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2.1.1 Costigg

DM
a) 1 old (6 years old) mortising machine
(% 5000,- DM new value) Current value 2.500
b) Designing time for modified machine 121 hours
¢) Preparation of machine 6.650
d) Pneumatic fitting 3,740
e) Assembly time for the pneumat i c
control rystem 78 hours
2.1.2 Purchase price of new special
machine estimated 27.000
2.1.3 Prior production work time 12 sec. per slot
Current production time 3 sec. per slot

2.2 Another example shows application of pneumatics to » belt
sanding machine
Object of exercise is to extend the working life of the sanding
belt and to produce a "super finish effect" on the work piece. By

imparting an oscillatory movement to the sanding belt loose sand particles
are more readily removed. Continuously variable adjustment of the
oscillatory movement is desirable and is dependent upon grade of sanding
belts in use,

Sanding belts of up to 2000 mm wide are usec ir the furhiture indus—
try and the oscillatory movement must be applied in a direction at right
angles to the motion of the belt.

Range of oscilation
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Various manufacturers of wide belt sanding machines have adopted

differing techniques and methods for the oscillatory movement. Pneumatic

systems are in general widely used for this purpose, whereby a pneumatic

cylinder is used to move the axis of a belt sander roller at one end, about

a pivot center at the opposite bearing, thus forcing the belt to

move over to the left or right on the roller.

When the crlinder pushes the roller upwards, the sanding belt moves

to the left and when the cylinder pulls the roller axis downw-rds, it

moves to the right. Continuous to and fro operation of the cylinder thus

causes an oscillatory sanding action in conjunction with the spead of

sanding belt.

In one example of such a machine the pneumatic control system used

a high pressure air nozzle for sensing the position of the belt, The

nozzle with a 2 mm orening being mounted under the belt, movement of the

belt covers and uncovers the jet from the nozzle thus producing a control

signal 1o move the roller axis setting. The jet of air from the nozzle

was sensed in a spoon shaped collecter and directly operated a four way

pneumatic spring retnrn type valve which in turn controlled the cylinders

acting upon the roller axis.

Th2 oscillatory movement of the belt then covered the nozzle again,

the spring return four-way valve returned to its original position, till

the nozzle wns once again uncovered. Oscillations are in this way

dependent upon the whole inter-play of belt movement and speed, roller

position (nlignement) and nozzle. With an air supply of six bars as

required for satisfactory operation of the four-way valve 360 1 of air

was required per minute. This high rate of air consumption was the

reason for wenting to change the control system to a low pressure operating

system.
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Sensing of belt edge position with low-pressure air barrier and
noggle sensors.

A double belt system is shown here with two low-pressure air nozzles
and sensors for each belt. One sensor is get such that the low-pressure
air jet reaches its sensor beyond the edge of the belt and produces a
signal. The second one is set further in the distance between the two
positions provides a deviation for the belt edge position and could be
some tenths of a milimeter to 88y a couple of milimeters. Air flow to
the second sensor is interrupted by the belt. Therefore, no signal is
present from the second sensor. When the belt moves too far to the right

then the air jet from nozzle 2 will reach sensor ? and a signal will also
be given from sensor 2,

We will now have two signals which through an "and" gate and control
system alter the roller setting so as to move the belt back towards t he
firet nozzle. Similarly should the belt move tno far to the left then
the air path to the firet sensor is interrupted and both reset in the
oposite direction to move the belt back to the right .
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We, therefore, have the following signal sequence:

Sensor 1 Sensor 2 Roller axis movement
1 0 0
1 1 +1
0 0 -1

The distance between the two sensors near the edge of the belt
determines the range or amount of the oscillatory motion of the sanding
belt. By altering the distance between the two sets of nozzles and
sensors 1t is possible to alter the amount of the oscillation. By
mounting both sets of nozzles and sensors on a rotatable plate, one can
easily adjust the mmount of oscillation by simply rotating the plate
thus achieving a continuously variable facility. A O - 50 mm max con-
tinuously variable oscillation range was achieved on the machine here
described.

The newly installed pneumatic control system allows the precise
presetiing of required amount of oscillatory motion. Low-pressure nozzle
and sensor elements in addition drastically reduce the compressed air
requirements and energy consumption. They require a working air pressure
of only 0.2 bar normally, in this application, however, a working
pressure of 0,5 bar was chosen to ensure immunity from any influence

from the strong suction currents of the built-in suction cleaner.

With a nozzle width of 1,5 mm and pressure of 0,5 bar some
50 l/min of air is required. This is only 14 per cent of earlier con-
sumption i.e. a saving of some 86 per cent of compressed air recuirements.
Sensors and nozzles are mounted on the main machine frame. Other
pneumatic control system elements are mounted on a panel and fixed to
the machine, on this panel are mounted all elements including the low-
pressure regulator filter and gate valves etc. Energetic moving parts of
the control system are mounted in the machine frame. Two sanding belts
of different grades are controlled on the machine. The oylinder strokes
required are quite short as only a slight alteration of the roller

axis is necessary.
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Pig. 6 - Circuit diagram of the pneumatic control system

The basic control elements are duplicated for each controlled roller.
In the worke where this modifioation was carried out eight such complete
systems were installed and sinoe 1974 have been operating trouble free at
a rate of some 30,000 operations per working day. The extent of saving of
oompressed air:
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Pig. 8 - Another variant for belt sander oscillation oontrol.

2.3 Further e les will illustrate the r of possible simple ideas
that_oan be applied in Tow—cost automation
Automatio press olamp and drilling jig

This special purpose machine was designed for glueing together the
parts of drawers and at the same time for boring the holes required for
the loock. Various clamping programms oan be selected by the _hand
operated program selector knob. Program start signal is initiated by
means of a foot operated pedal valve.
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Five electro pneumatic drilling plus feed attachments are provided
and controlled pneumatically. The drilling attaohments can be adjusted
and preset in any position and can also be fitted out with multi-splindde
heade.

Glueing and clamping of the drawers is done in a frame clamp. Five
pneumatic cylinders are provided for holding and clamping together with

two cylinders providing a positioning function.

The special machine is used for rationalised production in small
series manufacture but could also be used to advantage for larger scale
mass production runs. Assembly times are short and presetting or pro-

gramming of the machine is easy and quickly achieved.

Pig. 9 - Jig used for corner jointing

In woodworking the tool heads, milling, mortising, boring, sanding
etc, are normally electrically driven whilst other functions such as
clamping, drive-feed, positioning,transport etc. in pneumatically operated
equipment are achieved by means of pneumatically operated oylinders.
This is the oase here for all given examples of milling machines.
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Pig. 10 - Double-sided profiling.

In this machine the work piece is carried forward to the work posi-
tions on an in-feed bed and both sides can be profiled simultaneously.
Double acting pneumatic cylinders are uged to position the profiling cutters
. to bring them into position and withdraw them. Pig.10 indicates with arrows

the directions in which the pneumatic cylinders move the profiling cutters.

Pig. 11 -~ Chain mortiser.
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The chain mortising machine is controlled by a pneumatic foot pedal
allowing the operator both hands free for locating the work piece. The
foot pedal initiates operation of the soring return single acting clamp
cylinder as well as the double-acting feed drive cylinder controlling
the chain milling head. PFeed-rate is readily adjustable by means of

a speed regulating valve,

Pneumatic control system of the cormer locking and finger jointing
machine 1s functionally similar to that of the chain mortiser. A fixed
mounted rotating cutting head is employed and the work pieces together
with the work table to which they are clamped rise and fall. The work
table automatically returns to its rest position after each work cycle
and the clamp cylinder releases, The next work cycle is sgain restarted
by the fost pedal.

The usually flat and cubic shapes of work pieces in woodworking lend
themselves readily to gravity hopper feed. Stocked boards or hlocks lend
themselves readily to hopper feed.

Clamping

Fig. 12 - Corner locking and finger jointing machine.




-17 -

Work piecea loaded into n chanel frame can very ers5ily be fed

one by one automatically to a machine and fed in for machining.

In a vertically loaded hopper workpieces can e added »s required
from above where gravity alone will hold them dewn tri position and the
ejector mechanism (nir cylinder usually) can automatically feed them
individually to the machine position Fig., 13, Single stack vertically
loaded hoppers are more Zeneral as dictated by the larger work piece
sizes., Hopper size (number or work pieces held) depends upon machining
speed (pnrts per unit of time). For smaller work pireces multi-stack
hoppers can be constructed allowing for higher rates of production with
reasonable time intervals for restocking the hopper (Fig. 14). Multi-
stack vertical stores also allow a larger number of pieces to be
stored in a given height of the hopper. Some machines may require A
hopper which is capable of feeding work pieces from the top of the rt-ck
(Fige 15). This will require some means of moving the pieces upwards.
Such a construction does not readily lend itself to refilling during
operation of the machine. A number of hoppers are thren necessary which
can be filled separately and then brought to the machine to replace empty

hoppers.

Movements and positional chai\ge_g

All fixtures or attachments for the feeding or positioning of
workpieces imply movement and change in position., These include such
items as conveyors, feeder units, drive units and embrace a large number
of diverse individual mechanisms and devices. Conveyor belts, conveyor
chain - roller beds or slideways will not be discussed here as these

are normally purchased complete.

Some idea of the range of pneumatic fixtures and facilities that can
be provided or built on to machines can be obtained by looking at existing
products and state of the art. Sketches will show some Pneumatically
operated equipment grouped together according to three functions.

The operations of feeding-in and distribution enerally also

implies the further function of separation.




-

08%%3 =D =

Distr.
LIMITED

ID/WG. 296/ 2
United Nations Industrial Development Organization 26 March 1979

ENGLISH

Seminar on wood processing industries

Cologne and Hannover, 16 - 30 May 1979

CAICULATION OF PNEUMATIC SYSTEMS FOR FURNITURE
AND JOINERY INDUSTRIES *

by

M. Koch#*
and
F. Lastuvkat®

* The views and opinions expressed in this paper are those of the authors and

do not necessarily reflect the views of the secretariat of UNIDO. This document
has been reproduced without formal editing.

*#* Section Chief, Control Systems, Festo Didactic.

*### Project Leader, Special Machines, Festo Didaetic.

1d.79-1977




- 18 -

Te
Lo

T
i
Li
e

~

sInl)==
A
= PR e

Pig. 13

Fig. 15

Hopper feed systems

Seperation or selection is usually combined with the feed-in
function and often the same device simultaneously performs both opera-
tions. Machining of separate piece parts (as against continuously fed
long stock) are fed-in ome at a time as the machine generally can only
machine individual pieoces or in some special cases a group of pieces when
held together. Selection and feeder action is combined in stack hoppers
where the principle of operation is the same irrespective of general con-
struotion. Pieces are stacked one on top of another and the lowest or
upper most pieoe as may be required is selected and pushed out when
called for. The pneumatic cylinder to which is attached an appropriately
shaped and length of ejeotor arm operates in rythm with the machine
cyole pushing out and feeding in a work piece as required. The operation
cycle is usually set and originates from the machine that follows the
hopper. A start signal can simultaneously be given to start other re-
lated operations.

Command signals can also be initiated by a chain link in a chain
driven oonveyor whioh carries the work pieces to the machine. Cyocle
sequence oan thereby also bhe a funotion of time.
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Pig. 16 - Stacked hopper with pneumatic e jector along shortest axis.
Additional optional feed~in motion could also be provided
along length axis.

Por work pieces with a side relationship ration greater than 1 : 3
it may be better to arrange for the work pieces to be ejected along their
shorter axis. Where the work piece surface is smooth, it may still be
possible to push it along its longer axis particularly when not too many
pieces are stacked on top. When ejection of the lower workpiece against
the friction and weight of others stacked on top may be problematical
then ejection along the shortest axis may be better even when a further
direction ohange by means of a further fixture is necessary.

Two or more pneumatic cylinders can also be used together, instead
of 1 large one, for extra large or heavy pieces. The:nhoice of one or
more cylinders depends upon various factors and a detailed study of a
given application and the corresponding selector mechanism is often ne-
cessary to decide upon the most apt configuration. Other details to con-
sider are tolerances and range of movement required, various mounts swivel
joints fork ended couplers are available for cylinders to suit mechanical

construction adopted and to allow suitable flexibility in the coupling.

Longitudinal e jectors naturally require a longer stroke pneumatic
oylinder and more space. The cylinder can be mounted so as to e ject
from the right hand side or left as preferred or if necessary to pull
instead of push.
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In the latter case, the pulling arm and the cylinder will need
to be mounted under or above the stack.

Feeder units of this sort with a single stroke length of up to .

2 m for various functions are well established.

A
fnd

Pig. 17 ~ Cylinder feeder oontrol

Ejector con~-
struction and operation similar to standard stack or gravity feed .
store hopper but with multiple work piece delivery.

Fig. 19 - Multi-stack hopper with pneumatio cylinder pusher.
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Multi-stack storage hopper: Pneumatic cylinders can also be used
for selecting and feeding worknieces from these but the construction and
nrinciple of oper~tion, number of cylinders will vary, dependent upon

whether work pieces are called for individually or in batches.

Cyliner stroke is selected tomatch the total length of the stack hopper (Fig. 19)
in this construction normal ly as many pieces as chanels provided are fed out eaoh
stroke,in Fig. 19, 4 are shown unless some chanels are empty. Additional externsl
means of control can, however, be provided to limit the number of blocks (work
pieces) pushed out to one or more as may be required. A simple way of achieving this

when workpieces are led on to the machine at right angles to the stack hopper ejector

feed axis is by means of a guide rail stop set as required to one or
more blocks wide.

e

H ]

Pig. 20

The cylinder always starting from its fully withdrawn nosition pushes
out one block to the stop rail per cycle down to the last block irres-
pective of the stack order.

A multi-stack-hopper has certain advantages where the time interwal

between refills is irregular due to its relatively larger reserve capacity.

Provision cen also be made for a pneumatic signal to be given to stop
operation or give a warning signal etc. when the number of pieces in the
hopper falls below a pre-set number. This can be designed and set to
suit individual machine requirements.

Pig. 21 - Built-in limit switch to indicate vwhen level "pre-set number"
in stack falls below a given point.
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Tn the multi-stack hopper of figures 19 - 20, the workpieces are
shown with rounded corners, hoppers of this sort should provide A loose
fit and the workpieces need to have slightly rounded corners otherwise

blocking And jamming can occur.

Where workpieces have sharper corners practical experience has
shown that a cented construction as in Pig. 22 is desirable. An angle

of just 1 - 30 is usually sufficient to avoid jamming.

Fig. 22 - Multi-stack hopper construction for sharpercornered work-
pieces. The stack guides are canteg towards the direction
of push from the cylinder by some 3  legrees. Thus reducing
the danger of jamming.

Pig. 23 - Stack-hopper feed-out st top. The pneumatic cylinder holds
the stack against the feed mechanism above, air pressure.casn
be pre-set ower a wide range to suit requirements refilling
from top in=-situ not posaible.
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Pig., 24 - Channel/s‘tack hopper feed out at top or side tensioning and
push-out by means of pneumatic oylinders.

Fig. 25 - Adjustable hopper side feed onto machining bed and end~feed
into machining position. Two pneumatic cyliders are used.
Prame clamps are particularly popular in the construction of window
and door ttja.mes or similar items. The general principle of operation can,
however, be adapted to various other production items. The difference
only being one of the number of workpieces to be clamped together and of
shape., However, one of the most important points is to ensure that
various pieces are firmly held together in the frame for the duration
of the machine drilling, boring, glueing operation. PFixed form or
adjustable frames can be built acoording to requirements or output
quantity. Clamping action is performed by single acting pneumatic
oylinders from two sides simultaneously against opposing fixed supports
Pig. 26, This is in fact a olassio example of a simple frame clamp and
can be used vertically or horigontally as required. Horisontal clamps

are umially only used for smaller produots such as windows, picture frames,
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furniture parts, door frames, furniture etc. Lerger sizes are usually

easier to handle in up-right clamps,

3. Applications in the machine building industry

3.1 Pneumatic controls were first used to solve the simpleast operations

Pig. 26 ~ Prame clamp which may be arranged standing, inclindd or
horizontal. The clamping cylinders are adjustable.

