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ABSTRACT

The Scuthern Nylon Spinning plant, at South African Nylon
Spinners in Bellville - Cape Town - South Africa, is one
of the oldest on the site and a need arose to upgrade the
existing method used in speed monitoring in this particular
plant. This system was unable to produce alarms on speed
limits being exceeded (i.e. on under-speed or over-speed).
There was nco alarm logging or historical trending. Manual

records on speed were either incomplete or non-existent.

Thus the purpose of this study was to investigate the
existing speed monitoring system and implement a suitable

computerised method of speed monitoring.
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CHAPTER 1

INTRODUCTION

Very few industrial plants can be left to run themselves,
and most need some form of control system to ensure safe
and economical operation. In most cases the coperator will
be part of the control system. (PARR,1993:1) There are

three basic typeg of control strategies, these are listed

belcw:
a) Monitoring subsystems
b) Sequencing subsystems and
C) Closed loop contrel subsystems.

This thesis deals mainly with machine shaft speed

monitoring.

1.1 Monitoring Subsystems:

These display the process state to the operator and draw
attention to abnormal or fault conditions which need
attention. The plant condition 1is measured by suitable
sengcrs. The result of these measurements are displayed to
the operator via indicators or by meters and bargraphs.

These signals can aiso be checked for alarm conditions.



A monitoring system often keeps records of the consumption
of energy and materials for accounting purpcses, and
produces an event/alarm log for historical maintenance

analysis. (PARR,1993:1)

Over the years the monitoring of speeds, whether it be
linear or rotational, has become increasingly important.
In industry and especially in the process control
environment, the monitoring of electric motor speeds is
critical to the production environment, to the extent that

it would determine the gquality of wvarious products.

Originally automatic control was envisioned primarily as
a means of reducing manufacturing costs by reducing payroll
expenses and increasing production rates. Increased
production rates were realised, as expected; however,
another reason for increased producticon was that there was

a reducticn in scrap.

Automatic control systems can be adjusted to produce end
products to cleser tolerances than 1s consistently
available using human coperatcrs; therefore, improved
gquality of end products is frequently achieved.

{HUNTER,1978:1}

In industry today, companies are always striving to commit
themselves to improving the quality of products and to

achieve thisg, certalin measures have to be implemented. This



would include the logging of data, logging of alarms,
generation of reports, etc which would relate to improving

the quality of the product.

1.2 Machine Shaft Speed Monitoring at SANS

Many formg of speed monitoring systems currently exist in
industry today. South African Nylon Spinners {SANS)
currently employ inverter controllers on the 'younger'
Nylon Spinning machines which make use of variable speed

AC drives for control. (KIRK,1985:1)

The Scuthern Nylon Spinning plant, at SANS in Bellville -
Cape Town - South Africa, is cone of the oldest on the site
and, at the beginning of the study, had a life expectancy
of +10 years maximum. This plant has 20 nylon spinning
machines, with 4 different speeds being monitored cn sach.
The methods used for meonitcoring these speeds had become
outdated and a need arose to upgrade the technology used
in speed monitoring in this particular plant. Speed in this
particular plant plays a very important role in that it

determines the type of vyarn being produced.

These speeds were monitored on a :8 hour basls, that is

A

every shift changeover, and recorded manually 1in a

register. Unexpected changes 1in gspeed between shif

rt

changeovers often went undetected. This system was unable

to produce alarms on under-speed or over-speed. At this

3



particular plant there was no alarm logging, no historical
trending and manual reports (on speed) were either
incomplete or non-existent. Speeds out of toierance range
changes the yarns' specifications. Once the yarn has been
gpun, it is then sent to the Drawtwisting plant. For more
details on the drawtwisting process refer to Appendix B.
Once this process has been completed, the yarn is now ready

to be dispatched to the customer.

This yarn is graded according to its process as laid down
by the South Plant Product Control Parameters and
Specifications Department. Each nylon spinning process has
its own set of specifications. For example, for a process
with batch number 44F13T333 the following speed and related

data would apply:

Cross-shaft speed: 418Hz

Windup Speed: 1773Hz=z
Traverse Speed: 700HzZ
Ratio: 4.241
Deviation: ¢.021

Ratio is calculated by dividing the Windup speed by the
Cross-shaft speed. The deviation from that ratio value is
determined by the Scouth Plant Preoduct Contrcl Parameters
and Specifications Department.

The customer then purchases a specific type cf yarn, which



ig then woven and dyed. If an inferior type of yarn had
peen supplied unknowing to SANS, the dyed yarn will have
uneven shades of colour appearing in it (i.e. a line of
different c¢olour in the material) which then becomes
useless to the customer. This results in time and money

being lost, which is in turn debited to SANS.

Incorrect gsetting up and monitoring of speeds 1s one of the
major sources of wasted production. The production
department conducted an investigation which revealed that
+R20 000 was lost per annum as a result of the speeds being
out of its specified range in both the Nylon spinning plant

and Drawtwisting plant.

Thus the purpose of this study was to implement a suitable
computerised method of speed monitoring which would be able

to provide the following:

a) produce alarms on over-speed or under-speed,
b) log alarms,

¢} produce historical trends, and

d) generate reports,.

Thig would provide operator staff w

th the ability to

quickly detect speeds which are out of range and apply the

-

cegssary corrective action. The production of defective

13
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matrerial could also be tracked
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The system had to be cost effective, and as far as
possible, make use of existing technology used on the plant
and be simple in design using off-the-shelf items if

possible. See Appendix A for the original proposal.

The first phase of this project was a thorough
investigation of speed monitoring systems, especially those
existing at SANS. This included methods used in sensing the
shaft speed, the instrumentation used to monitor the actual
speed, the methods used for logging the data and report

generation, all of which is discussed in Chapter 2.

Secondly the market place had to be thorocughly investigated
for speed monitoring systems in Nylon Spinning which would
suitably replace the existing speed monitoring system and
possibly make use of existing hardware and software used
at SANS. The hardware would be used to convert the shaft
speed 1into an electrical signal which could then be
interfaced to some form of instrumentation. This is

discussed in Chapter 3.

In order tc log data, generate reports, produce alarms and
display data Supervisory Control and Data Acquisition

{gCcADA) software would be reguired. This scoftware would

]

interface directly with the instrumentation. For this

3

reason SCADA software packages had to be investigated whic

would be able to perform the folleowing functions:



- a simple method for viewing current speeds and alarm

conditions,

a facility for logging alarms historically,

a facility for acknowledging alarms and identifying

the person doing so,

displaying historical trends,

data logging.

The investigation and selection of scftware is dealt with

in Chapter 4.

Chapter 5 deals with the design of the system hardware.

Chapter 6 deals with the conclusicn of this project and

recommendations for further study.

The Appendices contains the original proposal, drawtwisting
process, scftware specification . costing and an

engineering manual.



CHAPTER 2

INVESTIGATION OF EXISTING SPEED MONITORING
SYSTEM

Part of this study required a thorough investigation of the
existing speed monitoring system in the South Plant Nylcon

Spinning Plant at SANS.

Before any data could be collected an understanding of the
Nylon Production Spinning Process was necessary. This is
illustrated in Figure 2.1 (Nylon Spinning Process) and

explalined below.

NYLON SPINRING - SPEED MOMITORING

CROSS-SHAFT ——

SPINFINISH —m———— %f

HIMNDUP —

TYRAUERSE

FPigure 2.1



2.1 Nylon Production Spinning Process (SANS)

Polymer in chip form is the raw material from which Nylon
varn is made. The chips are charged into hoppers and

gravity fed to the melter unit.

An archimedian screw inside the unit forces the chips onto
a melt grid that is heated to a temperature of 2%0°C by a

vaporised liquid known as thermex.

The molten polymer 1is then pumped (Cross-shaft speed)

through the pack to filter it and extruded through a

spinneret in the form of fine filaments.

These molten filaments are cooled by quench air. They then
converge to form a threadline at the convergence guide

which is located at the top of the conditiconer tube.

The ccnditicner tube 1is filled with steam. As the yarn
passes through the steam, it is softened, moistened and
partially drawn to accept an oil based liquid known as

spin-finish.

Spin-finish acts as an anti-static agent giving the yarn

good filament cohesion. It lubricates the yarn in



The undrawn varn is then wound (Windup speed) onto an

identified cylinder (cardboard tube) until the desired mass
is obtained (A full-doff cake}. Each windup head can take
up to four threadlines, which are then wound onto four

cardboard tubes.

Traverse speed ensures that the undrawn yarn is woundup

(spreadout) evenly on the identified cylinder.

2.2 Speed monitoring process

The Nylon Spinning plant has 20 nylon spinning machines,
each having 4 different speeds, namely Cross-shaft, Windup,
Traverse and Spinfinisn <¢f which only the Efirst 3 are

presently being monitored via a dual channel tachometer.

Crogg-shaft and Spinfinish speeds are set up by means of
adjusting the pitch of the vanes on a hydraulic variable
speed gearbox. Setting up the Traverse speed is done via a
variable speed pulley gearbox. Windup speed is setup via
one of two gears and this cannot be adjusted once the speed

has been selected.

cr
0

1
b

Monitoring of speeds for Spinfinish is done by stopwal

1=
1]

and an operator counting the number of revclutions and

G
"t

calibrated in seconds per 10 revelutions. Monitoring



speeds for Cross-shaft, Windup and Traverse is achieved by
measuring the frequency generated by variable reluctance
magnetic pickup sensors mounted in the proximity of a 60
toothed gear. This gear converts the revolutions per minute
(RPM) to cycles per second (Hertz). These signals (i.e.
Cross-shaft, Windup and Traverse) vary in amplitude as a
result of the variation in distance, as the shaft rotates,

between the toothed gear and the magnetic pickup sensor.

The spinfinish speed was being monitored manually as
explained above, even though the cables had been laid and
a bank of 20 switches had been provided for this purpose
(Figure 2.2 and 2.3). The reason for not monitoring the
spinfinish speed, via a variable reluctance magnetic
pickup, is that this shaft rotates at a very slow speed as

indicated in Table 2.1.




Figure 2.3

The various signals (60 off) are fed into a selector switch
panel (Figure 2.4 and 2.5). (A two core screened cable was
used to link the sensor to the switch panel). Once a speed
is selected for a particular machine the signal 1is fed
through an amplifier and waveshaper circuit which produces
square wave pulses of the same frequency. These square wave
pulses are then fed into a dual channel tachometer and the

selected speed is thus displayed, which is recorde

(o
o
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operator.
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Figure 2.4 Existing speed
monitoring system

EMEETING MvLoN SPEED MOMIFORING SYSTEM

TRCHO METER
-is1s

CHINE 3 —

ETRIUGSE‘ . “——

CMOSS- g paaamm @000 | =eva= BySessmEsuy sus
SPINFINI SH

Figure 2.5 Existing speed
monitoring system with selector
switch panel

Every switch on the panel is a double-pole double-throw
switch which makes it possible to allow cress-shaft and
windup speeds to be selected simultaneously, so that the
ratioc can be displayed on the tachometer. Cn the tachometer
itgself is a range of switches which would allow the

coperator to measure the ratioc's. It is of utmost importance

T

hat Cross-shaft and Windup ratio's remain constant since

this determines the yarns thickness.

