that 1is, these moments correspond to the change of E’t from zero to unity. The graphs
in Fig. Tb show that the cell works in such a way so that its output P at the time
of the onset time proves to be equal to :I.nputP' and until the onset of a new time
remains unchanged so as not to take place at this time at the input. Such
operation of the cell gives rise to its name "lag in time.”

It is especially convenient to use the lag in time in the construction of
machines in sequence whose beat of operation is determined by a épecial synchronizing
signal.

Assume, for example, that a trigger circuit with a camputing input has to be
constructed. It is possible to determine its operation from Table 2, in accordance
with which is the trigger -- it is an independent sequence ma.éh:l.ne with two

internal stages (Jf' and 3 ) and two states of output ( )\, and/\'é’). The beat

. o T ' o 2 -
Teble 2 L’\: fﬁ:; o
; w e‘, ,

ot % *h n‘; .
’ ”‘_ Z,,ﬂ?. '
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of the operation of this machine is set by a special synchronizing signal Eb 2
by the camputing input.
Considering Table 2 as corresponding to (1) and by carrying out coding of the
varisbles /¢ ,/q, and )\ by the pneumatic binary'signalsFl, P, = P;:E; and P3

respectively we cobtain Table 3

i
A

17, O
g 17
From Table 3 it follows that
Pa =‘Pl
| P, P, ®

By the formulas (3) are determined the functions %and )0, as well as the
entire system. Thus we ‘obtain the trigger circuit with a camputing input as

represented in Fig. 8; in Fig. 8b are shown graphs of the operation of this

trigger, and in Fig. 8c, the structural diagrem.

We will now construct a system for counting up to four. Tseble 4 will conform
10 such a system, that is an independent sequence machine w:lthl four internal states
(gﬁiﬂ){ 2 % 35 ¢6 ), ) end with a similar number of cutput states. The beat of
operation even of this machine is set by a synchronizing signal Pt . After the
introducticn of sets of binary pneumstic coded signals P, andP, , P lrand. T3
P 5 and Ph, we obtain the varisbles of , A, and A respectively in Table 5.

|
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-T =
Teble 5
Tacg. $ )
J
oo _lof, 02
ot N1, o7
1 s, 17
Ak“/é oo, 10

From Taeble 5 we £ind the functions

7‘/,/~9 2w 4, £

They will have the form

Pl ) st PZZV= -'51
P, =P.sP, =P, )

In Fig. 9 the corresponding structural system is given (4).

In a similar manner systems of dependent machines in sequence are built
using the lag, the beat of operation of which is determined by a special
synchronizing signal. If a system is built on lags for the case when the
synchronizing signal is absent in the initial data, then it proves to be necessary
according to the given conditions of the onset of times to form a synchronizing
signal in a special device (a clock) which of itself can also be a sequence machine.

g Section 3. A natural (self-operating) binary lag and
its use in systems of machines in sequence

The schematic drawing shown in Fig. 10a, containing pneumatic resistance with

[y [
Fo
capacitance (inertial component) at the input at the element "yes," can be
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investigated as a system of the original lag in time, in which the mset time is
de’cermined either by the time of change of the state of input (see greph in Fig. lOb)
or by that circumstance which took T seconds from the moment of onset of the
previous time. It is assumed that the changes of input states take place no more
often than in the space of U sec. We will call the time lag ' the characteristic
time of lag. It is particularly convenient to use a lag of this type for con~
sgiructing systems of machines in sequence, the beat of whose operation is determined
by each change in input state. Accordingly it is necessa.ry'to use a special method
[(3l. .

Later on another variant of such a method will be used, which in form is
close to Hofman's method {2], but differs from it by the absence of those
limitations which are peculiar to Hofman's method.

We will conduct an investigation of the method as an example.

Let Table 6 correspond to the realized sequence machine, snd the beat of
operation of the machine is determined by the times of change of input states.

e 'l‘a:b];e 6

[pe] A
R, :,llz »o‘l.’:, /'/
G [\, N2 |85, Ar |, A
a’-’ zj )/m, /’I &Lﬂe

We shall set up a table of another sequence machine having the same input and

output states, but new internal states )ﬁ '. The number of symbols in the alphabet
[} .
of variasble 8& e shall- take as equal to the product of the nmumber of symbols in

the alphsbets J‘g andJo » that 1s, for our example we shall take J{lng}ﬁ i,...,éﬂl }
' q
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Table T of the new sequence ma.chine, having three columns (f’l’}’a , 93
and nine lines ()f, 17 e Mg), is filled up in the following manner. The
table is divided into as many levels as the input has different states: 1in
our case into three levels. Whereupon on each level there proves to be as ‘
meny lines as there were of them in the initial table, that 1is, three _lines.
In the supplemental column on the far left are written the previous symbols
o 1’ ¥ o o 5 Their disposition is repeated on each level and corresponds to

the initial Table 6.