Pig. 27 - Clamping jig with adjustable frame sise.
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Pig. 28 - Bdge lipping press. The width and the shape 18 roughly
fixed by two adjustadble fixed stops, clamping is by
the two pneumatic cylinderswhich can be slid freely over
the whole length of the press.

o @ —

Pig. 29 - Control diagram of the edge lipping press. The two groups
of oylimders cam be oontrolled imdividually or joimtly.
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Pig. 30 - Three—dimensional on case clamps can also very easily be
constructed to suit individual requirements with pneumatic
cylinders and controls. Small and medium soale production
runs could find use for such jigs. Ad justable runners can

; also be provided to accomodate different siges of products,

Fig. 3l.a - Pinger jointing press




Fig. 31.b - Jointing press for finger jointed pieces. Minger joints
one side fiyed one side driven (a) both sides ariven
together (1b).

3.2 Multi-functional machine with five clamping devices
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Fig. 32°~ The units run at 3CO0 RPM, Sawing and moulding tools are
mounted directly on the motor shafts. Drive and clamping
funotions all pnsumatic.
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Panels can be stacked up to 10 deep for machining and are fed into the
machine on a roller bed. When a start signal is given from a two-hand
control umt the rollers sink down below the work bhed level so that
they line-up correctly with the feed in position. Simultaneously the stack
is clamped down. Drive motors for the units are at rest positioned
below the table and move upwards syncronously to start milling, sawing.
At end of operation the pneumatic control system 1s actuated by means of
end stop control valves and returns the units again to their rest posi-
tion below the table., When all units are once again safely withdrawn
and at rest below the clamping is released. Should through any reason
any one of the units not completely withdraw to its rest position, the

stack will stay firmly clamped on the teble.

Sawing cutting operation can be stopped by means of an emergency
button whereupon the units all withdraw below the table but without
the electrical motors being stopped. An electrical emergency stop
button is also provided which stops down everything., Automatic shut

down occurs when:?

a) power supply fails;
b) ~ny one motor is over-loaded; }

c) pneumatic pressure falls. ‘

Costing

a) Designing time complete machine 158 hrs.

b) Machine parts building and electric parts 12,185 DM
c) Pneumatic elements 2.320 DM
d) Assembly time of pneumatics 69 hrs.

3.3 Pneumatic control of a dewel hole boring machine with four
selectable programs

The machine program can be pre-selected from four built=in programs
to bore dowel holes in panels. Horigontal and vertical boring units can
be mounted on a beam. The distance between, positioning and the number

in use can readily be changed to suit requirements.

Workpieces are introduced into the machine by hand and clamping

initiated by means of a hand or a foot pedal start valve.

Programme can be pre-selected by a knob on the control console. The

four program functions are indicated symbdlically on the eonsole panel.
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A stert button on the console panel then initiates the work cycle
driving the boring beam into its boring position. The pre=selected
boring rrogram then follows, electric drive motors are also controlled
through pneumatically operated AC interuptors. Feed drive from two
pneumatic cylinders off set through 900 move the boring beam by means of

a compound slide.

When hore depth is reached the borers automatically switch over and

withd#aw and the beam also moves back to its start position.
The finished workpiece can now be released and removed from the machine.

Control system: all control clamping and moving functions are
programed in a fail-safe interdependent manner. The emergency stop will
stop the machine at any point in the program and all boring heads will
safely withdraw to their fully withdrawn wait position. A clamping
fault will automatically shut down the machine.

All connections between the machine and the control console are
made through a multipol-connector. The complete pneumatic control system
in the console is built separately and delivered ready to work and is
very easily connected to the machine. Should any mal-function occur, one |
can in this case connect a spare console in and send the complete faulty
console for repairs. More than 600 such consoles have been produced to
date and together with the dowel hole boring machine delivered to all
parts of the world.

3.4 Example from a feasibility and costing study for a production machine.

Board off cuts made re-usable

A recently developed finger joint cutting, gluing ~nd jointing
machine combination - short pieces of valuable wood waste can be pro-
oessed into useful timber. Waste lengths not smaller than 200 mm long
widths between 15 - 125 mm and thicknesses of 8 = 70 mm can be used.
The waste lengths are joined together in continuous lengths and oan be
provided to pre—set lengths for manufacture of window or door frames or
other items as required. Production sequences of finger joint cutting,

glueing, pressing together cutting to pre-set lengths follow one another
oontinuously.




Pinger joint cutting (milling)

Two workpieces can be milled simltaneously. With table in its upper

position two work pieces are fed-in and clamped. The first milling opera-
tion takes place with the table moving downwards where the workpieces are
removed, turned through 180° and put bagk in clamped and the second
milling operation takes place with the table moving upwards.

Glue spreading
After milling the workpieces are pressed against the glue spreading

die where glue is spread into the fingers. The amount of glue can be
adjusted by means of a continuously variable comtrol, A Pneumatic pump
feeds required amount of glue to the die which transfers this to the work—

piece.

Pressing and cutting to length

After glue spreading the work pieoes are fed into the Pneumatic press
where they are clamped and pressed together. Individual pieces need only |
be laid on to the machine bed, a foot pedal control starts up the machine :
cycle. A saw follows the press whioh operates when the workpiece length

reaches a pre-set length and actuates a pneumatic valve. After cutting to
length the finished piece is automatically ejected by means of a pneumatic
oylinder.

= Milling

= (lue spreading

= Pressing together
= Cutting to length

w -

Fig. 33 - Finger jointing plant, oonsisting of universal milling
machine and press with cross-cut saw. Off cuts can be :
processed into useful timber starting from 200 mm lengths.
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Reoommended layouts 1 and 2 man operation
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Pig. 36 = Machine layout - 2 operators
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Pig. 38 - Control of finger jointing press and ocut offsaw.
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3.5 Operational sequence of step feeder

Repeated operation to provide a continuous pattern on a2 work
piece can be achieved by means of an ad just ~ble pre~set feeder.
Peed length per stroke can be set to a maximum of 200 mm. Sever-~]
pieces can be machined together up to a maximum height of 100 mm, The
feed step position is synchronised to the finger or prttern pitch and

can easily bhe set.

Rational profile cutting (single or double sided) Banister rails,
fencing, contoured boards can be machined with a continuously re-

peating pattern (Fig. 39 - 40).

A continuous pattern can 2150 be built up as shown in this ex~mple
by first milling along one edge in steps leaving spaces hetween as
shown then rotating the work pieces over 180° to machine out the spaces
in between Fig. 41, This produces a mirror image effect and gives a

continuous complex pattern with one single tool head,

Fig. 39.
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The new um‘vers=1 profiler UP cen be used for a variety of applicstions,
and in particular for production of styled furnitdre, transverse machining
of profile fromes (mitre cutting), for toy manufacture, construction of
steps, Arawer making (combing), finger jointing etc. Transverse profiling
in an axial direction with continuous cycling sequence. FExcellent ma-
chined finish due to particularly rigid location of the cutter spindle

and due to down-feed cutting. Rapid resetting from face-end to longitudinal
machining by means of the flexible system of stops. Pneumatic-hydraulic
table feed with speed regulstion (inf‘initely variable) and rapid return.

Quick tool change by mesns of hinged clamping attachment. Cyclic working
sequence by means of foot valve.

1170 mm
i|
i
i

1300 mm ___T00mm
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Technioal data

Model UP 30 UP 65
Ref. No. 691 043 691 04?2
Motor rating kW 7,5 7,5
Speed of cutter spindle rpm 6000 4300
Cutting depth max. mm 30 65
Cutting spindle § mm 40 40

Tool clamping width mm i 200
Tool # mm 180 250
Cutting speed m/sec. 57 56
Working strokes per minute 3-8 3-8
Working oressure 6 6

Air consumption at 8 strokes 1/min 110 110
Wworkpiece width max. without longitudinal

stop unlimited

With longitudinal stop 130 + profile 150 + profile
Workpiece height max, 100 100
Machine size (1 x w x h) mm 850 x 700 x 1170

Weight kg 300 300
Exhaust connection (1 x w) mm 250 x 140 250 x 140
Air speed m/sec. 25-30 25=30
Air consumption m3/min. 20 20
Accessories

Operating wrenches, stop, 3 splinter tongues (without profile)

Special accessories
Clamping unit with 1 cylinder EGW-50-25

Pneumatic cross clamping attachment comprising: clsmping arm, clamping
plates, clamping cylinder AH-35-50 with speed regulating valve GR-1/4.
Longitudinal stop 1.85 m long with 10 folding stops for different longi-
tudinal dimensions.

Profile stop with one stop finger

Additional stop finger for profile stop
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Automatic finger joint cutting

By means of a stepped feed device
finger joints or special shapes
can be repeated along workpiece
lengths.

Pig. 42,

Cross orofiling up to 200 mm wide in
one operation.

A max. height of up to 100 mm can be
accomodated which means that several

thinner pieces can be machinedtogether in
one operation.

For instance all eight corner joint
pieces for two drawers can be worked
together and completed within 30 seconds,

Cutting depths A of 30 or 65 mm can be *
provided. Pig. 43.

Variations possible with a profile cutting machine.

By changing the position and order of the cutters on a profiler head
ten different profiles can be macnined.

Pig. 44.




1.

Introduction

Throughout history wood and woodworking have been closely related

to man's activities be it in his leisure, work or home atmosphere.

It is, therefore, not surprising to find that the woodworking
industry was amongst the first industries where automation and pneu-
matic control systems were adopted. This was particul~rly the case
with special purpose machines and custom-built or self designed and

operated workshops where pneumatics have always been extremely popular.

We will here separate the machines into two brord categories for

convenience:

Firstly, machines and production lines for the woodworking industry
bearing in mind the extent and degree of standardization in regular

production. Then the standard and universal machines produced for

medium and small scale industries, including handicraft trade for one-~offs
and small quantity production.

The boundaries are not too clearly definable and can be said to vary
according to individual requirements or specialization. The machinery

required may not always be readily available to purchase.,

Woodworking factories are, therefore, often forced to design and

build or to have built for them machines to their own special needs.

This also holds true for extension or additions to existing factories

or production lines. Pneumatic control snd automation here can be of

decisive value. Various function oriented solutions will come to mind

} when considering practical technical possibilities. It is intended to

promote discussion on and to give some indication of the meny various

sclutions to practical problems and the flexibility and variations possible.

2. Low cost automation using pneumatics

Modifications and sttachments to older existing machines which by

means of pneumatics provide for an improvement in both quality »nd
quantity of production.

2l1 Example of add-on pneumstic autometion

To increase production it was considered necess”ry to purchase a new

- machine. The production capacity of the exi sting chain mortising ma-

chine (6 years 0ld) was too low and it was to be discarded, but then

someone thought of looking into modifying it.




/
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1.6 Costing exercise relating to a complete production machine

Complete machine price DM 11,745
Pneumatic control system DM 1,280
Assembly time pneumatic 6 hrs
Design pneumatics 9 hrs

Costi ng study

Universal profiling machine

2 different utilisation rates were considered

1. yearly use 200 hrs operation

2. Yyearly use 100 hrs operation

To produce the item Fig. 45 the following applies:

Machine + profile step feeder DM 11,745
Depreciation (longer in practice) 8 years
Working hours 1, 200 hrs/yr

2. 100 hrs/yr
Interest rate: 10 per cent
Space utilised 10 m2
Cost of space M 6/m2 per month
Power consumption 7.5 Kw/h
Cost of power 75 per cent operational DM 15 Kw/h

Maintenance costs

6 per cent/year

Operational time 1) 200 h/year 2) 100h/year
Depreciation 7.34 DM/n 14.68 DM/n
Interest 2.94 5.87

Space 3.6 7.2

Power 0.84 0.843
Maintenance 3.92 1.05
Machine costs per hr, total: 18.24 DM/n 36.64 M/h
Production time per piece

A) Usual traditional method

Machine time band saw lbhr Ao 22N

Hand work finishing lhr & 20DM

oW
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Flgo 450

B) Produced on universal profiler

1) 200 hfyr 2) 100 h/yr
Machine time 2 mins 0.61 DM 1.19 m'
- n
Labor 2 mins 0.67 DM 0.67 M
*
Tooling costs per hr,
Sharpening after
500 pieces 50 DM 0.10 DM 0.1 DM
»*
Replacement after
1000 pieces 1.860 DM 0.19 0.19 DM
Production costs per piece 1.57T DM 2.15 DM

»*
These figures will vary in practice and depend upon feed rate and
wood hardnes.

* %
Labour costs involved here will vary but the relationships will still hold.

Profiling machine operating 200 h/yr utilization 13.3 per cent
Traditional production 42 bt |

Profile machine production 1.57 M

Saving per pieoce 40.43

Cost of machine 11.745DM

Mmortised after 11.745 : 40.43 = 291 pieces
production of

Profiling machine operating 100 h/yr utiligation 6.67 per oent
42 .|

3§:15§ |

Amortised after 11.745 : 39.85 ' 295 pieces
production of
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4. Quality control and testing equipment

4.1 Testﬂ machine for cormer joints in the wood vworking industry

A pneumatic pulsator with control system is used to life test
corner joints. The joints are subjected to a periodic pulsator stress
to determine the breaking stress and number of cycles from which the safe
loading level can be determined. Amount of deformation acceptable is
empirically established.

Construction of test Jig

The test jig consists of:

r——} 1 - pulsavor cylinder snd control
po Pneumatic oylinder valve

{:__1' 1 -~ sensor and amplifier

| rr‘zi i 1 - console including timer counter
L! - L] | and related pneumstic control
Ll

a2 system

Zz Fig. 46
1

2 ( ( N\, Piece
under test

The test jig is built on a base plate of steel 885 x 545 mm which has rows
of mounting holes spread 68 mm apart. Steel runners reinforce the bage plate
and the whole is mounted on sn angle iron framework. Should a larger base
plate be required, several units could be joined together, bolt holes are

provided along the edges.

Mounting of all elements in various recquired positions to suit the
item being tested is facilitated hy the &rid of mounting holes provided.
As can be seen from the sketch Pig. 46, all elements cen be positioned
anywhere on the base plate to left or right top or bottom to suit test

requirements.
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Testing pressure is applied by a pneumatic cylinder through -
bracket assembly, Applied pressure can he modified by moving cylinder

positicon on the bracket and the applied air-pressure,

Air Pressure

2 3| 4 | 5| 6| 7 |(var)

(kp)
Piston Force

| 2] |
|69 llO‘o 139‘ 173 208i 243

Pneum~tic control elements =re all built into = control console with
functional knobs on the front p=anel. The digit=1 contrcl system provides

e rate of drive force which follows the curve shown in Pig. 47.

A

Load Wshler curve (Break point)

Permanent deformation

Safe loading level

e — ——— — —— ——

—5»
Number of cycles

Fig. 47 = Plot of test results

A pressure time relationship of the tester as can he seen from
the graph matches the ideal sine werve form~t closely despite the extremely
high impulse power peaks involved (Fig. 48).

The test sequence can be set to stop once a pre-set value (Y = 0,1 = 1 mm)
of deformation is detected by the sensor and the number of cycles nerformed

can be read off the pneum2tic counter.

To restart a cycle a start button is provided. It can be shown that
the pulsator cycle provided approaches the ideal sinusoidal theoretical
requirements closely enough for all practicsl purposes and the pneumatic

cylinder pulsator solution given here is simpler and cheaper to build.
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Pressure cycle

1 s — >
V/

& /7

§ \

: / \ -—-

N7 o

? Time
8
i
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»
3
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[ ]
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i JANY

/ \ /
A |/ \ //
i\
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\ /

Pig.48 - Cylinder Velccity and Pressure
Graph

Ideal sine wmve

Pneumatic cylinder
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Purther notes on test jig construction

All moving parts should he light in construction so as to reduce
power lost in acceleration and de-acceleration. Normal factory com—
pressed air line supply is suit=2ble for operating the tester.
Facilities

Piston speed of operation

This can be continuously adjuste i by the ? soeed regulator valves
provided.