[
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Each machine is capable of producing all the various types
of varn required by other industries., Once a particular
machine had completed the production of a specific type of
yarn it could easily be 'changed over' (often referred to
as a Machine Change Over or MCQ} to produce a different

type of yarn (i.e. a new set of speed ranges are applied).

2.3 Shaft Speed Data

The following data was cobtained from SANS gite staff,

reflecting the following:

- tolerance/resolution of each speed being

monitored.

- range of each speed being monitored for the

various Nylon spinning prcductions.

SPEED RANGE TOLERANCE RESOLUTION

REQUIRED

CROSS-SHAFT | 155Hz - 560Hz +1HzZ 1Hz
TRAVERSE 130Hz - 700Hz +1Hz 1Hz
WINDUP 305Hz - 1815Hz +1Hz 1Hz

SPINFINISH G.C€45Hz - 1.25Hz +0.C0004Ez 0.0004H=z OR

OR {15%5sec/1Crev (l1s/10rev)
- 8sec/10rev)
Table 2.1

=
H>



The input signal range and amplitude was measured using a
storage oscilloscope over a period of 2 days, randomly
analyzing the input signals. This was achieved by
connecting the storage oscilloscope directly on the
variable reluctance magnetic pickup. The results are
indicated below. A selection was made for high, low, and

mid-range frequencies for Cross-shaft, Windup and Traverse.

Input Signal Range: 0.5 Volts peak-to-peak to 40 Volts
peak-to-peak (Sinewave).

Traverse Speed (frequency) modulates over a period of
40 to 90 seconds depending on the process being run.
The Traverse speed modulates to avoid banding and

ribboning during cake builds.

2.4 Southern Nylon Spinning Plant layout

The 20 Nylon spinning machines took up a total area {(floor
space) of approximately 63m x 1l4m = 882m°. These machines
are placed back to back so that ten rows existed and the
headstock of each machine being at either end of each row.
Each machine is approximately four storeys high with the
Cross-shaft speed sensors being located on the first floor.
The Traverse and Windup shaft speed sensors are located at
the headstock of each machine on the ground floor. The
menitoring of the slow Spinfinish speed is alsc done on the

ground floor.



2.5 Electronic environmental requirements

For the speed meonitoring system to function effectively it
had to Dbe able to operate within the following

environmental conditions:

2.5.1 temperature range: 0-45°C,

2.5.2 humidity: 90% non condensing,

2.5.3 atmospheric corrosion: mildly reducing,
2.5.4 mains supply voltage: 220Vac 50Hz.

The system would also have to tolerate the large amounts of
electrical noise generated on the mains supplies.

(KIRK,1985:D-2)

2.6 Selector switch cabinet location and design

The existing selector switch panel was located centrally on

the ground floor.

Other areas within the Nylon spinning plant were considered
for the installation of the new cabinet but the cost
implications of deing this proved to be too expensive since
this would result in the re-routing of all sensor cables.
Thus the equipment had to be lcocated in the existing
selector switch panel position. Computer and
instrumentation eguipment had to housed in an enclosure

ja¥a¥s
500mm

which did not exceed the following specifications:



high X 600mm wide X 600mm deep. The reasons for these
limitations were floor height, process piping and existing

electrical switchgear.

The enclosure had to be bolted to the floor to withstand
vibrations and accidental movement. A buggie barrier had to
be installed to protect the enclosure against accidental
damage. This enclosure had to conform to the IP55S
protection code and make use of forced ventilation to
prevent heat build-up. The operator keyboard or cther user
interface had to be accessible to the operators without
having to open the cabinet. The enclosure had to be
designed in such a manner as to allow easy access for the

maintenance crews.

Once azll the information regarding the speed monitoring
process, speed range, tolerance, resolution, signal range,
plant layout and cable runs had been noted, it was now
possible to investigate the necessary hardware and software
systems which could be used to replace the existing speed

monitoring systen.



CHAPTER 3

ASSESSMENT OF HARDWARE

A wide range of commercially available hardware products

could be used to build the new speed monitoring system but

in providing a solution one had to consider the following

criteria (See Appendix A):

b)

the cost of a computerised method of speed
monitoring,

whether the equipment to be used in providing a
solution was already in use in other sections of
the plant,

make use of off-the-shelf (standard) items if
possible,

the system had to cater for the variocus speed
ranges tablied in Chapter 2 (Table 2.1),

the design of the new system had to be modular in
approach,

the time required to scan the four different
speeds cn all 20 machines (i.e. the scan time),
expansion capabilities,

whether the shaft speed and ratios' data was
readily available for all 20 machines, (i.e. the
availability of information),

limit the replacement of the existing speed

sSensors.

18



Past records have shown that SANS insist on purchasing
electronic egquipment from reliable sources for reascns of
reliability and backup service. In-house design and
construction is only Jjustified when there is no
commercially available system to perform the task as
specified or the savings resulting from an in-house design

are considerable.

The proposed system had to be modular to ensure ease of
maintenance and improve reliability. Standardisation was
also essential for ease and speed of development,

installation, commissicning and maintenance.

The following hardware solutions were considered:

3.1 Programmable Logic Controllers (PLC's)

Prior to 1968, control functions were performed by contrcl
relays. Control relays were effective, but they had some
serious drawbacks and in 1968 the Hydramatic Division of
General Motors Corporation specified design criteria for a
programmable logic ccontroller (PLC) to replace the relay-
ccntrol system. {BATTEN,1988:1.4) As time progressed
developments in microprocessor technology translated into

more flexible and powerful PLC'sg.



Egssentially a PLC is a digital electronic device that meets

the following three criteria:

3.1.1 it has programmable memory, in which
instructions can be stored,

3.1.2 the instructions stored in the memory are
used to implement various functions, such as
logic, sequencing, timing, counting and
arithmetical functions,

3.1.3 the wvarious functions are then used to

control or monitor machines and processes.

vVarious types of PLC's are currently being used at SANS to
control and monitor certain sections of the plant. PLC's
could be used successfully to monitor the speed in the
nylon spinning plant but the cost of a Siemens PLC alone
would be +R50 000. This figure excludes the front end signal
conditioning and the PC required to manipulate and display

the data from the machines.

This installation would only have been justified if the PLC
was required to control the motor speeds as well as monitor
the shaft speeds. For the reasons explained above this
method of sgpeed monitoring was abandoned since this

installation would prove to be too expensive and

scphisticated for this application.



3.2 Anaflex speed monitoring system

For an overview of this system please refer to Figure 3.1.
The Anaflex sgystem consists of a Serial Bus Controller
Eurocard (SBCC) with an integral Conet Local Area
Interface, RS8232 communications also being available. This
provides a 1ink between an Anaflex system and any other
device or ncode on the network. This microprocessor-based
card, the SBCC, can control up to 13 Anaflex Serial Bus
Input/Output (I/0) cards (SBIO). The total number of field
I/0 that could be addressed depended on the SBIO cards
being supervised. For example up to 208 analog inputs could
be addressed from 1 SBCC card using 13 x 16 Channel Analog

to Digital (A/D) SBIO cards.

SERIAL BUS
ANAFLEX —1 16 CHANNEL
FREGUENCY —
COMDI TIONI NG == AsD CONUERTER
MODULE f—
buaL IsF —
‘:E?, a2 l
] 16 CHANMNEL
2 CORE SCREENED g #/D COMJERTER
CABLE -
C:% |
C.; _—
T 16 CHANNEL
' 'P:cr-cup —] #/D CONVERTER
=
. .sa TOOTH GEARR
— SERIAL BUS
o
T i HOST COMPUTER o CRR]%}
PRINTER RS232C {SBCC)
LINK

Figure 3.1
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For this installation 40 Anaflex dual input Eurocards would
be required, to cater for the 80 inputs from the field, and
three 16-Channel A/D converters for multiplexing to a
Serial bus controller card (SBCC). Each dual input Eurocard
transmits twc separate 0-10 Volt signals which could be
accepted by the 16 Channel A/D converters. The three 16
channel analog to digital caxds are then connected via a
serial bus to the SBCC. From the SBCC, information could
then be transmitted to the computer via R8232

communications.

Each dual input eurocard has two separate circuits for
signal conditioning, namely the standard Anaflex Plug-on
Input Conditioner Modules. A wide range of input
conditioner modules are available but frequency conditioner
modules would be reguired for this project since these
modules could accept low voltage analogue freguencies
generated by a variable reluctance magnetic pickup. Each
module could only monitor a specific input signal range.
Since each machine could run any process, 1t was important
that each module could handle the specific freguency range
required. The frequency ranges that were tc be selected are

indicated on the following page (this would cater for alil

]

ke various Nylon spinning processors).

22



Range: Cross-shaft & Traverse 100-800HzZ
Windup 300-1900H=2
Spinfinish 0-50Hz

Accuracy: 0.2% - Manufacturer's specifications

To monitor the slow gpinfinish speed Namur sensors would

have to be installed together with the cabling and wiring.

Frequency ranges for each module would have to be factory
set, calibrated & tested prior to commissioning. This would
also result in 3 different types of Anaflex frequency input
conditioning modules to be kept as spare for mazintenance

purposes, increasing the running costs of this system.

In addition to the above the display of information would
be entirely dependent on the computer and in the event of
a computer malfunction no information would be available to

the operators.

A1l the existing cabling would be used and the only
additional cabling that was required would be from the
Namur sensor to the headstock of each machine. Twenty Namur
sensors would have tc be installed, one on each machine.

Minimum scan time for all 80 inputs would be + 2secs, this
time being configurable via the software that was to be

used.

23



A cost breakdown for the installation of this sygstem is
given in Appendix E and this was reguired by SANS (see

Appendix A).

3.3 SCADA-MULTIPLEXOR speed monitoring system

For an overview of the SCADA-MUXTIPLEXOR speed monitoring
system please refer to Figure 3.2. The development of this
system would require the use of different types of speed
monitoring medules to accommodate all the speed ranges. A
Red Lion Controls (RLC) digital panel meter would be used
to monitor the slow spinfinish speed (0.0625Hz - 1.25Hz).
This particular panel meter was fully programable with a 6
digit display and employed a current loop communications
processor {4 - 20mA output), it could also monitor speeds

as slow as 0.01Hz (RLC instruments catalogue:SANS) .
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Figure 3.2
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The Windup, Cross-shaft and Traverse speeds would be
monitored via Rhomberg signal conditioning units (SC320

tachometer relay units}.

The Rhomberg signal conditioning units (frequency to
current converters) would have to be customised since these
normally employed wvoltage free output contacts. These
outputs would have to be converted to produce a 4 - 20mA
current loop communications output. This would resgult in
non-gtandard units, thus adding to the complexity and cost
of replacement modules. In addition toe the above the
display of information is again entirely dependent on the
computer, except for the slow spinfinish speed, and in the
event of a computer malfunction no information would be
available to the operators. Minimum scan time for all §90

inputs would be + 2secs.

These Rhomberg signal conditioning units have a set range
of frequencies and for this reason a physical range
selection {(out of 2} may have to be made during an MCO. The

accuracy and speed ranges are as indicated below:

Accuracy: 0.4% for Spinfinish
5.39% for Cross-shaft, Traverse & Windup
Range: (1) 100-10C0Ez
{2) 1000-1900Hz
{3) 0.01-2Hz (to be monitcred by RLC digital

panel meter.)



