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ABSTRACT OF THESIS

Linear Control of Machiné Tools using Fluidic Devices

Submitted by:
E. G. Routledge. C.Eng., M.I.Mech.E,, M.I.Prod.E., M,I, Plant.E.

This thesis is concerned with the development and manufacture
of a fluidic variable event contrel system for turret lathes, which
can be programmed to give any desired tool-slide length of travel in
increments of 0,001 inch,

The system consists of pneumatic-hydraulic machine actunating
cylinders, fitied with sensors to provide machine information, and
a control cabinet containing the Logic, Counter, Address and Programme
Systems, Fluidic devices are used throughout, providing data signals,
performing the Logic function, and issuing command signals to the ‘
Address System,

Control of events, such as the engagement of the cross—slide,
change of feed etc,, have been related to the ram-slide motion; fluid
displaced from the ram—slide actuating cylinder is metered into either
a storage tank or slave cylinders in the control cabinet,which, repeat
and amplify the motion. Sensing units fitted to the slave cylinders,
are programmed to inform the Logic System when the machine slide has
travelled the required distance for an event, which initiates command-
signals to the address system.

Programming a selection of events, their sequence and distance to
be travelled by a tooling arrangement is achieved by using multi-
channel selector units, Each unit has six programme channels and
controls an event, such as the rate of feed for each turret face. On
receipt of a start signal, programme channel number 1 of each selector
unit is energised, turret face number 1 is presented to the component
material and the events programmed take place, When the sequence of
operations for that turret face have been completed, the slides return
to their ‘starting point. Indexing of the turret to present face
number 2 energises programme channel number 2 to control events for
this face. This process is repeated until turret face number 6 and
programme channel number 6 has been used; the component has now been
completed and the cycle is repeated, '

The programme is not pre-—determined such as when using plug-

board, punched card or tape, and can be varied by shop floor



bersonnel adjusting the programme selector units while the machine
is in operation, This feature not only enables component iengths
to be a&justed, but as the choice of such events as speed, feed,
or when to sfart the cross-slide may be varied to suit the actual
working conditions, optimum productionAperformance is more readily

achieved,
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CHAPTER I

Introduction

This thesis is based on an investigation into the feasibility
of fluid logic devices in the low cost automation of machine tools,
such as capstan lathes utilised for small batch quantity production,

The most common method to date consists of an electronic sequence
control unit, which incorporates a programmer, sensing and actuating
‘systems. The sensing system, usually micro-switches, signal the
control cabinet when an operation or motion has been completed.

When combined with signals from the programmer, the actuating system,
usually electro-pneumatic or electro-hydraulic, perform the series of
events incorporated in the programme, These systems, are in effect
attachments to fit a manually operated machine and cost between £1,000
to £2,000. When programmed for a component, control the sequence of
oberations, select feeds, speeds, traverses and eliminate the human
element., The result is improved uniformity in component size; an
increase in output varying between 15% to 35% depending upon the
component, and a reduction in direct labour cost, as one operator can
now supervise several machines.

Prepering the converted machine tool for the production of a
component is similar to one manually operated; tools and length stops
must be changed or re-positioned, and the programme, usually prepared
in the Planning Office, inserted, Control of the machine tool is now
divided between the Shop Floor and Planning Office; departmental
communications must be efficient as a programme could be made obsolete
due to an unfogeseeable problem,, Such an occurrence may arise if the
machine-~ability of material for the initial batch differs from
expectation; the machine would be idle until a revised programme,
based on actual machining experience of the material, is prepared,

In the block diagram of a typical sequence control unit on Page 6
Chapter II, it can be seen that control signals and logic functions
use electrical energy; this must be converted before the valves
controlling the pneumatic—hydraulié circuits can be actuated.

Conventional pneumatic equipment could be used to eliminate
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conversion, but the physical dimensions of components make it
impracticable, An alternative to conventional pneumatics would be
the use of a low pressure zir supply for control signals and logic
functions; the low pressure output command signals would actuate
high pressure circuits.

Based on the fundamental work of L, Prandth and H. Coanda, the
concept of fluid amplication was discovered by B. M, Norton, R, E.
Bowles, R, W, Warren and others at thé Harry Diamond Laboratories
in 1958, By 1960 the potential of this new technology became
apparent; research and development of fluidic amplifiers was intensi-
fied, so that by 1966 a range of digital and anologue devices were
available. Simultaneously, methods of programming were being
developed; by 1967 punchéd card, tape readers and drum programmers
were available for use in pneumatic sequence control systems. It
was against this background that the project commenced in October
1967, In addition to pneumatic sequence control and logic, it would
give linear control of tool-slide traverses, eliminating the use of
length stops and have a programming system which could be prepared
or modified by Shop Floor personnel, This thesis records the progress
since October 1967; the selection of standard components, design and
manufacture of special units, asseﬁblf.and testing,

The background work involved a study of available low cost:
automation sequence control. systems, fluid logic deiices, pneumatic
and hydraulic equipment which are discussed in Chapter II and their
salient points noted., An outline of the proposed system is included
in Chapter III; the problems and techniques invisaged to meet the
specification are considered, and a block diagram constructed,
illustrating the relationship of individual components. "The circuit
design described in Chapter IV, shows how the individual requirements
of each control, fluidic function or pneumatic—hydraulic.circuit is
made, and also their relationship to each other. 'In Chapter V, the
design, manufacturing technique, construction of sensing devices,
programme selector unit, circuit boards and other miscellaneous items
are given, When ppeliminéry tests have indicated a potential improve-
ment in performaqce, modifications to the design have been made. The
tuning of signals to or from fluidic de@ices, sensors and valves; the
testing of logic circuits; repeatability of actuating cylinders, and
problems associated with persuading-the system to function are
recorded in Chapter VI. In Chapter VII, modifications to the design

have been suggested which may improve performance, extend the
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operational capacity and improve reliability,




CHAPTER 1II

Sequence Control Systems

Where a logic circuit controls a series of events in an
orderly pre-determined manner, each event taking place after the
completion of a proceeding event, which provides a command signal,
it is referred to as a sequence control circuit, Odly a limited
control is exercised over the machine during an operation, and the
circuits may be either fixed or variable event systems., The fixed
event system provides a repetitive operation cycle that cannot be
changed; the variable event system can be programmed to provide

any order of events,

2.1. Review of Present Equipment

One of the first exercises undertaken in this project, was to
examine currently available low cost automation sequencé control
equipment and the type of situation in which they are used,
Literature describing the equipment was obtained from manufacturers,
and, where ever possible, various systems were observed in operation,

The commercial systems available, were electronically operated
variable sequence control systems, which converted manually operated
turret lathes into automatic lathes. They consist of three basic
elements; an electronic control unit; a sensing system, and an
actuating system which replaces the muscular effort, and logic
control normally supplied by the operator. The designs vary in
such details as method of programming, type of sensors and the
range of operation features; their cost ranges from £1,000 to £2,000,

No equivalent fluidic system was commercially available: those
in operation had been designed for a particular production set-up,
had a fixed event programme, comparatively simple -in design and
relatively cheap. Complex fluidic systems which utilise tape or
. drum programmers, have been.developed and are undergoing tests in
reseérch centres at Cranfield and Birmingham; the cost of such
systems is not available. The systems reviewed were divided into
the following:-

1. Electronic - plughoard programming
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2. Electronic - switch programming
3. Fluidic - fixed sequence

4, TFluidic - variable sequence

2,2, Electronic Sequence Control Systems

Figure I., a block diagram of an electronic sequence control
system, illustrated the relationship between the control unit,
sensing, and acfuating systems. In this simple example, the sensing
system consists of two pairs of limit switches, and the actuating
system, two solenoid operated pneumatic cylinders. On receipt of a
start signal, the control unit initiates a command signal and
cylinder CI, moves the turret towards the component. When limit
switch S2 is activated on completion of the operation, a data signal
is fed into the control unit, and cylinder CI is reversed. On its
return, limit switch SI provides a data signal to the control unit.
The programmed control unit now issues a command signal to the
solenoid éontrolling cylinder C2, and the cross-slide is traversed
to perform an operation. At the end of the cross—slide meotion,
limit switch S3 is activated; the data signal produced informs the
control unit that the operation is complete, and a command signal
reverses cylinder C2, On its return, limit switch S4 informs the
control unit, and a command signal is initiated to repeat the cycle
of sequences ad 1ib, Additional events, such as collet operation,
speed change, and the feeding of components, will give an automatic
production cycle.

The systems reviewed deviated principally in programming
techniques; plugboard systems where a punched card or pegboard
controlled the sequences, were manufactured by the following
companies:—

1. Elliot Bros. (London) Ltd.

2. Ether Ltd.

3. Ian Nickols Automatics Ltd,

4. Gearside Ltd,
and switch or dial programming systems by:-

5. - The Hepworth Iron Co. (Engineering) Ltd.

6., G.K.N. Machinery Ltd.

2.2.1. Description of Design Features

The dust proof control cabinet contains a transistorised

logic unit and power pack; the front panel; all the contrel switches;
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the plugboard or punched card reader or programme switches; data and
command sockets; a counter to register the number of cycles completed;

a bank of lights to indicate which programme is in operation, and
individual push button manual controls to facilitate setting of

sensing devices and the length or speed of the actuators. An auxiliary
programme box, may also be provided to control operations not required
in every cycle, for example, re-charging the machine with raw ‘materials.
Most systems incorporated build in safety devices and in the more
expensive, a monitoring systeﬁ to locate faults.

Preparation of programmes for systems 1. 2. 3, and 4. required
the completion of a chart listing the sequence.of operations. From
this, a plugboard is prepared by inserting pairs of sockets into
. numbered holes, These boards can be retained as a permanent record of
- a particular programme, and stored for future use. When the board is
fitted to the control cabinet, electrical connections are made by
inserting pins through the sockets into the permanently wired sockets
in the controi cabinet. An alternative method is a punched card
prepared from the sequence chart; the card is placed on the control
cabinet and pins inserted through the punched holes into the wired
sockets, Programming systems 5 and 6 are usually performed by the
machine setter; each turret face has a row of switches for the various
events, To modify a programme, the appropriate switch is adjusted,
where as the previous sysfems would have required a new board or card,

Micro-switches are used to provide data signals, but photo-
electric cells or any other device can be used, providing they deliver
a suitable signal to the control cabinet. The distance travelled by
the tool slides, is controlled by adjusting the length stop screws
which contact length sensors,

The mogt common type of actuating system is pneumatic-hydraulic
controlled by solenoid operated valves, pneumatics to move the slide
forward; hydranlics to control the rate of travel and prevent surge.
This arrangement of power usage involved connecting the machine into
both air and electrical services., The full hydraulic system selected
by one manufacturer, involved only the electrical service, but, as a
free standing hydraulic unit is necessary, initial capital outlay is

increased,

2.2,2, Description of Machanical Features

Tools and length stops are set in the same way as a manually

operated machine, in addition to this, fifteen to thirty minutes are
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'required for control cabinet programming, setting the trips to
determine the position of feed engagement for each turret face, and
cross-slide tool post.-

The turret actuator moves the machine slide towards the
component at a controlled rate, which is determined by the setting
of flow regulators in the circuit, thus giving & selection of three
or four rates of feed. Independent controls are provided for each
turret station, to determine when the rapid approach traverse changes
to controlled feed, The turret is clamped to the machine slide with
a locking cylindér when the feed is engaged and indexing is synchron-
ised with the programme, A turret relieving feed or mWoodpecker"
action for deep hole drilling may be incorporated in the actuator,

In addition, a dwell period at the end of each turret traverse allows
tools to open, speed changes to operate and the spindle to stop
revolving, before the tools are withdrawn., Interlocked with the
turret indexing is a »caolant distributor to provide the option of

an individual supply to each workface of the turret.,

The cross-slide actuator is also fitted with flow regulators
to give a rapid approach of the tool, and a range of feeds for both
front and rear tool posts. This slide mﬁy be programmed to operate
independently of the turret slideor to overlap its motion. ‘

Automatic operation of the bar feed mechanism in conjunction
with turret slide traverse, collet opening and closing; is synchron-
ised with the spindle speed selection.

Manufacturers pro#ide comprehensive information for machine
operation, programming maintenance instructions, and an exhaustive
fault-finding section in their manuals. Educational kits are
available for some systems, enabling the rapid teaching of control

and programme requirements to personnel,

2,3. Fluidic Sequence Control Systems

Fluid logic is a new technology when compared with electronics,
the functions and applications are analogous in many respects, but
if it is to be successful, must offer some advantage over electronics,
The simplicity and effectiveness of fluidic sensing devices is typical
of this and as a result, the first machine control applications chosen,
used this fact to break into the electronically controlled market.
The field of application chosen was in low cost automation using
pneumatics, and were fixed event systems which are relatively simple

circuits to construct.
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When fluidic devices are correctly designed in the right material,
they are immune to extremes of temperature, illumination, vibration,
corrosion, radiation, mechanical and electrical shocks., Pneumatic and
hydraulic systems are in common use, and with the introduction of low
pressure actuated valves, fluidic control systems have removed many
interface problems, especially power supply, The air used in fluid
logic circuits. must bé 0il free, clean and dry to operate satisfactorily
or the airways may be effected and the system will malfunction.

Devices are capable of switching within one milli~second, but
delays due to the number of devices in a circuit, length of input and
output signal pipes, may increase this to one hundred milli-seconds,
The type of application is therefore restricted by resﬁonse time to
simple circuits of moderate speed requirements, or more complex
circuits with low speed requirements. This restricts the range of
application to.process control, material handling, marine and some
aerospace systeus.

The advantages of using fluidic circuits are the simplicity of
devices which are virtually indeéstructable they cannot be destroyed
by wrong connections, low cost, and little maintenance due to the
high reliability of a circuit once it has been proved. In general,
the only servicing is the regular cleaning of air filters, and that
the average maintenance enginzer finds fluidic rather than electronic
circuits easier to understand.

The disadvantages are the resistance to air flow in small bore
piping, as this limits the distance a sensing device may be from the
logic circuit and the capacitance effect of the tube volume when
using pulse signals, The continual consumption of air as devices,
exbaust to atmosphere when not fulfilling a function, can be a heavy
drain on the supply and the noise of venting devices can be
irritating, There is also the possible blockage of air vents by
foreign matter, and if devices are closely positioned, the exhaust

of one, may effect the function of its neighbour.

2.3.1. Fixed Event Fluidic Systems

A fixed event fluidic system generally uses a back pressure
signal from a sensing device to start an operation. Interlecking
logic prevehts the operation occurring if any proceeding function
has not been performed. Figure 2, a block diagram, illustrates
such a circuit used to control the filling of containers. The

circuit requirements are:
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1.” One cycle of functions per start signal

2. A container must be at position "A" under the filler,
before valve "B" will operate

3. Filling must continue after removal of the start signal

4, Movement of the container before it is full will stop
the flow through valve "B"

5. VWhen the container is full, flow through valve "B"
must stop even though the start signal is still present

6. Suitability for conversion to continuous operation at
some future date

7. Failure in the pneumatic supply to stop the filling

operation

The circuit consists of, one Inhibited OB gate, one Bistable
Flip-Flop, two AND gates, one Schmitt Trigger, one Back Pressure
Switch, two Sensing Devices, one start button, one 5-Way Diaphragm
operated valve, one Double Acting cylinder and a 3—bort toggle
-operated valve for continuous cyecling.

VWhen the container to be filled is in position "A", sensor Sl
signals And gate AI at the control port C3., Pressing the start
button prévides signal CI at the Inhibited OR gate IN1l. to give an
output at 01, which is connected to Cl of the Bistable device BI,
and the output is switched to Ol. And'gate Al now receives its
second control at Cl and the output is switched to 01 to provide
signal Cl at And gate A2. As the container is empty, sensing
device S2 is not providing a signal to Cl of the Schmitt Trigger
ST1, and the bias signal at C2, holds the output at 02, which is
connected to C3 of And gate A2, Both control signals, Cl and C3
are now present at Al; the output switches to 01, the diaphragm
valve is actuated, and the cylinder opens filling valve "B" allow-
ing the product to fill the container, When the product in the
container reaches the correct level, sensor S2 provides a signal
to Cl of ST1 over-riding bias signal C2. Output is switched to
01 and signal C2 at INl over-rides the start button signal if it
is still present; output reverts to 02 removing signal Cl1 from Bl,
Simultaneously as output 01 of STl provides signal C2 to Bl,
output is switched to 02, removing signal C1 from Al, ‘the 01
output to Cl of A2 to give 02 output,which reverses the diaphragm
valve and cylinder to close filling valve "B". A continuous
cycle is achieved by providing a constant signal to Cl1 of INI,

Sensors S1 and S2 now control the cycle which can, quite easily,
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be interlocked with the automatic supply of containers to and from

Position A,

2,3.2, Variable Event Fluidic Systems

A variable event fluidic sequence system is analogous with
the electronic system described in Chapter 2.2, The cyclic pattern
of the turret lathe operation'facilitates the use of a drum or disc
programmer, geared to make one réevolution for each work cycle. The
block diagram, Figure 3, illustrates a simple system incorporating
& twenty output signal drum programmer, manufactured by Teche Ltd,,
which is capable of fourty sequences, Each output channel is
allocated a function, such as direction of ram travel, speed; rate
of feed or collet operation, as shown in Figure 4. A sequence of
signals is prepared showing which function is required in each row,
and holes are punched in the programme sheet before it is fitted to
the drum. On receipt of a start signal the drum is indexed,
presenting a row of holes to the reading head. The output signal
pipes may be connected to fluidic devices or address system valves
to give the desired operation of the machine. As each cycle is
completed, sensing devices on the machine provide signals to the
fluidic sequence inferlock.system, indicating that all functions
have been performed. A feedback signal then indexes the drum,
presenting the next row of holes to the reading head for the next
cycle.