Testing pressure (lo~d)

Continuously adjustable by means of air pressure regulator pro-

vided from approximately 1 bar to maximum 8 bar.

Time
Operation and wait interval can both be adjusted individuslly and
independently from one another.

Prom 005 - 10 secC.,

Total number of cycles

Can be set on a counter so as to sutomatically terminate test

when number of cycles achieved.

4.2 Purniture testing equipment

Test jig for testing and research institutes as well as manufacturers

have been built with a wariable profile adjustable frame work so ~s to

be adaptable to test any sizes of tahles, chairs, cupheards arm chairs
etcs Pneumatic elements can also be moved to appropriate positions

to suit the particular test conditions wanted. Life wear strength

tests can be performed on all types of furniture. The fifty cycle
electrical mains frecuency was used in this tester to provide a cheap

and convenient timing cycling frewmuency and control elements are electro
pneumrtic. Cycles or time to failure or preset counts can be measured.

Normal factory air supply is required.
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Schemetic drewing Graphic symbols
n@: —
Oirection of flow
M
Take-off point

Fig. 49 - Branch line leading off from air main. Branch line should
not terminate at air take~off point but should be extended
further and end in a condensate trap.

5. Didestioc- ad maintenance of pnsumatic systems

5.1 Didactic

It has been found useful to provide special courses to umsers,
larger factories, m=chine producers and others to instruct various
levels of design engineers, maintenanoe operators etc. from these beginnings
has grown-up a complete range of courses, articles, books and special di-
dactics models and equipment. Some extracte from such a course may be of

interest here,

Compressed air piping should preferably be installed so as to be
acoessidble for inspection to ensure it is air tight, and in good condi-
tion. Horizontal spans should be sloped so as to provide a fall of some
1 -2%in the air flow direotion. Main down feed supplies should lead
direct to a machine user point and the pipe oontinue down further so as
to ensure that any condensate or dirt particles are not fed to the user
point but colleot below from where they oan be oooasionally discharged.
(HGO 49)-
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Air consumers in
production shop

Fig. 80 - Parameters for joining
branch line to air main

Fig. 51 ~ Ring air main incorporat-
ing air accumulator
ag Branch lines joined to ring main
b) Branch lines joined to cross
lines,

Special collectors are available for mounting at the lower ends of supply
points for the condensate water gome of which empty automatically when the
water reaches a certain level. User point piping from the supply should
be carried upwards with bends not sharper then R = 2 D (inner radius of
bend 2 times pipe outer diameter). A branch from the main supply pipe
feeding several high consumption outlets should preferably be connected to
the main supply pipe as shown in Pig. 50. Supplies to a complete workshop
or room where several machines are supplied are best installed as a ring
supply line as shown in Fig. 51. Ideally an additional compressed air
reservoir should also be provided. Piping for a ring supply can be some
1/3 the diameter of a similar single pipe supply for the same conditions
of pressure loss. Pressure changes in the supply are minimised with a ring
supply and the pressures at outlets more even.
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Planning s compressed air supply line:

Pipe diameter requirements are determined by the compressed air consump-
tion which should allow for A reasonable reserve (bearing in mind addi-
tional equipment requirements that invariably follow soon afterwards).
Empirical values have been established for acoeptable limits of air
flow velocity and pressure drop for optimum cost operation over the
Yyears. The determining faotors for pipe diameter are:

Permitted air flow velocity

Permitted pressure drop

Working air pressure

Number. of built in restrictions

Pipe lengths

Consumption volume 1 min is a readly established value. The air
velocity and pressure drop are closely related. Pressure drop is in
addition affected by the smoothness of the inmer pipe wall and any inter-
mediate connectors. Pressure increases with velocity and length of
piping.

Velocity should be chosen to be between 6 and 10 m/s. Design should
aim at below 10 m/s as invariably various parts of the systems will have
higher velocities due to built in obstacles, restrictions, reducing

couplings or temporary consumption surges.

Pressure drop should be kept to under 1 KP’/cm2 up to the user outlets.
In practice up to 5 per cent pressure drop is often found. With
a design operational pressure of 6 l(p/om2 a drop of 0,3 Kp/cm2 is
thus acceptable.

Throttling: connectors, couplings, bends, valves in the piping 8ll1 tend
to throttle the air supply. To aslculate the required piping
dismeter it is normal to allow for the effective throttling by
adding a factor to the value of piping length.

Designing a pipeline: example and graphs taken from Festo text book

Introduction to pneumstics.

The air consumption im a factory is 400 l/min =4 m3/min = 240 m3/h.
The increase over a period of about three years will be 300 per cent.
This results in 12 m3/min (720 m3/h). The total consumption is 16 ma/min
(960 m3/h). The pipeline will have 2 length of 280 m, and it contains

6 T-pieces, 5 normsl elbow pieces, 1 two~way valve, The permissible pres-




PN
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Pig. 1

The ide» being to use the existing chain mortising machine and by adding

pneumatic automation to produce » purpose built m-chine capable of handling

special production runs and smell ecale production runs.
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sure drop is A4 p = 0.1 x 105 Pa. Working pressure 8 x 105 Pa,
To be cnlculated : pipe dismeter
The provisionsl pipe diameter is determined in the nomogram using the

availeble data (Fig. 52).

Use nomogram (pipe diameter)

Line A (pipe length) is joined with B (teke-in volume) and extended to
¢ (avis 1). Line E (working pressure) is joined with G (nressure loss) and
one then obt~ins 2n intersection »t P (=xis ?). The intersections of »xis
1 and »xis 2 »re joined togehter. One oht»ins »n intersection 2t line D
(inside pipe width) and this specifies the pipe dismeter. The pipe di=-
meter wrs designed with 90 mm (chart).

Pipe length (m) Axis 1 Axis 2
Inside pipe width (mm)
B
5@.‘ Pressure loss (10° Pa)
201
4o
_ﬂ Take-in volume (Nm3/h) -
. m
= 20 s
100 10° Pa
1%
’ 3
: 1 Kk
3 5
200 _———T1 L
_ K o Ve . 03
5000) ] i foa
-0 20
05
40
E 0
B J
3 -
i
12
C D F G

Pig. 52
Calculation of pipe diameter
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For the restrictive elements (two—way valve, corner vrlve, T-piece,

-valve, norm=l elbow piece) the resistances are sgpecified in equi-~

slide

valent lengths. Equivalent length is understood to mean the length of

ipe having the same resistance to flow es the restrictive

= straicht p

The flow cross section of the

element or the noint of restriction.

By means

e as that of the pipe.

"equivalent length pipe" is the sam

ickly.

!

of » second nomogram the equivalent lengths can be established qu

Nomogram (equivalent lengths)
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Calculation of equivalent pipe length

Fig- 53'




- 50 -~

Automatic condensste water separator

Air supply lines »nd related equipment should not be ignored s
prermanent fixed fittings once installed but regularly serviced, =ir
filters cleaned or repleced, nilers where fitted refilled pipe line
ends regularly opened to empty out accumulated dirt particles =and

condensate etc.

In addition to resular servicing, however, and particularly where
high moisture levels prevail, ~utometic condensate drains installed

at verious strategic points in an installation are = must .

Punction: The condensate collects in » collector and when a given level
is reached, a float mechanism automatically opens a dr=in outlet and
the air blows the condensate out where upon the float once »gain seals
off the drain outlet.

The condensate in the air filter prsses through hole 6 into the
piston chamber hetween the sealing washers 1 and 2. As the condensate

increases, the float 3 moves upwards.

When a certain dondensate level

is reached, nozzle 7 opens. The com

pressed air from the filter bowl flows ;
through the hole and presses the control A\ N\
piston 5 towards the right. This re- AN ®

sults in sealing washer 1 opening the

flow passage for the condensate. N N X 7
Through nozzle 4, the compressed N AN

air can flow out at only a slow : //// )

rate and the through passage is \\ g \/ A

kept open for a longer period A /7 5//"’ .

of time, NN R \

j’)
i
/
V4
i

/]
.

N &7

7

e
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X
\ RN

‘ 4 Uik e
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Fig.54. Water separator 2B py — ,"“’“@
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5.2 Application of pneumatics to the woodworking industry

Machine

Wor

Criteria

2 = full

1l = limited
0 = nil

iece

Power Accuracy Speed

Penumatic
control 2
0-2 = nil 1
3 = limited ©
4-6 full

Tool drive
Criteria

limited

Power Accuracy Speed

Pneumatic
control
0-2 = nil
J=1limited
4=6 full

Sawing machines

Prame saw

Log band saw
Tableband saw
Table disc saw
Pendulum cir-

cular saw

Beamcross cut
Panel circular

Milligggmachines
Horizontal
Vertical frame
Top

| Bottom

Finger joint

i Tenoning

' Deep bore
Chain milling
Copy miller
Thickness
Grooving

Boring machines
Pillar
Multi-spindle
Dowel

Verical

Knot

Lathes
Lathe
Copy lathe

Sanders
Stroke belt
Pressure bhar
belt
Wide belt
Disc
Copy sanding
Contour

—
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563 Recognition of shape size and poaition by pneumatics

[ Exempie

Parameter Sensed

Length
Width Limits

Length
Width Limits

4-

Poounatio Rlement

1 mm end stop
3/2 roler actuated valve
1 mm air barrisr

reflex sensors'

o d
1 =m 3/2 roler valve

1 mm air barrier
reflex sensors

PR

ISR

Thickness 5/2 roler actuated valve
air barrier
Height reflex semsor
w Back pressure nosslo/
Cutiavay reflex semsor
air darrier
air barrier
Bore eylinder (stroke ponitioT)
o |
Back pressure nossle {
Flag Alr bBarrier
Can
1// Recess 0.1 mma reflex sensor
~d
2 5/2 roler actuated valve
;; End position back pressure mossle
/
o
% Cut-avay Reflex semsor
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5.4 Mical applications of pneumatic components and assemblies for
specific work and tool handling functions

Function Symbot Principle ::n:‘;»g‘r\‘ol Operating charactenstics
8in loading Sy, Muttivibrator ;:vhnder with 12 mm piston diameter,
\— / requency 7 c/s (adjustabie)
) — Single- and
mqm — double-acting | 1 to 100 parts/min
— cylinders
Single- and 1 tc 100 parts/min
Advance -> d;nugm...c"ng 60 cm/min to 60 m/min
{Material foed) cylinders 1 to 2000 mm piston stroke
" impact nozzie
"°';"°"‘ D €| | [IT35HP] | Reftexnozzie | Mawmum spacing 3,4 5. 65, 15 or
contro .. 0 Interruptible jet| 100mm
Turning (‘ uﬁ Rotary cylinder { Max 90 or 290 degrees (adjustable)
A\
™ Single- and
m KN l(,, double-acting | 1 to 1000 mm, 1 t0 2500 kgf
clamping ::/iy:lenders 2000 to 7000 kgf
Transter Rotary indexing| Divisions 15, 30, 45, 80, 90 or
(Rotary table 120 degrees
indexing)
Strip feeder Prograssion adjustable up to 250 mm
Transter - Single-and | Material thickness up to 2 mm
{Linear ) %" double-acting
indexing cyhnders
- <+ Pneumatic and!
M.C";m sir-hydraulic | Feed rate 30 to 6000 mm /min
{Tool ) feed units
ko
ngle- and Up to 480 blasts/min
Ejection :._) Qzﬁ double-#cting | 110 100 parts./min
Fig. 57
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5.2

A didactics course to instruct personnel in the art of pneum~tics
is desireable not only for design and machine building engineers but
also for service and m~intenance personnel. The following are some
descriptive drawings for explaining the inner construction =nd workings

of some parts from a text hook (Festo didactic) for just such a course.

Single acting cylinder

T+ 8

Fig. 58. Parts of the single acting cylinder

Rem Name tem Name

1 Filter element 9 Piston disc
2 Bearing cap *10 O-ring
3 Cheese-head screw 1 Cup packing
4 Bearing cap, compiete 12 Tightening disc

*5 Bearing bushing 13 Serrated spring washer

‘6 Compression spring 14 Hexagon nut

7 Compression spring 15 Cylinder barret
8 Piston rod

Functional description

Air enters through cylinder barrel (15), air is applied to the cup packing (11). Piston rod travels out.
When the cylinder is exhausted, springs (6) and (7) push the piston and piston rod back into the initial
position.




Wearing parts Contamination
Bearing bushing 5 Too much oil in the cylinder barrel, the piston travels out slowly.
ression spring 6
Compression spring 7
O-ing 10
Cup packing 11
List of faults
Type of disturbance Possibie cause Rectification
Piston rod (8) dr.2s not r—— Compression spring () ——————— Fit new spring
return to the end and (7) damaged
position
—— Air filter is blinded ——————= Clean air filter
The air escapes to —r1—— Cup packing (11) not — Replace t+e cup
atmosphere at the tight, wom packing (11)
bearing bushing (5)
—— Cup packing (11) —~—————— Reverse the cup
mounted the wrong way packing (11)
round
Piston rod (7) is not —————— Bearing bushing (5, —— Replace the bearing
guided smoothly wom bushing (5)

Fig. 58a
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Double-Acting Cylinder

(£) des Buueag ay) ybnouyy uoisid ayy J0 apis pos uolsid syl 01 paidde Buiaq ainssasd AQ Pa10ay)a S1a404)S
winias ayj N0 s|1@Aes) (1) P01 UOISIC By (21) GBD pus ay; BNyl LoIsId sy} OF P3IANS Si we ayyg

1004 Buidwe}n
M3IDS peay-asaay)
abuey |oAImS

M310S peay-asaay)
des pu3

1nu uobexan
iaysem

Buntoed dno ajgnoq
poi uojsid

{a41eq s3pullh)

Buu Buidwe)n
i18aysem bBuudg

Buu Buyeas

M08 peaU-9saay)d
abue|4

Buu anocoin
Buiysnqg abueyy

ded Buueag

Buu sadeiog

MB3IDS Peay-8saay)d

JweN

uoRdIIS3P [eUORIUN

Y R

P |

Zi

bL—
oL~
Gu

€1




-57 -

‘puodsal
punol Aem Jou saop Buuowysno
feas dij ayi oy ——— Buoum ay} pany ueeq ay) ‘Buuoiysnd uotusod
_ sey Jo syee; Jebunid Buy pua ylm JapuijAo e u|
feas dij mau e Ji4 _ -uoiysno 8y} uo jees dn —————— Buwoysno uoiusod pug
J0pupglo
seodind-moeds
oAl poJ
Buu 9A00IB mau B Iy ————— -29J0p 1 (§) BuU B8A00ID ——— uosid ay) je sadeoss
Bunyoed uayybil —
m A 6 3oy JudA
9S00} St 10 Hesf (pi) 8y} yonouy) 1ie sjuaA
Buiyoed mau ji4 —_l Bupjoed dno aygnopayj ———————— BA[BA PB12BUUOD BY |
uoREBIYROSY SONED SIeS0d SIUBLIMNP JO odA}
SNNe} JO 9N
"‘POSBO.IOUI St JBOAA JBMOIS S8UI009q
JopuiAd 8y} ‘JOpUlAD By} Ul J81EM JO |10 YONW 00
UORBUNLBILCD
14} Bupjoed dno signog
6 Buu eag
S Buu sr00iD)
14 Buiysnq abuely
4 Buu Jadesdg
sued Supeem
Joputr Lo Furgoe—-aIqnop Jo s3Ied - 09 "I




/

- 58 -

5.6 Maintenance

Trained maintenance personnel cost money but proper maintensnce
is very important and will always pay in the long run. Pneum~tic equip-
ment and systems 21so need appropriate periodic maintenance even though

it can be said they just work on air,

For any larger pneumatic installation a separ~te check list should
be prepared for maintenance which should include a functional and
schematic diagram. This should facilitate msintenance and trouble
shooting in case of faulty operation. Various elements or machine parts
as well as the compressed air lines can also develop leakages and
regular checks are desirable. Components can develop leaks that in ex-
treme cases can ceuse damage well in excess of the value of the compo-

nent itself.