Thig further results in the system being unable to display
frequency values lower than 100Hz and 1000Hz on ranges 1 &

2 respectively.

The frequency tc current converters and RLC digital panel
meters would be connected to an 8 channel analogue to
digital converter and then wvia RS485 communications to a
SCADA-MUX controller (TR - 2000). Ten A/D converters would
be required for all 80 input signals. The TR-2000 in turn
would be linked to the host computer wvia RS232C
communications. The Rhomberg signal conditioning units, RLC
panel meters and the 8 channel analogue to digital
converter would be mounted in an enclosure at the headstock
of every 2nd machine, since every twc machines are

connected back-to-back.

Twenty Namur sensors would have to be installed on each
machine. All sensor cabling would have to be re-routed to
the headstock of every second machine. RS485 cabling would
have to be installed and routed to the SCADA-MUX controller
which would be positioned at the existing
selector/tachometer switch panel. The SCADA-MUX contrcller
would then be linked to the computer via a RS5232C
communications cable. The SCADA-MUX controller and computer
would be housed in cne enclosure. A cost breakdown for the

kel

installation of this system is given in Appendix E.
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3.4 RLC Digital Panel Meter speed monitoring

system

The digital panel
0.01Hz to 50kHz
100secs. A five

external signal

meter had an input frequency range from
with a programable time range 0.2 -
digit display was also available. No

conditioning was necessary since the

digital panel meter was designed to except an input signal

amplitude range from 0.3 Volts peak-to-peak to 50 Veolts

peak-to-peak (RLC catalogue: SANS). For an overview of this

system please refer to Figure 3.3.
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Once the range has been configured on the RLC digital panel
meter prior to commissioning, no further adjustments would
be required, even during MCO's. Since this panel meter was
fully programable any speed range between 0.01Hz and 50kHz
could be programmed. The accuracy and speed ranges that

would be programmed are indicated below:

Accuracy: 0.01% +1 digit on all ranges (RLC catalogue:

SANS} .

Range: Cross-shaft & Traverse 0.01-800H=z
Windup 0.01-1500H=z
Spinfinigh 0.01-2Hz

This system could run independently of the host computer
since the speed could easily be read off the panel meters.
Four panel meters would be installed at the headstock of
each machine. The 1individual panel meters are then
multiplexed onto a 20mA current locop via a Multi-loop
Serial Communications Controlier (20mA Current Loop
provides excellent noise immunity). The Multi-loop Serial
Communications Contrcller then transmits data to the host
computer via a 20mA current lcop to RS232C converter. This
information is then processed for computation, display and

report generation.
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In addition to the above the panel meter could also provide

the following:

Scan rate: Typical 400mSec per input.
Total Scan Time for 80 inputs = 32secs minimum.
Local alarms option available.

Expandable up to 384 units.

Twenty Namur sensors would have to be installed on each

machine.

All sensor cabling would have to be re-routed to the
headstock of every machine. Two-wire screened cabling would
have to be installed and routed to the multi-loop serial
controller which would be pogiticned, together with the
computer, at the existing selector/tachometer switch panel.
Each loop on the multi-lecop serial contrcller could only
handle 8 inputs, this would mean that a total of 10 loops
would be required to handle the 8C input signals. The
multi-loop serial controller would be linked via RS232C

communications to the host computer.

A cost breakdown for the installation of this system is

given in Appendix E.
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3.5 Status Digital Panel Meter speed monitoring

system

The status panel meter has an input frequency range 0.03Hz
to 20kHz with programable time range. Five digit display
was also available. No external signal conditioning would
be required and this system could run independently of the
host computer. For an overview of this system please refer

to Figure 3.4.
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Once the range has been configured prior to commissioning,
nce further adjustments would be required, even during

MCO's. Accuracy and range selected are indicated below:

Accuracy 0.01% displayed up to 5 significant figures
(DM4000 Instruments and application notes; July 1991:

SANS) .

Range: Cross-shaft & Traverse 0.03-800Hz
Windup 0.03-1900Hz

Spinfinish 0.03-2Hz

In addition to the above the panel meter could also provide

the following:

Communications: RS485 Multidrop.

Scan rate: Typical 500mSec per input.

Total Scan Time for 80 inputs = + 10secs minimum.
Local alarxrms option available.

Expandable up to $9 units.

Four panel meters would be installed at the headstock of
each machine and twenty Namur sensors would have to be
installed on each machine to monitor the spinfinish speed.
All sensor cabling would have to be re-rcuted to the
headstock of every machine. Two-wire screened cabling would

have to be installed and routed to each panel meter

Il

jabs
joh

then tc¢ the computer which would be positioned at th

-
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existing selector/tachometer switch panel. Enclosures would
have to be installed for the panel meters to be mounted at

the headstock of each machine.

This system would operate virtually the same as the RLC
Digital Panel Meter option except that it had an RS485
communications module which would simplify the cabling
structure. A cost breakdown for the installation of this

system is given in Appendix E.

In reviewing the options 3.1, 3.2, 3.3, 3.4 and 3.5 listed
above, each o©of these systems would have been able to
perform the task equally well, with some systems having
slight advantages over the other. Please refer to Table 3.1
for an overview of how well each system compared to each

other.

3.6 Selection of Hardware

Options 3.2, 3.3, 3.4 and 3.5 listed above together with a
cost breakdown were presented to the Production Management
Department of SANS. As stated earlier in the introduction
of this document SANS logst +R20 000 per annum as a result

of speeds being out of its specified range, this would mean

t

that if this project was to save the company scme money i
would have to pay for itself within the company's two year

payback period for projects of this nature.

32



MAFLEX

BECADA - MUX

RLC - DIGITAL PANEL METER

STATUS - DIGITAL PANEL METER

Systam dependsnt on host
computer for display of
various speeds

Syatem dependent on host
computey for diasplay of
various speeds

System can run independently
of the host computer. The
varicus speeds will be
displayed at the headstock of
each machine,

System can run independently of the
hoat computer. The varicuas gpeeds
will be displayed at the headstock
of each machine,

Signal conditioning
raguired. Frequency to
frequency converter.

Signal conditioning required.
Pregquency to freguency
convercer,

No signal conditioning
requirved.

No saignal conditioning required.

Frequency to fregquency
converters will have to be
built and tested, adding to
the complexity and cost of
replacement modulea.

Conditioning units will have
to he customized, reaulting
in non standard units and
thus adding to the complexity
and coat of replacement units

Already proven off the shelf
item.

hlready proven off the shelf item,

Once tha range haa heen
configured no further
adjustments would bhe

required even during an MCO.

A phynical range selection
will have to be made to the
aignal coenditiaoning module
during an MCO.

Once the range has been
configqured prior to
commigeloning, no further
adjustment‘s will be required,
even durlng MCO's.

Once the ranga has been configured
prier to commissioning, no further
adjustment's will be required, even
during MCO's.

Range: 0-50Hz, 100-
800Hz,100-1900Hz
Accuracy: 0.2%

Range: 0.01-5Hz, 100-1000hz,
1000-1900H=z.
Accuracy:Counter modules
0.01-SHz 0.01%

100-1000HZ S%&

1000-1900Hz S%

analogue i/p module ¢.39%%

Range: ©.01-2Hz, 0.01-800Hz
0.0]1-1900Hz
Accuracy: D.D1% 1 digit on
all ranges.

Range: 0.03-2Hz, 0.03-800Hz
0.03-1900Hz

Accuracy: 0.0D1% 41 digit on all
ranges .

Different types of speed
monitoring modules will have
to be used to accommodate all
the speed ranges.

Total Scan Time: t2secs

Total gcan time: t2secs

Total acan time: $i2secs

Total scan time: iisecs

Communicaticns: Bua
Htyructure

Communications: RS548S
multidrop

Communications: 20mA current
loop

Commupications: RS485 multidrop

Plant shutdown required.

System can be phased over.

System can be phased over.

System can be phased cver.

Total cost: $R196 380

Total cost: $Ris2 900

Total cost: R199 100

Total cost: $R225 000

Table 3.1




Looking at the cost breakdown given in Appendix E, the
Production Management Department decided that any options

listed above were too expensive to consider.

Past records have shown that SANS insist on purchasing
electronic equipment from reliable sources for reasons of
reliability and backup service. In-house design and
construction 1is only justified when there is no
commercially available system to perform the task as
specified or the savings resulting from an in-house design

are considerable (Kirk,1985:1}.

For the reascns mentioned above a hardware syatem had to be
designed and developed at a much lower cost even if it
meant sacrificing the monitoring of the slow spinfinish
speed. The development and design of this new hardware

system is explained in Chapter 5.
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CHAPTER 4

ASSESSMENT OF SOFTIWARE

There are a wide range of commercially available software
products which could be used as a monitoring system, but
once again one had to consider the following criteria in

providing a solution (refer to Appendix A):

a) the cost of commercially available software
products,
b) whether the software was already in use on other

gsections of the plant,

c) whether the software package could provide a
simple method for viewing current speeds and
alarm conditions, log alarms Thistorically,
display historical trends and whether data could
be accessed remotely wvia a network or serial
link,

d) interfacing Lo required monitoring hardware.
Relow is a list of the best possible front end control
systems which could be used to implement a solution under

the given conditions:

4.1 CYGNUS/AZON

This software is currently being used to control various
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sectiong of the plant at SANS. However 1t requires a VAX
platform running under the Open-VMS operating system. The
package caters for medium to large size plants (5000 -~
26000 inputs and outputs). Thus the base cost of such a
system 1s prohibitive for the size of the system under

censideration.

4.2 Turbo Link

At the time of this project this software was not being
used at SANS but SANS Engineers were looking intoc the

possibility of using this software for other applications.

On investigation of this software some useful features were
found which would meet the requirements laid out by SANS.

Thegse are listed below:

4.2.1 Control Screens

Associated with each mimic is a free-format text based
control screen, these screens can be configured to
display digital and analogue data base items {(tag
name, tag description and tag status/value), as well
as providing the operator with an on screen access to

centrol points.
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4.2.2 Production Reporting - Management

Information

A facility exists for 10 free format 131 column x 72
line reports to be configured for hard copy output of
current, archived and calculated process information.
Archived data can also be printed out in the form of
a log. Editable text fields are also permitted,
allowing the operator to enter comments etc, prior to
the report being printed. Each report can be set to
print automatically on a time schedule basis as well

as on demand under contrcl of a digital tag.

4.2.3 Trending Information Analysis

Turbelink allows for dynamic or archived trending of

any data base item.

Dynamic trends:
Four dynamic trend screens are provided, each of
which may display 6 wvariables at a time.
Different sampling rates are provided allowing
for suitable time windows. Each wvariable is
trended in a different colour and the scale on
the y-axis <corresponds tc the range in
engineering units as defined in the data base for

the selected wvariable.
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Archived trends:
Standard Turbolink configuration supports 25
archive groups containing 40 user selected tags
per group, expandable to 100 groups. Group
archive rates can be selected from a variety of
time bases: ON DEMAND; at an interval rate
specified in SECONDS, MINUTES, HOURS, WEEKS or
MONTHS; or under conditions where pre-defined tag
value deviations occur. As archived data 1is
written to disk on a circular bases - the newest
data over-writes the oldest- facilities exist to
copy archived files to an external storage medium
when the file space is 80% utilised. Statistical
analysis of selected blocks of data is available

for display.

