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ABSTRACT

Microprocessor-based Elastic Feed Systems for
Sewing Applications
by Stephen J. L. Marshall
MSc Thesis 1990

The manufacture of certain garments, such as underwear and
T-shirts, requires the attachment of tensioned elastics and tapes
to workpieces which make up the garment. If the tape is
incorrectly tensioned, when it returns to its original length
after attachment to the workpiece the final garment will be too
tight or too loose, and a sub-standard garment is produced.

This thesis describes the design and developmant of two
microprcessor-based systems which oontrol the feed of elastic
tape to sewing machines for such operations. The first uses an
open-loop control approach, and can maintain tension to within 2%
of that required for correct workpiece sizing during normal
operation. However, any loss of tension due to outside factors,
such as slippage of the elastic through the feed mechanism,
cannot be recovered sufficiently quickly to prevent incorrect

sizing of one or more workpieces.

To overcome this problem, a second system was developed
which employs closed-loop ocontrol to maintain the correct
tension. A transducer senses the tension in the elastic, and
provides feedback which allows the control algorithm to
compensate rapidly for changes in tension. An adaptive control
loop is also employed to compensate for practical problems
encountered such as operator workpiece feed rate, elastic feed
path friction, and variations in the physical characteristics of
the elastic tape itself. Workpiece sizing can be maintained to
within a pre-defined tolerance, usually * 10mm.

Test data from laboratory and factory tests is included, and

the performance of the two systems is compared.
i
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CHAPTER 1

INTRODUCTION

1.1 The attachment of elastic tape to garments
Clothing retailers and wholesalers expect a very high

standard of product quality from the garment manufacturing
industry. But when nearly every stage of production involves the
handling and processing of flexible materials, there are many
assembly operations in which a small error can result in a
sub-standard garment. One such operation is the attachment of
pre-tensioned elastic tape or rubber tape to workpieces which
make up garments such as underwear, sportswear and T-shirts.

The pre-tensioned tape is normally fed in to the sewing head
from above through a slot in the presser foot. The tape is
pulled in to the sewing head, along with the workpiece to which
it is being sewn, by the action of the presser foot on the feed
dogs as each stitch is formed, as shown in fig. 1. The feed dogs
are positioned directly below the needle, and are driven via a
camshaft connected to the main sewing machine drive. The path
followed by the feed dogs is nearly circular. At the top of the
path, the serrated surface of the feed dogs protrudes above the
flat working surface of the sewing machine. The presser foot is
spring-loaded, and is positioned directly above the feed dogs.
The needle passes through a cut-out at the side of the presser

foot as it moves up and down to form each stitch. The workpiece
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is fed between the presser foot and the feed dogs by the

operator. As the feed dogs reach the highest point of their
path, they grip the workpiece against the spring pressure of the
presser foot, and so pull the workpiece through the sewing head
as they oontinue to rotate. The proportion of the stitching
cycle for which the feed dogs are above the surface of the
sewing area determines the length of the workpiece which is
pulled through the sewing machine as each stitch is formed. Thus
the number of stitches per inch sewn on each workpiece can be set
to the desired level by adjusting this parameter. This
adjustment is usually carried out by a mechanic when setting up
the machine for a new garment. The number of stitches per inch
is wusually determined by the type of fabric being used, and the
aesthetic effect desired.

Once attéched and free of the sewing head, the tape returns
to its original length, resulting in a particular size of garment
being produced. For different garments, different degrees of
tension need to be imparted to the elastic tape being attached.
The amount of tension required in the elastic is usually
expressed in terms of the desired percentage stretch to be
applied to the elastic. A desired 10% stretch in the elastic
implies a length after tensioning of 110% of the original length
of the elastic. Once attached to the workpiece, the elastic
returns to its original length, reducing the workpiece dimension
to 91% of its original length. The operator is usually told the
original length of the workpieces being processed, and the
required reduced length after attachment of the elastic, from

which the desired percentage stretch in the elastic can be easily



calculated as follows :

Ly = Ly
where L. is the required reduced length of the workpiece, and
L, is the unstretched length of elastic. The extension
required, e, is thus given by :

e =1L - Iy
where L, 1is the original length of the workpiece. Thus the
required percentage stretch, T, is :

T = (e/Ly) * 100; (1.1)
To ensure oorrect sizing of the garment, control of the tape

feed to the sewing machine is thus needed to maintain the elastic

stretch at the required level.