A more versatile system is illustrated in the block diagram
Figure 5; it has the advantage that individual variable instructions
may be included within the control loops, Signals from the machine
sensing devices are fed into a fluidic interlock system and the
output is used as the input to a ring or binary counter circuit,
When the correct count appears, it is decoded by the Address logic
circuit, which distributes the information to the correct function,
and the appropriate operations are performed. In order to associate
the counter output with an order of events, a matrix arrangement,
usually a plugboard or card reader, is interposed between the
Counter and Address circuits., Alternatively, a tape controlled
unit may be utilised, which will also act as a mechanical ring

counter,

2.4, Conclusions on Sequence Control Systems

It is evident from the review of existing equipment, that the

application of fluidics in machine tool control systems is in an
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elementary commercial stage, and that electronic sequence control
systems have been used as a model in most instances. Commercially
available electronic sequence control equipment has been developed
to suit a wide field of application, and it is relatively simple to
increase the capacity of a system with additional control cabinets,
Unfortunately, the cost of a control cabinet is such that it has
priced itself out of many low cost automation applications, and
stimulated an interest in pneumatic and fluidic circuitry.
Sophisticated fluidic control systems, fixed, variable and numerical,
have been developed; some have been described by Charnley. (¢)

The use of pneumatics in low cost sequence control has also
been advanced, with the formation 6f Low Cost Automation Centres
throughout the country, :a. combination of courses in circuit design,
component appreciation, the low component cost, and the realisation
that a considerable increase in production output can be achieved,
with a relatively small increase in capital expenditure. Extensions
to the range and miniaturisation of pneumatic components, has in-
creased the field of application, In the past, pneumatics were
restricted to material handling problems where cylinders were
manually or trip valve operated. Today, quite complex interlocked
sequence circuits incorporating timed delays on certain cylinders are
in common use and suitable for drill, press or similar processes,
There are many limitations; the number of valves necessary for logic
functions, slow response time, the force and travel necessary to
operate trip valves. Physical dimensions and the quantity of air
consumed, all prevent the satisfactory performance of complex
circuits, The introduction of wall attachment and beam deflection
fluid logic devices into pneumatic circuits removed many limitations,
There are no moving parts to malfunction and they have a quicker
response, with a low air consumption., The compact breadboard design
is ideal for small logic circuits and to prove the more complex
circuits prior to the manufacture of integrated circuits,

A data signal from a machine is supplied by a mechanically
operated limit switch in electronic and pneumatic circuits, In
fluidies, by a sensing device, which detects a variation in air
pressure and has no moving parts. This device gives fluidics an
important-advantage that has not been fully exploited. The
sensitivity and reliability of back pressure switching devices are

superior to those utilised in electronics and pneumatics. A
sensing head is simple in design, easy and cheap to produce and
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has a low air consumption. At present, the principle applications
are counting and sensing the presence of components, or interlocking
functions where light weight.cdmponents will not operate a limit
switch, The relatively expensive light or sound devices are unsuit-
able due to size or working conditions., A back pressure signal
device can be used in conjunction with other fluidic devices, or
actuate a diaphragm valve to control a cylinder travel and stop the
motion within approximately 0,001 of an inch, Alternatively, a more
complex fluidic device with a Bias control signal can be used which
will detect pressure variations of less than 0,25 inches of water
gauge, As a reéult of their sensitivity, fluidic sensing devices can
be successfully applied to detect pressure variation, the proximity
of objects, the change in viscosity of fluids and temperature change.
With the use of multiple banks of fluidic sensing devices, the
linear control of machine tool slides and their accurate positioning,
may be achieved at a relatively low cost when compared with electroniec

positioned control,

2,5, General Requirements of a linear Programmed Variable Event

Fluidic System

The control systems outlined in Chapter 2.,2. and 2,3. utilised

in the low cost automation of turret lathes provide:

. Power traversing of tool slides.

Operational sequence, usually related to ram motion,

Selection of speed.
Selection of tool slide feed,

Change from tool slide quick traverse to feed traverse.

. Operation of collet, bar feed or loading mechanism,

1 O Ut oA W N
.

. Co-ordination of turret and cross—slide motion.

It is not possible to programme the distance to be travelled by the
turret slide: component length control is achieved by using a
mechanical stop, or limit switch which is positioned by the machine

setter.

2.5.1, Fluidic Sensing Units for Linear Contrel

The sensing head shown in Figure 8, has a 0.030 inch diameter
orifice, and when used to control the linear position of a tool
.slide will give a repeatability of position within 0,001 of an
inch, To programme any distance over a 4,00 inch length in increments

of 0,001 in. would require 4000 devices. Each orifice would have a
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linear advancement of 0,001 in. on its predecessor, but as 0.1875
in, centres between each orifice is desirable to facilitate signal
pipe connections, they would have to be inclined at an angle.
Signals from the sensiﬂg ﬁnit could be obtained by having a
pressurized bar probe traﬁelling along the unit, As it passed

each orifice, air would be transferred to the signal pipe. Alter-
natively, air could be supplied to a particular orifice, which
when covered by a solid probe preventing the air venting to
atmOSpheré; would produce an increase in signal pipe pressure, In
the first method, the signal would be dissipated over several
devices due to the size of the orifice and the centre distance.
This coupled with signal pipe resistance, would give an extremely
weak signal,which could be amplified, but the result would be a
slover response time, The second method would give a back pressure
signal, that increases in strength as the probe covers the orifice;
air supply pipes would be shorter, have a lower resistance and the

result would be a stronger signal with a quicker response,

2.5.2, Selection of a Sensing Orifice

A fluidic system capable of selecting any one of 4000 sensing
devices would be required¢ .this is beyond the capacity of existing
fluidic programmers, This is one of the principle reasons why
linear control is not programmed in sequence control systems,
another being the number of signal pipes on the machine tool. A
more versatile sequence control system would have, in addition to

the points mentioned in Chapter 2,5.

1. Programmed turret slide travel over a suitable
length in increments of 0,001 inch.
2. A method of programming which can be prepared
by shop floor personnel and modified to suit
the actual working conditions.
3. The minimum number of power and signal pipes
to the machine tool in order to facilitate machine

operation, maintenance and safety.

- In order to develop a linear programmed sequence control
system using fluidics, the following difficulties, their

relationship to other functions, and possible solutions were studied,
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2.5.3. Eeduciions in the Number of Pipes to the Machine Tool

The piston of & slave cylinder having the same cross-sectional
area as the turret slide actuating cylinder, would move the same
distance if operated by the turret slide cylinder exhaust fluid.

The slave cylinder, fitted with sensing devicés and mounted in a
cabinet with other control equipment, could be situated at any
convenient position for the operator. No fluidic signal pipes for
linear programming would go to the machine, they would be enclosed
and protected in the cabinet, shorter in length reducing resistance,
capacitance and response time., Travel of the slave cylinder piston
could be limited to a controlled length of turret slide travel, the
distance neéessary for turret indexing excluded, Two fluidic signal
pipes would be required from the machine in addition to the cylinder
pipes; one to inform the logic system that the turret has indexed;
the other to inform legic, that the controlled turret slide travel
has started and would switch the exhaust fluid from a storage tank

to the slave cylinder,

2,5.,4. Reduction in the Number of Sensing Unit Signal Pipes

The positioning of 64 sensing devices at 0,0625 inch centres
would give linear positional control over a 4 inch length in
increments of 0,0625 in. The use of a slave cylinder, smaller in
diameter than the turret slide actuating cylinder, could be used
to amplify linear motion., For example, a 3 inch diameter cylinder
piston which moves (,0625 in, will displace sufficient fluid to
move the piston of a 0,5 inch diameter cylinder 2 inches. With
sensing devices positioned at 0,03125 inch centres on the 0.5
inch slave cylinder, each increment, would be equivalent to the
0.001 inch movement of 2 3 inch diameter slave cylinder. By
programming the 3 inch cylinder sensing devices to the nearest
0.0625 inch under the required length of travel, then switching
the fluid to the 0,5 inch cylinder programmed for the remaining
distance, any length up to 4 inches, in increments of 0,001 inch,
could be obtained with 128 sensing unit fluidic pipes instead of
4000, Assuming the valve response remains constant, a repeat-

ability of approximately + 0,001 inch should be obtainable.

2.5,5. Oberation Sequence

Operational sequence is related to the movement of the turret

slide, the engagement of feed and cross-slide tools by its }inear
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position. The selection of spindle speed, rate of turret slide feed,
or collet operation is controlled by the tooling arrangement on each
turret face. A range of switches could be used to programme these
requirements; six sets would be required, one for each turret face,
similar to some electronic systems. When the turret slide has
travelled the required distance, it will return, index to present
another tooled turret face and signel the logic system; the next row

of programme switches will be activated.

2,5.6, Control of Turret Slide

To control the distance travelled by the turret slide,.it must
be possible to select any one of the 64 sensing devices fitted to
each of the slave cylinders, Two sixty four, position programme
selector switches would therefore be required, in addition to suit-
able programmers to select speed, rate of turret slide.feed etc. A

summary of the programming requirements for each turret face is:

1. One 64-position programmer to select turret slide travel
in 0.0625 inch increments.

2, One 64—position programmer to select turret slide travel
in 0,001 inch increments.

3, One 64-position programmer to stop the quick traverse
and engage the turret slide feed,

4. One 64-position programmer to co—ordinate the cross-slide
with the turret slide motion,

5, One 8-position programmer to select the turret slide feed.

6., One 12-position programmer to select the spindle speed,
the forward, stop and reverse motion; this unit will also

operate the collet when the "stop" position is programmed.

Each turret face would require a minimum of 276 control signeal
cutputs,atotal of 1,656 before the hexagon turret and cross-slide
can be programmed. This quantity of output signals is beyond the
capacity of existing fluidic programming equipment, except punched
tape block scanning, To extend a drum or pegboard programmer would
make it too bulky, and the preparation, or modification of exist-

ing programmes is limited to present day practice.

2,5.7. Programming

Existing techniques for programming cannot meet the require-
ments of a linear programmed variable event fluidic sequence

control system for a turret lathe, The only available fluidic
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selector switch provides four output signals., The design and
development of a six channel, sixty four selection programme unit
was therefore a necessity, Each selector unit is to be suitably
engraved with the appropfiate units or functions, similar to
existing machine tool practice, so by turning a control dial, the
machine setter or operator could select or modify the programmed
speed, or distance travelled by the tool. Signal pipes from the
programme and sensing units are connected to the logic system of
wall attachment and beam deflection fluidic devices, which control
the operation of diaphragm valves in the pneumatic and hydraulic

systems,
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CHAPTER 1III

General Features of Design

In order to clarify the requirements of a linear programmed
variable event fluidic control system such as outlined in Chapter
II, the block diagram Figure 7 was prepared to show the relation-
ship between the various urits, From this diagram the system was

detailed into the following:-

1. Turret slide power cylinder and sensing unit.

2, Cross—slide power cylinder and sensing unit.

3. Slave cylinder with a sensing unit for 0,0625.
inch increments of turret slide travel,

4, Slave cylinder with a sensing unit for 0.001.
inch increments of turret slide travel.

5. Programme units,

6. Logic system.

7. Address system,

Jtems 1 and 2 are integral parts of the machine tool, item
1 being fitted to the turret slide and item 2 to the cross-slide;
the remaining items are fitted in a control cabinet. The block
diagram Figure 8 illustrating the relationship between turret
slide power and slave cylinders, feed control and logic system;

Figure 9 illustrates the cross—slide arrangement.

3.1, Turret Slide Motion

Control of the turret slide motion is achieved with the
poneumatic-hydraulic turret slide power cylinder, described in
Chapter 5;3.1. Compressed air is difected by valves in the
Address system to inlet 01, of the cylinder to move the piston and
turret slide forward, Hydraulic fluid in the opposite side of the
cylinder, is forced through outlet 02 and directed to a storage
tank, or either the large or small slave cylinder by the Address
system, The rate of hydraulic fluid flow is restricted to control
the speed at which the turret slide moves forward., Data signals
from the slave cylinder sensing units, inform the logic system

when the programmed length has been traversed by the turret slide,
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A command signal from "Logic" to "Address", reverses the fluid flow
and the direction of turret slide traverse, until a data signal

from sensor S1, informs "Logic" that the slide has returned and the
turret indexed., When other simultaneous operations have been
completed, such as a cross-slide motiony the joint data signals from
sensors S1 and S2 change the programme to the next sequence of

operations,

3.2, Cross—slide Motion

The cross—slide, stationary in a central position until operated,
is used for secondary machining operations, such as chamfering, recess-
ing and parting off the finished component. It moves on average only
twice during a cycle of turret operation. The cross—slide power
cylinder, described in Chapter 5.3.é., is designed to stop in a
central position, marked “A“:'the—tools in the front and rear tool-
posts being pre-set from the component centre line. When the turret
slide has reached a ﬁrogrammed position, the 3 inch diameter slave
cylinder sensing unit issues a data signal to the Logic.system, that
it is time to start the cross-slide in motion, A command signél to
"Address" operates valves and fluid is supplied to 03 when the front
toolpost is required. Fluid exhausted from 04 is restricted to give
the desired rate of eross—slide motion. When the sensor at position
"B" is activated, the resulting date signal informs "Logic" that the
cutting tool has reached its pre-set distance from the component
centre-line, A command signal to "Address" reverses fluid flow and
the cross-slide motion reverses until the sensor at position "A" is
activated. The data signal informs "Logic" and a command signal to
"Address" locks the cross—slide in a central position until required

for the next operation,

3.3. Control of Turret Slide Length and Related Operations

The 3 inch diameter slave cylinder and sensing unif-described
in Chapter 5.4.l. repeats the motion of the turret slide power
cylinder, and is used to initiate feed and speed changes, quick
traverse of turret slide, and start the cross-slide in motion. In
addition,it eontrols the turret slide traversing length in increments
of 0,0625 inches., The programmers select certain sensors of the
slave cylinder sensing unit for the above functions; any mcvement of
the turret slide is repeated by the slave, which moves a probe along
the sensing unit, When each programmed sensing device 'is activated

to produce a data signal for the Logic system, the Address system
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receives a command to perform the appropriate function, When

the programmed length to the nearest 0,0625 inch under the component
length is reached, a data signal from the 3 inch slave cylinder
sensing unit initiates a command to "Address". Fluid from the turret
slide power cylinder is switched to the 0.5. inch diameter slave
cylinder, described in Chapter 5.4.2., which amplifies the remaining
distancé to be travelled by the turret slide. The programmed sensing
device on this unit.is designed to give 0.001 inch increments of
turret slide travel which will be activated hy a probe when the
desired length ié reached. When the switch over from the large to
small slave cylinder occurs, the programmed rate of feed is reduced
to a oeep feed, preventing slide over~run. When the programmned 0,001
inch sensing device data signal stops the turret slide traverse, the
'spindle rotation ceases to prevent tool marks on the component, as
the turret slide motion is reversed. At this stage, the collet chuck

will be operated if programmed.

3.4, Programme Selection Unit

The survey of existing systems and equipment, described in
Chapter II, confirmed that there was not a compact programme unit
suitable for this type of control system, which requires a sii channel
sixty four selection output unit. Three basic methods were considered,
the first a plug or peghoard arrangement; the second using an endless
tape and the third, rotary dials., The pegboard arrangement was
eliminated due to size; an investigation into the other two methods
indicated that either would be suitable, providing a satisfactory seal
could be obtained between the sliding surfaces to prevent a drop in
air pressure. The prototype designs showed that the endless tape
unit was larger, not as compact, and less suitable for incorporation
with integrated circuits, than the rotary dial unit. Both types of
programme units were eventually developed; the rotary programme unit,
described in Chapter 5.4.3. was the first te be selected and fitted
into the control system but was replaced by the endless tape programme

unit described in Chapter 6.2.5.

3.5, Logic System

The Logic system, comprising of such fluid logic devices as
bistable, monostable &nd other modules, was divided into the

following circuits:-

1. Channel selection or count circuit,
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. Cross-slide valve control,

Feed selection,

. Programme selector switchboard.

. Speed selection and collet operation,

(=220 < L EY- S ~C B &}

; Turret slide valve control,

The function of each circuit is described in Chapter IV; the piping
arrangement and truth tables are shown in thé diagrams, figures 10
to 15, The completed sub-assemblies are described in Chapter 5.5,3,
and illustrated -in figures 47 to 50. The relationship between Logic
and Address systems is shown in Figure 18 Chépter 4.2,9,°

3.6, Address System

The Address system controls the maéhine tool motions and is
activated by command signals from the Logic system. It is divided
into two sections, one controlling the cross-slide which is illust-
rated in Figure 16 and described in Chapter 4.2,7, The other,
illustrated and described in Figure 17 Chapter 4.2.8., controls the
feed, speed, collet and turret slide operation. The block diagrams,
Figures 8 and 9, illustrate the relationship of the various components
and other systems, but for a comprehensive schematic arrangement,
Figure 18 should be consulted. The system consisting of hydraulic
fluid storage tanks, valves, flow regulators etc. is housed in a
control cabinet, which is described in Chapter 5.5., and illustrated

in Figures 37 .to 43.

3.7. General Description

A summary of the components and units of a linear programmed

variable event control system and their disposition is as follows:—

1. Turret slide power cylinder; pneumatig—hydfaulically
actuated and fitted to the machine turret slide; the
sensing unit fitted, has two devices, one to give a
datp signal indicating the return and indexing of the
turret; the other to inform "Logic" when the controlled
length of turret slide travel has commenced.

2. Cross-slide power cylinder; hydraulically activated
and fitted to the machine cross-slide; the fitted
sensing unit'having threé devices to control front,
back and central position.