Table T
! ' T&CJI.,7
a( ' ./o’ /32 ! ‘/‘)3
-~ 7/ f ! ! / A
/,/ _\\\_ X | X & 4 Hr: @/}
%\ Q’tt_-.r' ._\0 9(& ag: o’(;: /’g df’j 0?,’;"
T el ot M A o | B
. \ ’ P
et \ o | 2y &/ o?i,,’ Az X
e |5 | KX |l A 2
X | ¥, e A A
o o'f,’ X’ a’(y/ &, 2
| X | M | e o A
¥y | o6 E X Xy’ AN

The boxes of column f’l of the first level are filled with symbols ¢ , repeating
the entrance column of Tsble 7, and by the symbols A , repeating their disposition
in colum P, of the initial Table 6. In & similar menner the boxes of colum P2
of the second level and of columnf 3 of the third level are filled in. The
symbols J0* written in the boxes are marked by circles. The remaining boxes are

filled in with symbols only and this is done thusly.
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In the free boxes, for example of line )ﬁl of the first level of Tsble T,
are written the symbols standing in the corresponding columns and in lines }{ N
of the second and third 1éve1s, that 1s, symbols ; and 2 ; this 1is
determined by the fact that in box }(].fl of the resulting Table 6, the symbol
x > is written. All the other free boxes of Table T are filled in analogously.
The sequence mechine corresponding to Table T and operating in the beat of
natural (self-operating) lag will, for the same reasons as were introduced in
[2], reproduce by its own equilibrium conditions the resulting machine described
in Teble 6 and operating in the beat of the change of input states.
The conformity between initial states 1s established with the help of columns
HQ 1 and Je of Table T.
Before composing a pneumatic system corresponding to Table 7, it follows, if
it is possible, to condense Table T which leads to a reduction of the apparatus used
in the realization. It is convenient to conduct the condensation in two stages. At
firgt are found the lines with the identical filling in of the corresponding boxes
by 1;.he symbols x’l and A , whereupon the difference in the symbols JC 1 encircleqd ;
is not taken into account.
In our case the lines Jf :; and }(; will be such lines. The states correspond-~
ing to these lines can be canb‘ined into one which leads to Table 8.
Table 8 ’f:,: REAEANNE
/e | o el |
i . 962 x& &ix‘/‘z dt'r" x‘__
\\l&’) 7 9{3 asi x,ll o /(’ 9(,1 04;

s ¢ |
X | M| B | xf #IN

’ : o 4
261961 % | 9" | Xs A
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During the reconstruction of the table the relationship between the varisbles
9‘6 1 and)e n is used, the relationship established by the two special columns
of Table 8, The second stage leading to the condensation of the teble, consists
in finding lines all the boxes of which are filled in with identical symbols AC’*.
11 11
In the case of Table 8, line # , end linedf ¢ @re such lines. The states cor-
responding to these lines can also be combined. Whereupon we obtain Teble 9, for
Xll 111
the formation of which columms #¢ and x are used. Accozfding to Table 9 as
obtalned, a pneumatic system cen be set up, taking into account that each pneumatic

element integrally contains natural lag.

Teble 9 , TaCax. 9
> x o’
// C‘ % x'”
N EArS

NN 2 36" 9 D/L' 9"
%, 36’3% x’l xi @/)Z(J/Q
X & | K “@)m 2"

% 196 _9_@
X, | Xy 9(71 a’,

' 111 11
We will carry out the coding of the varisbles £,d¢  , T, ana A vy
introducing pneumatic binary signals. Taking into account the number of symbols

&7
in the alphebets of the coded va.riables, we assume ,O ,O ogg ry
/9 /0’?’ /Dxa/ /Dafs
4

i
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Whereupon from Table 9 we obtain Table 10, by which the pneumatic system is

determined on principle, that is, according to the table the logical functions
can be campiled ,

Table 10
ARl | BE1 R B, 20)
f‘-?fa ”\0 g y + / Px’/oxz/%a)/oﬂ/pa
lpo- ..\ 0 /0 /’D%/Oxe;’?rge")%)
\ 77 f" f”/ a0 P )
| anrxe, |
707
7172

However, for this example we will not work the solution out for the specific type
of formule (5) or for the system corresponding to them, since without special
measures the system constructed according to Teble 10 would be inefficient

on account of the so-called critical competition between the elements of the

system. The question of constructing a system that is protected from the com-

petitions is outside the scope of this present work.