4.2.4 Database Status

A dynamic view of the values in the database can be
viewed on the Database Status Screen, values may be

changed, access level permitting.

4.2.5 Alarm Class Definition

Twenty alarm classes can be configured whereby each
rag alarm condition may have its own alarm class. The

-

1 or 2 printers, cause a beep,
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be acknowledged, sent tec an alarm screen, sent to an

alarm log, or sent to an event log.

4.2.6 Operator Messages

A message may be appended to each configured alarm
which will give the operator additional information
or instructions on what to do. These messages may alsc
be referred to by control screens and production

reports.

4.2.7 Recipe Management

Turbolink provides a configurable, disk based recipe
management system catering for 150 recipes, each with
up to 150 ingredients. This would prove to be very
useful for MCO's, various alarm limits, set points
could be loaded into the database for the wvarious
product runs. A control screen can be configured for

gselecting the variocus recipes.

4.2.8 Alarms and Event Logging

12 00C Alarms and 12 000 events can be lcocgged to disk.
These alarms/events are recorded chronologically, with
the most recent being displayecd when entering this

opticn.
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4.2.9 Passwords

Password access is provided for up to sixty users,
this would be ideal since each operator, supervisor
and engineer could have his own password. Thus it
would be possible to identify the person acknowledging
alarms and/or making changes to certain parameters.
Only nine users may edit the passwords, though an
individual user may change his own password only, if

so desired.

4.2.10 Access Levels

Editing levels may be restricted to various levels of
access. The restriction is for editing only, so a user
with a lower access level may still peruse the screens
without being able to alter any items, this would
prove very useful to SANS, since the operators need
only acknowiedge alarms, while supervisors and

engineers would reguire higher access levels.

4.2.11 Interfacing software

Turbolink has a large number of communication protocol

drivers available and the development <f these

protoccls is continual and on-going. Should a device



not be supported Turbolink would develop the necessary

communication preotocol driver.

In addition to the features listed above Turbolink

also provided the following:

4.2.12 Programming

Turbolink provides a programming language with which
the user may process the database information. Full

floating point mathematical functions are provided.

4.2.13 Mimic Displays

Some features of these displays are listed below:

- 100 mimics with up to 500 variables per mimic

- Dynamic elements incorporate horizontal and
vertical analogue bar-graphs, numerical displays
and multi-state digital displays in wvarious
colours.,

- Trend window overlays and dynamic text messages

- Symbol animation.

These displays may alsc be used to perform the

following functions:

- Provides a window to plant operation showing
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actual operating information.

- Machinery status may be indicated by change of
colours or symbols or operator messages.

- Dynamic bar graphs or numerical displays of
analogue values.

- Real-time trending of selectable variables.

- All operations may be password and/or access

level protected.

4.3 Fix Dmacs for Dos (System Description, The Fix -

Dmacs system:SANS)

This software was still under further investigation at the
time of this preject and SANS had already purchased this

package for use on Drawtwisting plant.

The Fix Dmacs is a very flexible and powerful distributed
system software product for factory automation and process

control applications.

Fix Dmacs has a unique networking philosophy based on true
distributed data sharing, thus allowing data to be shared
by various other nodes. Any node on the network only has
a database if it communicates directly with an I/0 device
and is defined as a SCADA node. Variables can be

transmitted or reguested on a need tc Know bases. Thi
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would be able to access data from there offices, and
immediately view the plants performance. An example of how

this is achieved is shown below (Figure 4.1).

HHIT -] Hiil} -

!

-—.Ej: 1_4:}

Figure 4.1

Nodes 3 and 4 are regarded as VIEW nodes and can perform
functions such as operator viewing, historical trending and
report generation. From these two nodes information could
be accessed from nodes 1 and 2. Ncdes 1 and 2 are both
SCADA ncdes since each is communicating with an I/0 device.
In this application this would mean easy access to data and
the system could easily be expanded to operate with other

systems.

This package allows for full on-line system configuraticn

and access to Dos.

The Dmacs software package is divided intoc two node types:

I

VIEW and SCADA. The VIEW node containg Base-line Software

which is capable of heing configured to perform several



functions, while the SCADA node contains software for
handling analogue and digital inputs and outputs and alarm

handling.

The base-line module provides basic Dmacs support, and acts
as the foundation for other Dmacs functions and includes

the following:

- The Fix Shell for providing full multitasking
support.
- Fix MMS SFMMSC for local and network wide data

access subroutine support.

- Session monitor to monitoer network
communications.
- Alarm services. Networking support for

transmitting and receiving alarm messages among
network nodes.

- I/0 driver compatibility software.

- Configuration utilities for the System, Password

generation and Network ceonfiguration.
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The SCADA node provides data acgui

capability, and contains the following programs:

- Data base builder
- Scan alarm and control

- Alarm monitor
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- Data base configuration.

The blocks contained in this module which would be required
for this application are: analogue and digital inputs,

calculation, digital output and real time trend.

Additional modules would have to be purchased to meet the

project requirements, these are listed below:

- Graphics support. This provides for either character
or pixel graphics in a node performing operator
display functions and in addition the Alarm Summary

Display program.

- Historical trending. This package provides for
collection and disk archiving of analcogue and digital
data, and contains the following programs: Historical
Tag assignment, Historical Trend collect and

Historical Trend display.
- Report designer and generator. This is an interactive,
free-format report editor, runtime generator and

scheduling program.

Dmacs interfacing software:

Fix Dma<s has a large number of communication protecol



is continual and on-going. Should a device not be supported

Fix Dmacs

protocol d

would develop the necessary communication

river.

Cperating platforms:

DMACS curr
namely: Do

to run on

Below is 1

4.4 User

syste

As a final

ently runs under 4 different operating systems,
s, Windows, 0S/2 and VMS which will allow DMACS

a VAX.

ist of additional features of this package:

Interfacing to third party software including
Lotus 123, @Factory, G2, OCracle, Rdb and S8QL-
based relational databases {eg. FOCUS)
Expansion capabilities - up to 5120 inputs
Cffers a library of over 60 communication modules
Standard features modular (eg. Automatic Recipe
Download - 256 Recipes supported, Value Triggered

Displays - up to 255 values).

written software (Broken Filament Detectiocn

m: SANS})

option a scftware package which had been written

by an outside contractor was investigated. This package was

used to mo

nitor and control the Broken Filament Detection
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System. This system has sensors which detects whether a
filament of yarn has been broken on any of its 4 positions
on a machine. These sensors are wired to a PLC which is in
turn linked to the PC containing the Broken filament

detection software.

Below is a list of some of the features of this package:

4.4.1 Display Screens

A total of 9 screens were available, one screen for
each of the 8 machines (see Figure 4.2) and one
summary screen, and provision was made to be able to

add additional machines to the system if necessary.

B-FPILS2 V2.07 Printer Mormal Controls Closed 1993-02-0&8 L4:56:47
Product : 1100£192t1831

Position A B c D
Last Fil 14:00:35 14:56:04 14:55:44 14:48:06
Rate Value (BpM) 0.0 2.0 a.0 0.0
Rate Alarm Limit 7 7 7 7

2 Hr Ave 1.0 8.5 3.0 3.5

2 Hr Alm Limit g a0 30 ag

24 Hr Ave 1.1 11.6 7.2 6.7

24 Er A Grade 1.1 11.6 7.2 5.9
Doff Count ) 7 1 4
Control limit 9 9 9 9
Reject Limit 14 14 14 14
Doff Time 00:11:31 00:18:04 00:17:05 00:23:57
Scan Status OoN ON ON ON

PgUp, PgDn = Display Prev/Next Eistory Summary Data (Smry Scrn)

Figure 4.2
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4.4.2 Passwords, Alarms and Event Logging (Data)

This system had only one level of password access,
this allowed supervisors to edit the display screens
as required. The date and time of editing the display
screens were logged to disk. Every time an alarm event
occurred it would be logged to disk and only printed
once it had been acknowledged. Data files logged to
disk was of a wrap-around nature and contained data
for a week, but this capacity was configurable. The
time required to update the data was also
configurable. A dynamic view of the wvalues in the
database could be viewed on the Summary Screen. A
facility existed to download data from a selected file
in ASCII format to allow interfacing to software such
as Lotus 123. This software was &Then used to

manipulate the data to produce graphs, trends, etc.

4.4.3 Access Levels

Editing levels were restricted to one level of access.
The restriction is for editing only, so a user with
a lower access level may still peruse the screens

without being able to alter any items.

48



4.4.4 Communication Protocol Drivers

A device driver had been developed to link the PC to

the PLC,

4.4.5 Exiting to Dos and Termination of program

The <CTRL> <BREAK> and the «<CTRL»> <ALT> <DEL> options
and any other keyboard activated way to either crash
or terminate the program had been disabled. This
program could only be exited to Dos via the password.
This was done to prevent operators from tampering with

the software, playing games, etc.

The computer system installed was flexible so as to allow
future modifications or additions to the computer system
to be done as easily as possible, with minimum disruption
to the existing system. The source code had also been
supplied with the scftware. This was an agreement between

SANS and the contractor.

The broken filament detection sgsoftware had been used very

succegsfully in the plant and after consultations with the

e ]

outside contractor it was decided that the user writte
software would alsc be a very viable gption. Below 1is a
brief summary of the software that would be regquired for
this project (for a more detailed specification refer to

Appendix C):
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Display screens and alarms:

A total of 21 screens were required one screen for each of
the twenty individual machines and a summary screen for zall

the machines. (See Figure 4.3 and 4.4).

DATE @3./@L/1953 PRINTER OR CONTROLS CLOSED  TIME: 14:9QL:34
HACHINE 28
Peeld 1 oF 1356 7988C
ACTUAL SPEED SET POINT DEVIRTION
Cross~-sihaft s6gq RPM ERPH
Windup 877 RPM | Bl -]
Traverse 344 RPM RPM -
Windup

PATIO ¢ ———— 2 . ]

' Cross-shaft 3,12

Figure 4.3
DRTE @s-/@L/1993 PRINTER OH CONTROLS OPEN TIME 14:29:54
RATIO SUMMARY
m ] n3 Ma ns
1.234 1.432 a.987 1,025 @2.999
Me L na na nie
1,222 1.121 OFF SCaN t1.229 1.2
M1 Hi2 M3 Mia M5
@.989 1.2%% t.29Q OFF SCAN @.99:
Mme n? me M8 nen
oFF SCAN 1,222 1.21@ z.292 t.122
Figure 4.4
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All screens had to be updated automatically thus having a
real time operating appearance. The Print Screen option had
to available at all times to print the currently displayed
screens. Function keys had to be programmed toc switch

between the various screens.

Provision had to be made on the screen to display
unacknowledged alarms. The acknowledgement of alarms would
required the entry of an operator identity. All alarms had

to be logged to disk and printed.