1.2 Methods of elastic feed control

The earliest methods of tensioning the elastic tape
consisted of a pair of spring-loaded nip rollers between which
the untensioned tape was fed. Fig. 2 shows such an arrangement.
Variations in tension were achieved by varying the spring
pressure on the rollers. This was a very inaccurate and
unreliable method of tensioning the elastic, since it relied on
the tension in the elastic overcoming the spring pressure on the
rollers. This tended to result in a stick-slip effect, causing
an uneven distribution of tension in the elastic. In order to
identify sub-standard garments, labour-intensive quality control
techniques were employed. Samples from each batch of processed
workpieces were taken at random. Visual inspection and
measurement of these workpieces were carried out by an inspector,

and unsatisfactory batches were re-processed if possible, or
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rejected.

Performance improvements were made by fitting a mechanical
linkage between the larger of the two nip rollers and the sewing
machine drive shaft via a gearbox. The rollers were driven via a
system of gears, so that the length of untensioned tape fed
between them as each stitch was formed was less than the length
of workpiece fed through the sewing head. Tension in the tape
between the rollers and the sewing head was thus produced by the
difference in feed rates. This purely mechanical method of
elastic tension control was, however, bulky and setting the
desired tension was difficult and time-consuming.

With the advent of cheap, mass-produced microprocessors at
the end of the ’Seventies, the opportunity arose for the
development of more accurate electronic control systems for
elastic feed. Such systems, apart from improving product quality
and consistency, would need less maintainance and would reduce
change-over times for different garments, important factors in an
industry which has high volume production but more and more has
to follow fashion trends rapidly to remain competitive with
overseas imports.

Durham University was approached by Courtaulds Clothing
Brands, then Lyle and Scott, in Gateshead, to design and develop
an electronic elastic feed control system incorporating the
features outlined in the previous section. The design
specification also required the unit to be cheap, and simple to
use, minimising the time required to train sewing machine
operators and mechanics who have little or no electronics

Kknowledge.



An open-loop electronic elastic feed control system was then
developed. Elastic tension is maintained by controlling a
stepper motor which drives a pair of nip rollers at a rate
relative to the sewing machine speed. A sensor is attached to
the machine to provide data on its speed. The sensor and motor
effectively replace the mechanical linkage previously used.
Normally, such systems do not ‘know’ what the absolute tension in
the elastic is. They simply allow the operator to vary the rate
at which the elastic is fed to the sewing machine by means of
inputting a ‘figure of merit’ to the control system. The higher
the number, the lower the feed rate relative to the machine
speed, and thus the greater the elastic tension produced. Thus,
when the operator changes to a new size, or a new garment, he has
to run test pieces through his machine and adjust the ’'figure of
merit’ on the control unit until the correct size is produced.
The Durham system tried to overcome this problem by developing a
control algorithm which allows the absolute tension in the
elastic to be controlled.

It 1is believed that the open-loop control system developed
at Durham [1] and currently in use in the garment industry, was
the first of its kind. A block diagram of the system is shown in
fig. 3. For correct operation,the control algorithm executed by
the microprocessor requires accurate physical placement of the
nip rollers at a known distance from the sewing head, and
accurate data on the number of stitches per inch at which the
sewing machine has been set to operate. The operator can then
input the desired tension, and the algorithm will step the motor

at a rate relative to the sewing machine speed to maintain the
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tension.

This system, and other open-loop systems such as that
manufactured by SAHL, represent the current standard of elastic
feed control systems available on the market. Significant
improvements have been made in type quality control of garments
in whose manufacture these systems are used. Open-loop elastic
feed systems, however, suffer from two main problems, which cause
loss of tension in the elastic tape and hence an incorrectly
sized garment. The first is slippage of the elastic tape through
the nip rollers. This is caused by a build-up on the nip rollers
of the ©powder with which the elastic tape is coated at
manufacture to prevent it sticking to itself in its box, and to
facilitate smooth feed through the nip rollers. The second
problem is electrical noise causing false feed of elastic. It
takes a certain time for open loop systems to recover from these
conditions, resulting in one or more incorrectly sized garments

depending on the severity of the error.

1.3 Layout of the thesis
The work undertaken for this thesis was aimed at the

development of a closed-loop control system to overcome these
problems. The work can be split in to four sections. Firstly, a
thorough analysis was. made of the open-loop system developed at
Durham to enable its shortcomings to be fully understood. The
knowledge gained could then be used in the development of the
closed-loop system to overcome these shortcomings. This work is
described in Chapter 2, and includes the derivation of the

control algorithm used by the open-loop system, and analysis of



practical data obtained fram the system.