Before drawing up the system, we will introduce enother simpler exemple
which also illustrates the described method.

Using the proposed method we will construct a pneumatic trigger system taking

input into account. In this case wé will investigate the trigger as a non-

autcmatlic sequence machine having two input states, two internal states, two
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output states, and operating in conformity with Table 1l under the conditions that

the beat 1is determined by each change of the input state.
Table 11

| P S
2, 96' jll ’(z‘ l‘.l
2C |96, A2}t /'g

In agreement with the method described, we construct, according to Table 11 of
8 realized machine, a table for a machine operating at the tempo of natural lag.

Whereupon we obtain Table 12,
Table 12

The table obtained proves to be non-condenseble. Further on we will do the coding.

We assume -
/0 Yo, H=PL
e Yy LIV

Whereupon Table 12 will teke the form of Teble 13 and fram it follows

Table 13

T | AT(24B ) E 1R
ﬁroq.o Rz P - )
7 @D 4] or | 2 T BAR)VIZ AR
_ro (@0 ’D =Re

e e 4 bt e -
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In Fig. 11 the system corresponding to (6) is given.

Section . Supplementary natural lag in the input
line of a realizing sequence machine

The "reproduction” of the states of the initial machine is connected with
the realization of the given sequence machine at natural legs. It is natural to
look for such means as will allow as far as possible the reduction in the number
of states in a machine realizing the given (problem). Different methods of con-
densing the table of a realizing machine are relative to these means, methods which
lead to & search for & minimal realizing machine [3]. In the investigated example
in particular, where the realization of a machine of the given Table 6 was talked
ebout, we approached a minimal realizing machine with seven internal states. We
will now show that the number of states of a realizing machine can be further re-
duced if in the system of the realizing machine (see Fig. 12) apart from the
natural lag to in the feed-back circuit, is used yet another natural lag ’C; in
the input line of the machine. This situation was mentioned in [1&], where 1t was
also shown that along with this the number of internmal states can be made 1limitingly
small and equal to the number of different output states at that input where this
nunber is greatest. |

Hovever, the assertions in (4] are based on the sssumption that U, and 'C;
can be made equal, which is not practical, of course. We will now start from the
simple realized condition {, >U, and we will show that, given this, the mumber
of states of a realizing machine can be reduced but not necessarily to the limit.
We will investigate the same exemple of the initial Table 6 and according to it

will compile Table 1l analogously to Table 7. But due to the inclusion of the leg T:,
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into the input line of the machine and to the appearance due to this of a new

variable [} { ‘3,; L _,j Teble 14 will have not three basic colums, correspond-

ing to f but nine columms, corresponding to
Lr Joafs} ’

ff LS LLLAP P Le s o o For o )
the columns f f ’)Jol _F e and ﬂ.? ﬂ_? are distinguished by the encircling
of these symbols. It is convenient to construct Taeble 14 on the basis of the
elready constructed Table 7. This is done in the following manner. The freme for
Table 14 is prepared with nine lines }{ 1 and with nine cohmstff ;s as in
Table T, Table 1l is divided into levels, and besides this it 1s also divided
into vertical bands so that columms with identica.l"t/orela.te to the same band.
Thus we obtain Table 14 consisting of three levels and three vertical bends.
Thereupon the £illing in in the boxes of the first (upper) level of Table 7
is carried over completely into the boxes of the first level of the first (left)
band of Table 14: +the £illing in of the boxes of the second level of Teble 7-.--
into the boxes of the second level of the second band, and the filling in of the
boxes of the third level of Table 7;--into the boxes of the third level of the
third column of Table 1li, Further on several boxes of the table in columns not
containing symbolsJ-E 1 in circles are filled in, for this the symbolsg‘{ 1oe
such columns are carried over within these same columms into the boxes correspond-
ing to the lines with the same wvalue as the}ﬂ 1 symbols, for example the symbols
J“B ; and (}‘ﬁi stending in column ﬁ /iare carried over into the boxes of the