Passwords and Access Levels:

This scoftware had to cater for up toc six different
supervigor passwords all with the same level of authority.
This would allow supervisors to change parameters on the
screen for each of the twenty machines (this would be the
first level of access). A master password had to be fixed
in source code for the Engineers, this would zllow access

to database and configuration files (second level o

tfy

access) .

Data:

Every setpoint and deviation had to have a file on disk.
Everytime a parameter was changed it had to be logged to
disk together with the date, time and name of supervisor

nade the change. The time for updating data had to be

£
]
0
3

configurable. Data had to be made available in tabular

ASCII format to allow 1t to be imported into packagss such



as Lotus 123.

4.5 Selection of Software

All the software options listed above could have been used
to provide a solution. The FIX DMACS software was a strong
consideration for providing a solution, for reasons of
standardisation. But in providing a solution communications
interfacing software (i.e. communication protocol driver)
had to be developed for each of the software solutions
discussed above. The development of these drivers for
CYGNUS, FIX DMACS and TURBOLINK would have been very
expensive and this cost was excluded from the price of the
software. In reviewing the user written software the total
cost of this scoftware was 1initially +R30 000 (refer to
Appendix E) and this figure included the communicaticns
protocol driver. In addition the source code would alsc be

supplied with the software.

Once the selection for the software and hardware were
finally made it was now possible it implement a solution.

This is discussed in Chapter 5.
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CHAPTER 5

HARDWARE DESIGN

In reviewing the varicus hardware options discussed in
Chapter 3 a decision was made to design and develop a
hardware system that could be used to implement a soluticn.
This decision was based on cost since past records have
shown that SANS insist on purchasing electronic equipment
from reliable scurces for reasons of reliability and backup
service. In-house design and construction is conly justified
when there is no commercially available system to perform
the task as specified or the savings resulting from an in-

house design are considerable.

Due to the tremendous cost invelved to monitor the
spinfinish speed via the new locally designed hardware
system it was decided not to automate the monitoring of the
spinfinish speed. The cost of installing the sensors to
monitor the slcw spinfinish speed would amcount to 2R20 000.

This figure includes the following:

al cost of sensors, and

b) the wiring and installation cocsts.



5.1 Hardware Design Goals

The proposed system had to be modular to ensure ease of
maintenance and improved reliability. Standardisation was
also essential for ease and speed of development,

installation, commissicning and maintenance.

All electronic components had to be sourced locally and
duplicate circuit boards had to be produced to be kept as
spare for maintenance purposes. The design goal of the

circuit itself was simplicity to enhance maintenance.

5.2 Hardware Design Overview

For an overview of this design refer to Figure 5.1.

Instead of using a panel meter to monitor the shaft speeds
on each machine, as discussed in Chapter 3, and thereby
increasing the installation costs, three panel meters were
used to monitor the Cross-shaft, Windup and Traverse speeds
on all the machines. This was achieved by multiplexing the

Cross-shaft, Windup and Traverse shaft speeds.

tn
=3
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A total of 60 sensor outputs was wired to 3 multiplexing
boards {i.e. 20 input signals per bcard), each board was
dedicated to multiplex a specific speed on the 20 machines
(i.e. one board will multiplex Windup speeds, another
Cross-shaft speeds and the third board the Traverse
speeds) . The Cross-shaft, Windup and Traverse multiplexin
boards were designed in such a manner that they were exact
duplicates of each other so that each board cculd ke
interchanged quite easily and also to limit the number of
circuit beards tc be Xept as gpare, thus reducing the

running and installation costs still furthe

=

The output signal on each multiplexing board was wired to

h

a STATUS Digital Tachometer. These tachometers (3 off)



were interfaced to the personal computer (PC) via a

multidrop RS232C communications network.

5.2.1 Main control board design

A digital I/0 card (PC36 - 8255) was used to drive the main
control board. From this main control board the three
multiplexing boards, display and alarm devices were driven.
The three multiplexing boards were addressed
simultaneously. This allowed the Cross-shaft, Windup and
Traverse speeds of a particular machine to be displayed
gimultaneously. The main control board was addressed by the
computer and the data from STATUS tachometers were read
after a settling time of 300msec minimum had expired. The
Status panel meter (DM4000C Smart Indicator) regquired a
minimum time of 300msec to update its data. (NOTE: The
300msec settling time for all 3 tachometers were
concurrent} . This settling time could alsc be configured
remotely using the PC. Refer to section 13 of Appendix D
of the Engineering manual. Once the data from all 3
tachometers have been received the main control board would
be re-addressed to receive the data from the next machine.
This process would continue until all 20 machines were

addressed, the cycle would then repeat itself.

Refer to Figure 5.2. In the normal operational mode the PC
generates a 1 Hz frequency on one of the digital I/0 peorts
(namely 1line €} . This freqguency is monitored by the main

control board and, as long as it is present, the binary

55



address of the machine selected would be latched by the
main control board to accept this address from the PC and
not from a counter on the main control board. Should this
signal disappear, for example if the PC program crashes,
the main control board would autcomatically go into manual
mode where the machine would then be enabled through a
switch in the hardware. This enables manual use of the
system in a case where the PC is disabled. This yellow
push-button switch would be located next to the keybcard
on the cabinet which will house the computer and

instrumentation hardware.
The main control board and multiplexer boards isclate the
plant from the computer using galvanic isolation up teo 1500

Volts. This is a safety requirement from SANS.

For a more detailed circuit description refer tc page 146

of Appendix D of the Engineering Manual.
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5.2.2 Multiplexer interface design

Refer to Figure 5.3. The DM4000C panel meter was designed
to accept signals from a wide variety of sources and this
included signals from a magnetic pick-up sensor. For this
reason no signal conditioning would have been required if
the sensor had been directly coupled to the panel meter.
But gince it was necessary to multiplex the input signals,
the input signal level was limited to 112 volts peak-to-
peak because of the type of analogue multiplexers used.
A clamping circuit was designed to 1limit the input signal
amplitude to +12 volts peak-to-peak. Three 8-bit analogue
multiplexer integrated circuits (I.C.'s) were used to
multiplex the 20 input signals to a panel meter. The
multiplexers were addressed from the main control board
through opto isclators, these isolators were used to
protect the main control board from high voltage spikes
coming in via the sensors {(they provided galvanic isclation

up to 1500 volts).
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5.2.3 Display board design

Bearing in mind the skills level of the operators, a simple
method of displaying which machine was currently being

scanned was required.

This was simply done by using two 4-to-16 bit decoders
which illuminated the respective light emitting dicdes
(LED's) above the keyboard in the enclosure. Refer to
Figure 5.4. The ‘'auto' and ‘'manual' LED's were also
displayed in the cabinet. These LED's have a dual function
in that it would indicate that the PC was not fully
operational, for example a program crash, and a pushbutton
switch had to be used if the operators wished to scan

through the machines to view there shaft speeds.

61



. L g | 1 L T i
1) __-S..ﬁuma:. e g | L [

Cape

[} HIE* AYTdSIO HHYN 3714 - i

in Bellville

Figure 5.4
nsula Technikon

.i

he Pen

.
L

L} .
OHYDH YBODOA0 ONY AY-d8Io
NI¥H AD
GUANNTJE NUMTAN NYDIHAY HLNOS
uoee
iy
Terms ounv
sy o2
(3 4] NW 80
a3 oAy oE1 Mo
o o
Yoo [y ME....: Y bzo
' v "
) s ,Hﬂ e H ekl s
OLEEEROLUSDIRRFD R TALTIT s
vean b3 vady (14 NIV AR+ B
O reTY um piny B
*n n OBl WhNYH B
NI
WNDIE WRT ® - WHW ¢
NOTLd UOBN0 NId 9d
vare
S g
ritn m
4
Ll
2
q
— 4
H
H
NIYH )ﬂ%
sl ai HOLEBNNOD AHTON
an, 0 .....:.oT_E ‘a
80 == #0 == va =
T
ri 124 L4 m
AR+
EN 2rn LN hw
] I -} 1 E 4 | [3 L ] I '] I L. I ]

e development and testing of the prototype boards were

rn

)

5.3 Development and Testing of prototype boards

conducted at
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The circuits for the various boards were first designed on
breadboards in the development stage (Figure 5.5). The
first board that was developed was the interface board
which required that the input signal be limited to +12
volts peak-to-peak. This was done by placing a resistor
(for current limiting) in series with two 12 wvolt zener
diodes placed back to back (see Figure 5.3). The output
from this circuit was then linked to one of the eight
inputs of the analogue multiplexer. The output of the
multiplexer was connected to the low voltage zero crossing
analogue input of the STATUS panel meter (DM4000C). A
signal generator was used to simulate the sensor input and
a frequency range from 100 to 2000 hertz (Hz) was applied
with an amplitude range of 0.2 to 50 volts peak-to-peak.
The results indicated that the circuit performed well under
the conditions stated above and the input frequency
equalled that displayed by the panel meter (accuracy within

I's$) .
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The display circuit was simply tested by connecting a 4-bit
counter to this circuit (Figure 5.4) that counted from 1
to 20. The circuit worked well in that the 4-bit value that
was generated by the counter was displayed by the

respective LED.

The main control board (Figure 5.2) was tested using a 4-
bit counter (from 1 to 20) to simulate the 8255 I/C PC
card. A signal generator was used to simulate the 1Hz
watchdog pulse that would normally be generated by the
goftware in the PC. With the 1Hz pulse being present the
output of this control board was received from the
simulated 4-bit counter input {i.e. from the PC). With
this signal removed {eg. a simulated PC malfunction) the
output of this board was received from an onboard counter
that was triggered by an external switch (i.e. the

pushbutton switch as explained in Section 5.2.1).

Once the bread-boarded version of the entire circult was
tested and found to be fully functional, the assembly of
the various boards were contracted out to a manufacturing

company. {(Figure 5.6)

These prototype boards were once again tested as exXplained
above and several faults were discovered, thegse had been
created by the manufacturer. Cnce the final assembly of the
revigsed circuit boards were received they were tested on

site. These circuit boards were tested over a 24Hr period
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and performed as expected with the input frequencies

matching those displayed by the panel meters.

Figure 5.6

5.4 Power Supplies

To withstand the large amounts of noise generated on the
mains supplies, four 200 watt computer power supplies were
used to drive the instrumentation hardware. This was also
done to isolate each of the individual boards from each
other and also the computer, up to 1500 Volts. Referring
to Figure 5.7 , each of the three field boards has a +12
Volt direct current (DC) power supply and the main board
a 5 Volt DC power supply. The 200 watt computer power
supplies were chosen for reasons of standardisation, backup

service and reliability.
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5.5 Wiring and Interconnections

Wiring and interconnections between the various circuit
boards and other peripheral equipment had to be simple in
design te enhance maintenance. Details of the field wiring
connections and the interconnections are shown in Appendix

N,0,P,Q,R,8 and T of the Engineering Manual.