Secondly, a closed-loop control system was developed. The
design features an algorithm which converts the desired elastic
percentage stretch to a force. A tension control algorithm then
uses that force as a set point for maintaining the elastic
tension.

A general block diagram of the closed-loop system is shown
in fig. 4. Feedback is provided by a specially-developed force
transducer, which measures the axial force in the elastic tape
being fed to the sewing machine. The tension control algorithm
conpares the measured force to the set-point force computed
earlier. The fesulting error signal 1is subsequently used to
control a stepper motor, which drives a pair of nip rollers
similar to those used by the open-loop system through which the
elastic tape is fed, thus achieving closed-loop control. Chapter
3 contains a full description of this work, and includes
discussion of the performance of the system based on test data.

The third stage was the development of a stand-alone unit
which oould be installed in the Courtaulds factory and tested in
an industrial environment by their machine operators. The
specification for the system called for economic construction,
high reliability in a factory atmosphere which contains a high
level of dust and fibres, a simple operator interface, and
precise tension control independent from sewing machine
parameters such as stitches per inch and physical positioning
relative to the sewing head. A Motorola 68000 microprocessor was
chosen to increase the processing ability of the system, allowing

extra features such as automatic size-checking to be included

10
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without compromising the tension control performance. A simple
data terminal with an ILCD display was used to provide the
operator interface, allowing data to be input by the operator,
and error messages and information to be displayed simply to the
operator. The design and development of the stand-alone system
is described in Chapter 4.

A comparison of the performances of the two systems is
included in Chapter 5. Programs were written to simulate the
elastic feed control performance of the two systems, allowing
camparisons to be made over a range of operating parameters
without having to alter the hardware. Comparisons of real data
collected from operation of the two systems is also presented,

and the benefits of using the closed-loop system are highlighted.

12



CHAPTER 2
THE OPEN-IOOP CONTROI SYSTEM

In this chapter, an open-loop control system for elastic
feed is described. In section 2.1, the open-loop oontrol
algorithm for this application is derived and discussed. The
following sections describe the software and hardware used to

implement a commercial system based on the algorithm.

2.1 The control algorithm
An algorithm for the open-loop control of elastic feed was

developed by I. Burdess [1]. It determines the rate of feed, R,
of untensioned elastic to a sewing machine as a function of the
following parameters:

R = fn(D, S, T,F)

D distance from nip rollers to sewing head

I

S = nunber of stitches per inch produced by the
sewing machine
T = required elastic percentage stretch for
correct size of garment
1/F = feed of |untensioned elastic through the nip

rollers per feed 'operation

13



2.1.1 Derivation of the open-loop control algorithm
The distance D between the sewing head and the nip rollers

is assumed to be 10".

Consider a piece of elastic pre-tensioned to a percentage
stretch T. The strain in the elastic, e/L, is given by equation
1.1, which is

e/L = (T/100)

Therefore,

e = L.(T/100) (2.1)

Since the total length of the stretche delastic is 10",

L+e=10" (2.2)

So, substituting (2.1) in (2.2) gives

L + L.(T/100) = 10

L.(1 + (T/100)) = 10

L = 10.(1 / (1 + (T/100)))

When a stitch is formed, a length of tensioned elastic is
attached to the material being processed. For a machine
operating at C stitches per inch, this length, dD, is given by

db =1/C
The removal of this length dD of tensioned elastic causes an
increase in the percentage stretch within the 10" of elastic
remaining. The untensioned length, 1, of dD is given by

1=(1/ (1+ T/100)).(1/C)

This ocorresponds to a decrease in the untensioned length of
elastic which has been stretched to 10". Thus the new

untensioned length of the 10" of elastic, L', is

L’ = (10.P) - ((1/C).P)