A common problem in the woodworking industry is of course the conti~-
nuously accumulating dust everywhere. This dust can destroy machine
and air cylinder bearings, block vents and cause other misfunctioning

when it accumulates in the wrong places.

Points for a maintenance plan are listed below:

Daily maintenance checks

- Empty condensate in filters

= Check, top-up 0il level in oilers
« 0il grease points

- Special points (where applicable)

Weekly maintenance

- Clean, check and test signal valves, cams, rollers - replace if
faulty

Check for frays, wear, leaks on piping, tubing

Check tightness, leakage on tubing, couplings

Check manometer on pressure reducer
Test oiler functioning

Check oiler rate drops minute, reset if neoessary

Special points on some machines
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The following details show how this particular problem was

solved:

Machine for cutting mortises in ladder runners (Pig. ?)
Por step-ladders (right angled tread)
For step-ledders (angled tread)

The runners are clamped in » stationary position for machining and
the chain mortising »ttachment is moved in steps from notch to notch.
In this way the space requirement of the machine is kept to a minimum.
Should the runners be moved step by step under a stationary mortising

attachment, the space taken up by the machine would be doubled.

A machine capacity of 1000 slots/hour wag achieved with fully

automatic operation. The inst»1lation consists of five essentisl parts:

a) Mnchine pedestal mortising guide;

b) Chain mortising head with pneumatic feed facility;

c) Transport carri~sge and intermitent feed unit;

d) Work piece clamp;

e) Carriage stop;

f) Control console with pneumatic control system for external end

sensors and cylinders.

A, The machine pedestal is of welded construction and consists of the

frame, the tool head, guide rails and the step spacing for setting the dis-
tance between mortises. A wooden insert is provided on the machine bed to
avoid fraying at the slot edges. The pedestal can be dismantled for easse

to transport.

b. The chain mortising sattachment is » stendard production item with

hydro-pneumatic feed. It has in addition » swivel mount attachment which
allows mortising of right angled mortises for ladders, as well as angled
slots for step ladders.

c. The transport cerriage with pneumatic feed unit consists of two moving

carriages, mounted on rollers. On the larger of the two carraiges is mounted

the mortising head. Precise positioning is controlled and determined by

the step spacing and stop cylinder.
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Monthly maintenance

- Inspection of all parts of the installation for leaks, loose
couplings

= Check all valves, cylinders and their vents
- Clean, wash out filter in petrol or clean in air blast

- Check air supplies to cylinders and cylinder seals, replace
if necessary

Check operation of automatic condensate drains, no air leakage

Specisl points as required

Half-yearly maintenance

- Inspect cylinder shafts for wear or leakage, replace bushes seals
or complete unit if required

~ Check 211 units for correct operation
- Replace silencer elements where dirty

= Special points as required

The maintenance plan for a complete installation will of course not
only be for the pneumatic installation but should encompass all aspects
and equipment, mechanic~1, electrical, pneumatic water sewage services,
etc. Naturally one expects to have trained electricians to look after
tke electricsl equipment and one should »1s0o expect to have trained
people for pneumatic maintenance and repairs. The inner construction
details of some pneumatic cylinders valves and elements can look just as
complicated »s the inn=rds of an electrical unit to the uniniti=ted.
Didactic courses books and information are available for training such

personnel today.

Trouble shooting

In = small, simple pneumstic control system trouble shooting can be
quite simple but in & more complex instsllation with many interdependent
machine functions, it could be like looking for a needle in a haystack
unless systematically approsched. Tt 1s, therefore, very import=nt to
keep accurate schematic snd deteiled drawings of 211 inst=llations and

particularly to record any changes, modifications or imorovements and

additions to the system.

i




System for detecting faults

If one considers the pneumatic controls on simple or complicated
machinery in foctories in various branches, servicing and maintenance
appear to be very difficult and cail for » variety of skills. If one
considers the matter more closely, however, one finds thnt many of
thes~ pneum=tic controls h~ve a2 lot in common.

Simnal output elements

Working elements (cylinders, motors)

Signal processing elements
Actuating elements (3/2, 4/2, 5/2 wey valves)

Control elements (shuttle valves, 2-pressure v-lves, etc.)

Signal input elements

Signal elements (3/2, 4/2, 5/? way valves)

One recognizes the same components and control groups time and
azain in the controls, and these are found in different combinations in

the machines.

If damage (faults) occur in the systems, systematic fault trecing
is most helpful. Rep2ir (ser*vicing) become much e=sier by systematic

fault tracing, and above all the repair time is reduced.

6. Conclusion

Low cost automation possibilities in the wood working industries are
virtually unlimited and this short paper can only hope to have touched
upon some perhaps more general applications. As individual workshop re-
quirements are likely to vary we can but trust that some of the examples
described or the references listed will help guide any interested party

towards an appropriate solution or choice for his particular problem.

Te Literature ‘

Pneumatic Control,l’ ISEN 3-8023-0102-1;

Pneumatik in der Holzverarbeitung,l) ISBN 3-8023-0143-9%
Pneumatic Tips,z)’B‘);

Pneumstic Application,!) ISEN 3-8023-0112-9;
Low Cost Automation for the Furniture and Joinels Industry, UNIDO D)/154;
Maintenance of Pneumatic Equipment and Systems, ISBN 3-8127-0841-8;
Introduction to Pneumatics,g) ISBN 3-8127-0811-6.

1) Vogel Verlag, 8700 Wirzburg, Max Planck Strasse 8, Postfach 8000, W. Germany.
2) Festo Didactic, D-73 Esslingen I. Berkheim, Postfach 6040, W. Germany.
3) Festo Didactic, A-1171 Wien, Haslingergasse 11, Austria.
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ANNEX 1

Alr consumption

The air consumption of a plant is very important for the supply of compressed
air and for the determination of energy costs. The air consumption can be
simply calculated by means of the air consumption chart.

Chart of air consumption for pneumatic cylinders

N L _ operating pressure...at_m 3
Zl1 | 213/ 4] 517’6"7”| 81 910! | 1213 4]s

mm air consumption in Wem( liters/cm) stroke of the cylinders

6 0,0005/0,0008 0,0011/0,0014/0,0016]0,0019}0, 0022/0,0025/0,0027 0,0030/0,0033(0,0036] 0,0038 0,0041 0,0044
12 0,002 0,003 0,004 0,006 | 0,007 { 0,008 |0,009 0,010 | 0,011|0,012 | 0,013 | 0,014 | 0,015 | 0,016 0,018
16 10,004 0,006 10,008 10,010,011 |0,014 {0,016 0,018] 0,020 ' 0,022 | 0,024 | 0,026 0,028 | 0,029 | 0,032
25 | 0,010 0,014 | 0,019 | 0,024 | 0,029 | 0,033 | 0,038 | 0,043 | 0,048 0,052 | 0,057 10,062 0,067 | 0,07 | 0,076
35 10,019 10,028 0,038 0,047 0,056 | 0,066 | 0,075 0,084 | 0,030,103 0,112/ 0,121 | 0131 0,140 | 0,149
410,025 10,037 0,049 | 0,061 10,073 10,085 | 0,097 10,110 0,122 0,135 | 0,146 | 0,157 | 0,171 | 0,183 0,195
50 10,039 | 0,058 0,077 | 0,096 | 0,115 | 0,134 {0,153 | 0172 | 0191 | 0,210 0,229 0,248 | 0,267 | 0,286 | 0,305
70 10,076 10,11310,150 0,187 0,225 | 0,262 {0,299 0,335 0,374 | 0,411 | 0,448 | 0,485 | 0,523 0,560 | 0,597
100 10,155 0,231 0,307 | 0,383 | 0,459 | 0,535 | 0,611 { 0,687 | 0,763 | 0,809 0,915 0,991 | 1,067 | 1,143 | 1,219
140 10,303 0,452 0,601 0,750 0,899 | 1,048 11,197 /1,346 | 1,495 1,644 | 1.793 1,942 12,09 | 2,240 | 2,389
200 10,618 10,923 1,227 1,531 | 1,835 | 2,139 | 2,443 | 2,747 | 3,052 3,356 | 3,660 | 3,964 | 4,268 4,572 4,876
250 | 0,966 | 1,441 1916 23%2| 2,867 | 3342| 3,817 4,292 | 476815243 5,718 6,193 | 6,668 | 7,144 | 7,619

These should be considered especially for determining the air consumption
when long lines are in use.

Caiculation of the air consumption

Q = total air consumption /MM

q = air consumption per stroke in I,
$ = cm stroke

n = numbers of stroke per min.

a) single acting cylinder
air consumptionQ = s - - q( L/min.y

b) double acting cyiinder
air consumptionQ = 2(s- n - q) ( L/min.)

Example: A double acting cylin- Q=2(s-n-q)

der with a diameter of 50 mm and 8 = 14cm

140 mm stroke must be operated n = 50 strokes/min

at 6 atm. The number of switching = 0,134 L/cm per stroke

cycles amounts to 50 strokes per (after table)

minute. How much air is required Q = 2(14 cm - 50 strokes/min. - 0,134
in L (swept volume) per minute? L/cm stroke)

Q =187,6 L/min




Piston rod diameter d [mm] ——»

ANNEX 11

Calculation of piston force
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Operating pressure p [bar] c—e

¢\P

Piston diameter (mm'

Example

Given: Load 150 kp
Max. available supply
pressure 5 bar
Required piston stroke 1000 mm

Required Or1der designation for DC-cyl-
inder. piston diameter. type (normai
or reinforced piston rod) and regu-
lated supply pressure

Solution

1. Locate intersection point between 150
kp torce hine and 5 bar supply pres-
sure line. Read off the piston diameter

—

of the next higher value = 70 mm dia-
meter.

2. Locate Intersection point between
150 kp tine and the seilected piston dia-
meter Regulated operating pressure =
45 bar

3. The inter-related intersecting-lines for
piston and piston rod diameters are in-
dicated, N = Normal rating, S1 = rein-
forced piston rod.

From the intersection point for 150 kp
with a piston rod diamster of 16 mm
(N Rating for 70 mm diameter) gives a
max‘mum permissible stroke of 470 mm

730 40 S0

4

Piston force F [kp]

—_—

Conclusion: The rod is too thin and a
danger of buckiing exists

4 Locate the S1 marking on the 70 mm
diameter line. Read off the piston rod
diameter == 25 mm. Locate the inter-
section between the 150 kp line and the
25 mm diameter line. Read off the ‘maxi-
mum piston stroke = 1150 mm

Conclusion

Piston rod of 25 mm diameter is appro-
priate for a 1000 mm stroke with no dan-
ger of buckling.

Required order designation
DC-70-1000-51

Thick lines indicate the pneumatic load
capacity of the piston rods. They termi-
nate at the maximum piston force (N-
piston X maximum permissible (operat-
ing pressure) and the longest available
stroke. A factor of safety of five is
assumed and trunnion mounting consid-
ered (unfavourable loading method).

For front flange mounted cylinders the
permitted maximum stroke may be in-
creased by 50%o.
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ANNEX III1/1
Operating methods Energy conversion
Mechanical components
Compressor
L Shaft:  Roteting in one direction
l_ Rotating in two directions -t
@ Vacuum pump
| Datent: Added.to indic‘:a‘te certain
N operating position of device
is retained on sctuation Alr motors
Block: Added to indicate device is Non-reversing (single direction)
biocked in certain position
and direction
e * Symbol for actuating
maans
Reversing (two directions)
Jump: Device jumps over desd
# point into one or another
position
# Limited rotation
ﬁ Articulated joints
r SN Cylinders

Retum by extemal force

Spring retum

Double-acting
Single piston rod

Doubla piston rod

Adjustable cushioning,
8.g., both sides

Oparen =)
Manual Mechanical
l I General A Plunger m
0 I Button l Rollar
E I Levar I Idle-retum roller EU
H: Pedel [ Spring %E:
Electrical Pneumatic
\ I Pressura
[ﬂ: Solenoid -
I Bleed
Solenoid and
pneumatic pilot
valve D_ Differential
pressure

Continuous drive (reciprocating)

Summary of common pneumatic graphical signals (standardized in DIN 24300)
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ANNEX III{Q

Restricter check veive, sdfaiaie
restricto? (apeed contrel valeey

_@j Quick-enhaust veive
L4 L]

’_55_' Shutde veive
Ny

elei
%z

A
nsinaifier (gir-wyirouiel _E_j]_ Two-pressure veive | |
4 [ !
Prassure sontrel vaives
L L r-4°
8 Pressure limiting velve
r-4°
L@ Sequense veive
A
P
r@ Pressury reguieser. no reltef pert
[ S
Gnergy sentyol end jegulatign L)
v g \a amnee o0 v [4 Prossury reguistay, with relief pont
Olrprqenl vibvag Lﬂ
m Fn«.’.’. Flow sonvel rehuse
low P 10 4 claseg In nermgl
ion
\ s BF | e
22-woy voive
Flow P 10 A open in nermal pashion
d Orifice veive
A 2-way yoive %’
m Fiow P to A clossd In normel
position
’ _@_ Adjustable restricter veive
V2-way vaive
Fiow P 10 A apen I8 normel positien a narnie-adh
» veive, Y
adjusteble by lever sctustor,
2 3/3-way veive pnng 1elum
ﬂ:@&] Closed canter (sl ponts cleesd In
R normai pasition! Sl veive
A
ml 4/2-way voive -3 Simplified symbol
A
L 4/3-way voive
[XI;;[D Closed conter (ol ports closed it
normal position)
A 3/:.~wovnm
0 conter (opereting sutish § andd
Bﬁm A'open 10 exhecel, Inier P cioeed Sdontifiostion of pers
e Al Intet, :vm.:nm :..'
, m
Nen-soturn vilves Exhoust rellel as
Loshage liquid L
Control or bilet lines LY. X
—* Chetk veive .