3. Collet operating pneumatic cylindér to control the
feed of bar stock.._
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Spindle speed control pneumatic cylinders operating
electrical controls and friction clutch,

A Control Cabinet centaining programme units,
pressure controls, slave eylinders, sensing units,
Logic and Address systems with dath, pneumatic and

hydraulic pipes connected to the machine tool,
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CHAPTER IV

Fluidic, Pneumatic and Hydraulic Circuits

The requirement of the system, outlined in Chapter 2,5,, design
features discussed in Chapter 3, and the components reviewed, indicate
a suitable brezkdown of Logic and Address circuits, and the selection
of various pneumatic equipment, Second generation wall attachment
and beam deflection fluid logic devices, suitable for grid mounting
were chosen., They are compacf, robust, and reliable with pipe
connections at the rear of the device, Cylinders suitable for pneumatic
or hydraulic operation, low pressure operated diaphragm valves of fixed
seal design so that flow regulators could be fitted to either input or
output ports, were chosen, Copper piping was used in the hydraulic and
some pneumatic circuits for compactness, but in general, semi-rigid
polythene was used for the pneumatic circuits and flexible polythene

tube for fluidic circuits,

4,1, Circuit Structure

A preliminary circuit layout, similar to Figure 18, was prepared
to show the relationship of the various functions and units. This
rough layout was then sub-~divided into the following functional

circuits:—

1, Channel selection fluidic circuit to supply air to the
correct channel of the programme units,

2. Cross-slide fluidic circuit to control the address
circuits for cross-slide motion,

3. Feed selection fluidic circuit to operate the various
flow regulators controlling the rate of turret slide
moéion.

4. Selector switchboard fluidic circuit which receives
the back pressure signals from sensing units, and
transmits amplified signals to the various logic
circuits,

5. Speed selection and collet operation fluidic circuit
which issues command signals to valves controlling
the above, on receipt. of data signals from the

» programme .
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6. Turret slide valvée control fluidic circuit which receivesd
data signals from 4 end the turret slide power cylinder
sensing unit, and issues commanﬁ signals to valves

-controlling.the pneumatic or hydraulic flow to the
. various cylinders, '

7. Cross-slide pneumatic-hydraulic circuit which controls

the cross—slide traverse, the valves being actuated by
. command signals received from 2,

8, Turret slide pneumatic-hydraulic circuit which controls
the pneumatic suppiy to -the turret slide power cylinder
and storage tank on receipt of command signals from 6.
Incorporated in this circuit are the flow regulating
valves controlled by fluidic circuit 3; air supply to
the various channels of the prograﬁme,units controlled
by ecircuit 1 and the speedfcolleﬁ valves controlled by
circuit 5.

4.2, Circuit Details

" The preliminary sub-circuits, stated above were studied in detail,
working diagrams prepared, truth tables compiled to check the logic,
and a schematic circuit diagram of the system constructed. A
description of each circuit, the pompohents utilised and the operation

are as follows:~

© 4,2,1. Channel Selection Fluidic Circuit. Figure 10

The .circuit uses NOR logic to cancel unwanted signals from the
Binary counters. It consists of three Binary Counters, six Nor gates,
one micro-push button three—garf valve, a capacitor and one And gate
to interlock the circuit with turret slide motion. The circuit receives
a count signal, from the turret slide power cylinder sensing unit as the
turret indexes, to give an output from BCl. The second count signal
gives an output from BC2 and the fourth count signal, an output from
BC3. By connectiné tﬁe Binary Counter outputs to Nor gates, any
number from zero to seven may be obtained; in this instance only six
are necessary, one for each turret face. The sixth count signal is
used to re-set the Binary Counters to zero, but this must not occur.
until the sixth operation has been completed. The combined signals
of the sixth count, add:stop signal-sz from the 0,001 sensing unit
on completion of the operational cycle, are connected to the And
gate giving a timed &elay signal, resetting the Binary Counters to

zero. When the turret indexes and presents turret face number 1 to
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the component, the count signal energises channel number 1 of the
programme units for the next operational cycle. The micro push butten
valve in the éircuit provides menual channel change, so facilitating
machine setting. The channel outputs are connected to and activate
the three port valves controlling the supply of zir to various

programine circuits.

4,2.2. Cross-slide Fluidic Circuit. Figure IIL

The circuit censists of one Schmitt Trigger, one Bistable, two
Inhibited QR gates, one multivibrator, one binary counter and one
digital amplifier. %‘/hen the channel circuit has been activated, the
programme unit, set for either front or rear tool post operation, .
provides a signal to the Schmitt Trigger. 4n outpﬁt at 01 or 02 willset
the bistable Bl output to the appropriate Inhibited (R gate, gither
I01l or 102, The cross-slide sensing unit with the probe in pesition
"A" is giving a continuous signal to the multivibrator MV1, which
converts it to a pulse count signal for the Binary Counter BCl; the
01 output, gives an output at 02 from the Digital Amplifier, This

" 02 output is the inhibiting control of ICl and I02 and prevents
valves 10 and 11 operating, When the turret slide has travelled
the programmed distance, a signal "S" from the 0,0625 sensing unit,
resets BCl to give output 02 which changes DAl output to 01, The
inhibiting control at IOl and IC2 is removed, the valve 10 or 11,
whichever is programmed, is activated. Simultaneously, valves 8
and 9 are activated to remove the hydraulic lock and the cross-slide
traverses, On reaching the limits of its.travel, the sensing unit
signal from either position "B" or "C", reverses the bistable out-
put to the Inhibited OR gate, and the flow of fluid is reversed to
teturn the cross-slide to position "A", On reaching "A", the
continuous signal to MV1 is converted to a pulse signal for BCI,
which changes the outpuf'of DAl to 02, All valves are now returned

to rest and the cross-slide is again locked in a central position.

4.2.3. Feed Selection Fluidic Circuit, Tigure 12

The circuit comprises of eleven Nor gates, three Inhibited Or
gates, one bistable and a capacitor., Control signals, numbered 1
to 7, are connected to the turret slide feed programme unit.
Whichever number is programmed provides a control signal to the _
appropriate Nor gate, which acts as an amplifier, and is fanned-out
to control any or all of the Nor gates marked N8 to N1Q, Their
output is used to control the outputs of Inhibited (R gates marked

I01 to I03 which activate flow control valves, These valves are
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pre~set to give flow ratios of 1, 2 and 4: it for exampie, feed
number 5 is se!ected, Nor gates N8 and N10 provide a signalito the
Inhibited OR gates IOl and I03; valves 3 and 5 are operated to give
the sum of flow ratios_l and 4, When the turret slide has travelled
the programmed 0.0625 inch distance, stop signal "S1" from the
0.0625 inch sensing unit inhibits I03; valve 4 returns to rest and
the flow or feed is reduced to flow ratio 1, When the programmed
0.001 inch distance is reached, stop signal "S2" from the 0,001
inch sensing inhibits 101, valve 3 is de-activated and the feed
motion is stopped. A restricted "S2" signal charges the capacitor
to give a timed delay; this allows the machine spindle to stop
before the Bistable Bl de-activates valve 2 and the turret slide

returns to index on the quick traverse,

4.2,.4. Selector Switchboard Fluidic Circuit. Figure 13

This circuit consists of four Schmitt Triggers, one Multi-
vibrator, one Bistable and one Digital Amplifier., The control
signal pipes of the Schmitt Triggers are connected to the back
pressure signal pipe of the appropriate programme unit, detecting
any increase in pressure as the various sensors are activated, a
Bias signal pressure Qetting the switching pressure. Output from
the Schmitt Triggers are connected to a Multi—vibrator, when a
pulse signal is required to prevent a fluidic device being "locked"
to a particular output, A Bistable device is used when a contin-
uous output is required after the control has been removed, or to
a Digital Amplifier when the Schmitt Trigger will not fan-out the

devices it controls,

4,2,5, Speed and Collet Fluidic Circuit. Figure 14

The circuit consists of two Nor gates, one Multi-vibrator,

two Inhibited OR gates, one Bistable and two Micro toggle three

' ?art valves, BEach additional speed will require a further Nor and
Inhibited OR gate, When a forward speed is selected, the 01 output
of N2 provides a continuous signal to 102, output from this device
activating a valve to energise an electrical circuit. When the
machining operation has been completed, the continuous stop signal
S2 from the 0,001 sensing unit inhibits the control signal Cl of
102 to give output 02, The valve returns to rest, the motor stops,
allowing the tool to withdraw and preventing a spiral tool mark

being produced on the machined diﬁmeter. The collet is operated
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only when it is necessary to feed out a new length of bar stock at
the beginning of each cycle. The collet must remain open until the
- turret slide pushes it back, leaving only the required length of bar
projecting, and then closing before the turret slide commences its
return stroke. In order to achieve this éequence; the continuous
collet signal is connected to MV, the pulse output connected to
SWwitbheés . the output and the valve is activated to open the collet.
It will remain open until the programmed length stop signal S2
switches the output of Bl to 02 when the valve is de-activated.
Toggle switches in both speed and collet circuits provide manual

over-riding controls to facilitate machine setting.,

4,.2.6, Valve Control Fluidic Circuit. Figure 15

This circuit consists of four Bistable devices, one Binary
Counter, one Schmitt Trigger, two And gates and one Multi-vibrator
to control the turret slide motion., When the turret slide returns
from an operation, the turret indexes and gives count signal Cl,
which in addition to operating the channel Selection Fluidic Ciréuit,
gives an output from ST1 which is connected to one signal control of
the And gate A2, Providing the cross—slide has completed its oper-
ation, and return to central position "A" to give a signal to the
other control of A2, the five port valve number 13 is de-activated,
Air isvsupplied to the turret slide power cylinder, forcing fluid
from the opposite side of the piston into the hydraulic fluid storage
tank. When the turret slide sensing unit gives signal C2 to BCl, it
will switch And gate Al output to 02 and Bistable B3 will operate
valve 6, switching the fluid to the 3 inch slave cylinder. When the
programmed 0,0625 inch distance has been reached, stop signal Sl
connected to Bl; B2 and BCl switches the fluid to the 0.5 inch slave
cylinder, Thebprogrammed distance of this slave cylinder gives stop
signal S2, which becomes control signal Cl of B4; output is switched
to 01 and valve 13 is activated to pressurise the storage tank. The
turret slide power cylinder exhaust to atmocsphere and the 0.5 inch
slave cylinder returns back to give a continuous signal R3 connected
to MV1., A pulse signal from MVl changes the flow to the 3 inch slave
cylinder which gives a continuous signal R2 vwhen returned. Fluid
flow is now direct to the returning turret slide power cylinder,
which will give a further signal C2, setting the Binary Counter

BC1 for the next cycle.
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4.2.7. Cross—slide Pneumatic-Hydraulic Circuit. Figure 16

This circuit consists of the 1,5 inch diameter cross-slide power
cylinder,(Figufe 203, four Micro-diaphragm three part valves, two
hydraulic fluid storage tanks and two Flow control valves. Vhen the
cross—slide power cylinder is central at position "A", valves 8 and
9 are at rest and the fluid on both sides of the cylinder piston is
contained to give a hydraulic lock., To use the front toolpost, the
fluidie circuit activates valves 8, 9 and 10, removing the hydraulic
lock and pressurising fluid storage tank 1, Fluid is forced into
one side of the cylinder; fluid from the opposite side is forced out
and into fluid sterage tank 2, which is now venting to atmosphere.

Cn reaching position "B", valve 10 is de-activated, tank 1 exhausted
to atmosphere, valve 11 activated to pressurise tank 2, and the fluid
flow is reversed until the slide has returned to position "A",

Valves 8, 9 and 11 are de-activated to give a hydraulie lock and
exhaust tank 2 to atmosphere. A similar sequence occurs when the

rear—tool post is used,

4.,2.8. Turret Slide Pneumatic—Hydraulic Circuit. Figure 17

This circuit consists of the turret slide power cylinder
(Figure 19), the 3 inch diameter slave cylinder and sensing unit
(Figure 21), the 0.5 inch diameter slave cylinder and sensing unit
(Pigure 22), one Hydraulic fluid storage tank, one Five part
diaphragm operated spool valve (number V13) for air control and
seven — three part micro diaphragm valves (number V1 to V7) for
fluid control, three — three part micro diaphragm valves (numbers
V14 to V16) for speed and collet operation and six - three part
micro diaphragm valves (numbers V17 to V22) for channel circuit air
supply., The valves in this circuit are activated by the programme
units and channel selection fluidic circuit, To move the turret
slide forward, V13 is activated; air is supplied to the turret slide
pover cylinder and fluid in the opposite side of the c¢ylinder is
forced into the storage tank which is vented to atmosphere, When
position C2 is reached, V6 is de-—activated and fluid is directed
through V7 to the 3 inch diameter slave cylinder. Fluid from the
opposite side of the slave cylinder flows through activated V1, the
flow control valves 3, 4 and 5, then into the fluid storage tank,
When the programmed feed commences, V2 is activated and the fluid
flow is through any or all of V3, V4 or V5 until stop signal Si

de—-activates valves V4 and V5, to leave only the creep feed, V3 in

—
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operation. Stop signal S1 has also activated V7 and the fluid is’
diverted into the 0.5 iﬁcﬁ diameter slave cylinder, the 3 inch slave
cylinder is now hydraulically locked, The programmed distance to
travel of the 0.5 inch slave cylinder, gives stop signal $2; valve V3
is de-activated hydraulically locking the circuit; V13 is activated
pressurising the fluid storage tank while the turret slide power
cylinder vents to atmosphere., After a timed delay which alloww the
machine spindle to stop, and air pressure to build up in the fluid
storage tank, valve 2 is de-activated and fluid from the tank flows
through valves 1 and 2 to return the 0,5 inch slave cylinder. The
exhaust fluid going through valves 7 and 8 into the turret slide -..
power cylinder, On reaching position B3, valves 1 and 7 are
activated and the fluid now flows into the 3 inch slave cylinder,
exhaust fluid going into the turret slide power cylinder. Vhen
position R2 is reached, both slave cylinders have been returned;
valve 6 is activated and the turret slide power cylinder is returned

to Cl, with fluid from the storage tank,

4,2.9, Schematic Arrangement of Fluidic, Pneumatic, and Hydraulic

Circuits., Figure 18

From the sub—assembly circuit diagrams Figures 10 to 17, an
arrangement diagram was prepared in order to co-ordinate signal
pipes, and to enable such items as programme units to be incorporated,.
No truth table was considered necessary in this instance, as each

sub-circuit drawing contained its relative table,
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CHAPTER V

Design and Construction

The decision made in Chapter III1 regarding the design features
and the circuits developed in Chapter IV‘provided the basis of each
component or unit design and function. The control system is divided
into two sections; the first comprising of the machine tool fitted
with actuating cylinders to operate the machine slides ete., and the
second, a control unit to command the machine to perform a desired

series of events.

5.1, Machine Tool Operation

Operation of the machine tool is to be performed by standard
pneumatic—-hydraulic equipment, adapted where necessary by fitting
special equipment. The following machine tool functions are to be
controlled by a Control Cabinet, connected to the machine with data

and power pipes,

5.1,1, Speed Selection

The machine tool is fitted with a multi-speed motor and friction
clutch: a change in spindle speed can be obtained by selecting a
particular electrical circuit. The rotary electrical contractor
used for speed selection can be readily modified by fitting small
single acting, spring return pneumatic cylinders to the contacts and
removing the cam mechanism., Operation of the friction clutch can be
achieved with a double acting pneumatic c¢ylinder. To change the
speed, the programme unit issues a data signal, and a command from
the Control Cabinet activates the appropriate pneumatic cylinder to

complete the electrical circuit.

5.1.2. Collet Operation

On a standard turret lathe, the collet chuck is operated with a
hand lever, which if suitably modified, will fit the clevis of a
double-acting pneumatic cylinder. The collet will open and close on

receipt of a command signal initiated by the programme unit,
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5,1.2. Turret Slide Motion

Movement of the turret slidé is obtained by fitting a double-
acting pneumatic-hydraulic cylinder, and sensing unit to the turret
slide, This power cylinder is described and illustrated in Chapter
5.3.1; the direction and rate of traverse or feed being controlled
by the Address System in the Control Cabinet.

5.1.4, Cross-slide Motion

The cross—-slide motion is achieved in a similar manner; the
double acting hydraulic cylinder and sensing unit, described and

illustrated in Chapter 5.3.2, is fitted to the machine cross-slide,

5.2. Control Cabinet

Such systems as Logic, Address and Programme, are incorporated
in the Control Cabinet,+ the assembly of which is described and
illustrated in Chapter 5.5, The function, design and manufacture
of the various components for these systems are .as follows:-

(a detailed description can be found in Chapter 5.4. and 6,.2.)

1. The 3 inch diameter slave cylinder and sensing unit,
described in Chapter 5.4.1. repeats the travel of the
turret slide power cylinder, (Figure 19) and provides
programmed aata signals to the Logic System for the
engagement of turret slide feed, cross-slide etc,

2, The 0,5 inch diameter slave cylinder and sensing unit,
described in Chapter 5.4.2., amplifies a limited
travel of the turret slide power cylinder, and provides
programmed data signals to the Logic System controlling
turret slide travel. _

3. Multi-channel programﬁe selection units, for the various
machine operations, described in Chapter 5.4.3. and
6.2.5. are connected to the slave cylinder sensing
units and Logic System,

4, 0On the integrated circuit board described in Chapter
5.4.4., the Multi-channel Rotary Programme Selector
units are mounted, connections for channel air supply,
Logic system etc,, are described in Chapters 5.4.5.,
5,4.5., and 5.4.7. The Tape Programme Selector Units
described in Chapter 6.2.5. are directly connected to
the sensing units and Logic System

5, The Logic System consisting of mounting boards, air
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supply manifolds and fluid logic devices, is assembled
and fitted in the Control Cabinet with connections to

the Programme Units, Sensing Units and Address System,
The components and assembly are described and illustrated
in Chapters 5.4.,8., 5.4.9., 5.5.3., 5.5.4. and 6.4.