L’ = (10 - (1/C)).P

14



where
P =(1/ (1+ (T/100)))
and the new extension, e’, is
e’ =10 - L'
Therefore, the new percentage stretch, T', is given by
T’ = (e’/L').100
To return the elastic to the desired percentage stretch, T, the
correct amount of tensioned elastic needs to be fed in by the
control system to return the new untensioned length L’ of the 10"
of elastic to L. The amount of tensioned elastic needed to
achieve this is the dis'gfference between L and L’, given by
L - L' = (10.P) - (10.P - (1/C).P)
The two termms (10.P) cancel, leaving
L ~ L' = (1/C).P
This 1is the length of elastic at percentage stretch T required to
restore the stretch from T’ to T. This corresponds to an
untensioned length of elastic being fed in to the nip rollers of
(L - L").P = (1/C).P? (2.3)
Thus, if one motor step feeds (1/F)" of untensioned elastic in to
the nip rollers, the required number of motor steps to maintain
the percentage stretch at T is
((1/€).P2) / (1/F)
(F/C).P?
(F.P%)/C (2.4)

However, the number of motor steps to be executed is not likely

S

]

to be an integer number, so an equation had to be found based on
equation (2.4) which would take in to account the fractions of a

step required for maintaining the stretch at the correct level.

15



If, instead of calculating the number of motor steps
required per stitch formed, a fixed number of steps were executed
for each feed operation and a counter incremented each time a
stitch were formed, the counter value could be used to determine
whether a feed operation was necessary. wWhen the counter
overflowed, sufficient motor steps would have been executed to
keep the elastic tension at the correct level. To ensure maximum
accuracy, the counter should use the maximum resolution available
for the system, which, in the case of the 6802 processor being
used, is 8 bits (0 - 255).

The boundary condition for correct operation is the minimum
number of stitches per inch at which the system can maintain the
elastic percentage stretch at 0% if a feed operation is executed
every time a stitch is formed, with the sewing machine running at
its maximum speed. This is determined by the dimensions of the
nip rollers used, and the number of steps executed per feed
operation.

The diameter of the roller driven by the stepper motor is
1.25", The motor performs 200 steps/rev, therefore the feed of
elastic per step is

(1.25 * Pi) / 200 = 0.0196"

If three steps are executed by each feed operation, then

3 * 0.0196" = 0.059"
of untensioned elastic would be fed through the nip rollers. Two
such feed operations are executed per stitch, since the
opto-switch attached to the sewing machine senses both the upward
and downward motion of the needle bar, therefore the total feed

per stitch is

16



2 * 0.059" = 0.118"
With a meximum sewing speed of 5200 rpm, or 86.7 rps, the nip
rollers will feed in

86.7 * 0.118" = 10.23"
of elastic per stitch. With the machine running at 86.7 rps, the
minimum number of stitches per inch at which the system can
maintain the elastic tension at 0% is

(86.7/10.23) = 8.48 stitches/inch.
So, under these oonditions, a feed operation must be executed
every time a signal is received from the opto-switch. For this
to happen, the counter mentioned earlier must be incremented by 0
after each feed operation. Now, equation (2.4) has its maximum
value under these oconditions, since F is a constant, C is a

minimum therefore 1/C is a maximum,and

P = (1/(1+T/100))
=1 for T = 0%.
s0
P2 =1
Thus
(F.P2)/C =1

To make the oounter increment 0, 1 must be sutracted from
the result of this equation. This gives us a general equation
for the increment, which takes the form

increment = 1 - (F.P2)/C
which gives an increment <= to 1 for all operating conditions.

To normalise this to the maximum resolution of the 6802,
both sides need to be multiplied by 255, giving the final form of

the equation,

17



V2 = V1.(1 - ((F.P%)/C)) (2.5)

where V2 is the increment constant
V1 is the base value, in this case 255 (hex FF).

The P? term has a value of <= 1, which is then multiplied
by 255 to give values which are stored in a look-up table. The
maximum value is that for 0% stretch, which gives $FF in the
table. The minimum value used is that for 50% stretch, which is
the greatest stretch at which the system can operate. It gives a
value for P? of 0.444, oorresponding to the last entry in the
table, $72.

The (F/C) term has its maximum value of 1 when the sewing
machine is set  at the minimum number of stitches/inch at which
the system can maintain the elastic stretch. A second look-up
table was obtained by multiplying (F/C) by 255.

As well as oontaining the p2 data, the same look-up table
also contains values for the number of motor steps necessary to
pre-tension the elastic, i.e. to bring the elastic stretch up to
the required percentage assuming 0% stretch to start with, and to
de-tension the elastic, i.e. to reduce the tension to 0% stretch
assuming it is at the desired level to start with.