Length
mm (1 millimetre = 0.0304 inches)

10 20 X Q 0 T) LY & 90 T)
lunlun]uulnnlux ||'1‘1 A ,l nd‘uulnulnn il nulx 'uulnulnnlunluu
ITITII‘VI!IT”‘VI"T""}VlVIIIYIYTIIYI']YyV]YI lYT]IX!‘}IIVTTP
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0 2 3

in. (1 inch = 25.400 millimetres)

Area

mm? (1 square millimetre = 0.00155 square inches)

0 1 2 3 4 S [ ] 7 9 0
Lo b b b Ll L S N
AR L e
0 Q02  000: 00 0008 o001 002  oow

oq. In. (1 square inch = 645.2 square mitlimetres)

Volume

em® (1 cubic centimetre = 0.061 cubic Inches)

0 1 2 3 4 S 6 7 8 9 0
LLllllllllllllllllllllillxll|lllll|*

L B ey e e e
0 Ut 0.2 03 04 0.5 0.6

cu. In. (1 cubic inch = 16.387 cublic centimetres)

Pressure

bar = 10° Pa = 0.1 MPa (1 Bar = 100000 Pascal)
(1 Bar = 14.22 pounds/square Inch)

0 1 2 3 A S

ANNEX 1V /2

Flow ca.acity

¥min (1 litre/minute = 0.0353 standard cubic feet/minute)
(1 cubic centimetre/second [cm?/s] = 0.002 standard cubic fee-/minute)

0 1000 2000 2000 4000 5000
LJ ra 1 v l il l Y 1 {L P l b 1 AL l L "

I T T T ] T Y T I T ] T ] T . l v T T ' T ‘ I v I T I T I

0 X 4w e 8 00 220 w e

SCFM (1 standard cubic foot/minute 28.316 litre/minuta)

Weight

kg (1 kiloy2m = 2.202 pounds)

0 Ois 1,10 1.15 To st
oot b eg b e by ey
T T T T T
0 ] 2 3 4 s

. (1 pound = 0.454 kilograms)

Temperature

°C (degrees Celcius = 0.558 degrees Fahrenheit -39
20 30 SIO

-0 0 0 «0
J._ILllllllllll 1111
I'L’Y']'I£’T'LT!‘L\'£V'I'I'I'

2 @0 ® w0 120 o

© F (degrees Fahrenheit = 1.8 degrees Ceisius +3)

Foroe
%p (1 kilopond = 9.81 kilogrammetre/square second)

m/s {| matre/second = 3.278 feet/second)
0 0 2 k)] ] 0 [ ) 0 Il)
T

|1111511|:111111

T I LA ] T 0 T I LI BN S £ ]
0 00 200

f/s. (1 fooi/second = 0.305 metres/second)

Xpm (1 kilopondmetre = 9.81 Joule = 9.81 nswtonmetrs)
(1 %ilupondmetre = 7.230 feet pounds)

D] ()] 0.2 0 0.4 05 0.6 07 o] Ol! .
N Su BT BT BTN DU T T T
T 1ﬂ I 1 I A4 I T ‘[ v I’ i I T I T | T ]’ T i v I T ] T I

0 1 2 3 4 -] 6 7

fLb. (1 foot pound = 0.1383 kilopondmetre)
3W = width over fiats of hexagonal nut (hex)
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d. The work piece clamp consists of two pieces. The stationsary part

is uctivated for the whole operationsal cycle. Whereas the movesble part
mounted on the larger transport carriage is activated during the forward
feed to the next step position of work piece. Workpieces are clamped
with pressure shoes from the front snd from sbhove to ensure firm

anchoring during machining.

e. (Carriage stop holds the carraige firm in the step positions during

machining. The carriage feed cylinder coupling will accomodate various

step pitches which can be chosen to suit different requirements.

f. Controlconsole contains all pneumatic elements and the front punel

has command controls which consist of » stop button and two start tuttons.
Start button 1 is used to start a normal operation cycle whilst start
button 2 allows one to restart the machine after sn emergency interrup-
tion of operation. Theemergency stop button interrupts operation and the

mortising attachment is withdrawn.

Compressed nir supply to the whole equipment is supplied through =a
han ' operated stopcock. The sequential operational cycle is shown in

a gohematic form in fig. 3.

Teohnical data:

Air supply 6 bar

Slot width 4 - 25 mm

Slot length 20 - 60 mm

Mortising depth max. 175 mm

Slot pitoh acoording to requirement

Adjustable angle max, 10°

Work pieoe length max. 6000 mm

Mortising drive AC motor, 2.2 KXW capacity

Cycle time 8 - 12 seconds, dependent on feeder

drive speed by milling 4 work pieces
together, time per slot is reduced to
2 = 3 seoonds per slot.

Air oonsumption approx. 200 l/min
Weight approx. 1000 kg
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2.1.1 Costing

8) 1 old (6 years old) mortising machine
(A2 5000,~ DM new value) Current value 2,500

b) Designing time for modified machine 121 hours
¢) Preparation of machine 6.650
d) Pneumatic fitting 3.740
e) Assembly time for the pneumatic

control system 78 hours

2.1.2 Purchase price of new special

machine estimated 27.000
2.1.3 Prior production work time 12 sec. per mortise
Current production time 3 sec. per mortise

2.2 Another example shows application of pneumatics to » wide belt

sanding machine

Object of exercise is to extend the working life of the sanding
belt and to produce a "super finish effect" on the work piece. By
imparting an oscillatory movement to the sanding belt loose sand particles
are more readily removed. Continuously variable adjustment of the
oscillatory movement is desirsble and is dependent upon grade of sanding

belts in use.

Sanding belts of up to 2000 mm wide are used in the furhiture indus-
try and the oscillatory movement must be applied in a direction at right
angles to the motion of the belt.

Range of oscilation
] el —

Pivot bearing c -

Pig. 4




Various menufacturers of wide belt sanding machines have adopted
differing techniques and methods for the oscillatory movement. Prneumatic
systems are in general widely used for this purpose, wherehy a pneumatic
cylinder is used to move the =xis of a belt sander roller »t one end, about
a pivot center at the opposite bearing, thus forcing the belt to

move over to the left or right on the roller.

When the cylinder pushes the roller upwards, the sanding helt moves
to the left and when the cylinder pulls the roller »vis downw-rds, it
moves to the right. Continucus to and fro operation of the cylinder thus
causes an oscillatory ssnding action in conjunction with the speerd of

sanding belt.

In one example of such a2 machine the pneumatic control system used
» high pressure ~ir nozzle for sensing the position of the belt, The
nozzle with a 2 mm openine bheing mounted under the belt, movement of the
helt covers =nd uncovers the jet from the nozzle thus producing A control
gignal to move the roller axis setting. The jet of air from the nozzle
was sensed in a spoon shaped collecter =nd directly operated 2 four wry
pneumatic spring return type valve which in turn controlled the cylinders

acting upon the roller ~xis.

The oscill2tory mcvement of the belt then covered the nozzle ag=in,
the spring return four-way valve returned to its oriminecl nosition, till
the nozzle wns once ag2in uncovered. Oscillations =re in this way
dependent upon the whole inter-play of belt movement =nd speed, roller
position (Plignement) and nozzle. With 2an air supply of six bhars as
recuired for satisfactory operation of the four-way valve 360 1 of air
was required per minute. This high rate of air consumntion was the

reason for wenting to change the ccntrol system 40 2 low pressur~ operating

system.
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Fig. 5: Sanding belt tracking control.

Sensing of belt edge pnsition with low-pressure air verrier end

nozzle sonsors.

A double belt system is shown here with two low=pressure air nozzles
and sensors for e=ch belt. One sensor is set such that the low-pressure
air jet resches its sensor beyond the edge of the belt and produces @
signals The second one is set further in the distance between the two
positions provides 2 deviation for the belt edge position and could be
some tenths of » milimeter to say 3 comple of milimerters. Ai~ flow to
the second sensor 1is interrupted by the belt. Therefore, no signal is
present from the second sensor. When the belt moves too far to the right
then the air jet from nozzle 2 will reach sensor 2 and a signal will also

be given from sensor 2.

We will now have two signals which through an "and" gate and control
system alter the roller setting so as to move the belt back towards the
first nozzle. Similarly should the belt move too far to the left then
the 2ir path to the first sensor is interrupted and both reset in the

oposite direction to move the belt back to the right.
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One can observe the following sequence:

Sensor 1 Sensor 2 Roller axis movement
1 0 0
] 1 + 1
0 0] -1

The distance hetween the two sensors near the edce of the belt
determines the o2nge or amount of the oscillatory mot-on of the sanding
belt. By altering the dist~nce between the two sets of nozzles and
sensors it is possible to alter the amount of the ascill=tion. By
mounting both sets of nozzles and sensors on A rotat2ble pl=te, one c2n
ensily adjust the ~mount of oscillation by simnly rotating the nlate
thus achieving a continuously variable facility. A 0 = 50 mm max con-
tinuously variable oscillation range was achieved on the machine here

descrihed.

The newly installed rnecumatic control system allows the precise
presetting of reauired amount of oscillatory motion. Low=pressure nozzle
and sensor elements in addition drastically reduce the comnressed Air
requirements and enersy consumption. They recuire a working air »ressure
of only 0.2 bar normally, in this application, however, =2 working
pressure of 0,5 bar was chosen to ensure immunity from any influence

from the strong suction currents of the built-in suction cleaner.

With a nozzle width of 1,5 mm and pressure of 0,5 bar some
50 l/min of air is required. This is only 14 per cent of earlier con-
sumption i.e. a saving of some 86 per cent of compressed Air requirement s,
Sensors and nozzles are mounted on the main machine frame. Other
pneumatic control system elements are mounted on a panel =nd fixed to
the machine, on this panel are mounted all elements including the low-
pressure regulator filter and gate valves etc. Energetic moving parts of
the control system are mounted in the machine frame. Two sanding belts
of different grades are controlled on the machine. The cylinder strokes
required are quite short as only a slight alteration of the roller

axis i8 necessary.
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Fig. 6 - Circuit diagram of the pneumatic control system

The basic control elements are duplicated for each controlled roller.
In the works where this modification was carried out eight such complete
systems were installed and sinoe 1974 have been operating trouble free at
a rate of some 30.000 operations per working day. The extent of saving of

compressed air:
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Pig. 7 - Air consumption versus pressure for various jet sizes.
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Pig. 8 - Another variant for belt sander oscillation control.

2.3 Further examples will illustrate the range of possible simple ideas
that can be applied in low—cost automation

Automatic press clamp and drilling jig

This special purpose machine was designed for assembling drawer

parts and simultaneous for boring the lock holes. Various clamping
programmes can be selected by the hand operated progranme selector knob.
Programme start signal is initiated by means of a foot operated pedal valve.
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Five electro pneumatic drilling plus feed attachments are provided
and controlled pneumatically. The drilling att~chments cen be adjusted

snd preset in =ny position snd can also be fitted out with multi-splindte

heads.

Assembling of drawer parts is done in a frame clamp., Five
pneumatic cylinders =re provided for holding 2nd clamping together with

two cvlinders providing = nositioning function.

The special machine is used for rationalised production in small
series manufacture bhut could 2180 he used to ~dantage for larger scole
mass vroduction runs. Assemhly times =re short and nresetting or nro-

gramming of the machine is essy and cuickly schieved,

NSRRI |

4

Pige 9 = Jig used for corner jointing

In woodworking the tool heads, milling, mortising, boring, sanding
etc. are normally electrically driven whilst other functions such ss
clemping, Arive-feed, positioning,transport ctc. in oneumatically operated
ecmipment are achieved by means of pneumatically operated cylinders.

This is the c2se here for ~11 given examples of millins machines.
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Fig. 10: Double-edge jump profiling.

In double-end profiling equipment the work piece is fed through the
machine vhile edges are profiled simultaneously. Double acting pneumatic
cylinders move the profiling citters in a jump action to machine stopped
profiles. Fig. 10 indicates with arrows the directions in wvhich the pneumatic

cylinders move the tool units.

Pig. 11 = Chain mortiser.



- 16 -

The chain mortising machine is controlled bv a pneumatic foot pedal
allowing the operator both hrnds free for locating the work piece. The
foot pedal initiates operation of the snpring return single acting clamp
cylinder as well as the double-scting feed drive cylinder controlling
the chain mortisehead. Feed-rate is readily ~djustable by means of

a speed regulesting valve.

Pneumatic control system of the corner locking »nd finger jointing
machine is functionally similar to that of the chein mortiser. The
tool shaft is fixed wvhile the work piece table performs a rise and fall

action. The work table automatically returns to its rest position after

each work cvele and the clamp cylinder releases. Fach work cycle is restarted

by the foot pedal.

The usually flat or squared work pieces in woodworking lend

themselves readily to gravity hopper feed.

Rise and fall of
table

Pig. 12 - Corner looking and finger jointing machine.
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Work pieces stacked into a hopper can bery easily be fed

one by one automatically to the machine bed for machining.

Tn a vertic2lly loaded hopnper wnrknieces can he loaded as required
from abowve whnre gravitv 2lone will drop them down in rositinn ~nd the
ejector mechenism (2iv evlinder usually) automatically advances
Fig. 13. Single stack vertically loaded hoppers are more general as
dictated by the larger work piece sizes. Hopper size (number or work pieces
held) depends upon machining speed (parts per unit of time). For smaller
wori pieces multi-stock hoppers can be constructed allowing for higher rates
of production with reasonable time intervals for restacking the hopper
(Fig. 14). Multi-stack vertical stores also aliow a larcer number of pieces
to be stored in a given height of the hopper. Some machines may require a
1ift hopper for feeding work pieces from the top of the stack Fig. 15.

Such a construction does not readily lend itself to loading during opera-
tion of the machine. A number of hoppers are then necessary which can be

loaded separately and then brought to the machine to replace empty pallets.

Movements and positional changes

All fixtures or attachments for the feeding or positioning of
workpieces imply movement and change in position. These include such
items as convejycrs, feeder units, drive units and embrace s large number
of diverse individual mechanisms and devices. Conveyor belts, conveyor
chain - roller beds or slideways will not be discusse' here as these

are normally purohased complete.

Some idea of the range of pneumatic fixtures and facilities that can
be provided or built on to machines can be obtained by looking at existing
products and state of the art. Sketches will show some pneumatically
operated equipment grouped together according to three functioms.

The operations of feeding-in and distribution generally also

implies the further function of separation.
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Gravity Hoppers 4 b=y FT

-
.

Fig. 13

Fig. 15: Lift Hoppers

Hopper feed systems

Seperation or selection is usually combined with the feed-in
function and often the same device simultaneously performs both opera—
tions. Machining of separate piece parts (as against continuously fed
long stock) are fed-in one at a time as the machine generally can only
machine individunl pieces or in some special cases a group of pieces when
held together. Selection and feeder action is combined in stack hoppers
where the principle of operation is the same irrespective of general con-
struction. Pieces are stacked one on top of another and the lowest or
upper most piece as may be required is selected and pushed out when
called for. The pneumatic cylinder to which is attached an appropriately
shaped and length of ejector arm operates in rythm with the machine
cycle pushing out and feeding in a work piece as required. The operation
cycle is usually set and originates from the machine that follows the
hopper. A start signal can simultaneously be given to start other re-—

lated operations.

Command signals can also be initiated by a chain link in a chain
driven conveyor which carries the work pieces to the machine. Cycle

sequence can thereby also be a function of time.



ctor operating cross wise the

Fig. 16 - Stacked hopper with pneumatic ele
feed can also be provided

board axis. Additional optional
along length axis.

th an edge ratio. greater than 1:3,
ange for the work pieces to be ejected along their

For work pieces wi

it may be better to arr

gshorter axis. Where the work piece surface is smooth, it may still be

possible to push it along its longer axis particularly when not too many

pieces are gtacked on top. When ejection of the lower workpiece against

the friction and weight of others stacked on top may be problematical

then e jection along the shortest axis may be better even when a further

direction change by means of a further fixture is necessary.

Two or more pneumatic cylinders can also be used together, instead

of 1 large one, for extra large or heavy pieces. Therohoice of one or

more cylinders depends upon verious fectors 2nd A detailed study of =
n and the corresponding selector mechanism is often ne—

given appli catio
Other details to con-

cessary to decide upon the most apt configuration.

sider are tolerances and range of movement required, various mounts swivel

couplers are available for cylinders to suit mec

d and to =1low suitable flexibility in the couplinge.

joints fork ended hanicel

construction adopte

Longitudinal ejectors naturelly require a longer stroke pneumatic

The cylinder can be mounted so 2c to eject

oylinder and more sprce.
necessary to pull

from the right hand side or left as preferred or if

instead of push.
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In the 1atter case, the pulling 2mm and the cylinder will need

t0 be mounted under or sbhove the stack.

Peeder units of this sort with » single stroke length of up to

2 m for various functions are well established.

Pig. 17 - Cylinder feeder control

Pig. 19 - Multi-stack hopper with pneumatic oylinder pusher. Ejector con-
sbruction and operation similar to standard stack or gravity feed
store hopper but with multiple work piece delivery.
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Multi=-stack storage hopper: Pneum=tic cylinders csn alsn be used
for selecting and feeding worknieces from these but the construction and
srinciple of operction, number of cylinders will vary, dependent uoon

whether work pieces =2re called for individually or in k~tches.

Cylinder stroke is selected tomatch the total length of the stack hopper (Fig. 19)
in this construction normally as many pieces as chanels provided are fed out each
stroke,in Fig. 19 4 are shown unless some chanels are empty. Additional external
means of control can, however, be provided to 1imit the number of blocks (work
pieces) pushed out to one or more as may be required. A simple way of achieving this
when workpieces are 1ed on to the machine at right angles to the stack hopper ejector
feed axis is hy means of » guide rail stop set as recuired to one or

more blocks wide.

Fig. 20

The cylinder slways starting from its fully withdrawn nosition omshes
out one block to the stop rail per cycle down to the 1ast hlock irres—

pective of the stack order.