6. The Address System, comprising of spool, poppet and
flow control valves, fiuid'Qtorage tanks etc., is
fitted in the Control Cabinet, where command signal
pipes are connected to the Logic System. The
manufactured components are described in Chapter
5.4.,10., 5,4.11; the assembly in Chapters 5.5.1. and
5.5.2,

5.3. Machine Tool Power Cylinders

§,3.1, Turret Slide Power Cylinder Unit. Figure 19

The unit consists of a 3 inch diameter, 6 inch stroke, double
acting nen cushioned, double ended eylinder with a sensing unit
fitted on one end; the other end is fitted onto the turret slide,
Air pressure provides the power to overcome the cutting forces, and
is applied on one side of the piston. Hydraulic fluid is used on
the opposite side to drevent surge caused by the %aryihg teol load
conditions, and also, to actuate the slave cylinders. The sensing
unit, fitted to the pneumatic side of the cylinder,.consists of a
circular probe fitted to the piston rod end, and a bracket with two
sensing devices, The device marked Cl, Figure 19, provides the
count signal to the Logic System when the turret is indexing, and
that the turret slide has returned to the zero position. The
programme channel now changes to suit the newly presented turret
face, The Device marked C2 Figure 19; signal "Logic" that the
'controlledllength of travel; in this instance four inches, has

commenced,

5.3.2. Cross—slide Power Cylinder Unit. Figure 20

The unit consists of a 1.5 inch diameter, 4 inch stroke,
double acting non cushioned double ended hydraﬂlically operated
cvlinder with a sensing unit fitted on one end; the other end is
fitted onto the cross—slide. Linear control is not essential on
this slide providing the tools are set at a definite radial distance
from the machine centre line, and the slide travels a pre-set
distance. The sensing. head consists of two aluminium end plates,

held relative to each. other with two circular guide bars, which
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also control alignment of a sliding probe bar fitted with a sﬁring
loaded Tufnol wiper blade. The probe bar,. fitted to the pistoﬁ rod,
slides along the guide bars; the wiper blade is in contact with a
laminated perspex plate which has five sensing devices, each fitted
with small b&ie aluminium tube connectors for the signal pipes. The
sensing devices, marked B, B2, A, C and C2, Figure 20, control the
cross—slide travel; B2 and C2 are extra devices for experimental
purposes; A to B control the front tool post motion, A to C the rear
tool post, Vhen not in use, the cross-slide and tool posts g&% in a
central position with the probe ét position "A", A signal from the
programme selector unit and the 3 inch diameter slave cylinder sens-
ing unit switch fluidic devices which actuate diaphragm falves
controlling hydraulic fluid to the cylinder. The piston and sensing
head probe will travel from A to B or A to C, whichever is programmed
at d.pre—determined rate of travel. (n reaching B or C, the tool
will be at its correct radial position to produce the component
diameter required. A signal from either sensing B or C will switeh
the fluidic devices and the cross-slide will quickly traverse back

to the central position "A",

5.3.3. Power and Signal Pipes to the Machine Tool:

The machine tool will now require four power and five.signal
pipes from the Control Cabinet; the turret slide having one
Pneumatic power, one Hydraulic power and two Data Signal pipes. The
cross—-slide having two Hydraulic power and three Data Signal pipes;

in addition to pipes required for speed and collet operation,

5.4, Description and Manufacture of Control Cabinet Units

5.4.1, 3 inch Diameter Slave Cvlinder Unit. Figure 21

The unit consists of a 3 inch diameter, 4 inch stroke double
acting double ended hydraulically operated cylinder with a sensing
unit fitted at one end. Exhaust fluid from the turret slide power
cylinder is supplied to the inlet port of this cylinder. As both
of these cylinders have the same volume per unit length, the
distance travelled by the piston is equivalent to that travelled
by the turret slide cylinder piston. The rate of fluid flow from
the exhaust port, is controlled by a selection of flow control

valves which enable a programmed rate of feed for the turret slide

to be obtained. The sensing unit, fitted to the screwed nose of

the cylinder, consists of one intermediate and two aluminium end
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plates held relative to each other by two circular guide bars. These
bars also control alignment of the travelling probe ;nd prevent the
piston rod rotating, Fitted between the end and intermediate alum—

" inium plates, is the sensing device plate, manufactured from laminatéd
”perspex. Each sensing device has an orifice of 0,032 inches diameter,
épéced at 0.0625 inch longitudinal centres and 0.5 inch cross centres,
giving adequate space for the signal pipes which fit onto the small
‘bore aluminium tubing in the top of each orifice, The aluminium

_ probe bar fitted to the piston rod end, has brass bushes and slides
along the guide bars, An 0,04 inch wide.épring loaded Tufnol wiper
bar in the probe is kept in contact with the sensing head plate, and
as it covers the selected orifice and prevents air escaping, a back

pressure pulse will actuate fluidic devices,-

5.4.2. 90,5 inch Diameter Slave Cylinder Unit. Figure 22

The unit consists of 2 0.5 inch diameter, 2 inch stroke double
acting single ended hydraulic cylinder with a sensing unit fitted.
Exhaust fluid from the turret slide power cylinder, is switched from
the 3 inch slave cylinder, when it has travelled the programmed C.0623
inch distance, to the inlet port of this cylinder,- The volumetric
ratio between the two slave cylinders is 31.3 to 1, each 0,001 inch
movemenlt uvf Lhe turret slide power cylinder will move the 0.5 inch
diameter slave cylinder'0.0313 inches., When the exhaust fluid from
the turret slide power cylinder is switched to the small slave cylinder,
ﬁhe large slave cylinder is hydraulically locked. Exhaust fluid from
the slave cylinders has been flowing through the programmed number of
flow control valves to give the desired rate of turret slide feed. On
switching to the 0.5 inch slave cylinder, the fluid now passes through
a reduced fixed flow control valve, before returning to the hydraulic
fluid storage tank. A reduced turret slide feed, irrespective of
programmed feed, is now in operation preventing tool over-run and
variation in compohenf length, which would-occur owing to turret slide
inertia and the various rates of feed, The sensing unit, having 64
sensing devices, is the same basic design as that fitted to the 3 inch
diameter slave cylinder, but of lighter construction and has the
sensing devices at 0,0313 inch longitudinal centres. When the
programmed sensing device is activated by the probe, fluidic devices
operazte various diaphragm valves which stop the feed and air supply
to the turret slide power cylinder. The hydraulic fluid storage
tank is pressurised to return the fluid into the various cylinders,

by-passing the feed flow control valves and returning the 0,5 and
? \
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3 inch slave cylinders to zero. Exhaust fluid from the opposite side
of these cylinders returns the turret slide power cylinder to zero,
any loss owing to seepage being made up from the fluid storage tank.
The programme change now takes place and the next cycle of events

commpences,

5.4.,3. Multi-channel Rotary Programue Unit. Figures 23 and 24

This is the first type of programme unit developed; they are
approximately 2,625 inches maximum diameter, reducing to 1,625 inches
diameter and 2.375 inches high. They consist of a number of dials,
each slightly smaller in diameter than its predecessor, have a
knurled edge, a calibrated scale in the appropriate units and they
are fitted with a perspei cursor to facilitate the selection of the
programme, A spigot on the unit base, locates it in the integrated
circuit board described in Chapter 5.4.4. When a channel is acti-
vated, the signal passes through the various holes and circular
grooves in the Channel dials until the programmed dial is reached.
A radial hole from the circular groove in the dial has been aligned
with a signal groove in the core when the unit was programmed; this
allows the signal to pass back through the unit baseplate to the
relative sensing or fluidic device. The units were made in an
aluminium alloy for ease of production, but the softness of the
material proved to be a handicap; the slightest knock during hand-
ling bruised the component, impairing the efficiency of the sealing
surfaces, A gas hardening alloy steel, would not only prevent this,
but would allow positive location of each channel dial relative to
the signal groove in the core, by means of a spring loaded ball
loqatipg in the core sigral groove. Compcnents for the unit are

shown in Figures 25 and 26, they are:—

1. Item A Baseplate

2, Item B Core

3. Item C - H Channel dials

4, Item I Plastic sealing disec

5. Item J Spring steel pressure_plate

6., ItemK Stainless steel friction pad angle bracket
7. Item L Spring steel dial pressure spring

8., Item M Aluminium cap

9. Item N Perspex cursor

The aluminium baseplate, item A, has six input signal holes,

one for each channel; sixty four equally spaced output signal holes
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0.032 inches diameter on a 1.17C inch pitch cirecle diameter; an 0.5
inch diameter bore; two 0.125 inch diameter mounting screw holes and
two 0.093 inch diameter countersunk screw holes to fasten the core
in position, . '

The 1.259 inch diameter aluminium core, item B, has sixty four
equally spaced signal grooves 0,03 inches wide, 0,04 inches deep,
which line up with the signal holes in item A, One end is reduced
to 0,5 inches in diameter, locating item A and the unit, in the
Integrated circuit Board described in Chapter 5.4.4; the other end
is drilled and tapped for the cap screw,

The six aluminium channel diels, items C to H fotating on the
core, item B, have lapped joint f#ces and bores to give a mechanical
air seal, In the bottom face of each dial are circular grooves, six
in item C, five in item D and so on, item H having one, From the
1,25 inch diameter bore a radial hole is drilled to the outer
circular groove, transferring any signal to the core grooves in item
B. The reg:iggng grooves are connected to other dial radial grooves
by vertical,0.032 inches diameter, An input signal for dial E will
pass through dials C to G, and then through the radial hole in H to
the core groove., Vhen the baseplate 4, cdre B and dials C to I are
assembled, - the signal'grooves in core B are blanked off with the
sealing disc I and pressure plate J; this item now projects slightly
above the top channel dial, item H, The friction pad bracket, item
K, is fitted on the top of préssure plate J, then, the dial pressure
spring, item L, and finally the cursor, item N and the cap, item M,
The cap screw is inserted through these items, finger tightened, the
cursor and friction pad bracket are zdjusted to their correct positions
and the cap screw is tightened, locking the items in position. As the
cap is tightened down, the dial pressure spring is compressed,
applying pressure on the lapped surfaces of the dials to provide a
mechanical seal. .

| Standard machine tools were used to mznufacture the various items;
the number of small holes and their positional accuracy dictated the
manufacture of some jigs and special equipment. Figure 27 illustrates
some of the special equipment which saved a great deal of time:-

1. Figure 274, A plate drill jig for the sixty four

0.03 inch diameter holes on a 1,17 inch piteh circle
diameter, two 0.125, two 0.093 and six 0.03 inch
diameter input signal holes. This jig was used

on the baseplate, item A and the Integrated Circuit
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Board sheets 1 and 2.

2. Figure 27B. An angle drill jig for the radial hole in
channel dials, C Items C to H,

3. Figure 27C. An engraving mandril for the channel dials
item C to H. A peg is fitted in the radial hole of each
dial and located in the mandril groove, the index rachet
wheel fitted and tightened down with a nut. The assembly
is then placed between centres for engraving.

4. Figpre 27D. A 4 to 1 engraving template for the

Integrated Cireuit Board.

5.4.4. Integrated Circuit Poard for the Rotary Programme Unit

Figures 28 and 29 .

The close centres of the sixty four C,032 inch diameter hoies
in the Rotary Programme Unit baseplate will not permit the fitting of
signal pipes. Increasing the hole centres would make the unit twice
its size’ and as some method of mounting the units is reqﬁiped an in-
tegrated circuit board was produced. Figure 28 shows the front face
of the multi-plate integrated circuit board, which measures twenty
four by eight by five eighths inches, accommodating six Rotafy
Programme units at 3.75 inch centres. The white lines on the
illustration are signal grooves, 0.03 inches wide by 0.04 inches
deep; vertical lines marked  "A" are for the input supply from the
Channel Selection Fluidic circuit to the channel dials. Horizontal
lines "B" are common back pressure signal grooves connected to-the
Selector Switchhoard Fluidic circuif; vertical pattern "C", a fan-
out from the sixty four 0.032 inch diameter holes to facilitate
signal pipe fitting, The herizontal pattern "D" connects three
Programme units which have a common connection tolthe 3 inch Slave
LCylinder Sensing Unit. A back view of the board, Figure 29, shows
fhe small bore aluminium output signal tubes onto which pipes are
fittéd. At position 1, the 0.001 inch distance Programme unit is
fitted and the output signal pipes are conmected to the C.5 inch
Slave Cylinder Sensing Unit. At position 2 the 0.0625 inch distance
programme unit is fiﬁted, at position 3, the Commence Feed Unit, and
at position 4, the Engagement of cross-slide motion relative to
Turret Slide Motion Uni% is fitted. The change in groove pattern
at position 4 connects the odd number signal grooves for the cross-
slide front toolpost operation and the even numﬁer signal grooves
for the rear toclpost operation. At pesition 5 the Feed Selection
Progrzmme Unit, and at position 6, the Speed znd Collet Operation

Programme Unit is fitted, the number of selections reguired from
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the last two Programﬁe Units are limited, and only a section of the
fan-out patten C is cut in the plate; output.signal pipes are con-—
nected to the relative fluidic devices.
The integrated board was constructed from five 0.125 inch thick -

.perspex'sheets, as shown in Figure 30, each cut apﬁroximately to size
on a bandsaw, clamped togéther, and drilled to suit the 3 BA, counter-
sunk head clamping screws, After the removal of the clamps, the joint
faces were cleaned, the clamping screws fitted and the edges machined
parallel and square to each other for setting and reference purposes,
Plates 1, 2 and 3 were fastened together and the 0.5 inch diameter
location holes at 3,750 inch centres, drilled aﬁd reamed for location
of the Programme Units. Plate 3 was then removed, the drill template
Figure 27A was located in the 0,5 inch diameter hole, and the 0,032
and 0.125 inch dizmeter holes were drilled. On an engraving machine
grooves "A" were cut from the 0,032 inch input signal holes in plate
1, and patten C on plate 2 with the aid of a 4 — 1 ratio template,
figure 27D, Grooves D, patterns E and F on plates 3, 2 and 4
respectively, were produced by a combination of table traverses,

Input signal holes were drilled by fitting plates 1 and 2 together,
then drilling through plate 2 into the engraved grooves. Plate 2

was then used as a drill template for plates 3, 4 and 5; the holes

in plate 5 were increased in diameter, and made a press fit for the

. small bore aluminium tube on which the signal pipes fit., A similar
technique was used for the output signal heles in plates 3, 4 and 5;
the back fressure signal grooves B, in plate 4 were engraved after
the‘holes‘were driiled. .

.The drilling and engraving operations had deformed the surfaces
and produced burrs which would prevent air tight faces being obtained,
in addition to which, cuttings had fused to the sides of the grooves
and holes, Joint faces were deburred, lapped flat, graoves and holes
cleaned and air blasted., The aluminium tubes were fitted in plate §,
and the plates were assembled and tested for blocked airways with a
pressure of 30 inches water gauge, Vhen the pressure was increased
ﬁo:60 inches ‘water gauge, the plates deformed causing a considerable
dfop in eutput signal pressure, some signal-transfer between adjoin-
ing grooves and a circuit resistance higher than estimated. These
problems could be reduced or overcome by bonding the plates together,
and increasing the size of signal holes and grocves. Tests carried
out, on the equipment available, with various bonding agents,

indicated that a perspex cement diluted with trichlecrethylene gave
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satisfactory results and a partial blockage of a groove could be
flushed clean, Plates 1 and 2 were sprayed with diluted cement,
located and pressed together, then plates 3, 4 and 5 were assembled
together; this order of assembly provided maximum accessability to
clear any holes which were blocked with cement. VWhen removed from
the press, excess cement on the joint faces had blocked several
grooves and holes. The grooves and holes were cleaned out with some
difficulty. During the bonding tests, Acetone had been used, but
rapid evaporation made it difficult to maintain a thin film over a
relatively iarge area in'brder to soften the perspex joint faces.
This, together with fumes and cracks developing from mechined grooves,
made the use of a diluted cement attractive, but in view of the
blockages which had occurred, it was decided to use Acetone for the
final joint between plates 2 and 3, This joint face has a consider-
able number of inaccessible holes, which if blocked, could only be
cleared chemically, - a slow process in this instance. ' The jbint
faces were sprayed with Acetone until soft, located together and a
clamping pressure applied until set, ahy surplus Acetone in grooves
or holes evaporated and no blockages occurred,

Preliminary tests on some circuits confirmed that the modifications
to the grooves and holes had improved the over‘all. efficiency, but the
surplus bonding cement in some grooves restricted the flow of air and
reduced output signal pressures to a few inches of water gauge. The
joint face between plates 2 and 3, bonded with Acetone, was not
satisfactory; the bond between some signal grooves was not air tight
and leakage occurred dissipating a signal over several outlets, To
overcome this fault it was necessary to cut the board into sections
as shown in Figure 31 - joint faces were split with some damage that
was rectified later, faults were corrected and the plates rebonded.
The reduced size of plates made the re-bonding operation quite simple
when compared with the large plates, and with the faults corrected, a
circuit efficiency between 90% and 95% was obtained.

The use of existing commercial techniques, such a photo sensitive
glass or plastic would have simplified the production of this unit,

but in this instance was prohibited by cost.