The number of de-tensioning steps required is calculated in
the following way. Assuming the elastic to be at a desired
percentage stretch T, the length of elastic, L’, which has been
stretched by T is given by

L’ =D / (1 + (T/100))

where D 1is the distance between the sewing head and the nip

18



rollers. For the tension in the elastic to be reduced to 0%, L’
must be increased until it 1is equal to D. Thus the length of
untensioned elastic, L,, which must be fed through the nip
rollers is

L,=D-1L’
and so the number of motor steps, Nj, which need to be executed
to feed L,," of untensioned elastic is

Ny =Ly / (1/F)

The values for P2, Np, and Ny are stored in groups of
three in the same look-up table.

From the derivation, it can be seen that the greater the
increment constant, the smaller the number of steps executed by
the stepper motor in relation to the sewing machine operation,
and therefore the greater the tension at which the elastic is
fed.

All the calculations of rate of feed rely on a precise
physical relationship between the nip rollers and the sewing
head. If the distance, D, between them is not exactly what it
should be, the elastic tension will either be too large, if the
distance is to great, or too small, if the distance is too small,
as the elastic is fed into the sewing head.

An accurate value of the number of stitches per inch at
which the sewing machine to which elastic is to be fed is
operating must be available to the algorithm. If it is not, then
the effect is the same as the incorrect setting of D.

The elastic fed to the nip rollers is assumed by the
élgorithm to be untensioned. If the elastic snags on anything

between its box and the nip rollers, it has some tension imparted

19



to it. The calculation of equation (2.3) is thus incorrect, and
less elastic is fed in through the nip rollers than required.
Thus the tension in the elastic being fed to the sewing machine
is greater than that desired, and incorrect sizing could result.
One of the major advantages of this algorithm, however, is
that its operation is totally independant of the type of elastic
being used. It therefore requires no information on the physical
proerties of the elastic, and once set up accurately for the
machine to which it is attached, should need no adjustment other
than changing the tension setting for different garment sizes or

types of elastic.

2.2 System lementation

2.2.1 Hardware Description
The open-loop system architecture is shown in fig. 5, and th

installation of the system is shown in fig. 7. Read-only memory
(ROM) stores the program which directs the actions of the
microprocessor. = An operator interface allows data to be input to
the unit and warnings to be displayed to the operator. Input
interfacing allows data to be read in by the microprocessor from
the operator and from the sewing machine, from which control
signals can be oomputed by the control algorithm. Output
interfacing allows these signals to be passed on to external
devices, along with any necessary warnings to the operator. The
interrupt interface allows control of the elastic tension to be
switched on and off.

The microprocessor used is a Motorola MC6802 [2]. At the
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time of development of this system, it was the best device
available for real-time control applications at an econamic
price. It has 128 * 8 bits of on-board volatile random-access
memory (RAM) which is used to store data during operation, and an
on-board clock which, with an external crystal, provides a 1 Mhz
operating frequency. Program memory is a 4k * 8-bit EPR(M, type
™S 2532.

A major design feature is the operator interface. It
consists of the controls provided on the front panel of the unit,
and a separate warning light which can be mounted on the sewing
machine in the most convenient position for it to be seen by the
operator whilst sewing garments.

The front panel, shown in fig. 6, has six controls. Four
are used by the operator, and two are used by a mechanic. The
four operator oontrols consist of a mains on/off switch with an
LED power ‘on’ indicator, a pair of binary-coded decimal (BCD)
thumbwheel switches for setting the required percentage stetch in
the elastic for the size of garment being produced, a tension
control on/off push-button sWitch which allows pre-tensioning and
control or de-tensioning of the elastic or manual control of the
stepper motor, and a forward/reverse select switch for the
stepper motor direction under manual control. Once the system
has been installed by a mechanic, two further controls allow him
to input to the system the number of stitches per inch produced
by the sewing machine to which the system is attached.

The BCD thumbwheel switches allow the operator to tell the
system what percentage stretch in the elastic isrequired. Each

thurbwheel switch oontains 4 smaller switches, each of which
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represent one bit of a BCD digit. The switches are normally
open, so 10k pull-up resistors are needed on the output of each
one. When the switches are closed, the outputs are pulled down
to ground. The correct combination of switches are opened or
closed to present the correct combination of bits on the outputs
to give the BCD digit corresponding to the digit visible to the
operator on the front of the unit.

The tension control on/off switch is the only device
comnected to the interrupt interface. When operated, an
interrupt request is sent to the 6802. This allows the elastic
to be tensioned and controlled or de-tensioned with alternate
single operations of the switch at any time during operation. If
the switch is held down, the motor is driven continuously in the
direction indicated by the direction switch.