A multi-stack-hopper has certain advantages where the time interwel

between refills is irregular due to its relatively larger reserve capacity.

Provision con =21s0 be made for 2 pneumatic signal to be given to stoo
operation or give a warning signal etc. when the number of pieces in the
hopper falls below a pre-=set number. This can be designed and set to

suit individual machine requirements.

Pig. 21 - Built-in limit switch to indicate when level "pre-set number"
in stack falls below a given point.
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Tn the multi-stack hopper of figures 19 - 20, the workpieces are
shown with rounded corners, hoppers of this sort should provide A loose
fit and the workpieces need to have slightly rounded corners otherwise

blocking ~nd jamming can occur.

Where workpieces have sharper corners vractical experience has
shown that a canted construction as in Fig. 22 is desirable. An angle

of just 1 - 30 is usually sufficient to avoid jamming.

Pig. 22 - Multi-stack hopper construction for sharpercornered work-—
pieces. The stack guides are c%nteg towards the direction
of push from the cylinder by some 3  degrees. Thus reducing
the danger of jamming.

€0 <

3

"Lift Hopper"

Pige 23 - Stack-hopper feed-out at top. The pneumatic cylinder holds
the stack against the feed mechanism above, air pressure-cén
he pre-set over a wide range to suit requirements refilling
from top in-situ not possible.
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Pig. 24 - Cha.nnel/stack honper feed out at top or side tensioning and
push~out by means of pneumstic cylinders.

Fig. 25 - Adjustable hoprer side feed onto machining bed and end-feed
into machining position. Two pneumatic cyliders are used.
¥Frame clamps are particularly popular in the construction of window
and door frames or similar items. The general principle of operstion can,
however, be adapted to various other production items. The difference
only being one of the number of workpieces to be clamped together and of
shape. However, one of the most important points is to ensure that

verious pieces are firmly held together in the frame for the duration

of the machine drilling, boring, glueing operation, and during cycle. Fixed

form or adjustable frames can be built according to requirements or outout
quantity. Clamping action is performed by single acting pneumatic

cylinders from two gides simultameously against opposing fixed supports
Pig. 26. This is in fact a classic example of a simple frame clamp and
can be used vertically or horizontally as required. Horizontal clamps

are usually only used for smaller products such as windows, picture frames,




- 24 -

furniture parts, door frames, furniture etc. Larger sizes are usually

easier to handle in up-right clamps.

3. _Pneymatic systems applied in wood processing industries

3,1 Pneumatic controls were first used to solve the simplest operations

= = I
N |
|
'
ra——g r_
_ - e
e e
i A Y
i g b\“\\‘\) /(/ );f‘
Hr/‘,‘j !
‘ /’/"v‘/",‘ \ //
A {"[/ W -
‘ /,&‘ e
' N ) 1
S h ,n'\\‘\\\\ '\IL/:;
1 (AT vifi!
[ WM — — ‘A‘M . - e —_ h M

Pig, 26 - Frame clamp which may be arranged vertically, inclined or
horigontal. The clamping cylinders are ad justable.

Pig. 27 - Clamping jig with adjustable frame size.
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Pig. 28 - Edge lipping press. The width and the shape is roughly
fixed by two adjustable fixed stops, clemping is by
the two pneumatic oylinderswhich can be sliding freely over
the whole length of the rails.
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Pig. 29 - Control diagram of the edge lipping press. The two groups
of cylinders oan be controlled individually or jointly.




Pig. 30 = Three-dimensional on case clamps can also very easily be
oonstructed to suit individual requirements with pneumatic
cylinders and controls. Small and medium scale production
runs could find use for such jigs. Adjustable runners can
also be provided to accomodate different sizes of products.

Jointing presses for finger jointed pieces.

Pig. 3l.a - One end fixed the other part driven.
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Fig. 31.b - Both parts driven against each other.

3.2 Multi-—-functional machine with five clamping devices

' mid setting
moulding unit height stagger

saw unit

:/ // 7 -
boa.rds stacked - /l’eaectmg to

edge clamping / edge oller way
-——.-—-—u #/ ro r7_‘ m
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Pig. 32 — The units run at 3000 RPM, Sawing end moulding tools are
mounted directly on the motor shafts. Drive and clamping

functions all pneumatic.
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Penels can be stacked up to 10 deep for machining and are fed into the
machine on a roller bed. When a start signal is given from a two-hand
control unit the rollers sink down below the work bed level so that
they line-up correctly with the feed in position, Simultaneously the stack
is clamped down. Drive motors for the units are =t rest rositioned
below the table =nd move upwards syncronously to start milling, sawing.

At end of operation the pneumatic control system is a2ctuated by means of

end stop control valves and returns the units again to their rest pOSi=—
tion below the table. When all units are once again sefely withdrawn
and at rest below the clamping is released. Should through any reason
any one of the units not completely withdraw to its rest position, the

stack will stay firmly clamped on the teble.

Sawing cutting operstion can he stopped by means of an emergency
button whereupon the units 211 withdraw below the table but without
the eclectrical motors being stopped. An electrical emergency stop
button is also provided which stops down everything, Automati~ shut

down occurs when:

) power supply fails;
b) ~ny one motor is over-loaded:

c) pneumatic pressure falls,

Costing

=) Designing time complete machine 158 hrs,

b) Machine parts building »nd electric parts 12.185 DM
c) Pneumstic elements 2.320 DM
d) Assembly time of pneumatics 69 hrs.

3.3 Pneumatic control of a dewel hole boring machine with four
selectable progpams

The machine program can be pre-selected from four built-in programs
to bore dowel holes in penels. Horigzontal and vertical boring units can
be mounted on a beam. The distance between, positioning and the number
! in use can readily be changed to suit requirements.,

Workpieces are introduced into the machine by hand and clamping
initiated by means of a hand or a foot pedal start valve,

Programme can be pre-selected by » knob on the control console. The
four program functions are indicated symbblically on the eonsole panel,
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A start button on the console panel then initiates the work cycle
driving the boring beam into its boring position. The pre-selected
boring nrogram then follows, electric drive motors are also controlled
through pneumatically operated AC interuptors. Feed drive from two
pneumatic cylinders off set through 900 move the boring beam by means of

a compound slide.

When bore depth is reached the borers automatically switch over and

withdz®aw and the beam also moves back to its start position,.
The finished workpiece can now be released and removed from the machine.

Control system: all control clamping and moving functions are
programed in a fail-safe interdependent manner. The emergency stop will
stop the machine at any point in the program and all boring heads will
safely withdraw to their fully withdrawn wait position. A clamping

fault will sutomatically shut down the machine.

A1l connections between the machine and the control console are
made through a multipol-connector. The complete pneumatic control system
in the console is built separately and delivered ready to work and is
very easily connected to the machine. Should any mal-function occur, one
can in this case connect a spare console in and send the complete faulty
console for repairs. More than 600 such consoles have been produced to
date and together with the dowel hole boring machine delivered to all
parts of the world.

3.4 Example from a feasibility and costing study for a production machine.

Board off cuts made re-usable

A recently developed finger joint cutting, gluing »nd jointing
machine combination - short pieces of valuable wood waste can be pro-
cessed into useful timber. Waste lengths not smaller than 200 mm long
widths between 15 = 125 mm and thicknesses of 8 - 70 mm can be used.
The waste lengths are joined together in continuous lengths and can be
provided to pre-set lengths for manufacture of window or door frames or
other items as required. Production sequences of finger joint cutting,
glueing, pressing together cutting to pre-set lengths follow one another

continuously.




Finger joint cutting (milling)

Two workpieces can be milled simultaneously. With table in its upper
position two work pieces are loaded and clamped. The first milling opera-
tion takes place with the table moving downwards where the workpieces are
removed, turned through 180° and put bagk in clamped and the second

milling operation takes place with the table moving upwards.

Glue spreading

After milling the workpieces are pressed against the glue spreading
die where glue is spread into the fingers. The amount of glue can be
ad justed by means of a continuously variable control. A pneumatic pump
feeds required amount of glue to the die which transfers this to the work-

piece.

Pressing and cutting to length

After glue spreading the work pieces are fed into the pneumatic press
where they are clamped and pressed together. Individual pieces need only
be laid on to the machine bed, a foot pedal control starts up the machine
cycle. A saw follows the press which operates when the workpiece length
reaches a pre-set length and actuates a pneumatic valve. After cutting to
length the finished piece is automatically e jected by means of a pneumatic
cylinder.

Milling

Glue spreading
Pressing together
Cutting to length

o -
o nn

Fig. 33 - Pinger jointing plant, consisting of universal milling
machine and press with cross—cut saw. Off cuts can be
processed into useful timber starting from 200 mm lengths.
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Recommended layouts 1 and 2 man operation

Pig. 35 = Machine layout recommended for space economy ~ 1 operator

%*0-—24‘\ =

Pig. 36 = Machine layout - 2 operators
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3.5 Operational sequence of step feeder

Repeated operation to provide a continuous pattern on 2 work
piece can be achieved by means of »n adjust~ble pre-set feeder.
Feed length per stroke can be set to a maximum of 200 mm,., Sever-l
pieces can be machined together un to a maximum height of 100 mm. The
feed step position is synchronised to the finger or p-ttern pitch and

can easily be set.

Retional profile cutting (single or double sided) Banister rails,
fencing, contoured boards can be machined with a coatinuously re-—
peating prttern (Fig. 39 - 40).

A continuous pattern can also be built up as shown in this ex~mple
by first milling along one edge in steps leaving spaces hetween =s
shown then rotating the work pieces over 180° to machine out the spoces
in between Fig. 41. This produces a mirror imege effect and gives a

continuous complex p=ttern with one single tool head.

Fig. 39.




Pig. 403 Stepped cross profiling with multiple stops.

ver of work piece.

Di fferent profiles through turno

Hs. 418
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The new universal profiler UP c#n be used for a veriety of spplic»tions,

and in particular for production of styled furniture, transverse machining
of profile fr-mes (mitre cutting), for toy menufacture, construction of
steps, drawer making (combing), finger jointing etc. Transverse profiling
in an axial direction with continuous cycling semuence. Excellent ma-
chined finish due to particularly rigid locetion of the cutter spindle

and due to down-feed cutting. Rapid resetting from face—end to longitudin~l
machining by means of the flexible system of stops. Pneumatic-hydrsulic
table feed with speed reguletion (infinitely variable) and rapid return.
Quick tool change by mesns of hinged clamping attachment. Cyclic working

sequence by means of foot valve.

]

el

170 mm

~ 1300 mm » P 700 mm e

Universal corner locking and profiling
machine.
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Technical dats
Model

Ref. No.

Motor rating kW

Speed of cutter spindle rpm
Cutting depth max. mm

Cutting spindle g mm

Tool clamping width mm

Tool ¢ mm

Cutting speed m/sec.

Working strokes per minute

Working oressure

Air consumption at 8 strokes 1/min

Workpiece width max, without longitudinal
stop

With longitudinal stop
Workpiece height max.

Machine size (1 x w x h) mm
Weight kg

Exhsust connection (1 x w) mm
Air speed m/seo.

Air consumption m3/min.

Accessories

UP 30
691 043
T+5
6000
30

40
200
180
57
3-8

6

110

unlimited
130 + profile
100

UP 65
691 047
T45
4300
65

40
200
250
56
3-8

6

110

150 + profile
100

850 x 700 x 1170

300

250 x 140
25-30

20

300

250 x 140
25-30

20

Operating wrenches, stop, 3 splinter tongues (without profile)

Special accessories
Clamping unit with 1 cylinder ECW-50=25

Pneumatic cross clamping attachment comprising:

clamping arm, clemping

plates, clamping cylinder AH-35-50 with speed regulating valve GR—1/4.
Longitudinal stop 1.85 m long with 10 folding stops for different longi-

tudinal dimensions.
Profile stop with one stop finger
Additional stop finger for profile stop



l. Introduction

Throughout history wood and woodworking have been closely related

to man's activities be it in his leisure, work or home atmosphere.

It is, therefore, not surprising to find that the woodworking
industry was amongst the first industries where automation and pneu-
matic control systems were adopted. This was particularly the case
with special purpose machines and custom-built or self designed and

operated workshops where pneumatics have always been extremely popular.

We will here separate the machines into two broad categories for

convenience;

Firstly, machines and production lines for the woodworking industry
bearing in mind the extent and degree of standardization in regular
production. Then the standard and universal machines produced for
medium and small scale industries, fncluding handicraft trade for one-offs

and small quentity production.

The boundaries are not too clearly definable and can be seid to vary
according to individual requirements or specialization. The machinery

required may not always be readily available to purchase.

Woodworking factories are, therefore, often forced to design and
build or to have built for them machines {0 their own special needs.
This also holds true for extension or additions to existing factories
or production lines. Pneumatic control and sutomation here can be of
decisive value. Various function oriented solutions will come to mind
when considering practical technical possibilities. It is intended to
promote discussion on and to give some indication of the meny various

solutions to practical problems and the flexibility and variations possible.

2. Low cost automation using pneumatics

Modificeations and attachments to older existing machines which by
means of pneumatics provide for an improvement in both quality and

quentity of production.

211 Example of add-on pneumatic systems

To increase production it was oonsidered necess2ry to purchase a new
machine. The produotion ospacity of the existing chsin mortising ma-

chine (6 years old) was too low and it was to be discarded, but then

scmeone thought of looking into modifying it.
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\ corner locking
4

\g

Automatic finger joint cutting

By means of a2 stepned feed device finger jointing

finger joints or special shapes
c2n be repeeted along workpiece
lengths.
Pig. 42.

Cross orofiling up to 200 mm wide in
one operation. (square turning)

A max. height of up to 100 mm can be
accomodated which means that sever=l
thinner pieces can be machinedtogether in
one operation.

For instance all eight corner joint
pieces for two drawers can be worked
together and completed within 30 seconds.

Cutting depths Aof 30 or 55 mm can be
provided. Pig. 43. E i

Variations possible with a profile cutting machine.

By changing the position and order of the cutters on a profiler head
ten different profiles can be machined.

)

I

Pig. bh: Examples of square turned parts.
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3.6 Costing exercise relating to a complete production machine

Complete machine price DM 11.745
Pneumatic control system DM 1,280
Assembly time pneumatic 6 hrs
Design pneuma ics S hrs

Costing study

Universal profiling machine

2 different utilisation rates were congidered
1. yearly use 20C hrs operation

2. yearly use 100 hrs operation

To produce the item Fig. 45 the following applies:

Machine + profile step feeder DM 11.745
Depreciation (longer in practice) 8 years
Working hours 1. 200 hrs/yr
2. 100 hrs/yr
Interest rate: 10 per cent
Space utilised 10 m2
Cost of space .| 6/m2 per month
Power consumption T.5 Kw/h
Cost of power 75 per cent operational DM 15 Kw/h
Maintenance costs 6 per cent/year
Operational time 1) 200 h/year 2) 100h/year
Depreciation 7.34 DM/n 14.68 DM/n
Interest 2.94 5.87
Space 3.6 T.2
Power 0.84 0.843
Maintenance 3.92 199
Machine oosts per hr. total: 18.24 DM/n 36.64 DlY/n

Production time per piece
A) Usual traditional method

Machine time band saw lhr 2o 22 IM

Hand work finishing lar & 20IM
2 M
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’ig. 450

B) Produced on universal profiler

1) 200 h/yr 2) 100 h/yr
Machine time 2 mins 0.61 DM 1.19 pv*
»*

Labor 2 mins 0.67 DM 0.67 DM
*

Tooling costs per hr.

Sharpening after

500 pieces 50 DM 0.10 M 0.1 DM
*

Replacement after

1000 pieces 1.860 DM 0.19 0.19 DM
Production costs per piece 1.57 DM 2.15 DM

*
These figures will vary in practice and depend upon feed rate and
wood hardnes.

'*Labour costs ipvolved here will vary but the relationships will still hold.