5.4.5, Junction and Cross-slide Manifolds. Figure 32

Modifications to the Integrated Circuit Board damaged the
connecting grooves "D", which connect the programme units at positions

~
2, 3 and 4, to the 3 inch Slave Cylinder Sensing Unit. Similarly, an
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alternative for the damaged patterns E and F at position 4, control-
ling selection of either front or rear toolpost on the cross-slide

was reyuired. Inter-connection of positions 2, 3 and 4 was achieved
with the aluminium junction manifold Figure 324; signal pipes from
each programme unit position fit into the holes, whkich have a common
outlet conn;cted to the sensing unit, Patterns E ancd F were replaced
with the aluminium ﬁanifold Figure 32B; odd numbers from the programme
unit, are fitted into the holes at one side of the manifold, and even
numbhers the opposite side. A restricted signal hole from each odd
numbered 'pipe is connected to a common outlef signal hole marked "R";
the pipe from "R" connected to control C2 of the Schmitt Trigger ST1
Figure 11, A similar arrangement for even numbers with the outlet
marked "F" is connected to control Cl of the Schmitt Trigger. The
selection of any odd number on the Rotary Programme unit provides a
signal to the cross—slide fluidic devices, programming the circuit for
rear toolpost operation; an even number programmes the circuit for
front toolpost operation. Both manifolds are mountec on hrackeﬁs

which fit on the back of the Integrated Circuit Board.

5,4.5. Back Pressure Signal Manifold, .Figure 334

During the tests on the Integrated Circuit Board, a variation in
the back pressure signal strength had been observed and éttributed to
the flow resistance in greoves, pipes and the dimensional variation of
the fixed restrictors in the "Board", As the back pressure signal is
also proportional to the supply pressure, the variaticn between
signals from sach Irogramme Unit could be considerable, but control-
lable by using a2 variable bias signal prcessure to the Scehmitt Triggers
incorporated in each fluidic circuit. The use of fixed restrictors
inserted in the "Board” was not sufficiently versatile for experi-
mental purposes, and were replaced by the manifold, Figure 33L. The
manifolds, manufactured in aluminium, have six inlet pipe holes with
screw adjustment to vary the resﬁriction, enabling the output of each
inlet to bé set and balanced with other Programme Units. The common
cutput, connected to the appropriate Schmitt Trigser with 2 bais
signal supply common with other circuits; the bizs setting the Schmitt

Trigger to operate at a pre—determined back pres§hre signal strength.

5.4.7. Channel Supply Hanifold. Figure 333
"It had been intended to connect the output of the Channel
Selection Fluidic circuit, Figure 10, to the inlets of the Programme

Units, Unfortunately, the output flow from the "NCE" gates was
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,ingufficient to meet-tﬁ; requirements of the six units. Each channel
output signal wes utilised to activate a three port diaphragm valve,
which supplied air from the auxiliary pressure supply, in sufficient
quéntity, io the perspex Channel Supply Manifold, Figure 33B. From
each of the six channel supply holes, small bore aluminium tubes were
fitted and connected to Programme Units. - An additional tube, connected
to én indicator on the Control Cabinet Panel, informs tﬁé Operator

which Channel circuit has heen activated,

5.4.8. Fluidic Unit Supply Manifold. Figure 33C

The Fluidic Supply Manifolds utilised, are similar in construction
to that illustrated in Figure 33C; their function is not only to provide
sufficient "1/16" and "3/16" internal diameter tube outlets to supply

» “the fluidic board, but to act as a reservoir, and reduce any fluctuation

- in air supply to the logic devices, which can occur when several cylinders
are activated simultaneously., The manifolds were manufactured from one
-inch square rolled tube; holes were drilled for the "1/16" and "3/16"

inch diameter tube connections and after de-burring, the tube connect-
ions were soldered in position., - The end plates, which also act as
mounting feet, were then soldered on the tube ends, the unit was cleaned,

pressure tested and then éainted.

5.4.9. Fluidic Unit Mounting Board. Figure 34

The dimensional proportions of fluidic devices are arranged in
modulesy a Bistable, Nor, And, and Digital Amplifier are CIasséd as
one module; a Schmitt Trigger, one horizontal bX two vertical, as two;
a Multivibrator, three horizontal by one verticél;as three. and a Binary
Counter, two horizontal by two vertical as four. A pattern of holes to
suit the connections and fixing holes of a "one module device", if
repeated in sufficient numbers, would accommodate any logic device,
SeveraI.Mounting Boards, similar to Figure 34, but of varying capacity,
were required; it was decided to manufacture one "Board" in 12 s.w.g.
plate and use it as a drill jig. The required boards of varying sizes
were cut from 22 s.w.g. plate, clamped to the jig plate, driiled, de—

burred and painted ready for assembly.

5,4.10, Hydraulic Fluid Storage Tank, Figure 35

Two sizes of storage tanks, similar in design to Figure 35 were
produced; one with sufficient capacity for the turret slide and
related cylinders, and two smaller units for the cross-slide cylinder.

The principle reason for using a fluid is to obtain an accurate fluid

)
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flow contrél, and_motion of the cylinder without surging, which
usually occurs when varying loads are applied to pneumatic cylinders.
The Hydraulic Fluid Storage Tanks were manufactured from thin wall tube
and were fitted with a fluid leyei gauge. The end caps were drilled
and tapped for inlet, exhaust, drain and filling pipes and plugs,
before the diffuser bosses were welded into position over the inlet-
outlet holes. The diffuser bosses are essential, as they prevent the
returning fluid being squirted up the air inlet pipe, to find its way
into the valve exhausting to the atmosphere. After the end caps and
tubes were cleaned, thg caps were welded in position, mounting brackets

fitted and the.tankh pressure tested and painted.

5.4.11. Control Cabinet Frame and Panels. Figure 36

The overall size.of the cabinet was controlled by the slave
cylinders, sensing units, and the number of valves, with the instru-
ment panel faces angled for convenience of the operator, The frame,
constructed from 24 S.W.G. plate cut into two inch wide strips, was
folded to form an anglelsection, then cut to length for the various
members. Fixing holes for the units and valves were punched in the
appropriate members, which were then spot welded together. The top
instrument panel was fabricated from a small section folded angle and
holes were punched to suit the fixing screws of'the Integrated Circuit
Board that fits in this frame., The lower panel, folded to shape from
24 S, W.G., plate, was marked off and the holes trebanned for pressure
gauges, regulators, switches and indicators, which would be mounted
on it. Both panels, hinged to the cabinet frame, were covered with a
black plastic sheet, cut out to suit the various units, engraved and

held in position with a polished aluminium edging strip.

5.5. Assembly of the Control Cabinet
5.5.1. Assembly of Pneumatic-hydraulic Equipment. Figures 37 to 43

The three port micro-diaphragm valves were fitted to the cabinet
frame angle brackets, as shown in Figure 37. Hydraulic fluid storage
tanks for the cross-slide and turret slide power cylinders are fitted
at one side as shown in Figure 39 with the five port diaphragm valve
mounted underneath. Manifolds for the various pressure supplies were
assembled in the frame, and after mounting the slave cylinders,-as
shown in Figures 38 and 40, were connected to the lower instrument
panel, Copper tubing was used in all hydraulic circuits; some
pneﬁmatic circuits were also in copper to facilitate fitting and

enable a compact layout to be achieved. In Figure 40, the slave
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cylinders and sensing units can be clearly seen on the frame base. At
the right hand side, are the caﬁinet external connections for the
pneumatic, hydfaulic, and fluidic pipes for the cross-slide, and the
turret slide power cylinders, In Figure 41, a bird's eye view of the
partly assembled cabinet, the general layout of tanks, cylinders,
sensing units, valves and piping can be clearly seen, Figures 42 and.
$3 show the pﬁrtly assembled lower instrument panel, ﬁith the pressure

regulators, gauges, switches and indicators in position,

5.5.2. Assembly of Top Instrument Panel. Figures 44 to 46

Figuré 44 shows the front face of the upper instrument panel
fitted with the Rotary Programme Unit Figure 23, mounted on the
relative circuit boards, with the black facia panel and trim in
position, Vhen fitting the Programme Units, particular care was
taken to ensure that the signal grooves were free from foreign
matter, and that the units were an air tight fit on the circuit
boards, On the back of the Integrated Circuit Boards, the junction,
créss—slide, back pressure signal and channel supply manifolds were
fitted as shown in Figure 45, Using 1/16 inch diameter flexible
polythene tube in a variety of colours, connections between the back
pressure signal manifold and Circuit Boards were made, followed by
the channel supply pipes from the channel supply manifold to the
various programme units, Pipes from odd numbers of the cross-slide
programme unit were fitted into one side of the menifold, and even
nunbers to the other side. From the underside of this manifold,
connections were made to one branch of “the Junction manifold; another
branch being connected to the 0,0625 inch distance Programme unit;
the third branch to the Programme Unit starting the feed. Figure 46
shows the general arrangement of the signal pipes, those on the left
hand side going tc’ the Slave cylinder sensing units, the right hand

side for speed, feed etc., and to fluidic devices.

5.5.3. Fluidic Unit Boards. Figures 47 to 50

The fluidic circuit diagrams shown in Figures 10 te 15 were
compiled into two Fluidic Unit Boards, each comprising of several
manifolds and mounting boards on which the fluidic devices were
fitted., The unit shown in Figure 47 contains logic circuits con-
trolling the channel éelection, Cross-slide control, Selector
switchboard and Valve Control. The rear of this board, Figure 48,
‘shows the supply manifolds, interconnections, input signal ﬁipes

-from the Integrated Circuit Board, turret, and cross—slide sensing
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‘units; signal pipes from the fluidic déﬁicéé to the diapﬁragm
valves are not fitted, The board shown in Figure 49 contains the
logic circuits controlling the feed'seiection and the speed—collet
opération. Figure-so; a rear view of this boaéd_shows the supply
manifold,. and the interconnections between devices made with

flexible polythene tube,

5.5,4, Assembly of Instrument Panels and Fluidic Boards
in the Control Cabinet. Figures &1 -~ 55

The lower instrument panel had been fitted to the cabinet when
the pneumatic and hydraulic pipes were installed., This enabied
interconnections to be made between inlet connections and manifolds,
as shown in Figures 40 and 41, The'panel was then removed to
facilitate the fitting of other sub-assemblies. The Upper Instru-
ment Panel, Figure 45 was fitted to the cabinet, connections were °
made between the Integrated Circuit Boérds, Manifolds, and the
sensing units of thé 0,5 and 3 inch Slave Cylinders with 1/16 inch
diameter bore polythene tube., The Lower Instrument panel was then
replaced and re-connected; Figures 51 and 52 show the, arrangement
of the pipe connections with the -panels open., Connections between
the Fluidic Boards and other Units, can also be seen in Figures 51,
52 and 53,1as they would be viewed by maintenance staff, Figures
54 and 55 ﬁre views with the panels closed, as seen by an operator,
The control paﬁel has yet to be éonnected to the machine tool power

cylinders and sensing units,
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CHAPTER VI

Commissioning

After each unit or sub-assembly of the control system had been
manufactured, prelimihary.tests were performed, whenever possible,
prior to final assembly., For convenience the system was divided
into the following Qectipns, and tests for pressure drop, respense,

leakage and performance were carried out,

1. Cylinders and sensing units
2, Programme system

3. Address system
4

. Logic system

When the test results indicated a fault, an alternative or improve-
ment was suggested in design; they were investigated, the unit under

test was modified or re-designed and manufactured.

6.1. Performance of Cylinders and Sensing Units

The tests performed on the units, were arranged to check the
repeatability of the cylinder positioning, the response of valves
and fluidic devices to reverse cylinder motion, the effect of air

po#keté in the cylinder, and the traverse speed on the over run,

6.1.1, Preliminary Cylinder Tests

The following equipment was uséd to test the cylinder units
before fitting into the control cabinet and onto the machine

simalator.,

-~ Fluid storage tanks

— Three port diaphragm operated val%es.

— Bistable fluidic device

- Back pressure sensing fluidic devices
0,0001 inch ' Dial test indicator and stand
-~ Multi-column monometer

— Mounting board

— Flow control valves

e T e i e " L - S
1

— Three port lever operated valve

PR
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Each cylinder piston was positioned mid-way in the cylinder and
each side was filled with fluid, One cylinder inlet port was connected
to Fluid storage tank with a flow control and three part diaphragnm
valve in the circuit, The piston was moved, forcing the cylinder fluid
through the pipe, flow control, and the three port valves into the
storage tank to remove the air from the circuit. This tank was then
filled up with fluid to within an inch of the top and then connected
to the outlet port of a pneumatic supply valve. The cylinder outlet
port was connected to the second storage tank in a similar manner. -

" The pneumatic supply three port valve in the first circuit was
activated, and fluid from the storage tank returned the piston to
exclude air from the second circuit. The second fluid storage tank
was then filled, and connected to the outlét port of a second
pneumatic supply three port valve. Two sensing devices on the unit
were selected, and connected to the back préssure fluidic devices,
their output 02 connected to the Cl and C3 controls of the bistable
device; outitput 01 and 02 of the bistable, activating the three port
diaphragm valves. Mains air pressufe at 60 pounds per square inch,
and an auxiliary supply at 10 pounds per square inch, was connected
to the valves and fluidic devices; the dial indicator was positioned

to contact the piston rod at the end of its length of stroke.

6.1.2. Preliminary Test ?erformance

When the air supply was switched on, the bistable output
operated the diaphragm valves to pressurise one storage tank and
vent the other to atmosphere. Fluid, forced from the pressurised
tank, passed through flow control and "hydraulic lock" three part
valves into the eylinder. Fluid from the opposite side of the
cylinder piston, flowed through the pre-set flow control and three
port valve, intoe the second tank.

When the travelling probe of the sensing unit, fitted to the
cylinder, covered the selected sensing device orifice, a signal
from the back pressure fluidic device connected to the orifice,
switched the bistable output to change the valves over. The
valves in the hydraulic circuit provide the "hydraulic lock" to
reduce over run of the sensors by the probe. The pressurised tank
is vented to the atmosphere: simultaneously the other tank is
pressurised and the "hydraulic lock" is removed to reverse the
direction of the piston movement. The dial test indicator reading

was noted during the change-over in piston movement. As the piston
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returned, the second sensing device was activated and the motion was
reversed. To check the repeatability of change-over position, a
range of piston speeds was selected by regulating the flow control

valves, and the dial test indicator readings noted.

6.1,3, Preliminary Cylinder Test Conclusions
The length of the 1/16 inch diameter signal pipe hetween orifice.

and back pressure switch affected the response owing to a combination
of pipe resistance, capacitance and orifice size. Increasing the
orifice diameter from 0,03 to 0.05 inches and the width of the
travelling probe enabled a higher pressure to be used, which gave a
marked improvement in sensitivity and response. Valve response time
proved to be irregular when operating the diaphragms at the minimum
pressure of two pounds per sguare inch, which is the output pressure
of a bistable device with a supply pressure of ten pounds per square
inch, Increasing the bistable supply to fifteen pounds per square
inch provided an output of three pounds for valve operation, which
removed the problem, The supply to the back pressure switch was
reduced to eight pounds per square inch, as the output at this
pressure, 20% of the supply, gave positive switching of the bistable
device and some reduction in the air consumption. The results
obtained for the repeatability of piston positioning are acceptable
at this stage, but a test for reliability based on valve life is
necessary. .Care must also be taken to rembve air from the cylinders
and circuit or an incontréllable variation in the piston position

occurs,

6.1.4. Installed_Cxlindqr Tests

On completion of the prelimihary tests and minor modifications;
each cylinder was installed into the system and connected to the
Programme, Address and Logic circuits., A programme was selected and
the system was allowed to perform a series of cycles until the
pressure, flow and corntrol valves were set and other minor adjust-
ments completed, The count circuit was then isolated and set to
provide a continuous supply to programme channel number two.
Positional repeatability tests were then commenced on the cross- .
slide and turret slide motions, various rates of piston speed were
used for each sample of fifty cycles of operation; the dial test

indicator readings were noted and piotted.
6.1.5, Installed Cylinder Test Results

Three piston speeds,'one igch, three inches and six inches
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per minute were selected;. results of the repeatability tests are
as follows:-— .

Piston speed, one inch per minute

A
“

YOS

XXAAX A

XX 0.4
-0,0006 O +0, 0005

Position of piston - inches

Piston speed, three inches per minute

. X, X
T XX LRIy
XX EXERATHY
-0.0008, . 0 +0,0009

Position of piéton - inches

Piston speed, six inches per minute

(W
Yy
A A
Vs

X

XX 4
AL X ¥,

XoDOE XX

-0,0007 0 . +0,0008

Position of piston - inches

6.1.6. Installed Cylinder Test Conclusion

-The dial test indicator readings did not give the anticipated
distribution curve at the higher piston speeds. Also it had been
noticed that after several consecutive readings within plus of minus
0.0002 inches of a méan valve, the féllowing five to six readings were
distributed about a slightly higher or lower valve., A further test of
- one hundred cycles was instigated, the piston speed was increased to
twelve inches per minute and suppl& air ﬁressures were noted. As the
test progressed, the variation in the mean value for each five to six
cycles of operation, produced a curve, which was relative to supply
pressure variation caused by the regulating valve differential pressure.
It can be seen from the results of this test, that a pressure variation
of 10% has a detrimental effect on fepeatability when high piston speeds

are used,

Piston speed, twelve inches per minute

- v . v‘?r X X X 'grl
AXXZ X ; X Ry ¥
ARRARXERATT y, XXX OO
0.0023 Position of piston - inches +0,0023

- 5% % Supply pressure variation "+ B%
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In 2 series of random tests which followed the one shown
above, it was possible to predict the piston position within plus
or minus 0,0002 inches, by noting the supply pressure. It wvas
concluded that supply pressure variation, which could be greatly
reduced with a precision pressure regulating valve, was the major
factor in repeatability, because of its effect on the rate of

fluid flow through the flow control valves.

6.2, Ferformance of the Programme System

This system consists of the Rotary Programme Units, and
the integrated circuit‘board, which had been tested during manu-~
facturing, and is described in Chapter 5.4.4. As a result of
the tests, several modifications‘wete made, and the circuit board
airways became 90% to 95% efficient when tested with a pressure

of 60 inches water gauge.