5.6 The speed monitoring cabinet design

The computer monitor had to be mounted inside a cabinet and
had toc be visible through a sealed window. A membraned,
type 101 keyboard had to be used, this keyboard had to be
accessible from the outside of the cabinet whilst still
being protected against accidental damage. Five power
points were to be made available inside the cabinet for PC,
printer, power supplies, etc. All panels of the enclosure
had to be removable to allow access to terminal strips,

printer, instrumentation, etc. See Figures 5.8 and 5.9.
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5.7 Installation and commissioning

In this Nylon spinning plant the monitoring of the shaft
speeds for the various machines were monitored every shift
changeover as explained in Chapter 1. For this reason the
installation had to be performed as quickly as possible
since no form of speed monitoring would be available during
this time. The installation started immediately after the
speeds were recorded and took approximately 16Hrs to

complete.

Once the installaticn had been completed and the power

switched on the hardware has never given prcblems except

l“'

n one instance were the connections on a sensor had gon

M

It

ausrty.

¥

Several bugs of varying degree cf seriousness were found
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in the software but these were quickly ironed out by the

contractor.

5.8 Manuals and Training

Three manuals were developed all focusing on how to operate
and maintain the speed monitoring system. One of these was
targeted for operators, another for supervisors and the

third for the engineers and technicians.

The staff working in this particular nylon spinning plant
work in three 8 hour shifts and training was given over 2
days for the operators and supervisors. A day was set aside
for training the engineers and technical staff who maintain
that particular plant. For details on the use of the
software and Engineering manual developed please refer to

the Engineering manual in Appendix D.

€59



CHAPTER 6

CONCLUSION & RECOMMENDATIONS

The purpose of this study was to implement a suitable
computerised method of speed monitoring which could provide

the following:

a) produce alarms on over-speed or under-speed,
b) log alarms,
c) produce historical trends, and

d) generate reports.

In addition to the above the system had to be cost
effective, and as far as possible, make use of existing
technology used on the plant and be simple in design using
off-the-shelf items if possible. See Appendix A for

original proposal.

This chapter will try to assess each objective set forward

+o determine its success.
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6.1 ASSESSMENT OF PROJECT

6.1.1 Production of alarms on over-speed and under-speed

Once the computerised speed monitoring system was up and
running and all the information (i.e. setpoints, deviations
and ratio's) relating to the various production runs were
entered in the database, the system very successfully
produced alarms on over-speed and under-speed ranges.
Alarms were produced in the form of a low frequency audio
alarm and light beacon to draw the attention of the
operators to provide the necessary corrective action. Thus
more accurate control could be kept over the speed of the
machines and thereby improved the quality of the yarn being
produced. Refer also to the software specification in

Appendix C.

6.1.2 Logging alarms

Since the logging of alarms were none existent in the
previous speed monitoring system, accurate control over the
speed of the machines could not be kept. Therefore the
quality of the vyarn being produced was not always

consistent.

By recording and logging this data the production of

defective material could be tracked back to the source of
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the problem. This in turn saved the company time and money
in that it would not dispatch that particular defective

batch of material to the customer.

6.1.3 Production of historical trends

The current nylon speed monitoring system, monitors the
shaft speeds (i.e. Cross-shaft, Windup and Traverse) at an
interval that is set in the software. This interval could

be changed to suit the company's needs.

The trend of each machines performance could be monitored
over a certain period of time (+2 weeks maximum - depending
on the scan rate set for all the machines), by down loading
the data onto a sgpread sheet. Refer to the software

specification in Appendix C.

By recording and logging the shaft speeds and ratios data
on the nylon spinning machines the system produced other

beneficial offshoots. These are listed below:

6.1.3.1 More accurate control could be kept over the
speed of the machines and thereby improving
gquality.

6.1.3.2 By keeping a regular record of the machines’
performance this system later revealed that
it couid be used for preventative

maintenance. This saved the company time and
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money in that maintenance on these machines
could now be scheduled more accurately,

before the machines actually broke down.

6.1.4 Report generation

The o©ld nylon speed monitoring system had no formal
procedures on generating reports on any changes made to the

system as explained in Chapter 1.

With the new speed monitoring system installed any changes
made to the system for example a setpoint change, the
system would immediately print the name of the person who
made the change and the details of the change. This woculd
also be recorded automatically on a file in the software
which could be retrieved at a later stage. Refer ¢ the

software specification in Appendix C.

€.1.5 Costing

Significant savings were made in developing the hardware
and alsc by making use of user-written software for this
project. The final cost of this project came to #RS55 0CO ,
well below the cost estimate of the various other solutions

discussed in Chapter 3 and 4. Refer also to Appendix E.
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6.2 Recommendations

Success of a preocduction process can be measured by the
ratio of useful product to the amount of wasted product.
The second measure 1is customer returns. The decrease or
increase in the amount of wasted product and the amount of
customer returns as a result of this project cannot be
accurately assessed since the vyarn goes through two
processes before being dispatched to the customer. The
first process is the nylon spinning process as explained
in Chapter 2 and the second being the drawtwisting process
as explained in Appendix B. Further studies can be done to
accurately determine the amount of wasted product and
customer returns received as a direct impact ¢f the nylon
spinning process, thereby determining the success of the
production process, using the information received from the

computerised speed monitoring system.

Since this project only monitored the speeds of the various
machines and no form of automatic control was applied
further developments could be done to improve the quality
of the product by applying automatic control. Under the old
nylon speed monitoring system manual control was applied
to all the shaft speeds on every machine. After every MCO
the shaft speeds would be setup by the technicians and once

he machines was running the speeds would be reccrded every

Y

shift changecver ag explained in Chapter 1. Speeds goin

out of range between shift changeovers would often go
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undetected and thereby producing defective material. The
new speed monitoring system eliminates this problem in that
alarms would be activated, thereby drawing the attention
of the operators to apply the necessary corrective action
and thus further reducing the production of defective

material.

All shaft speeds are controlled manually by the operators
and their response to applying corrective action, when a
machine's shaft speed is out of range, is in most cases not

immediate.

By providing an automatic control system with a feedback
response in the order of a few microseconds, the quality
of the yarn produced could be highly improved. This could
be done by replacing the hydraulic variable speed gearboxes
and motors with inverter drives for better speed control.
The instrumentation regquired to monitcr and record the
various speeds would alsc have to be replaced with possibly

a PLC.

Spinfinish monitoring is not currently being monitored
under the present system due to cost. The cost were
escalated by the slow speed at which it runs and the
problems assocliated with installing a suitable
sensor/encoder on this shaft of every machine. This would

alsc require the machine to be shut down. Further

developments cculd be investigated to monitor the slow



Spinfinish speed.

Other developments such as recording the length of a full
doff cake (roll of yarn) could also be investigated. This
could then be incorporated into the existing nylon speed

monitoring system.

In conclusion the success of this project was revealed in
the achievements of the objectives set forward in the
original proposal, the low cost and beneficial offshoots

discussed in Section 6.1.
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CHAPTER 7

GLOSSARY OF TERMS

Analog multiplexer

This device is an electronic circuit with two or more input
terminals and one output terminal. An analog multiplexer
is basically a set of parallel electronic switches
connected to a common output line. The switches close
sequentially with conly one switch closed at a time and with

switching controlled by the decoder driver.

ASCII

American standard code for information Interchange. This
code assigns a number to each numeral and letter of the
alphabet. In this manner, information can be transmitted

between devices as a series of binary numbers.

Binary

Base two number system. Binary is a system in which 1's and

0's are used to represent numbers.

Host computer

Host computer is one to which devices communicate. The host

may download or upload programs, or the host might be used
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to program the device.

Interfacing

For example a connection of a PC to external devices.

Local area network (LAN)

A system of hardware and software designed to allow a group
of intelligent devices to communicate within a fairly close

proximity.

Module

A functional wunit of Dmacs software (eg. trending

analysis)}.

Network

A number of computers connected via a cabling system such
that each computer can be accessed by a unigue, symbolic
name. System that 1is connected to for communication

purposes.

Node

A computer with the Dmacs network. Point on the network

that allows access.

Noise

Unwanted electrical interference in signal cabling. It can
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be caused by motors, coils high voltages, welders, etc. It

can disrupt communications and control.

Opto isolators

A device that provides logic separation from field levels.

Reject yarn

Yarn of varying thickness.

RS-232C

A data communication standard that encodes a string of
information on a single line in a time seguential format.
The standard specifies the proper voltage timing
requirements so that different manufacturers devices are

compatible.

Supervisory system

Software package used to manage data scanned in from a

process plant.

SCADA
Abbreviation for Supervisory Control And Data Acguisition.

The concept 1s that software is rTun in a PC or
microcomputer to enable communications to a wide variety
of devices, this scftware is typically like a generic

building block.
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Sensor

Device used to detect change. The cutputs of sensors change

state when they detect the correct change.

Speed

Used to describe the linear or rotational velocity cof a

motor, shaft or other object in motion.

Tachometer

Instrument used to convert electrical pulses into a

readable form.

Watchdog pulse

A pulse that is used for checking the status of the

computer (eg. a computer program crash}.
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APPENDIX A

SANS - BELLVILIF WORKS
ENGINEERING DEPARTMENT

SUBJECT : NYLON SPINNING - SPEED MONITOR SYSTEM

Scope ;

To design and implement a speed monitaring system in Nylon Spinning te replace the manual
selector switch/tachometer system.

System requirements ;

The system must cater for windup, traverse, cross shaft and spin finish roll speed manitaring for 20
spinning machines (ie. 4 x 20 signals).

The system must provide a simple method lor viewing current speeds and alarm conditions,
The following would be desirabie lealures :

A facRity for jogging alarms historically

A facility for acknowledging alarms and dentitying ihe person doing so

Historical trent (ispiays

Aemole access 10 dala {eg alarms) via a network,/serial link

The solution must make use of technology already in use at SANS or must ne compatitile with
SANS systems.

The modification should be restricted to replacing the monitoring system and retain the speed
sensors gn the machine {tooth whesl) if practical

The budgetary constrainis shauid be observed in selecting a sciution.

e
..._,I



Project Plan :

1. Inspect present system : hardware, use by operator

2. Determine user requirements and write a specification

3. Investigate suitable technology and present a proposal

4. Perform detail design and costing

5. Gain plant agreement and expenditure sanction

6. Procure items

7. Implement soiution

8. Handover, Training. Documentation .

A timescale of 3-5 months is envisaged 1o compigte the above project. Reguiar progress reviews
will be held with SANS persornel.

SANS - Student Contractor role’s -

SANS wilt allocate a person to supervise this project and provide the necessary introductions.
The SANS supervisor will act as liazon person on the following matters

Initial interaction with plant users
Wark ta be performed on the plant
Selection/contact with supgpliers
Purchasing
Instaliation/Commissioning

It is envisaged that the contractor will be on site on a fairly permanent basis to complete this
project and SANS will provide the necessary facilities.

[ -

P.¥_ Kulentic

Section Engineer - Process Control
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APPENDIX B

NYLON PRODUCTION

DRAWTWIST

The undrawn cake of yarn 1is
loaded to the creel at the top of

the drawtwist machine.

Pagsing through the pre-tension
guides and then behind the top-
roll it is unwound from the cake

by the feedroll.

The threadline 1s then wrapped
cnce around the drawpin and four
times around the drawroll.
Because the drawroll turns faster
than the feedroll the vyarn is

drawn or stretched.

The threadline passes through a
balloonn guide before passing

through a traveller mounted on a

-1

ring. It 1is then wrapped arcund

the spindle and wound up as a

85



drawn package on the container.