The warning light tells the operator whether the elastic has
been pre-tensioned and is ready to control the elastic tension,
or if the sewing machine has been operated before the elastic was
pre-tensioned and is thus receiving elastic at the wrong tension.

The simplicity of the operator interface made the
introduction of the unit into a largely manual production line
quick and easy, since the operator needed only the minimum of
instruction on the use of the unit.

The two oontrols for setting the stitches per inch at which
the sewing machine is running operate as follows. Control B in
fig. 7 is a twelve-position switch which is connected to a
resistor ladder, oconsisting of twelve 2k2 resistors. This gives
a coarse adjustment of 1 to 12 stitches per inch by switching in

one or more of the resistors in the ladder. A 2k potentiometer,
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control C, is connected in series with the ocoarse control to give
fine adjustment of the stitches per inch setting. The resulting
resistance obtained from the coarse and fine adjustments is used
to determine the length of a single shot pulse from a 555 timer
operating in monostable mode, by altering the time constant of an
R-C network [9]. The monostable can be triggered by the control
program, and the output pulse fed back to the control program.
The length of the pulse can then be measured, giving an
indication of the stitches per inch setting to the control
program.

For monostable operation of the 555 timer, the pulse length
is given by :

T = (1.1 * Rg * C) seconds (2.7)
where Ry 1is the resistance set by the two controls, and C is
the value of a capacitor. The minimum value of R¢ is 1k, to
ensure a pulse, and the maximum value is 27.2k. C is a 20nf
capacitor, so C = 20nf. From equation (2.7), the minimm and

maximum pulse lengths are

Tpin = 22 microseconds
Thax = 598.4 microseconds.

The length of the pulse is monitored by the control program by
incrementing a counter until the output state of the 555 timer
changes. The counter value is used to reference a look-up table
stored in the ROM from which the stitches/inch setting of the
sewing machine is obtained. The values in the look-up table are
again pre-calculated based on the pulse times calculated from
equation 2.7.

The stepper motor drive consists of 4 independant, identical
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circuits, one for each phase of the motor. Each circuit contains
a TIP121 Darlington complimentary power transistor. When
switched on under program control, the transistor allows current
to flow through the motor winding towhich it is connected, and so
energises that phase. When the correct cambination of phases is
switched on or off, the motor can be stepped clockwise or
anticlockwise as desired.

The input and output interfacing of these devices to the
processor is provided by the two 8-bit ports, A and B, of a
Motorola M6821 peripheral interface adapter (PIA) [2]. There are
six outputs, bits 2 to 7 (PB2-PB7) of port B. PB2-PB5 are used
to convey the control signals for the stepper motor phases to the
stepper motor drive circuits. PB5 controls the operator warning
light, and PB7 controls the 555 timer, and so allows the number
of stitches per inch setting to be read under software control.
All the outputs are buffered by the six inverters on a 74LS16
logic buffering chip. The inverters have open collector outputs,
so 10k pull-up resistors are »included for each ciruit.

There are twelve inputs, PB0O, PBl, CAl, CA2 and PAO-7.
PA0-6 are connected to the two thumbwheel switches. PBO is
connected to the motor direction select switch. The output of
the 555 timer giving the stitches per inch switch settings is fed
into PBl. CA2 is comnected to a slotted opto-switch which senses
each revolution of the sewing machine drive shaft and hence each
stitch as it is made.

The tension control push-button is connected to both PA7 and
Cal. A change of state on CAl causes the 6821 to send an

interrupt request to the 6802. If interrupts have been enabled,
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the interupt service routine is then entered. The signal level
on PA7 can be read as a normal input at any time.

A +5v regqulated power supply is provided for the TIL
circuits, and a +24v supply for the warning lamp and the stepper
motor drive circuits. Both are full wave rectified.

A second 555 timer is used to generate a reset pulse when
power is applied to the unit. Again, the monostable mode of
operation is employed. An R-C network, consisting of a 330k
resistor and a 100nf capacitor, ensures that the trigger input of
the 555 is held below 1/3 of its + supply rail,thus triggering
the monostable. The time constant of the R-C network is 33ms, so
the trigger input is returned to > 1/3 of the + supply before the
output pulse can complete, ensuring correct operation. Using
equation (2.7), with Rf now 330k and C 470nf, a pulse length of
170 ms is obtained. It is inverted to give the logical low
signal necessary to reset the logic devices. The reset signal is
connected to the reset pins on 