6.2.1. Rotary Programme Unit Test

The Rotary Programme Unit could not be tested as an
individual unit owing to signal hole size and arrangement; it
was therefore necessary to mount each unit on one of the circuit
Boards fitted with connecting pipes. The equipment utilised in

the test was:-

-~ Circuit Board

- Multi-column monometers

- Fluidic supply manifold
Multi-connection junction block
- Variable restrictors

— Schmitt Trigger fluidic device
- Water tank

bt pd (D e = DO
|

The Rotary Programme Unit baseplate and core, items "A"
and "B" Figure 24, were fitted to the circuit board. Channel
dial item "C" fitted on the core, and the vertical output signal
grooves in the core, stopped off with modelling clay to prevent
signal loss. Air pressure in the fluidiec supply manifold'was
adjusted to 60 inches water gauge, and a connection made to
Channel 1 input pipe on the circuit board; the monometers being
connected to the output signal pipes. By rotating channel dial

"C" to aline the radial comnecting hole with the vertical
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output signal grooves in Core "B", the pressure drop, and
signal transfer could be noted on the monmeters.

Air loss between the horizontal joint faces was detected
by submerging the unit into the‘water tank, The remaining dials
were fitted and tested in a similar manner until the Programme
Unit was assembled; leakage between the various channels could
now be checked with the monometers. The air supply from the
manifold to the unit was disconnected, and a tee-junction with
a variable restrictor was inserted tb provide a back pressure

signal tapping point for the Schmitt Trigger fluidic device.

6.2,2, Rotary Programme Unit Performance

The tee-piece and Programme Unit output pipes were
connected to monometers; the air supply was re-connected,
pressures were notéd and the variable restrictors were adjusted,
With a supply pressure of 60 inches water gauge, the pressure at
the sensing unit was 15 inches and the back pressure was 20
inches water gauge. When the sensing device was operated, the
back preséure increased to 24 inches, a 4 inch differential
pressure to the switch output of the Schmitt Trigger. Connect-
ing the back pressure signal pipe.to control Cl of the Schmitt
Trigger gave output 0l. A bias signal adjusted to 21 inches
water gauge, connected to control C2 sﬁitched the output to 02
as it was greater than the initial back pressure signal. When
the sensing device was operated, the back pressure signal
increased to 24 inches; the bias signal was inhibited; and the
output was changed to 01 to control other logic devices, whére

as output 02 vents to atmosphere.

6.2.3. Signal Pressure Drop

Similar tests were performed on éach Channel Dial, but a
variation in the output pressure, owing to the cumilative effect
of the joint face leakage, resistance to air flow within the unit
and signal transfer, shown in Figure 56, reduced the sensing device
and differential pressures in some instances to 5 and 1 inch water
gauge respectively. The introduction of restrictors in each
Channel Circuit adjusted outputs to a common value; the bias
signal was adjusted to suit the sﬁallest differential pressure.

"The limits between function and non~function were now reduced tp
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an unsatisfactory level where a slight variation in circuit
resistance between sensing devices, or fluctuation in supply would

~ cause malfunction, The reduction in unit performance between these
and the preliminary tests, described in Chapter 6.2.1. was due to
ledkage between the dial face circular grooves and the core vertical
grooves, The resistance due to any variation in the circuit length

. L]
of the various channels, was secondary.

6.2.4, Modifications to the Rotary Programme Unit

Figure 57 shows the modifications made to the unit; additional
circular grooves were cut in the opposite face of each Channel Dial
and & polythene washer was inserted between the dial faces, The
transfer holes connecting'the grooves in each face were also enlarged
to reduce resistance. The improved output pressures were noted on
testing but their effectiveness was offset by an increase in signal
transfer between the vertical core grooves, The increased volume of
airways, due to the additional grooves, had a noticeable effect on
the back pressure signal response, especially where leakage between
the dial and core would occur, A thin grease was smeared on the
core and in the diai bore, to act as a seal, confirmed, that the bore
and core fit was responsible for the poor performance. Prior to the
use of grease as a seal, leakage pressures in adjacent vertical core
‘grooves to the one programmed, averaged 1 inch water gauge, with a
maximum of 3 inches water gauge., The solution to these losses would
appear to be a synthetic rubber seal as illustrated in Figure 58; the
-Channel Dial joinfiface seal could also be moulded in a similar
material and would.incorporate the circular grooves instead of having
to be machined in the dials. The use of these seals would, in addition
to the improved performance, reduce manufacturing time and permit wider
tulerances to be used on the components. It is'unfortuﬁate that
facilities to produce such seals were not available, and it was
necessary to examine in'greater detail the Endless Tape Programme

Unit considered in Chapter 3.4,

6,2,5, Tape Programme Unit

The design, illustrated in Figure 59, had been discarded
earlier in this projeét due to its relatively large physical
dimensions, abouf 6.5 x 4 x 1,5 inches, and that it did not leand
itself to mounting on a circuit board,., The unit consists of a
perspex block with sixty four fransverse grooves staggered sﬁcaz;'

horizontal plane to facilitate signal pipe connections. In the
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top face are six grooves, one for each prbgramme channel, in which an
eight millimetre wide endless tape slides, revolving round an idler
pulley at one end, and traversedby a driving sprocket at the other,
Each tape, sealed sixty four vertical holes drilled into the traverse
grooves, except for one hole, in line with a 0,04 x 0,1 inch slot cut
in the tape. Air was supplied to a groove in a spring loaded poly-
thene supply block, which holds the tape in possition, passing through
the tape slot, down the vertical hole, and out of the transverse
groove to the sensing unit. When the sensing device was activated,
air pfessure increased in the polytheﬁe supply block and the increase '
in back pressure signal strength, triggered the appropriate fluidie
device, usually a Schmitt Trigger. To programme a particular sensing
device of a sensing unit, the tape is moved by rotating the sprocket
until the tape slot coincides with the appropriate hole connected to
the device. Accurate positioning of the tabe is necessary to prevent
partial blockage of the vertical hole. This is facilitated by a mark
on the tape and an engraved scale fitted to the control panel as

shown in Figure 63,

The components for the unit can be seen in Figures 60 and 61,

they are:-

1, Item A, Perspex laminated block
2. Item B, Tape driving sprocket
3. Item C. Sprocket disc

4, Item D, 1Idler roller

5, Item E. Spindle bracket

6. Item F. Spindle

7. 'Item G. Mounting feet

8. Item H, Tape

9. Item I. Polythene supply block
10, Item J. Pressure pads
11. Item K. Pressure plate
12, Item L. Fluidic device mounting plate

The perspex block, item A, is laminated from three pieces of
quarter'inchlih}ck perspex; the bottom and middle piates each have i
thirty two transverse grooves 0,030 inches wide by 0,040 inches deep

at one eighth of an inch centres, cut in one face, The top plate
| has six longitudinal grooves, 00,0625 inches deep by 0,325 inches wide,
to suit the tape. In each of the six grooves are sixty four 0,03
inch diameter holes; thirty two line up with the transverse grooves

in the middle plate, the remainder, with thirty two holes in the
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middle plate which line up with the transverse grooves in the lower
rlate. The accurate positioning of these holes was achieved with the
aid of a plate drill jig. After cleaning the holes, grooves and
joint faces, the.plates were bonded togethef in a similar manner to
that used for the Circuit Board, described in Chapter 5.4.4. Holes

. were drilled and tapped in the block side for brackets, item E. The
Tape Driving Sprocket, item B, was produced by conventional plastic
moulding techniques, a die having been manufactured for the purpose.
On.the spigot of the sprocket, item C, the aluminium Sprocket Disc
was bonded, When the aluminium Idler Roller, item D; the aluminium
Spindle Bracket, item E, and the mild steel spiﬁdle, item F, were
.completed, they were fitted to the block, item A. The tape, item H,
manufactured from eight millimetre film, was measured -for length and
the ends were spliced to make an endless tape, After cutting the
0.04 x 0.1 inch slot in the tape, it was fitted round the Idler Roller,
Driving Sprocket and into the 0.325 inch wide groové. When correctly
tensioned, the spindle and bracket screws were tightened. The Poly-
thene Supply Blocks,.iteﬁ 1, produced with a simple moulding tool,
were fitted with supply and back préssure signal pipe connections.
After the joint face had been lapped flat, they were fitted into the
tape slot and the air seal between this block, the tape and the perspex .
block was tested. When the seal on each of thg six channels was
satisfadtory, the Preésure Pads, item J, and Pressure Plate, item K,
were positioned on top of fhe Polythene Supply Blocks, the screws
were inserted and tightened, '

At this stage, the unit was again tested; if the performance was
below the previous test it was stripped down, examined, the fault was
rectified and re-assembled. When satisfied with each channel perform-
ance, the Fluidic device mounting plate, item L, was fitted on top of
the mounting feet and the fluidic devices were connecfed to the

Polythene Supply Block signal pipes.

6.2.6, Performance of the Tape Programme Unit

The equipment and method used to test the unit, was similar to
that used for testing the Rotary Programme Unit, described in Chapter
6.2.1, An input supply of 60 inches water gauge was connected to the
Polythene supply block, the back pressure and sensing device pipes
to monometers. Back pressure readings between 40 to 46 inches water
gauge were observed, when the sensing unit probe covered the sensing
device orifice. When the.pfobe moved, and allowed the device to vent

to the atmosphere, the back pressure signal dropped to 16 inches
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water gauge, giving a differential of 30 inches water gauge to switch
fluidic deviced,

Bach channel was tested in turn, the other channels being pro-
gramned to zero in order to eliminate feed back and the observation
of circuit resistgnce. The selected results, listed below, are
typical, with the exception of the odd high back pressure from an
open sensing device, marked =  Examination showed that partial block-
age of the traverse groove with bonding agent had.occurred.' On
completion of the test znd recording the results in Table 1 the
channel back pressure pipes were connected to a manifold enabling a
common back pressure signal pipe to be fitted. This would pernmit a
feed back to the unprogrammed channels and effect. the results listed
in Table No, 1. With an air supply of 60 inches water gauge, Channel
number 6 was programmed to a sensing device, which on the previous

test, had given water gauge readings of:-

Back pressure, sensing device orifice open - 16 inches
Back pressure, sensing device orifice closed ~ 46 inches
Sensor pressure ) ~ 40 inches

The common back pressure signal pipe was connected to the monometer
and comparative readings were taken to ohserve the effect of feed
back inte the Programme Unit., The remaining channels, which had
been set at zero, were then progrommed in turn until a complete
operational selection was on the Tape Programme Unit., The results
of this test are listed in Table No. 2, '
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TABLE No. 1 Supply Pressure 60 inches water gauge

Back Pressure Readings. inches water gauge

Programme at Zero . Sensor open Sensor closed
14 38
12 38
Channel No. 1 .. £ 20 ; - 49
50 inches 12 ‘ , 36
14 - 34
= 20 36
12 34
Channel No. 2 £ 22 32
38 inches 10 31
15 34
10 43
12 34
Channel No, 3 12 46
50 inches £ 26 44
8 . 40
10 30
10 28
Channel No, 4 12 28
38 inches "9 32
8 . 30
12 26
9 26
Channel No., 5 14 32
46 inches 5 922 34
12 32
10 46
11 : 44
Channel No. 6 x 20 42
48 inches 10 46
16 _ 36
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. TABLE No. 2 Supply Pressure 60 inches water gauge.
l .

Number of Channeis Back Pressure Readings. ¢ inches water gauge
Programmed " Sensor Cpen Sensor closed

1 6.0 10

2 5.0 7.4
3 4,0 5.5
4 3.8 .

5 3.5 .. 0
6 3.2 .4

The back pressure signai decreased in strength as each channel was
programmedé to 2 sensing device.. When the travelling probe of the
sensing unit passed any programmed sensing device, the back pressures
" of all channels increased slightly; the largest increase in pressure
occurred when the energised channel sensing device was covered by
the travelling probe. The air supply to each channel was at this
stage, provided by a three port diaphragm operated valve with a plug
~in the exhaust port. This arrangement prevented a drop in any channel
pressure, as a feed back.through the back pressure signal manifold
into the unactivated channels, would exhaust to atmosphere through the
valve exhaust port. The back pressure signal from the Programme Unit
was now less than 10% of the individual channel performance. The
supply pressure was incréased to 10 inches of mercury, approximately
500%; but this only gave a‘150% increase in back pressure signal
strength., At this higher pressure the test was repeated, and the
results tabulated in Table No, 3,
When the travelling probe of the semsing unit traversed over a
programmed sensing device of an unactivated channel, the feed back
from the common back pressure signal manifold, was sufficient to

effect the back pressure signal,
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TABLE No, 3 Supply Pressure 10 inches. Mercury.
Number of Channels Back Pressure Readings. inches water gauge
Programmed Sensor Open Sensor Closed

1 15.7 25.4

2 10.4 . ' 16,5

3 9.4 ' 14,8

4 8.0 11.5

5 €.6 9.2

6 5,8 _ 8.1

The programmed sensing devices chosen in the previous tests were
used, and fluctuations in the back pressure signal strength as the

probe passed each pfogrammed sensing device were noted in Table No.4.

TABLE No., 4 Supply Pressuré_ 10 inches. Mercury.
Sen51ng ?ev1ce Un-activated Channels Activated
Position , Channel
0 1 2 3 4 B 6
Back Pressure
inches water gaugel 5.8 6.6 8,1 6.3 6.8 6.3 8.1

‘Several tests were made with varying programmes, the results in each
instance being similar to the above, The recorded pressures were
taken after the water column of the monometer had stopped oscillating.-
Surze readings were in several instances, greater than sensor position
No. 6 in the abgve table and caused the fluidic device to switch,

The diaphragm valve exhaust plugs were removed and any feedback
from the back pressure signal manifold, exhausted to atmosphere,
through valves not activated. This permitted the supply to "bleed
off£"; the operating pressure dropped to 6.5 inches of mercury, but
was adjusted back to 10 inches before the above programme vas tested

under this varied condition., The results noted in Table No, 5.
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TABLE No,. 5

Sensing Device Un—activated Channels Activated
v Position -’ _ Channgl
0 1 2 3 4 5 6
Back Pressure. 5.0 5.0 5.1 5.1 5.1 5.1 6.4
inches water gauge

The overall back pressure signal strength was now reduced from 8,1
to 6.4 inches water gauge. The variation as the ﬁrobe passed the
sensing devices, was from 1,0 to 0.1 inches water gaﬁge, but the

surge readings were negligible, and could not be noted with any

degree of accuracy, although air -consumption had increased.

The Tape Programme Unit for feed, speed and cellet operation
does not require the back pressure signal arrangement; the
programmed selecfion is connected to a "Nor" gate or a similar
fluidic device.” When tested with a supply pressure of 10 inches
of mercury, the output was 6.5 inches, giving an efficiency of

65% where as the fluidic devices were approximately 205, The seal

-between the tape, the polythéne supply block and the unit base

proved to be satisfactory but movement of the tape tended to be
sticky due to the contact pressure. Impregnation of the poly-
thene supply block tape contact face with graphite, allowed the

tape to slide more easily when the driving sprocket was rotated.

6.2,7. Alterations to the Back Pressure Signal Arrangement

The back pressure signal pipes from each chahnel supply block
were connected to a back pressure manifold, fitted onto the unit
pressure plate, to give a common output pipe as shown in Figure §2,
The various tests had shown that this arrangement was inefficient
due to feed back, Variation in channcl and sensor output, due to
the method of manufacture causing partial blockage of grooves, was
considerable.. The differential pressure was, however, still
sufficient to switch the output of a Schmitt Trigger. By using
one fluidic device per channel adjusted to suit that channel

operating pressure; six devices were necessary instead of one, but

the feed back problem was eliminated. Back pressure signal strengths

were now comparable with those obtained in the individual test. A
wider switching differential pressure band, about 10 inches water

gauge instead of 1.3 inches water gauge, was now available and it
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reduced the possibility of a malfunction occufring. The Tape
Programme Units were subsequéntly fitted into the Control Panel,

as shown in Figures 62 and 63; replacing the Rotary Programme Units,

€.3. Performance of the Addresé System

The Address System functioned in a'satisfactory manner when
tested mannally, A satisfactory range of turret slide feeds could
he ohtained by adjusting the flow control valves, but the gquick
traverse mot{ons were slower than anticipated due to pipe zand valve

restriction on fluid flow,

6.3.1, Valve Response

It was found that certain diaphragm valves reguired a minimum
pressure 50% higher than specified before they would operate. 1In
some instances, the delay in response was several seconds., Vhen
the diaphragm valve operating pressure was increased to 3.0 pounds
per square inch the performance coincided with that specified for a
diaphragm pressure of 2.0 pounds per square inch, As the air supply
to operute the valves was the output of fluidic devices, it was
necessary to increase the fluidic supply pressure,which in turn
affected air consumption. This type of valve was purchased some
time ago for the project, although since that date, alternative

designs have become available, which operate on much lower pressures,

6.4. Performance of the Logic System

Performance of the individual fluid logic devices used in the
various circuits were comparable with the manufacturers specification.
When assembled on mounting boards, interference and malfunction did
occur in some instances and it was necessary to re-arrange the
devices, When a circuit did not function correctly, the cause was
either a loose signal pipe which had been accidentally removed; an
obstruction in the device airways, usually dust, or a fluctumation in
manifold pressure. Finding the blocked airway in a completed circuit
was time consuming, as each pipe had to be removed, but edsily-
cleared with an eir blast, The fluctuation in air supply pressure
to the devices, was caused by the Count Circuit changing the air
supply to the various Pregramme Unit Channels., It was necessary to
introduce a separate supply for the Programme Units as the rapid
fluctuation caused some devices to oscillate. The increase in
diaphragm operating pressure of the Address System valves, made it

necessary to re-arrange the fluidic air supply. In general, most of



- oo~

ConTRoL PANELS,

I

T




- 101 -

the problems encountered were due to inexperience in fluidic
circuitry and application, with this number of devices mounted in

close proximity.

e Fluidic Losic Air Suppl

5.4.1., Modifications to t}

From the éa£; avaiiable on fluidic devices, the performance
characteristics appeared to be compatible, and each functiocnal
circuit was supplied with air from a common manifold, The manifold
pressures were determined by device efficiency, and the output
pressure necessary to activate the diaphragm valves in the Address
System. On increasing the manifcld pressure to give a higher
device output, now necessary to activate the valves, cerﬁgin devices
operating on or about the maximum recommended pressure, started
venting and their performance was affected. The supply in each
circuit was subsequently divided, devices activating valves were
supplied from a high pressure manifold, those concerned with logie,

from a low pressure manifold.