Profiling machine operating 200 h/yr utilization 13.3 per cent

Traditional production 42 by |

Profile machine production 1,57 ™

Saving per piece 40.43

Cost of machine 11.745DM

Amortimed after 11.745 : 40.43 = 291 pieces

production of

Profiling machine operating 100 h/yr utilisation 6.67 per cent

42 DN

2.15. 08
39.685
Mmortised after 11.745 : 39.85 295 pieces
production of
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4. Quality control and testing equipment

4.1 Testing machine for corner joints in the wood working industry

A pneumatic pulsator with control system is used to life test
corner joints. The joints are subjected to a periodic pulsator stress
to determine the breaking stress and number of cycles from which the seofe
loeding level can be determined. Amount of deformation acceptable is

empirically established.

Construction of test jig The test jig consists of:

{———} , 1 - nulsabor cylinder »nd control
P Pneumatic cylinder velve
L 1 - sensor and amplifier
b2 1
| n—' : ' 1 - console including timer counter
L+ L.‘ snd related pneumetic control

1 - system

e
Y Fig. 16
| I 1

under test

The test jig is built on a base plate of steel 885 x 545 mm which has rows
of mounting holes spread 68 mm apart. Steel runners reinforce the base plate
and the whole is mounted on sn sngle iron framework. Should » larger hase
nlste be required, several units could be joined together, bolt holes are

provided along the edges.

Mounting of all elements in various recuired positions to suit the
item being tested is facilitated by the grid of mounting holes provided.
As can be seen from the sketch Fig. 46, all elements can be positioned
anywhere on the base plate to left or right top or bottom to suit test

requirements.
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Testing pressure is applied by a pneumatic cylinder through =
bracket assembly. Applied pressure can be modified by moving cylinder

position on the bracket and the applied air-pressure.

Air Pressure |2| 3| I.I 5‘ 6! 7 |(bar)

(kp)
Piston Force

139‘ 173

A

208| 243

Pneum~tic control elements 2re all built into = control console with
functional Ymobs on the front psnel. The digit=l contrcl system oprovides

» rate of drive force which follows the curve shown in Pig. 47.

Whler curve (Break point)

Permanent deformation

Safe loading level

>
Rumber of cycles

Pig. 47 = Plot of test results

A pressure time relationship of the tester as can be seen from
the graph matches the ideal sine wave format closely despite the extremely
high impulse power peaks involved (Fig. 48).

The test sequence can be set to stop once a pre-set value (Y = 0.1 = 1 mm)
of deformation is detected by the sensor and the number of cycles performed

can be rezd off the pneumetic counter.

To restart a cycle a start button is provided. It can be shown that
the pulsator cycle provided appraaches the ideal sinusoidal theoretical
requirements closely enough for all practical purposes and the pneumatic

cylinder pulsator solution given here is simpler and cheaper to build.
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Pressure cycle

T -
7
t |/
2 \
8 4 \ L
i 4
/ N~/
? Time
§
§
B
>
4
L]
4 .
H / \ ,
L \ /
8/ y
| L\\
/
\ /
\ /

Pig.48 - Cylinder Velocity and Pressure
Craph

Ideal sine wave

Pneumatic cylinder
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Purther notes on test jig construetion

All moving parts should be light in construction =o as to reduce
power lost in accelerstion and de=acceleration. Norm2l factory com-

pressed air line supplyv is suitsble for operating the tester.

Fecilities

Piston speed of operation

This can be continuously adjusted by the 2 sneed reguletor velves
provided.

Testing pressure (lo~d)

Continuously adjustable by means of air pressure regulator pro-

vided from approximately 1 bar to maximum 8 ber.

Time
Operation and wait interval can both be adjusted individuerlly and

independently from one sanother.
From 0.5 - 10 sec.

Total number of cycles

Can be set on a counter so as to sutomatically terminate test

when number of cycles achieved.

4.2 Furniture testing equipment

Test equipment for testing and research institutes as well as manufacturers

have been built with a wariable profile adjustable frame work so =s to

be adaptable to test any sizes of tables, chairs, cupbeards arm chairs

etc. Pneumatic elements can also be moved to appropriate positions

to suit the particuler test conditions wanted. Life wear strength

tests can be performed on all types of furniture. The fifty cycle

electrical mains frecuency was used in this tester to provide a cheap

and convenient timing cycling frecuency and control elements are electro
pneumatic. Cycles or time to failure or preset counts can be measured.

Normal factory air supply is required.
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Schametic drawing Graghic symbols

ﬂi@: o—py—
Direction of fiow

aks| »d

Toke-oM point

—- 9

Pig. 49 - Branch line leading off from air main. Branoh line should
not terminate at air take-off point dut should be extended
further and end in a oondensate trap.

5. Didestioc-ad maintenance of pnaumatic systems
5.1 Didactic

It has been found useful to provide special courses to users,
larger factories, m=ohine producers and others to instruct various
levels of design engineers, maintenanoe operators etc. from these beginnings
has grown-up a complete range of oourses, articles, books and special di-
dactics models and equipment. Some extraots from such a course may be of
interest here,

Compressed air piping should preferably be installed so as to be
acoessible for inspection to ensure it is air tight, and in good condi-
tion. Horizontal spans should be sloped so as to provide a fall of some
1 = 2% in the air flow direction. Main down feed supplies should lead
direct to a machine user point and the pipe continue down further so as
to ensure that any oondensate or dirt partioles are not fed to the user
point but oolleot below from where they oan be oooasionally discharged.

(Pig. 49).
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Air consumers in
production shop

Pig. #0 - Parameters for joining
branch line to air main

Fig. 51 - Ring air main incorporat-
ing air accumulator
ag Pranch lines joined to ring main
) Branch lines joined to cross
lines.

Special collectors are available for mounting at the lower ends of supply
points for the condensate water some of which empty automatically when the
water reaches a certain level. User point piping from the supply should
be carried upwards with bends not gsharper then R = 2 D (inner radius of
bend 2 times pipe outer diameter). A branch from the main supply pipe
feeding several high consumption outlets should preferably be connected to
the main supply pipe as shown in Pig. 50. Supplies to a complete workshop
or room where several machines are supplied are best installed as a ring
supply line as shown in Fig. 51. Ideally an additional compressed air
reservoir should also be provided. Piping for a ring supply can be some
1/3 the diameter of a similar single pipe supply for the same conditions
of pressure loss. Pressure changes in the supply are minimised with a ring

supply and the pressures at outlets more even.
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The idem being to use the existing chain mortising machine snd by adding
pneunstic automation to produce a purpose built m~chine capable of handling

speoial production runs and smell scale production rune.
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Planning a2 compressed air supply line:

Pipe diameter requirements are determined by the compressed air consump-
tion whioh should allow for » reasonable reserve (bearing in mind addi-
tional equipment requirements that invariably follow soon afterwards).
Empirioal values have been established for acoeptable limits of air
flow velocity and pressure drop for optimum cost operation over the
years. The determmining factors for pipe diameter are:

Permitted air flow velocity

Permitted pressure drop

Working air pressure

Number of built in restriotions

Pipe lengths

Consumption volume 1 min is a readly established value. The air
velocity and pressure drop are closely related. Pressure drop is in
sddition affected by the smoothness of the inner pipe wsall and any inter-
medi ate connectors. Pressure increases with velocity and length of

Velocity should be chosen to be between 6 and 10 m/s, Design should
aim at below 10 m/s as inveariably various parts of the systems will have
higher velocities due to built in obstacles, restrictions, reducing

couplings or temporary consumption surges.

Pressure drop should be kept to under 1 I(P/cm2 up to the user outlets.

In practice up to 5 per cent pressure drop is often found. With
a design operational pressure of 6 I(p/cm2 a drop of 0.3 l(p/cm2 is
thus scceptable.

Throttling: connectors, couplings, bends, valves in the piping #ll tend
to throttle the air supply. To ealculate the required piping
dismeter it is normal to allow for the effective throttling by
adding » factor to the value of piping length.

Designing a pipeline: example and graphs taken from the Festo text book

"Introduction to Pnewmtics”.

The air consumption im a factory is 400 1/min = 4 m3/min = 240 m3/h.
The increase over a period of about three years will be 300 per cent.
This results in 12 m3/min (720 m3/h). The total consumption is 16 m3/min
(960 m3/h). The pipeline will have a length of 280 m, and it contains

6 T-pieces, 5 normel elbow pieces, 1 two-way valve. The permissible pres—
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sure drop is & p = 0.1 x 107 Pa. Working pressure 8 x 10° Pa.

To be celculated :

pipe dismeter

The provisional pipe dismeter is determined ir the nomogram using the
available data (Pig. 52).

Use nomogram (pipe dismeter)

Line A (pipe length) is joined with B (teke-in volume) snd extended to

¢ (axis 1). Line E (working pressure) is joined with G (nrressure loss) =nd

one then obtains »n intersection at P (=xis 2).

1 and =xis 2 are joined togehter.

The intersections of =2xis

One obtains »n intersection 2t line D

(inside pipe width) and this specifies the pipe dismeter. The pipe dia-

meter wes designed with 90 mm (chart).

Pipe length (m)

ool

1000

Q0

Axde 1
Take-in volume (Nm’/h)

0000
kN

2000
Ny 0

\\\
i \> —
00!
MY
B

C

inside pipe width (mm)

L B2 B BRE 8 B

D

Pig. 52

Caloulation of pipe diameter

Axis 2

Pressure loss (10® Pe)

u'. .' "
U

10° Pa

015
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Automatio oondensate water separator (Fig. 5b

Air supply lines and related equipment should not be ignored as
permanent fixed fittings once installed but regularly serviced, air
filters oleaned or replaoced, oilers where fitted refilled pipe line
ends regularly opened to empty out sccumulated dirt partioles and

oondensate eto.

In addition to regular servicing, however, and particularly where
high moisture levels prevail, sutomatio condensate drains installed

at verious strategic points in an installation are »a must.

Punotion: The condensate collects in a collector and when a given level
is reached, a float mechanism automatically opens a drain outlet and
the air blows the condensate out where upon the float once again seals
off the drain outlet.

The condensate in the air filter pasees through hole 6 into the
piston chamber between the sealing washers 1 and 2. As the condensate

increases, the float 3 moves upwards.

When a certain aondensate level
is reached, nozzle 7 opens. The com—
pressed air from the filter bowl flows

through the hole and presses the cont rol N\ \
piston 5 towards the right. This re~ AN N
sults in sealing washer 1 opening the
flow passage for the condensate. \ N 7
Through nozzle 4, the compressed N\ N\
air oan flow out at only a slow !
rate and the through passage is \ F AN
kept open for a longer period \ oy
of time, Y ( : / N
@ — N\ X1 D 3
o/ N N %\\ )
\ N D
1
a /]
L
L /
4
Pig.54. Water separator 5 @
A
A
-
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>+3 Recognition of shape sise and position by pueumatios

[ Emample Paranoter Sensed | FPuowmatiec Nlemen
——— e e e i o e el
Leagth 1 =am end step :
_ Vidth Limits 3/2 reler astuated valve
1 mm air darrier
reflex semsors -
Length 1 =m 3/2 reler valve
1 Vidth Limits 1 =m air barrier
reflex semsers
7 Thiekness 3/2 reler astuated valve
air barrvier
7. Height reflex semser
Baek preseure unh‘— 1
Cut-away reflex semser
air barrier
air darrier
/) A Bore eylinder (streke mith?)
Baek pressure nessle
PNag Alr barrier
) Can
H Recess 0.1 =m reflex semser
7 3/2 reler astuated valve
/, Ind positien bask pressure messle
l:/
Z
@ Cut-away Reflex semeer
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5.4 Typical applications of pneumatic components and assemblies for

specific work and tool handling functions

Function Symbol Principle F:n:‘:'i:tn:l Operating characteristics
ol
- E.g.,
Bin loading Sy, Multivibrator cylinder with 12 mm piston diameter,
-~ / r frequency 7 c/s {adjustable)
Magazine — ¥ R[] | single- anc
Ioaging —— E double-acting | 1 to 100 parts/min
— cylinders
Single- and 1 to 100 parts/min.
Advance > £ | douple-acting | 60 cm /minto 80 m/min
(Material feed) | cylinders 1 to 2000 mm piston stroke
- Impact nozzle
P°""°"‘ -) (. o= (D] | Reflex nozzie | Maximum spacing 3,4.5,6.5, 15 or
control L 0 0 interruptible jet| 100mm
Turning (‘ Ec:a Rotary cylinder | Max. 90 or 290 degrees {adjustable)
\
- Single- and
:g:_tm.g:" .) (. double-acting | 1 to 1000 mm, 1 to 2500 kgf
PO cylinders 2000 to 7000 kgf
clamping Vise
Transfer Rotary indexing| Divisions 15, 30, 45, 60, 90 or
(Rotary table 120 degrees
indexing)
Strip feeder Progression adjustable up to 250 mm
Transfer N Single-and | Material thickness up to 2 mm
(Linaar T | Goutre-sciing
indexing cylinders
Machini +—> Pneumstic and
air-hydraulic Feed rate 30 t0 8 /mi
(Tool ) | fndmits rate 30 to 6000 mm/min
Isr'npu‘:n ejector
ngle-and | 44, 480 blasts/min
Ejection :_’ %ﬁ g;:ln%l:;:ctmg g 10 100 parts/min
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52

A didscticse oourse to instruot personnel in the art of pneumatics
is desiresble not only for design and maohine building engineers but
also for servioe and maintenance personnel. The following are some
descriptive drawings for explaining the inner construction and workings

of some parts from a text book (Pesto dida.ctic) for just such a course.

Single acting cylinder

*5

58. Parts of the single acting cylinder

ftem Name Rem Name

1 Fiiter element ] Piston disc
2 Bearing cap *10 O-ing
3 Cheese-head screw bk Cup packing
4 Bearing cap, complete 12 Tightening disc

*5 Bearing bushing 13 Serrated spnng washer

*6 Compression spring 14 Hexagon nut

*7 Compression spring 16 Cylinder barrel
8 Piston rod

Functional description

Air enters through cylinder barrel (15), air is applied to the cup packing (11). Piston rod traveis out.
When the cylinder is exhausted, springs (8) and (7) push the piston and piston rod back into the initial
position.
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o—1

*6
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DD

R

A RARARE

A
1 "
/4

*5

Weering parts

Bearing bushing
Compression spring
Compression spring
O-ring

Cup packing

Liet of fauits
Type of disturbance

Piston rod (8) does not
return to the end
position

The air escapes to
atmospheie at the
bearing bushing (5)

Piston rod (7) is not
guided smoothly

Contamination
Too much oil in the cylinder barrel, the piston travels out slowly.

—
-~ O~NOO,

Possible cause

-——r——— Compression spring (6)
and (7) damaged

—— Alr filter is blinded

Cup packing (11) not
tight, worn

—— Cup packing (11)
mounted the wrong way
round

Bearing bushing (5)
wom

Rectification

—— Fit new spring

— Clean air filter

Replace t+e cup
packing (11)

— Reverse the cup
packing (11)

Replace the bearing
bushing (5)
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The following details show how this particular problem was

solved:

Chain mortiser for machining ladder rumners (Fig. 2)
Por step-ladders (right angled tread)

For step-ladders (angled tread)

The runners are clamped in a fixed position for mechining and
the chain mortising ttachment is moved in steps from mortise to mortise.
In this way the space requirement of the machine is kept to A minimum.
Should the runners be moved step by step under » stationary mortising

attachmenv, the space taken up by the machine would be doubled.