£ifth and fourth lines. The other boxes in Teble 14 remain unfilled.
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Table 14 thus filled in determines such a sequence machine, comstructed on natural
lags t’ and /C; s which, if one follows its equilibrium states, operates as the
initial one given in Table 6. In order to illustrate this ,» we will follow the
operation of the machine during its trensition from an equilibrium sta.tejf /Dl
into a new equilibrium state caused by the input state />2. At first we wi]_l look
in column }7 f for the state into which the mac ine passes in f sec., this
state will be shown as.:)e whereupon in 't’ gec., the machine will prove to be in
the equilibrium state)e 5’ as well as in r [. sec. P f are changed into
./)-1. ﬁl without change in the internal state of the machine ’ this all leads to the

fact that the machine proves to be in the stateJZ P A and this corresponds
to the initial Teble 6.
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The same problem is solved by constructing Table 1k as we solved by
constructing Teble 7. But Table 14 can lead to the construction of a more
econanical realizing machine, that is, having the same number of states }6 d )
it provides better possibilities in relationship to condensation. In our case,

/ / / !
;.;elfollowilng lines can be combined into Table 1h: Jey « X, Mc U Je\? ;
§ Loks

After this we go to Table 15 which contains only six lines. The technique

of reconstructing Table 1l into Teble 15 is the same as was used in reconstructing

Teble T into Table 8.

Teble 15
' 6 " t' :- . . g ! ‘ , _._‘\"
se | se' [H8 [P LB R PG N LALR L AL LR )
FANAED 7D Erd SO T
2% ; s W
X 3| Xy | AR ARSI M }
eNT] ; P | 1A !
KL% 3" y d';k' 3‘3" ,J’ @.{2/’1 5‘/)‘-:4__;;{3' (‘fzk it
LAY I R N X A A N .
2, | 26" | %] " P M
v R O
o | s | ] & " N EE YA

The result obtained shows that the use of the second natural lag ?:; in the input
line permits a reduction in several cases in 'the number of states i.n a realizing
machine. However, this is not always attained. For example, for the trigger,

for which a representation is given in Table 11, the table of a realizing machine

with the second lag T:, (Table 16) cannot be cut down and, as does Table 12,
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contains four lines. This means that lag t', does not give an effect in this case.

| Table 16
|
yap TF ’ N i
o€ | L PP | LR PP S
oe, | & laea| o | x| ;
o | ot e’ Al H | x|
% | ' 9" I x e A
’ / / |

Section 5. A realizing sequence machine with two supplementary
natural lags (in the input line and in the feedback)

A system (see Fig., 13) with three natural lags is an economical realizing
machine according to the mumber of states: One ( ’C’D) -- the basic lag of feedback,
the second (T'|) 18 the lag in the input line, end the third (T,) 1s the sup-
plemental lag of feedback, whereupon Z"Z >Z"/ >Z; . Given such a system, the
number of states of a realizing machine proveés to be equal to the mumber of
states In the given réalized machine,

Further on 1s set forth a method of campiling a table for a realizing machine.

TN

In this table, spart from the varisbles D ‘0)’0’ 2, /_ 3 & w ) e
!

variable t’:f;f will also figure. As in the previous sections we will set forth
a method as an example of the sequence machine given in Table 6.

The teble for the realizing machine (Table 17) will contain twice as many
columns and lines in comparison to the initial table. In our case, it will have

six columns and six lines marked as is shown in Table 17T.
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In filling up the boxes of the table we will discern four quadrants in it.

In the box of the upper right quedrant are inscribed the symbols ) in the seme
order s they were laid cut in the initial Table 6. In the boxes of the remain-
ing quadrants are inscribed the symbols 4 coinciding'with the value M in the
line, whereupon in the lower right quadrant the boxes are filled in in such a
wey 80 that there will not be any non-recurring symbols in one column in the
gight lover and upper quadrants. This allows several boxes in the lower right
quadrant to remain empty. In the boxes of the upper left quadrent are inscribed
in addition the symbols A in the same order as they were laid out in the initial
Table 6.