6.4.2, Logic Device Malfunection

Malfunction of the fluidic devices was due to one, or a

combination of the following:-

I. An excessive input supply pressure overloading the device
and the surplus was'"dumped" by venting to the atmosghere.
When the vents of adjacent devices were close together and

in line, the "dumped" air could switch-the adjacent device:
in some instances an oscillating action occurred. A
typical example of such a fault occurred in the €hannel
Selection circuit, Figure 10, which was eriginally supplied
with air a2t a pressure of 10 pounds per square inch, VWhen
the supply was reduced to between 5 and 7 pounds per sguare
inch; dumping and oscillation ceased.

II. A control signal of insufficient magniture, either in
pressure or duration would not switeh the device it
controlled, The ten millisecond output signal from a
multivibrator, could not be used to provide the count
signal for a Binary Counter, as this device reguired a
signal duration of at least 10 milliseconds, This
factor, the Multivibrator output characteristics, and
capitance of signal pipes, made it necessary to modify
some fluidic circuits; Maximum fan-out is limited to

four devices; when connecting pipes were over eight
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inches in length, the switching pefformance was marginal due to low
control signal pressures., Malfunction usually occurred on the
device fitted with the largest control signal pipe. In such ceses,
control pipes of a common length were fitted to balance resistance;
the fan-out restrictéd to three devices, or a Digital Amplifier,

was incorporated in this circuit,

6.4.3. Modificaotions to the Fluidic Circuits

Modifications to several circuits were necessary due to the
factors mentioned in -Chapters 6,3.1., 6.4.1., 6.4.2.; the intro-
duction of the Tape Programme Units, back pressure signal modifi-

cations, and the combined feed, speed, collet programming.

I. The Channel Selection circuit, Figure 10, devices were
re—arranged due to venting, the count signal Cl was not
4G% of the Binary Counter supply and a Back Pressure
Switch was fitted., The supply to the Nor gates had
been increased to operate the diaphragm valves, but
the output of Nor gate N6 was not sufficient to control
valve 23 and the And gate Al. It was necessary to in-
corporate Digital Amplif{er_DAl into the circuit to
increase the output. The-;évi§q¢ circuit, shown in
Figure ié - .2 was built and tested; its performance

was satisfactory,

II. The cross—slide fluidié¢ circuit, Figure 11, did not
function correctly due to a continuous output signel
from ST1 locking the Bistable Bl output to 01. This
allowed the cross—-slide to move from position A to C,
but prevented the pulse signal from C switching Bl
output to 02 and reversing the slide motion, Manual
removal of STl locking control signal permittied
reversal of slide motion to activate the Multivibrator
V1, confirming that the pulse output signal, would not
operate Binary Counter BCl,which controlled the valve
operation through the Digital Amplifier DAL, In addition
to the critical setting of restrictors in the sensing
device pipes from positions A, B, and C; the control
signals marked Front aﬁd Rear, Cl and C2 of Schmitt

Trigger ST1 from a manifold block, were very weak,



- 102 -

e ..

CHANNEL SELECTIoN FeurDIC DIAGRAM -
CouNT JIC~nAL £1 405, SoPPLY PRIESSIRE
. J 2
IB:| chz [Bc;
. . _ . | =
j 1 ] - ) 1 v
,\ c?2 <2 ] /
Iy ¢
o2 [ ot o2 o 02 IY] H
) -l — >
= > T 14 ~ < q
Q
,3 MAnUAL EHANNEL
( CHANGE BITTowy
“11 P, y. 17
ne X N4 NG P,
DAL
— 2 24 ..“:J 2af e . @
|8
o2 ot oL L -1} o1 -1} o (-1}
- R i
P / J SoPPLY
L] | N3 . NS Al
e -
— 12 1.2 14
" CJVT \
o o1 ©2 ot o2 o! o2 [~ ]
SrCenAc S2 Flor
Q-0 JEansSox
! 2 3 4 S Y
vi7 vi8 VI “v2¢ v2/7 vze
TROTH TABLE
) ¥
CHANNEL -2 &c2 6c3 Ne | ~vE L ad | va ) NE | ve o) DA Al
2
~€ ¢ lelozfez]l € lor oz [c2f < JorJoz]cz]er 02| or]oz]or Joz|ai]oz|or [ox)er |oe] & axloc] o] oa
PeXd ofelrjrlele]ls|r]elel )7 1el<]lels|el’]el 7| ‘|o]lsle] 7] o] ¢
{ t{/1lolojo|lo|l7|lo]l olal/le]lolslrslof ¢ ’ clo] el slo] 7] of ¢
r4 rtolsrio)lt]lr|olo]jolelr|olr]o]lolr?] 7 ’ tjo| ¢ Slo| 71 o}«¢
3 tl7]oelalo] r]|alo] ©ola] rle] 710} ¢ o| ¢}rlo] 7]@] / s (l ofs
4 tlolslol 7lo] rlof ¢ rlo|lo] 7]lo] 7|o] 7|o]o] 7] ¢] o] 7]|o}5]o] /] o],
5 tlilololo|le] rlo] e] 7le ’ ‘¢ tlol t]lel.of ¢ olslo| /A o]/
G tlol ¢ tl t|o|lol @] r]o] o] 7 tlo] sl o} t|ololr]s O o
SiaTi Count Amp SICNAL FRomM SENSoR RESET B/nARY CounTERS To ZERo
Fle (-2

-lR_


http://TA.Si.tE

fo] o] /|1|#|sle] 7 |8]s [ololo] ]2 | e]e]: elolele|r lolo]r |- b ol o |8l lololo] lo]:]o}r]o |/ lelel ;od TINDLNID  gois
' o ' ojrlo|s 1o ‘Y oes g IwTLaID
lololol|ololo| 7lol|o| 71| 1 {olo]lolo ool |1 |1 o] 11o] 1] 1e]elele]) o)1 |of) lo] 1 1e]r |of 7ol oot / ZIOMM”MM"””””
Q 9' DLy ~orL? Sop
04 N o ol 0 o 0t ol I o 8 o Ao o A A o e Rl e e S A S A N e s R i B NosiBIse Tm PP
O 710} 00 olo [a] 18 olo olo FAOWN OL LTc
ol)|®(op|s oI o|/{1]7[olo}r |Olojolo|r [o]1jo|2{of71#] 1o}l Io|o]1]o]1 | 210|0] 1|1 |O]2 2 U G i Mot
o] 210]1 |1 |p|Bipl1 I2] 1 1Olol0)/ |7 |7 |[0lO] 1 o0 } jo|2[o]2 |o) 7 #]) (o] |0lo]: |o]s ,o,ooro;;o:ogo oL AID vOLs
e |o|ro|o|0] 7o) |O olo|ojs | |o|7lofr7|7]e] slo]2lels o] 1|e]olele|r|olri1]|o]|tolo] s o) tro]|o]l]e vV e g TweisnED
Ed NYCLTy NOILoy IPWTARY
70| f1ol2]0|0|0| 7 |D| 7 |0|O] 7|O l|olopjo] 71717 {el?2]or o] 7|olole] 7o) Jl|e|ololr o) ?|ole] 7]0] 2 IDIOI’ T Ou W AOrLIET,
=z MO DTIyo TOBL LoDy
T
Y] o|s|ojo|olslo|r|olojolr (7|7 |o|lo]r|o|o|olelrlel?|2l/[olr|ol/ )Ql.olool,oolq!/olOIo . Fnoyv oy L3
y Fi FOLNTL IVWOXDONS
10 7| 1| | @B/ |@| 1|20 Iolot1ojo|ejo| /|0 r|o|2ielr]-| 2l | - Staty | e -ph g2ty 16V NID coup
FEEESE = 7 ey 7 ol 9| v [el'o] @ 14Y Wo €] S Ek v7>.‘lo~oFa':’t'o'at.'= ofo| ‘ol ‘o el ofte] ‘of0] ol nl )
& . 3 a OIS LY IO
AR B Aiw €48 | ¢8| a8 SIMwA e zel lo}f w8 | ARl C AL K HH 5018 - S5o2 >
, MW Hal
l'g, _=.M-rw\| [ & sa3vn | s1o0 zv-e=] [ 10 ma7va ] ERZ
Aoy wrye 0 el [ | ‘e hid il o 1o o
t.“‘ TYRNUWN | L=
3 ]
.’L 0: l 2 N ke ! 2 o LE) 2 [ E] s
. Lo > -
R
I7g] o . 707 ‘lof
- [ [ 1 ATada S

0t
o zo »ol To lal 10 e zo »ol teo
» ty
[ 4] 5 (‘/ > . (// > m T (ﬂ >
zp aw 7Y g ZAw
[ ' L] '
[ {
: ( — f
o Zo o To ‘o To lo 2o ‘o 0 ro To 1o T o

12044 ¥4 4

log N ] ' TN T

:

"D moIzisOg TFDIEESOXT

v AaOsL) SO D@IIS- 550D

& ¢

S

Y-

w QO

i

—_— T
l ) o™ TINNPHD .
. 2 oM TIAAMYND '

g ~osrisog FOrv8 ~rsco¥»>

£ oN TINnNMEND

T o TIMNMONT

& 7v~DIe Noszow 70:17& -ss0y> LIVLS

& oA TRNNUND

.. AVdd S D LN IINMOND

"LINDYID DITINTY TCOITS - SSOTD




- 105 -

FEED SELECTION frowic DrAGRAM.
SPELD N1 Te Flg /3.
] ] SPEED ~°2 e Lig /%
SPEED N°3. To Fig 4.
[ 2 <+ 5 « 7 1 2 3 4 S [ 7 L 2 3 L E L L
. TAP:s |SELECTOR v it .
)
N < N
L )IED)
N Ny [v]
L ) g p. p. .
1. J
1
CcHANNEL A(Q ) J J
SurpLy
‘
1)
it J1] Susocy
AT
Nt 1- N2 L N3
-4 _—T TPy \
- . Sro» JiGmuAL JI. ©-063F SEnsor (B1)
o o
et _—] ! r—oz'—-l‘” Sros SicmwAL $2 o0-001 SENSoR.
| Sracrseso Sanne 33 )
p. . ] Subriy
IO, fo: LYY B
TIMED
& cr <y <2 €y 2 1 2 OELAY
o2, o) o ey w2 ot n.:. Q)
| vauve 3} [vawve 4 ) [VacvE 3] vawve 2.]
- TRuTH TAB4LE.
TURRET TAPE PROGRAMME -
v SfeToR. ')’ >l ¥| fe- Loz | Zo3 8¢ SiGnac VALVE
OAERAT:On
{ |2) 33| 4]F]|w}?7 ] (] 2] 3)o]oz| ac]ozjor]oz|e/]oc]|S]|se]lss| 22«5
Invogsw, ShLlCT
FE&ED, Qu: - . ‘
averse SN Eq7ED |8y t1t)lr)t)1t]loe]l/]|lo]lt]olo]l /|lo|lolo|l olr)]
S7nar Fged. PAoalUu:Mg' i)ttt |o)/|olrsloyr|ololo| ] ¢f )]
cREZP F.
€7 Fee tlel®lel/|oloft]|elrs)r|o]lr|of?]r|cfele
Sron
rRAveRss I@@OOIol tlrlot|t]|l ¢] ¢lo} o} o
REVERSE P /
reavadse Lyt /]o oftilaolollojrie|lolr)|r]|




ITI.

IV,

- 106 ~

Increasing their strength caused a drop in pressure at the

'  sensing unit and created feed back signal problems. The

revised circuit, Figure 11-2, shows the various modifications;
Back Pressure Switches BPl, BP2 and BP3 replacing the restrictors
to improve the response and reliability of‘signals A, B and C,

A Bistable B2, with a time delay reset, was introduced between
MVl and BCl to increase the duration of control signal C to BCl,
To overcome the problems related to ST1l, six small switches were
manufactured, inserted in the circuit, and programmed for front
and rear toolpost operation. TFeed back pressure signal loss was
prevented by connecting the switch outputs to Nor gates, which
supplied the control signals to MV2 and MV3. A pulse signal
from either multivibrator, sétting the output of Bl, but allow-
ing a signal from either position B or C to switch its output
and reverse the cross-slide motion.

The Feed Selection fluidic circuit functioned satisfactorily,
but with the introduction of the Tape Programme Units which

have a higher ouﬁput signal pressure‘ﬁhan the Rotary Programme
Units; Nor gates N1 to N7 were not necessary., As only seven
selections were required for feeds, two for speeds, and one fo
operate the collet, it was decided to utilise one Tape

Programme Unit. The revised circuit and Programme Unit

‘connections are recorded in Figure 12-2,

The Selector Switchboard fluidic cifcuit, Figure 13, which

detected and amplified back pressure signals from the Sensing

- Units was basically operational. Malfunction occurred due to

a feed back between the channels of the back pressure signal,
and foréign matter restricting airways in the Programme Units,
In the revised circuit diagram, now referred to as the Tape
Selection Unit fluidie diegram, Figure 13-2, a Schmitt Trigger
has been incorporated for edchbchannel. This arrangement
allowed a bias signal pressure to be selected for each channel
condition, and increased the differential pressure range to
prevent malfunction because of surge in manifold pressure.

The manufacture of a Tape Programme Unit ugder improved
manufacturing conditions, would give a more uniform channel
output pressure, eliminate the problems encountered, and the
original circuit would be satisfactory. By connecting the
Scﬁmitt Trigger outputs to two Nor gates, the channel feed

back problem was removed; if a six input device had been
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available, only one Nor gate would have been introduced into
the circuit, This arrangement of six Schmitt Triggers and two
Nor gates, was incorporated in all Tape Programme Unit
Circuits connected to the 0,0625 and 0.001 inch Sensing Units,
and provided signals S, S1, 52 and S3,

The Valve Control Fluidic diagram, Figure 15, was modified

as shown in Figure 15-2 and now includes two Back Pressure
Switches in place of the Back pressure restrictors. The Back
Pressure Switches improved the response and strength of signals
Cl and C2, which were weak because of the length of signal pipe;
they also removed the need for the Schmitt Trigger STI,

6,4.4. Completion of Assembl

Each fluidic circuit after assembly and testing, had been

stored until final assembly into the Control Cabinet, when connect-

ions between the Logic, Addfess and Programming Systems were

completed. When the system was energised it did not function; the

various sub-assemblies which had operated satisfactorily when bench

tested did not perform their task, The initial failure was due to

the following:-—

I, Dust had accumulated in some manifolds and pipes
causing the fluidic devices to malfunction.

II, The increase in pressure to devices controlling the
diaphragm valves, overloaded the capacity of certain
supply pipes and manifolds,

ITI. Air flow to the fluidic circuits was not balanced,
the supply pressure varied due to pipe size, length
and circuit requirements. As a result, the output
from some &evices was low and would not switch devices

'they controlled, The performance of each fluidic
device was tested, each faulty control signal traced,
blocked devices removed,‘cleaned, refitted and the
circuit then re-tested. The air supply to the
manifolds was re-arranged, additional or large bore

" piping was introduced to increase air flow, and
individual circuit supplies were balanced. At this
stage it was realised that a common supply manifold
does not guarantee a uniform circuit manifold

pressure., If flow contrel regulators had been
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included in each fluidic circﬁit supply, tuning
the various circuits would have been relatively
leasy. The various modifications have been

incorporated in a revised Schematic Arrangement
of Pneumatic-Hydraulic Fluidic Circuits Diagram,
Figure 18-2. .The re-arrangement of fluidic

devices, Taﬁe Programme Units and simﬁlator are

illustrated in Figure 62, 63, 64, 65 and 66.
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CHAFTER VII

Conclusions

In concluding this thesis, it is appropriate to make genéral

observations in the following areas:-

I Manufacfured components.

I1 Programming. '

III Eydraulic application of linear motion.
Iv Performance of the fluid logic devices.
v Construction of the circuits,

Vi Air supply.

VII Performance of the control system.

VIII Fault finding,

X Performance of fluidic systems.

X Modifications to improve performance.
XI Future additions to the control system.
XII  Cost. '

7.1, Manufactured Components

With the exception of the Programme Units, no problems were
encountered in the manufacture or performance of such items as,
Storage Tanks, Manifolds and Sensing Units. The.performance of
the Programme Units was disappointing and the varistion in each
channel output, had a serious_effect-qn the systems' overall
performance., Approximately 40% of the'Programﬁe'Channels conformed
to the design spécifications, 40% gave marginal performance and the
remainder, were of little use. The cause of ,such a variable per-
formance could be attribﬁted to the manufacturing techniques, or

materials used in converting the basic design into a working unit,

7.2, Programming

The operational performanceiof the Rotary Programme Unit was
a failure because of signal leakage, and as facilities were not
available to manufacture the suggested modifications, shown in
Figure 58, the élternative Tape'Programme Unit was developed.