Twist is put into the yarn by the rotation of the gpindle.

The faster the spindle turns the greater is the twist,

The ring and traveller system compensates for the
difference in speed between the Windup speed (the speed of
the spindle) and the yarn delivery speed (the speed of the

drawroll}.
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APPENDIX C

SANS - BELLVILLE WORKS

ENGINEERING DEPARTMENT

SOFTWARE SPECIFICATION FOR

NYLON SPEED MONITORING SYSTEM

PREPARED BY LEON ABRAHAMS
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INTRODUCTION

The speed monitoring system will provide information on the
Traverse, Windup and Cross-shaft speeds & ratio's to the

operating personnel in the Nylon spinning plant.

The system will consist of three multiplexing boards each
wired to a STATUS panel meter interfaced tc a PC. The
three STATUS panel meters will be linked to the PC via RS-
232C communications. Multiplexing bocards will be driven

from a digital I/0 card placed inside the PC.

This specification describes the software requirements,

using a PC as the main processor.

BACKGROUND INFORMATION OF THE PRESENT SYSTEM

The Nylon spinning plant has 20 nylon spinning machines,
each having 4 different speeds of which only 3 are
presently being monitored, namely Cross-shaft, Windup and

Traverse.

Monitoring of the speeds is achieved by measuring the
frequency generated by magnetic gensors mounted in the
proximity of a toothed gear. The various signals are fed

inte a selector switch panel for mplification and

fu

waveshaping.
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The sgquare wave pulses produced are then fed into a

tachometer and the selected speed is thus displayed.

Speeds are read on a +8 hour basis (i.e. every shift

changeover), thus unexpected changes inbetween will go
undetected. Variations in speed changes the vyarn's
specifications.

PRCPOSED SYSTEM AND ITS OPERATION

A total of 60 sensor outputs will be wired to 3
multiplexing boards (ie. 20 input signals per board}, each
board will be dedicated to multiplex a specific speed on
the 20 machines (i.e. one board will multiplex Windup
speedg, another Cross-shaft speeds and the third board the

Traverse speeds).

The output on each multiplexing board will be wired to a
STATUS digital tachometer (panel meter). These tachometers
(3 off) will be interfaced to the PC via a multi drop RS-
232 network. A digital I/0 card will drive the
multiplexing boards and alarm devices. The address lines
for these boards will be wired in parallel. The
multiplexing boards will be addressed by the computer and
the STATUS tachometers read after a settling time of
500msec has expired. (NOTE: The 50Cmsec settling time for

all 3 rachometers will be concurrent).
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Onice the data from all 3 tachometers have been received the
mulltiplexing boards will be readdressed to receive the

data from the next machine.

In the normal operation mode the PC must generate a 1 Hz
frequency on one of the digital I/0C ports. This frequency
will be monitored by the multiplexer card and as long as
it is presgent the address of the machine selected will be
accepted from the PC, should this signal disappear, for
example a program crash, the multiplexing cards will
automatically go into manual mode where the machine will
then be enabled through a switch in the hardware. This
enables manual use of the system in a case where the PC is

disabled.

SOFTWARE REQUIREMENTS

General

The tachometers must be read 500msec after the multiplexing
boards have been addressed (NOTE: This time delay must be

off line configurabkle from 40C0msec to 2secs).

A facility must exist to manually halt the automatic

scanning mode through the use of a password.



The software must cater to display the information as will
be discussed in greater detail for 20 machines, each

machine having 3 different speeds.

The software must be written in "C" and be preferably

compatible with Microsoft C.

The software is required to run on a 80386 PC with a VGA
monitor and 107 megabyte hard disk. The software must
however be portable to other platforms through the minimum
modification at a later stage by SANS software engineers,
This implies very thorough documentation and that the
source code be supplied with the software. Design

documentation must also be supplied with the software.

SANS reserves the right to make and use multiple copies of

the software to their own discretion.

SANS undertakes to use the software for their own use cnly

and will not sell it to ocutside parties for profit.

Communication protocol requirements (STATUS digital

tachometer to PC)

Communications between the prcocess computer and the STATUS

tachometer is via serial link. The process computer's RS
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-232C port is comnnected via a screened communications cable

to the STATUS tachometer.

Data transfer will be in accordance to the protocel of the

STATUS tachometer.

Minimim operating requirements

Color can be used to enhance the appearance of the screens.

Program start up

The program will be invoked by the autocexec.bat file.
After start up the message " Computer Started " and the

time and date must be printed on the printer.

Directly after startup, the parameters must be loaded from

disk and the system automatically resume from where it was

before the shut down.

S2
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Display Screens and Alarms

A total of 21 screens are required, one screen for each of
the twenty individual machines (Figure 1, page 106) and one

summary screen (Figure 2, page 106) for all the machines.

The first line of all the screens must be the status line,

which will constantly display the following information:

DATE DD/MM/YYYY
PRINTER OK / FAULT
CONTROLS OPEN / CLOSED

TIME HH:MM:5S

All screens are to be automatically updated, including
seconds displays, thus having a real time operating

appearance.

The <PrtScr> option should be available at all times to

print the currently displayed screen.

The rest of the information displayved will be discussed in

detail under their own sub headings in the paragraphs to

follow.

53
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To switch between screens, the following keys must be
programmed for use:
- Function Keys <Fl> to <F1l0> to invcoke the screens
for the respective machines 1 to 10.
- Function Keys <SHIFT> <Fl> to «<SHIFT> <Fl0> to
invoke the screens for the respective machines
11 to 20,
- <PgUp> and <PgDhn> keys pages forward and
backwards between screens.
- <Home> key invokes the screen for machine 1

- <End> key invokes summary screen.

The last line of the screen must contain the menus or
available options and issue instructions to the operator

when required.

The screen must have a screen saver facility of which the
time (typically 1 to 20 minutes) can be set or the facility
be disabled on the run. In the case of an alarm the screen
must automatically be enabled and the display of the first
machine to have triggered the alarm, be displayed. This
automatic screen selection must only operate when the
screen saver was active and not if a screen is being

displayed.



Provision should be made on the screen {i.e. 4 lines) to
display unacknowledged alarms. The acknowledgement of
alarms is done by the entry of an operator identity (I.D.)
plus hitting the <ENTER> key thus deactivating the audio
alarm/light beacon. (NOTE: The operator I.D. is not a
password and can consist of any combination of between 3
to 10 ASCII characters punched in at the keyboard which

will be printed in association with the particular alarm

on the printer. Should less than 3 characters or 2
consecutive space characters be entered, the
acknowledgement should be ignored.) At the time of

acknowledgement the alarm message should be printed, the
unacknowledged alarm messages on the screen should be
cleared and the alarm be logged to disk. The printed and
disk messages should lock as follows:" DATE - TIME - YYYYYY
- 27227277 of machine XX out of range " where YYYYYY
represents the operator I.D. of the person who deactivated
the alarm. Examples: " 12/01/93 - 13HS6 - 85768S%PIET -
CROSS-SEAFT SPEED of machine 15 out of range ", " 13/01/93
- 01H59 - 893456DECN - RATIO of machine 2 out of range v,

etc.

In the case where a display screen is active on the monitor
and the alarm is invoked by & machine on another scresen,
the current screen should remain active until the <Space
Bar> 18 pressed in which case the screen which invoked the

alarm must be displayed.
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An alarm activated by a condition from the screen currently
displayed, an operator I.D. entry plus hitting the <ENTER>
key will acknowledge the alarm. The same goes 1if the

sCcreen saver was active before the alarm.

In a case where further alarms on other screens become
active before the <«<Space Bar> was pressed, the audio
alarm/light beacon must remain active until the last alarm
has been acknowledged using the <Space Bar> to page through

the screens involved.

The alarm outputs will be driven from the 1installed I/O

card.

Passwords

The following parameters can be changed under password

control:

- Product Name,
- Set points for Creoss-shaft, Windupg,
Traverse speeds and ratio,
- Deviations for Cross-shaft, Windup,
Traverse speeds and ratio,
- Scan Status. (For all of the above see Figure 1,

page 106.)
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Software must cater for up to six different supervisor
passwords (all with the same level of authority) to be
entered. To gain access to these password protected areas,

the following segquence must apply:

Press the <ENTER> key, type the password and again press
the <ENTER> key. After the desired adjustments have been
made again press the <ENTER> key the <L> key and again

<ENTER> to lock/close the controls.

The supervisor passwords must be changeable through the use
of a master password to be entered as described above. The
master password must also give access to the passwerd

protected parameters.

The master password can be fixed in the source code while
the definable supervisor passwords must be stored on the
hard disk for automatic retrieval after boot up. {(Suggested

Master Password - SPEEDMON) .

When supervisor passwords are entered through the Master
Password a field must exist where the common name of the
password holder can be entered for use with princed

messages.
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When the password protection is open, the words "CONTROLS
OPEN" must appear on the status line of the screen. It
should be possible to switch between screens when the

controls are open.

All parameters must be stored on disk and automatically

selected on program startup.

Changing of Password Protected Parameters

PRODUCT NAME:

Product Name indicates the product which is being produced.
The product name can consist of any combination of up to
20 ASCII characters punched in at the keyboard. The
changing of the Product Name must take place in real time
and the scan task must not be interrupted. First select
the machine {screen)} where the adjustment is to be made
using the appropriate keys as described above. Once the
controls are opened i.e. the password protection disabled,
by using the arrow keys, the cursor of inverse video can
be moved to the Product Name status field. The new name
can then be entered, terminated with the <ENTER> key. The
new name must automatically be accepted and updated to disk
on the selection of another screen. When the new name is
accepted the message " DATE - TIME - WWWWWW - Product name

on machine XX changed to 1111111111111 " must be printed

58
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to the printer. Example: " 13/062/93 - 12h09 - BRUCE -

Product name on machine 10 changed to 12F4532GHIQP "

SET POINT and DEVIATIONS:

"SET POINT" indicates the speeds and ratioc at which the
machine should run and "DEVIATION" indicates the maximum

amount of deviation from the set point.

The setting of the set points and deviations must take
place in real time and the scan task must not be
interrupted. We suggest the following procedure to
simplify software coding although this 1s open for
suggestions from the software writer. First select the
machine {(screen) where the adjustment is to be made using
the appropriate keys as described above. Once the controls
are opened i.e. the password protection disabled, by using
the arrow keys, the cursor of inverse video can be moved
around on the screen tc select the position where the

change must be done.

When the desired position has been reached, the <+> and <-»>
keys must be used to adjust the value up or down. The
values must automatically be accepted and updated to disk
on the selection of another screen. When the value/s 1s
accepted, the message " DATE - TIME - WWWWWW - ZZZZ7Z on
machine XX adjusted to AAAA " must be printed to the

printer (where WWWWWW represents the name of the authorised
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person who made the change). Examples: "12/01/93 - 13H21 -
PETER - WINDUP SET POINT on machine 20 adjusted to 1815",
"12/01/93 - 14H51 - BRUCE - TRAVERSE DEVIATION on machine
12 adjusted to 4", "13/01/93 - 0SHOl - BILLY - RATIO SET
POINT on machine 1 adjusted to 1.009". (NOTE: The persons
name is not his password but the common name associated

with the password.)