For an illustration of the fact that Teble 1T determines a realizing
sequence machine working (if we watch its eq_uilj:brium states) as the initial
(one), we will f£ind according to Table 17 the equilibrium state which occurs at

_the input ﬁa’ if the machine was in the equilibrium state )£ , P, , X, up to
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this time. The box - A ;
_Plﬁ Jg"’l{lf corresponds to the state ){I’PI ,/\, ; at

the moment when ﬁ changes its value to f the box ﬁ - in vhi

was inscribed the symbol ){? will correspond to the machine: this means that in

'Z'o sec. the machine will arrive at the state determined by the box ﬁ ﬁ - JC 4
and will remain in this state for another Z:* Z\'o sec. , and upon the e;c- 'e
piration of this time the lag {, will operate at the input of the machine and
box p &fi ~ 4 | ){’2’ will correspond to the machine; the machine will remain in
this state another 'Lﬁ;\- Z\; sec., after which the natural lag will operate, and
the machine will arrive at a new equilibrium state determined by box }(l‘)-ez_\ -Pl. F
in which the symbol A , 1s inscribed. Thus 'L(Cz.’ ﬁc , 1} correspond to the 2
new equilibrium state, and this coincides with initial '1;b1e 6.

Now we will investigate this method as an example of constructing a trigger
(Teble 11) bringing it up to pneumatic realization.

In this case we wil;l. obtain Table 18 for the realizing machine. Going on

to pneumatic realization, we will carry out the following coding: we will assume

hd - !

f"-"/‘i)ﬁ-.-’-Pt, se P oele Pt o
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Table 18 in this case converts into Table 19, from which it follows that

/PA AB) VPl 4’

/04 - (1)

Table 19

- Tubn. 19

@2)

® o (@ ©
@ 1 @D 7
o o
S/ 4

-

NN
\QQ\\S

In Fig. 14 is given the system corresponding to (7N
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Conclusions:

[ ? Given the design of pneumatic systems of machines in sequence of given
tables of a machine, it is possible to use certain methods %o (find) the conditions
determining the beat (of operation). ? ]

1. If the beat of operation of é.ma.chine is determined by a special binary
(synchronizing) signel, then, in arder to construct the system, it is possible to
use & pneumetic element of positive lag in time.

2, 1If the beat of operation of a machine is determined by any change in the
input state, then the system can be constructed elther by using natural lag Z; in
the feedback of the system, or by using the indicated lag U, end besides this
st111 enother natural lag {) in the input line (whereupon ¢, >C ), or finally
by means of using, in addition to the two stated natural lags, still another
natural lag TZ in the feedback line (whereupon Z;> 2; > Z\; ).

The use of two lags ( @’I and Z:; ) sometimes leeds to & reduction in the
number of states of a realizing machine and then it is advisabl_ie. The use of
three lags ("C;?‘ , 'C’I , and ”L\;) alvays permits limitingly the reduction of the
number of states of a realizing machine and making it equal to the number of
states of the given machine; in this sense it is elways Justified.

In the report we set forth methods for constructing systems for all four cases;
for the case of the use of a positive lag in time and for cases of the use of one
(74:) two (t"l a.ndZ: ) and three ('E;, Z;, a.ndz;) natural lags.

The methods introduced for applying them to the desig.n not of poeumatic
systems but of eny other systems undergo change only in the very latest stage

(beginning with coding) but retain their validity completely in the rest.
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Figure Captions

Fig. 1. Block diegram of & sequence machine: J and¥ -- logical converters,
Y- lag in time.
Fig. 2, Pneumatic relay
a) scheme, b) conventional representation, c) statistical characteristics.
Fig. 3. Wiring diagrams of a pneumatic _relay for realization of
a) repetition, b) conjunction, ¢) disjunction, 4) negation,
e) exclusil.‘on, £) implication
Fig. 4. Element 'r\c;:"
a) diagrem, b) conventional representation
Fig. 5. Circuits of realizing operations
a) "Shaeffer streak"" b) "Pierce Arrow", c) "equivalence",
d) the excluded r'\g:t' |
Fig. 6, Block diagram of the binary realization of & sequence me.chine,
ffpb , lf ~binery logical converters, U -- binary lag.
Fig. 7. Positive lag in time
a) pneumatic scheme, b) graph of operation
Fig. 8. Trigger with positive lag
a) pneumatic scheme, b) graph of operation, ¢) structural scheme
Fig. 9. Structural scheme of an evaluating device.
Fig. 10. Natural lag
a) pneumatic scheme, b) graph of operation
Fig. 11. Trigger with natural lag |
Fig. 12, Block disgram of a sequence machine with two lags. ‘
Fig. 13. Block diagram of a sequence machine with three lags.
Fig. 14. Trigger with three natural lags.
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