Performance of these units varied'considerably, but they were
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functional and it was possible to programme the system. Had such
processes as ﬁhoto—etching, high frequency plastic welding,
moulding equipment, and 2 suitable range of plastic and rubber
compounds been évailable,-a more uniform and improved performance
would have been possible. | '

Cursor lines were used to position the Channel Dials and
Endless Tape in line with the sensing device holes, When setting
a programme, it was found that a combination of manufacturing
tolerances and the angle an bperator observed the lines, permitted
a slight mis-alignment, which acted as a restriction and reduced
signal strength. A programme read-out indicator panel, using the
non-functional fluidic device outhut would be benificial to the

operator,

7.3. Hydraulic Amplification of Linear Motion

The principle of transferring the exhaust fluid from a 3.0
inch diameter cylinder, into an 0,5 inch diameter cylinder to
amplify and control the linear movement of the larger cylinder,
proved to be effective but was limited by piston speed and valve
response time, The linear amplification, approximately thirty two
to one, increased the small cylinder piston speed pro-rata. A one
inch per minute turret slide feed moved the 0.5 inch diameter Slave
Cylinder piston at a rate of thirty two inches per minute. With the
existing sensing device orifice and probe bar dimensions of the 0,5
“inch diameter Slave Cylinder Sensing Unit, a back pressure signal
would have a duration of twenty milliseconds. The fluidic device
characteristics would reduce this to a useful ten - twelve milli-
second pulse signal, Owing to the response time of the valves
changing the large cylinder programmed feed to a slow creep feed,
ten to fifteen sensing devices of the 0,5 inch diameter cylinder
Sensing Unit, could be passed bf the probe, before the creep feed
was fully operational, Using these sensing devices in a programme
had a detrimental effect on repeatability,

At a sensing probe speed of %hifty two inches per minute, the
response time of the valves "locking" the'circuit, permitted the
probe to over-run the programmed sensing device, When the probe
returned, a second "stop" signal was issued to the Logié¢ circuit,

A slower creep feed and wider probe bar was finally used in the
repeatability tests., The use of a block probe, and operating the
‘creep feed slightly before switching the fluid to the small slave

cylinder, would permit faster creep feeds to be used.
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7.4, Performance of the fluid logic devices

The performance of the devices was guite consistant and any
variability could be traced to either a faulty connection, or
foreign matter in the device airways. Mizlfunction of some devices
did occur after an hour or so in operation, but when cleaned they
functioned satisfactorily, without giving further trouble, It is
adviseable tc clean with air, all pipes and manifolds prior to

connecting up to the devices.

7.5, Construction of the Circuits

The experimental nature of this project dictated the method
of connecting the outputs and control piping of the modules in the
fluidic circuits., The modules were arranged in one plane to
facilitate connections, and the length of some conhecting pipes,
especially from multivibrators, affected performance., The number
of pipes and the compactness of the module layout did not facilitate
either the assembly or testing. It was relatively easy to dislodge
an output signal pipe or blanking—off plug from a triple output
adapter, -

The majority of restrictors used to five a timed delay, were
a simple device which compressed the small bore piping, The adjust-
ment proved to be coarse and required careful setting, where
possible, they were replaced by a suitable fixed restrictor,

Insufficient attention had been given to the resistance of
some of the hydraulic circuits, especially these containing several
valves, This increase in resistance rednced the speed of the
cylinder pistons, especially the guick traverse motion of the

turret slide power cylinder,

7.6. Air Supply

The quality of the air used was similar to that available in
any industrial organisation, with filters fitted to remove ring
main pipe oxidisation., On one occasion when bench testing a
fluidic circuit, the supply was accidently connected to an air
line fitted with o0il mist lubrication, Most of the oil passed
through the devices or out of the vents and bad no imrediate
effect on the simple devices, but the performance of the multi-
vibrators and counters rapidly deteriorated. Eventually dust
adhered to the o0il coated vents, which affected the performance

of all the devices and it was necessary to wash them in a solvent.
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A fluctuatien in the air.supply pfessure, due to the pressure
regulating valve differential, had a serious effect on the perfofm—
ance of the Schmitt Triggers. A variation in the switching and bias
control signal pressures altered the differential of the device and
the switching characteristics were changed. This change was .
particularly noticeable on the Schmitt Triggers connected to the
Tape Programme and Slave Cylinder Sensing Units. After setting the
hi#s control-signal pressures with restrictors, a variation in the
supply pressure would either switch, or prevent the device from
switching, Back Pressure Switches, a less sensitive device, were

. not affected by a variation in supply pressure, as their bias control
is an internal connection from the device input. The Tape Programme
Schmitt Triggers, which were not now reliable 5ecause of the supply
pressure variation, were replaced by Back Pressure Switches, Where
the Tape Programme channel had a good air seal, their switching
characteristics were excellent, but on channels where leakage
occurred, they would not switch, '

A variation in the air supply pressﬁre can seriously affect
the reliability of a fluidic circuit, especially when Schmitt
Triggers are incbrporated,.and it is now.considered essential to

fit a precision pressure regulator into the input supply.

7.7, Performancq_pf the Control System

The overall performance of the control system was not good and
could not be considered operational for tke reasons which have been
stated. It did confirm that fluidic sensing devices and hydraulic
amplification could control linear motion within acceptable limits,
for single point tooled machines, The method of programming sens-
ing devices and the sequence of events, proved to be a relatively

simple task when compared with plugboard and punched card systems,

7.8. Fault Finding

The location of a malfunction in a fluidic circuit could be
laborious and tedious, as all control and output pipes had to be
dis—connected, It was not pnly necessary to test for a block input
or output passage in a device, hut in meny instances it was
necessary to measure the signal magnitude as circuits operating at
various pressures were inter-connected, Fluidic devices fequire a
constant sourse of energy, and when an output is not used it is
vented to the atmosphere. Using this feature to give an inverted

_ read-out signal, the vented outputs were connected to a panel of
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indicators, and the logic of a circuit of a circuit checked against
‘the truth table. This technique could be extended to provide an

incorporated fault finding panel.

7.9. Performance of Fluidic Systems

The use of fluidic devices has in general, been supplementary
to fixed event pneumatic circuits. The number of devices utilised
in such cases was relatively small and they were housed in one side
of a double sided cabinet, the other side containing standard
pneumatic equipment, such as filters and pressure regulators etc,
Fluidics have proved to be extremely reliable in performance even
when operating in humid, noisy or dusty environments., However,
there are several disconcerting features, for example: when a circuit
is energised there is no guarantee that it will always give a pre-
determined pattern of device outputs so it would be advisable to
incorporate a reset-start control, Another is the constant hiss
of venting air, which can become irritating if the system operates
in a quiet environment. The more sophisticated loop tape fluidic
systems, now commercially available, successfully control a complex
series of events, and permit a degree of flexibility in special

purpose machine tool operation,

7.10. Modification to improve Performance

The modifications to this control system, which are necessary
to make it fully operational, more efficient and reliable, have in

some cases heen discussed in previous chapters. They are:-

I Precision pressure regulating valves to remove any
air supply fluctuation causing unactivated switch-
ing of some fluidic devices.

II The increase of the diameter of some hydraulic
piping to increase cylindér piston speed on the
non-working traverses.

III Pneumatic-hydraulic valves, which will operate
with lower diaphragm pressures to reduce the
quantity of air required by the fluidic devices.

v The improvement of the Tape Programme seals.

v The alteration of the 00,0625 inch distance
Programme Unit and the Logic circuit to issue
a pre-stop signal, which will start the creep feed.

VI A block probe on the 0,001 inch distance Sensing Unit

to prevent a double signal in the event of an over-run.
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VII A fluidic interlock between the turret position and

the programmeéd channel

The above modifications require no major alteration to the
existing construction providing the valves are of a similar size,
To make the system commercially acceptable, it should be re-
designed to incorporate the following "additions" and utilise

hatch quantity manufacturing techniques.

7.1, Future Additions to the Contrel System

. The Control System which has been constructed, when fully -
operational will serve the basic requirements of a capstan or
turret lathe, 1Its operational effectiveness is limited, but

extensions are possible by incorporating the fellowing operations,

7.11.1, Coolant Supply

A common practice on automatic lathes is to enclose the tools
in a transparent splash guard, and to provide a heavy continuous
supply of coolant or lubricznt to the cutting tools. This arrange-
ment is not suitable for turret lathes owing to the use of boring
bars and tooling arrangement, It is advantageous in many instances
to have an individual coolant supply to the turret tools and
another to the cross-—slide tools.'

The inclusion of a rotary switch, similar to those used to
control front and rear cross—slide toolport operations, could be
used to contro} the guantity of coolant, The start and stop signals
from the Logic System being nsed to control the Coolant Supply

valves,

7.11.2, "iocodpecker" Turret Slide Feed

When drilling holes there is a tendancy for the drill flutes
to become loaded with swarf, which may cause drill breakagey as it
is difficult to flush away with coolant, When the hole is deep and
the chip continuous, the length can be a safety hazard to personnel
and foul machine and toocls, A pause in the feed action, partial or
full withdrawal of the drill giving it a "Joodpecker" action, breaks
the swarf into manageable lengths and cleans the drill flutes,

Space is available on the Feed Programme Unit to incorporate
this operation, but the continuous output signal would have to be
converted, with a multivibrator, into a pulse output. This signal
would set a bistable device and control the outpuf of an inhibited

~QR gate which reverses the turret power cylinder motion.- A timed
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delay feed back signal from each output of the bistable device,

would switch the reversing signal on and off, changing the direction
of the slide movement. The "Woodpecker" action would continue until
the stop signal S2, the inhibiting control of the inhibited OR gate,
over-rides the timed delay signals. and permits the turret slide to '

return and index.

7.11.3. Tapping Operation -

" When tapping holes, the direction of the spindle rotation must
be reversed on reaching the desired thread depth to unscrew the tap
as the slide reverses, Facilities to programme this odperation can
be incorporatéd in the Feed Programme Unit. The stop signal S2,
which on the present system only stops spindle rotation to eliminate
spiral tool marks on the component, would switch a bistable device
to activate the reverse speed fluidic circuit, Controlled length
signal C2 connected to the other bistable contrel, would switch

the output and stop the reverse spindle rotation,

7.11,4. Cross—slide Front Toqlpost Indexing

There are occasions when it is convenient to perform several
operations with the cross-slide front toolpost, and it may be
expedient to index the toolpost instead of using compound tools,
To do this if will be necessary toc fit an indexing cylinder to the
toolpost and modify the small cross-slide rotary switches. Three
output signal positions are now required on this switch, one for
the rear toolpost operation, one for the front toolpost, and the

third for indexing and front toolpost operation.

7.11.5, Interlocking Complimentary Systems:

Provision must be made in the logic circuits to interlock
this control system with such processes as automatic loading,
unloading and gauging. This can be accomplished with the use of

And gates and Back Pressure sensing devices.

The cost of the items purchased or om loan from various
suppliers amounts to approximately £600; 75% of this figure could
be allocated to fluidic devices. Discounting all experimental
time, the estimated cost of the manufactured units and assembly is
£650, giving a total of £1,250 for a one-off experimental control

system, Assuming a reasonable number of linear control systems
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could be produced, and were re-designed to suit existing manu-
facturing techniques, such as etched circuits with integrated logic
devices, moulded prograrme units etc.; the cosi weuld be in the
region of £650 each,plus a toeling and sales charge. The inclusioﬂ
of such extras as a programme read-out, fault finding panel, cocol-
ant supply control etc., would increcse the cost to about £850 -
£950, approximately 50% of the cost of an existing sequence control
system,

The running cost of a fluidic system is controlled by the air
consumption of the fluidic circuits and péwer cylinders; the latter
being a variable. and dependant upon the component. There is no
doubt that the running cost is high, ¥when compared with an electronic
system, Three cubic feet per minute at fifteen pounds per square
inch, and fifteen cubic feet per minute at ten pounds per square
inch of air, was required to operate the experimental systems'
sensing and logic circuits. These figures are high because of the
valve operating pressures, which if reduced would make a consider-

able saving in air consumption,
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AZTENDIY I A, 1.1,

Fluidic Terminology

Amplifier:-

Analogue:—

And Gate:-

Back Pressure:

Bistable: -

Capacitance:

Circuit:-

Controel:-

Digital:-

A device or system which provides an output that is
different in magnitude from the control imput. A
variety of techniques to perform the amplification

function have been developed in the fluidic field.

Presentation of a variable by physical quantity in
& defined relationship; for example, a dizl

indication of pressure,

A logic element or circuit in which a number of
input signals must be present before transmission
occurs. In pneumatic logic, a two-input And is

used; both must be energised te cause switching.

A secondary cutput signal; a product of partial

or full impedance of circuit flow.

Elements which have two output possibilities, and
which will hold 2 given condition until switched,

are classified as histable devices.

Asymmetry in a device or circuit. This may be
accidental as in production tolerancing, or
purposeful, as in the case of control port bias

vsed to modify sensetivity or other features.

A storaze device; in the case of fluid devices,
it accumulates fluid by virtue of its volume and

pressure head avazilable.

An array of elements inter-connected to perform
functions beyond the range of single element

capability.
A signal received at system input; used as
intelligence to produce a modification in output.

General class of elements or circuits which have

"on—-off" characteristics.



Diode:-

Fan-in:-

Fan-out:-

Flow:-

Fluid:-

Flip-Flot:-

Gain:-

Gate:—

Hysterisis:-

Impedance:-

Inductance:—-

Monostable:—

Cr-Nor gate:

Power:;-

Pressure:-

- 125 o Al.2,

Element which has high resistance to flow in one
direction, low resistance to flow in the opposite

direction.

Number of units which may be inpuf ~ conunectad to a

single similar unit.

Number of units whick may be operated in parzllel from
a single similar elemént. "Similar" in this case
refers to the operating parameters such as impedance

and does not mean identical function devices,

Quantity passing a point per unit time., In pneumatics,
this is commonly represented by C.F.M or Cubic feet per

min,
Any non-solid media,

A bistable sub—éystem which will alternate from one
output to another upon receipt of correctly phased

input signals,
Ratio of output change to control change.

A device or circuit which allows the passage of a signal

only if certain control requirements have been satisfied,.
The disparity between forward and reverse function traces.

Total opposition to circuit flow, represented by
resistance, capacitance, and inductance combined to a

resultant,

Inertial resistance to flow change as applied to fluidic .

circuits. Generally of second or less order effectiveness,

A System having an "At rest" bias which causes one ocutput
condition consistently, until appropriate input signaling

is performed,

This class represents a scheme which will provide output
switching upon reception in simplest form, of any or zll

of a2 nuwber of inputs.

A device which czuses a change in output power following

a change, of sufficient magnitude, in control power.

A device which causes a change in output pressure
following a2 change, of sufficient magnitude, in control

pressure,
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Proportional:- A unit which maintains a regulated relationship from

Recovery:—

Resistance;:--

Y.esponee:~

Sensor:-

Supply:-

Transducer:-

Turbulence:—
Value:-
Vortex:-—

Wall
Attachment:-

control pressure results in an analogous increase in
output pressure for the case of a pressure—amplify-

ing proportioner,

In fluidic devices, a generally pzrcentile represent-
ation of output capture as related to supply. This

might be such as output pressure versus input pressure.

Most often the primary coniributor to flow opposition,
Characteristically, a resistor produces a pressure drop
which may be expressed as a function of flow, All
devices whic@ do not insert energy into a system

produces resistance to flow,

Relationship between ocutput and input after s system

disturbance, 'as directed to phase and or time parameters.
Information pick up device.
Power source.

Device which converts signals received in one media into-
output in some other media; e.g., the dial pressure
indicator converts fluid pressure into mechanical

displacement.

Digital element using laminer-to-turbulent flow

transition to create the control effect.

A device or system which has the capability of flow

diversion, cut-off, or modunlation.

Amplifiers using wmomentum - interaction to produce

stream rotation and consequent output modification,

A family of elements which make use of flow created
low pressure regions, causing fluid to adhere to an

amplifier wall in a control manner.
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APPENDIY II A.2.1.

Pneumatic and Hydraulic Egquipment

Five Port- Diaphragm Actﬁated valve:

This diaphragm zctivated spring reset valve is designed to
operate from a signal pressure of two pounds per sguare inch, A
micrc valve operated by the diephragm, allows air pressure on the
piston of the main spool moving it through the seals, and allow-
inz air to pass.from the inlet port to one side of the cylinder;
simultaneously exhausting the opposite side to atmosphere. The
body is constructed from duralumin and plastic, with nitrile seals,
stainless steel spool and spring. Perfeormance characteristics are
shown on A.2.4; the valve being suitable for supply pressures
ranging from 35 - 150 p.s.i.g. and diaphragm signal pressures from

2 - 150 p.S.i.g.

Three port- Miero Diaphragm Actuated Valve:

This diaphragm actuated spring reset valve, is designed to
operate from a signal pressure of two pounds per square inch,
which move a poppet valve to connéct the inlet and outlet ports.
When the signal is removed, the spring returns the peppet vélve
to rest ﬁusition. Com?onents of the valve are manufactured in
similar materials to the five port valve; performance character-

istics are shown on A,2.4.

Three port— Micro Toggle Valve:

The valve is constructed_iﬁ a similar manner to.the above;
in place of the diaphragm, a lever is used to move the poppet

valve and hold it in an open position,

Three port— Micro RBush Button Valve:

Thé valve. construction is similar to the aboye; the lever
is replaced by a push button which moved the poppet valve to
connect the inlet and outlef ports., When the push button
pressure is removed, a spring returns the poppef to the "rest"

position.
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Flow Control Regglating,Valve:

This valve is uni-directional; it restricts the flow in one
direction and allows free flow in the other, This characteristic
is produced by the adjustable needle restrictor and non-return
valve incorporated in the valve body. When fldid is flowing in
the "controlled" direction, it must pass through the needle restrictor
as the non-return valve is closed. Fluid flow in the opposite
direction opens this valve, and the restriqtor is by-passed to give

a free flow condition.

Circuit_and Component Symbols

. An abridged list.of C.E.T.0.P. circuit symbols, used in the
pneumztic-hydraunlic circuits are illustrated on A.2.3. These
symbols are pictorial representations of the various units; in the
case of valves; the first frame is the activated condition, and
the second frame .illustrates the valve at rest.

Since compiling the list, a revised British Standard has

been issued which now replaces C.I.T.0.P. circuit symbols.
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