A machine capacity of 1000 mortised holes/hour was achieved with fully

automatic operation. The inst=1lation consists of five esgenti~l parts:

a) Machine pedestal mortising guide;

h) Chain mortising head with pneumstic feed facility;

c) 65liding table and intermitent feed wnit:

d) Work piece clamp;

e) 8Slide stop;

f) Control console with pneumatic control system for extern-1 end

sensors and cylinders.

a. The machine pedestal is of welded construction and consists of the

frame, the tool head, guide rails and the step spacing for setting the dis-
tance between mortises. A wooden insert is provided on the machine bed to
avoid fraying at the slot edges. The pedest»al can be dismantled for ease
to transport.

b. The chain mortising attachment is » gtandard production item with

hydro-pneumatic feed. It has in sddition » swivel mount attachment which
sllows mortising of right angled mortises for ladders, as well as angled
slots for step )adders.

c. The slidipg table with pneumatic feed unit consists of two moving
sliding tables, mowmted on rollers. On the larger of the two sliding tables
is mounted the mortising head. Precise positioning is controlled and determined

be the stev spacing and stop cylinder.
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5.6 Maintenance

Trained maintenance personnel cost money but proper maintenance
is very important and will always pay in the long run. Pneumatic equip-
ment and systems 2lso need appropriate periodic maintenance even though
it can be said they just work on air.

For any larger pneumatic installation a separ~te check list should
be prepared for maintenance which should include a functional and
schematic diagram. This should facilitate maintenance and trouble
shooting in case of faulty operation. Various elements or machine parts
as well as the compressed air lines can also develop leakages and
regular checks are desirable, Components can develop leaks that in ex~
treme cases can cause damage well in excess of the value of the compo-
nent itself.

A oommon problem in the woodworking industry is of course the conti-
nuously acoumulating dust everywhere. This dust can destroy machine
and air cylinder bearings, block vents and cause other misfunctioning
when it acoumlates in the wrong places.

Points for a maintenance plan are listed below:
Daily maimtenance checks
- Empty condensate in filters
= Cheok, top-up oil level in cilers
- 0il grease pcints
- Special points (where applicable)

Weekly maintenance

= Clean, check and test signal valves, cams, rollers — replace if
fanlty

- Check for frays, wesr, leaks on pipimg, tubing

- Check tightness, leakage on tubing, couplings

« Check manomster on pressure reducer

= Tost ciler functioning

= Check ciler rate drops minute, reset if necessary
-~ Special points on some machines
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Monthly maintenanoe

- Inspection of all parts of the installation for leaks, loose
oouplings

—~ Check 2ll valves, cylinders and their vents

Clean, wash out filter in petrol or clean in air blast

~ Cheok air supplies to cylinders and cylinder seals, replace
if necessary

Check operation of automstic condensate drains, no air leakage

Special points as required

Half-yearly maintenance

- Inspect cylinder shafts for wear or leakage, replace bushes seals
or complete unit if required

Cheok »all units for correct operation

Replace silencer elements where dirty

Special points as required

The maintenance plan for a complete installation will of course not
only be for the pneumatic installation but should encompass all aspects
and equipment, mechsnic~1l, electrical, pneumatic water sewage services,
etc. Naturally one expects to have trained electricians to look after
the electrical equipment and one should also expect to have trained
people for pneumatic maintenance and repairs. The inner construotion
details of some pneumatic cylinders valves and elements can look just =8
oomplicated as the innerds of an electrical unit to the uninitiated.
Didactic courses books and information are available for training such

personnel today.

Trouble shooting
In a small, simple pneumatic control system trouble shooting can be

quite simple but in a more complex installation with many interdependent
machine funotions, it oould be like looking for a needle in a haystack
unless systematically approached. It is, therefore, very important to
keep accurate schematic snd detailed drawings of all installstions and
particularly to record any changes, modifications or improvements and
additions to the system.




System for detecting faults

If one considers the pneumatic controls on simple or complicated
machinery in factories in various branohes, servicing and maintenance
appear to be very difficult and csll for a veriety of skills. If onme
considers the matter more closely, however, one finds that many of
these pneumatic controls have a lot in common.

Signal output elements

Working elements (cylinders, motors)

Signal processing element s
Actusting elements (3/2, 4/2, 5/2 wey valves)

Control elements (shuttle valves, 2-pressure v~lves, etc.)

Signal input elements
Signel elements (3/2, 4/2, 5/2 way valves)

One recognizes the same components and control groups time and
again in the controls, and these are found in different combinations in

the machines.

If damage (fanlts) occur in the systems, systematic fault trecing
is most helpful. Repair (servicing) become much easier by systematic

fault tracing, and above all the repair time is reduced.

6. Conclusion

Low cost sutomation possibilities in the wood working industries are
virtually unlimited and this short paper csn only hope to have touched
upon some perhaps more general appliostions. As individusl workshop re-
quirements are likely to vary we can but trust that some of the examples
desoribed or the referenoes listed will help guide any interested party

towards an appropriate golution or ohoioe for his perticular problem.

Te Literature

Pneumatic Control,l) ISEN 3-8023-0102-1;

Pneumatik in der Holsverarbeitung,.) ISEN 3-8023-0143-9i

Pneumatic Tips,z)’3);

Pneumatic Applioation,l) ISBN 3-8023-0112-9%

Low Cost Automation for the Furniture and Joinexz-,s Industry, UNIDO T/ 1543
Maintenance of Pneumatic Equiyment and Systems, ISEN 3-8127-0841-8;
Introduotion to Preusatics,’) ISEN 3-8127-0811-6.

2
3

Festo Didactic, D-73 Esslingen I. Berkheim, Postfach 6040, W. CGermany.
Festo Didactic, A-1171 Wien, Haslingergasse 11, Austria.

12 Vogel Verlag, 8700 Wirsburg, Max Fianck Strasse 8, Postfach 8000, W. Germany.
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ANNEX I

Alr consumption

The air consumption of a plant is very important for the supply of compressed
air and for the determination of energy costs. The air consumption can be
simpiy caicuiated by meana of the air consumption chart.

Chart of air consumption for pneumatic cylinders

cyl. i operating pressure . . . atm
Bl v 213 a]ls]elr] algwwlnllzlululls
mm air consumption in Wem ( liters/cm) stroke of the cylinders
‘ o.moslo.oooolo 001 ooouooou[o oouloom{oomsooozzo,mﬁo.omlo.m 0,00380,0041| 0,
12 {0,002 0,003 | 0,004 | 0,006 | 0,007 | 0,006 | 0,009 | 0,010 0,011 0,012 0,013 0,014 | 0,015 | 0,016 | 0,018

16 ] 0,004 Ow‘ 0,008 | 0,010 00“ 0,01410,016 0,018 | 0,020 0,022 0,024 0,026 | 0,028 | 0,029 | 0,032
0,010/ 0,014 | 0,019 | 0,024 | 0,029 | 0,033 ] 0,038 | 0,043 | 0,048 | 0,052 | 0,057 | 0,062 0,067 { 0,0m | 0,076
0,019 0,028 0,038 | 0,047 | 0,056 | 0,066 | 0,075 | 0,084 | 0,093 | 0,103 | 0,112 0,121 , 0,131 | 0,140 0,14
0,025 0,037 0,049 | 0,061 | 0,073 {0,085 {0,097 | 0,110 | 0,122 0,135 | 0,146 | 0,157 | 0,171 | 0,183 0,195
0,030,058 | 0,077 0,09 | 0,115 § 0,134]0,153 | 0,172 0,191 | 0,210 | 0,229 | 0,248 | 0,267 0,2% | 0,205
0,076 10,113 | 0,150 | 0,187 | 0,225 | 0,262 | 0,299 | 0,335 | 0,374 | 0,411 | 0,448 | 0,485 | 0,523 | 0,560 0,597
0,15510,231 0,307 | 0,383 0,459 | 0,535]0,611 0,687 | 0,763 | 0,839 | 0,915 | 0,991 | 1,067 | 1,143 | 1,219
0,303 /0,452 | 0,601 | 0,750 | 0,899 | 1,048] 1,197 | 1,346 | 1,495 | 1,644 [ 1,793 (1,942 | 2,09 | 2,240 2,%
0,61810,923 11,227 11,531 11,8351 2,139 | 2,443 | 2,747 | 3,052 3,356 | 3,660 | 3,964 | 4,268 | 4,572 | 4,076
0,966 1,441 (1,916 2,392| 2,067 | 3,342| 3,017 | 4,292 | 4,768 | 5,243 | 5,718 | 6,193 | 6,668 | 7,144 7,619

§§§§aasaa

These shouid be considered especiaily for determining the air consumption
when iong lines are in use.

Caiculation of the air consumption

Q = totai air consumption /MM

q = air consumption per stroke in L
8 = cm stroke

n = numbers of stroke per min.

a) single acting cylinder

air consumptionQ = s-n-q ( L/min.)

b) double acting cylinder

air consumptionQ = 2(s - n-q) ( Umin.)

Example: A doubie acting cyiin- Q=2(s'n:q)

der with a diameter of 50 mm and s =14cm

140 mm stroke must be operated n = 50 strokes/min

at 6 atm. The number of switching = 0,134 I/cm per stroke

cycies amounts to 50 strokes per (after tabie)

minute. How much air is required Q = 2 (14 cm - 50 strokes/min. - 0,134
in L (swept voiume) per minute? L/cm stroke)

Q = 187,6 L/min
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OPERATING METHODS

MECHANICAL COMPONENTS

+ +

SHAFT: ROTATING IN CNE DIRFCTINN
ROTATING IN TWQO DIRECTIONS

DETENT: ADDED TO INDICATE CERTAIN
OPERATING POSITION OF DEVICE
IS RETAINED ON ACTUATION

BLOCK: ADDED TO INDICATE DEVICE IS
BLOCKED IN CERTAIN POSITION
AND DIRECTION

® SYMBOL POR ACTUATING MEANS

NON-REVERSING (SINGLE DIRECTION)

JUMP: DEVICE JUMPS OVER DEAD
POINT INTO ONE OR ANOTHER
POSITION

REVERSING (TWO DIRECTIONS)

ARTICULATED JOINTS

LIMITED ROTATION

OPERATORS

MECHANICAL

SINGLE-ACTING
RETURN BY EXTERNAL FORCE

SPRING RETURN

IDLE-RETURN ROLLER

DOUBLE-ACTIRG
SINGLE PISTON ROD

SOLENOID

ADJUSTABLE CUSRIONING
2.G. BOTH SIDES

SOLENOID
AND PNRUMATIC
PILOT VALVE

CONTINUOUS DRIVE (RECIPROCATING)

Summary of common pneumatic graphical signals (standardized in DIN 24300)




FEED UNIT WITH CONTINUOUS DRIVE
AND HYDRAULIC CHECK CYLINDER

INTENSIFIER (AIR-HYDRAULIC)

AIR OIL RESERVOIR

ENERGY CONTROL ANT SEGULATION

DIRECTTONAL VALVE

2/2 WAY VALVE
FLOW P TO A CLOSED IN NORMAL
POSITION

2/2 WAY VALVE
FLOW P TO A OPEN IN NORMAL
POSITION

3/2 MAY VALVE
FLOW P TO A CLOSED IN NORMAL
POSITION

3/2 MAY VALVE
PLOV P TO A OPEN IN NORMAL POSITION

3/3 WAY VALVE
CLOSED CENTRE (ALL PORTS CLOSED
IN NORMAL POSITION)

k/2 WAY VALVE

4/3 WAY VALVE
CLOSED CENTRE (ALL PORTS CLOSED IN
RORMAJL, POSITION)

/3 WAY VALVE
OPEN CENTRE (OPERATING OUTLETS B AND
A OPEN TO EXHAUSE.

NOR-RETURN VALVES

RESTRICTOR CHECK VALVE ADJUSTABLE
RESTRICTOR (SPEED CONTROL VALVE)

4

QUICK-EXHAUST VALVE

0,
)
]
1
le

i

CONTROL VALVES

PRESSURE LIMITING VALVE

®)

INLET P CLOSED IN

v

,-
'
P

p2

v

PRESSURE REGULATOR, NO RELIEF
PORT

1

PRESSURE RBOULATOR, WI'TH
RELIEF PORT

v
b@

FLOV CONTROL VALVES

RESTRICTOR VALVES

=t

ORIFICE VALVE

ADJUSTABLE RESTICTOR VALVE

RESTICTOR YALVE, MECRANICALLY
ADJUSTABLE BY LEVER ACTUATOR
SPRING PETURN

VALVE

SIMPLIFIED SYMBOL

>

IDERTIFICATION OF PARTS:

Working Outlets

Air inlet, air main
connection

Exhaust, relie?
Leakage liquid

Control or tilot lines




Length
mm (1 miilimetre = 0.0304 inches)
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In. (1 inch = 25.400 miliimetres)

Area

mm* (1 square miilimetre = 0.00155 square inches)
0 1 2 k] [ S 6 7

Lol oo bbbl |
AL

0 Q002 0,00¢ 0.000 0,000 1))
% In. (1 square inch = 845.2 square miilimetres)

Volume

om’® (1 cubic centimetre = 0.081 cubic inches)

' 2 3 4 -4 L) ? 8 9 10

0
llll[lllllllllllllllllllllllllllll'_*w
IT]TI"‘I1I'[TIrl|i|[‘

0 0. 0.2 03 04 05 06
ou. In. (1 cubic inch = 16.387 cubic centimetres)

Pressure

bar = 10° Pa = 0.1 MPa (1 Bar = 100000 Pascal)
(1 Bar = 14.22 pounds/square inch)




flow ca.acly

Veln (1 litre/minute = 0.0353 stendard cubic fest/minute)

(1 cubic centimetre/second [cm¥/s] = 0.002 standaid cublic fee-/minute)

0 1000 2000 3000 4000 $S000
I 41 1t L " 1 Y 4 1 1 l » A & ! . A’ 4 l J
AR AR A AR AR N A A

0 2 4«0 60 80 100 120 w0 w0

SCFM (1 stendard cubic foot/minute 26.318 litre/minute)

Weight

hg (1 kilogram = 2.202 pounds)

0 05 10

{

oo oot g by,
| ! R
0 1 2

. (1 pound = 0.454 kilograme)

*® (1 hiiopond = 9.81 kilogrammetre/squere sscend)

Meceilanessus

w/s (i matre/second = 1.278 fest/second)

P © W ® ™ ®
llll'lilllLllllll'{_’J

['YVYIITTY]IT<TIVT'l'1777[1v|l
0 00

/s, (1 fooi/second = 0.306 metres/secend)

Xpm (1 kilopondmetre = 9.81 Joule = 8.81 ¢
(1 Nilnpondmetre = 7.230 feet pounds) Howlonmer

00 02 0¢ 0S

0 ! 2 3

L. (1 foot pound = 0.1383 kilopondmetre)
3W = width over tiats of hexagonal nut (hex)
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d. The wWork piece clamp conrists of two parts. The stationzrv part

is activ®ted for the whole operstion2l rycle. Whereas the movehle port
mounted On the larger sliding tadle is activated during the forward
feed to the next step position of work piece. HWorkpieces »re c¢l=mped
with pressure pads from the front =nd from 2hove to ensure firm

anchoring during machining.

e. Slide stop holds the gliding table firm in the step positions during
moachining, The sliding table feed cylinder coupling will accomodate various

step pitcheg which c#n bhe chosen to suit different recuirements.

f. Controlconsole contains 211 prieumatic elements and the front panel

has commAnd controls which consist of 2 stop button 2nd two st-rt huttons.
Start button 1 is used to start a normel operation cvecle whilet st-rt
button 2 =)lows one to restert the machine ~fter =n emergency interrun—
tion of Operation. Theemergency stop button interrupts overation ~nd the

mortising attachment is withdrawn.

Combregsed air supply to the whole ecuipment is supplied through =
hand operated stopcock. The sequential operaticnal cycle is shown in

a schematic form in fig. 3.

Technicel Qata:

Air supply
Mortise wigath
Mortise length
Mortising depth
Mortise pitch
Adjustable angle
Work piece length
Mortising drive
Cycle time

Air consumption
Weight

6 bar
4 - 25 mm
20 - 60 mm

max. 175 mm

according to recuirement
max. 10°

max. 6000 mm

AC motor, 2.2 KW caprcity

8 - 12 seconds, dependent on feeder
drive speed by milling 4 work pieces
together, tine per slot is reduced to
2 = 3 seconds per slot.

approx. 200 l/min
spprox. 1000 kg
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