SCAN STATUS (ON, OFF or LOCKED):

To set Scan Status ON, OFF or LOCKED, first select the
machine (screen} where the adjustment is to be made using
the appropriate keys as described above. If the controls
are open i.e. the password protection disabled, by using
the arrow keys, the cursor of inverse video must be moved

to the SCAN STATUS field.

To set SCAN STATUS to ON the <+> key must be depressed and
the message " DATE - TIME - WWWWWW - MACHINE XX PLACED CN
SCAN " must be printed on the printer (where WWWWWW
represents the name of the authorised perscon who made the
change and XX represents the machine number). The words
"SCAN ON" should also be displayed on the screen presently

displayed.
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To set SCAN STATUS to OFF the <-> key must be depressed and
the message " DATE - TIME - WWWWWW - MACHINE XX PLACED OFF
SCAN " must be printed on the printer. The words "SCAN
OFF" must be displayed on the screen presently displayed
as well as on the ratio summary screen when selected. All
machines that are placed OFF SCAN should be skipped when
there scanning turn comes. No alarms for these particular

machines should be activated.

To set SCAN STATUS to LOCKED mode the <*> key must be
depressed and the message " DATE - TIME - WWWWWW - MACHINE
XX SCAN LOCKED " must be printed on the printer. {(NOTE:
When the scanning task for any machine is in the locked
mode all other scanning tasks are disabled. The supervisor
muist not be able exit the screen until the SCAN STATUS has
been changed to either ON or OFF. Once in the locked mode
the scanning status must automatically be switched to ON
mode, after a time peried of 10 minutes has elapsed, only
if the scanning status has not already been changed.) The
words " SCAN LOCKED " must be displayed on the screen
involved. When the scan status isg LOCKED all alarms that

could arise must be disabled execpt for the printer alarm.

The scan status file must also be stored on disk and the

default if no disk file is present must be OFF.



Exiting Teo DOS And Fool Proof Protection

The <CTRL> <BREAK> and the <CTRL> <ALT> <DEL> options and
any other keyboard activated way to either crash or
terminate the program must be disabled. The program must
make provision for exiting to DOS only if the pass word
protection is disabled and the <ALT> <D> key combinaticn

is pressed.

Setting The Time

The software should make provision for setting the real
time clock on the run. This must be allowed only if the
pass word protection has been disabled and would be used
when the clock needs correction. An option such as <ALT>
<T> to activate the function and then the <+> and <-»> keys
to increment or decrement the minutes will be acceptable,
with the seconds returning to 0 every time one of the <+>

or <-> keys is pressed.

Printouts and the Printer

The printer will be comnnected to LPTL.

162
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The printer must always automatically be advanced by 3
lines every time a message or a screen has been printed to

ensure that operators can read messages.

The presence of the printer and paper present must
continucusly be checked. If the printer runs out of paper,
or gets switched off or be de-selected, the audio
alarm/light beacon must be activated, and remain on until
the printer is operational. 1In this case, entering the
operator I.D. and hitting the <ENTER»> key should not
deactivate the alarm. At the same time the message
"Printer Fault" must flash on the status line. If the
printer is restored, the status line must automatically be
updated with "Printer OK" and the audio alarm/light beacon
be deactivated. The message "Printer Restored" must be

printed on the printer.

Should restoring of the printer be impossible, the entry
of a supervisors password must disable the printer alarm
only with the accompaning message logged to disk, "DATE -
TIME - WWWWWW -~ PRINTER ALARM DISABLED" where WWWWWW
represents the supervisors name. The printer alarm must

automatically be ENABLED conce the printer is restored.

Special care must be taken to prevent a program crash if

the printer goes into a not ready state. In such a case

all other operations should continue without the printer.
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For additional screen prints of any screen, the <PrtScrs>

button should be used.

Data On Disk

The program must make provision to check the status of any
disk drive, including the hard disk, before attempting to
read and write, to prevent a program crash if the drive is
not ready. In a case of a disk fault or the a drive not

being ready, a message must appear on the status line.

Every set point and deviation must have a file on the hard
disk. Every time a parameter 1is changed the new value/s
mist be written to the file together with the time, date

and common name of the supervisor who made the change.

Data files written to disk must be of a wrap around nature
and contain data for typically two weeks (this capacity
must be configurable). Data must be updated every minute
(this time should also be configurable). A facility must
exist to download the data from a selected file in ASCII
format te the A drive on request without interruption to
the scan task. Should the A drive have insufficient space
for the data, the operator must be warned on Lhe statu

line and no program crash should occur.



The summary ratio screen should also be stored on disk in
a wrap around file with a configurable capacity, typically
2 weekg. The file need only be updated every hour on the
hour. A facility must exist to page back through the
summary screens on the screen without interruption teo the

scan task.

All messages written to the printer should be logged on the
disk in a wrap around file with a configurable capacity,

typically 1 week.

On the following page are examples of what the individual

and summary screens should loock like, respectively:
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DATE @3/81-/1993

PRINTER OH CONTROLE CLOSED

LUHN N

MACHINE 28

TIME: 14:91:34

PRODUCT B Pa) 30 et egs o) e

ACTUAL SPEED SET POINT DEVIATION
Cross-shaft S64 RPM BE = [ =]
Windup 877 RPM N e [~ |
Traverse 344 RPH = RPM -
Mindug
RATIO | —— e ,iz2 LoLxs S e
' Cross-shaft 1.12 : o.Cos
Figure 1
DRTE @S-8t/1993 PRINTER OK CONTROLS OPEN TIME 14'29:%4
RATIO SUMMARY
nt M2 ] 27 ] Hs
1.2349 1.432 @.587 1.029 @.999
"e 74 ne ] M1
1.222 1.121 OFF SCaN t.a20 1,928
ni1 niz2 M43 M4 Mi5
@.989% 1,253 1.290 OFF SCAN @.951
mis M1 n1a M8 e
OFF S$¢aN 1,222 1.212 2.29@ 1.122
Figure 2
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APPENDIX D

COMPUTERISED NYLON SPEED MONITORING

SYSTEM

ENGINEERING MANUAL

PREPARED BY: L.G. ABRAHAMS
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PLEASE NOTE: Sections 1 to 12 also forms part of the

OPERATORS AND SUPERVISORS MANUAL.

1. PROGRAM STARTUP

After start up the message "NSM STARTED" together with the

date and time will be printed on the printer.

2. DISPLAY SCREENS

A total of 21 screens are available for display, one screen
for each of the twenty individual machines (Appendix A,
page 136) and one summary screen {(Appendix B, page 137) for

all the machines.

The first line of all the screens will constantly display

the following information (See Appendix A, page 136):

NSM V1.02

PRINTER NORMAL / FAULT
CONTROLS OPEN / CLOSED
DATE YYYY/MM/DD

TIME HH:MM:SS

All screens are automatically updated. To switch between
screens, the following keys have been programmed for use:
- Function Keys <Fl> to <Fl0> to invoke the screens

for the respective machines 1 to 10.

- Function Keys <SHIFT> <Fl> to <SHIFT> <F10> to
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invoke the screens for the respective machines
11 to 20 (eg. <SHIFT> <Fl> = machine 11, <SHIFT>
<F5> = machine 15}.

- <PgUp> and <PgDhn> keys pages forward and
backwards between screens.

- <Home> key invokes the screen for machine 1.

- <End> key invokes summary screen.

3. SCREEN SAVER

The screen has a screen saver facility which switches off
(blanks out) the screen after a preset time. When the
screen is blank it can easily be reactivated by pressing

any key on the keyboard.

If the screen saver is active and an alarm is triagered,
the screen will automatically be enabled and the display
of the first machine to have triggered the alarm, will be
displayed. This automatic screen selection will only
operate when the screen saver is active and not if a screen

was being displayed.

In the case where a display screen is active on the monitcor
and an alarm is invoked by a machine on another screen, the
current screen will remain active until the <CTRL> key is
pressed in which case the screen which invoked the alarm

will be displayed.
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4. HELP FACILITY

The last line of the screen contains the available options
and can be invoked by pressing the <ALT> <«<Fl> keys. Below
is a list of all the options that will gequentially be
displayed everytime the <ALT> <Fl> key combination is
pressed. Highlighted sections shows the relevant keys that

need to be pressed in order to invoke the various options.

- <ALT> <Fl> = Display Next Help Message (supervisors

to log on first)

- <CTRL> = Silence Siren

- <ALT> <A> = Acknowledge Alarm

- <PgUp>, <PgDhmn> = Display Previous/Next Machine

- <ENTER> = Controls Open/Closed

- <ALT> <H> = Toggle Display of History Summary Data

(only from Smry Scrn)

- <PgUp>, <PgDhn> = Display Prev/Next History Summary

Data (from Smry Scrn)

- <ALT> <C> (from Smry Scrmn) = Backup Summary Data

(stiffy disk required)

- <ALT> <C> (from Machine Scrm) = Backup Machine Data

(stiffy disk required)

- <ALT> <B> = Backup Printer Data (Stiffy disk required;
- <Arr-Up>, <Arr-Dm>, <Tab>, <Shifts> <Tab> = Select Next

Field for Editing



<+>», <-», <*> (when controls open) = Machine Scan CN,

Off, Locked

<Ins> {while editing) = Toggle Insert/Overwrite Mode

<ALT> <S> New Screen Saver Time

<ALT> <T> = Bet Time

<Alt> <E>» = Edit Own Password

<ALT> <M> = Toggle Manual Mode ON/OFF
<ALT> <E> = Edit All Passwords

<ALT> <X> = Exit to Dos

Alarms (i.e. light beacon and audio alarm) will cnly

become active under the following conditions:
Speed/s and/or ratio's out of specified range,
Printer switched off, out ¢f paper or if printer

is placed Off-Line (i.e. deselected).

Audio alarm and light beacon can only be deactivated
by pressing the «CTRL> (Control) key.

NOTE: If the alarm goes off as a result cf section
5.1.2 the audio alarm and light beacon cannot be
silenced by pressing the <CTRL> key. Once the printer
has been restored to its proper operaticn the alarm
will automatically be deactivated. Should this be

impossible the gupervisor/engineer must open the
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controls {refer to Sections 7 and 9). The opening of
the controls will automatically deactivate the audio
alarm and light beacon, the supervisor/engineer can

then close the controls.

In a case where further alarms on other screens become
active before the «<CTRL> key wasg pressed, the audio
alarm/light beacon will remain active until the last
alarm has been deactivated using the <CTRL> key to
page through the screens involved. NOTE: The sequence
in which the alarm screens will appear will be the

sequence in which the alarms occurred.

Unacknowledged alarms (refer to Section 6 -
Acknowledgement of Alarms) will be reactivated after
a pericd of about 2 minutes. This time 1is
configurable, refer to Section 13 and Appendix D on

page 139.

ACENOWLEDGEMENT OF ALARMS

When an alarm 1is activated by a particular machine a

message will be displayed on the screen {see Appendix C,

page 138).

Provision has been made on the screen {(i.e. 4 lines) to

display unacknowledged alarms.
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The acknowledgement of alarms is done by pressing the <ALT>
<A> key combination and then entering an OPERATOR I.D. plus
pressing the <«ENTER> key. To deactivate the audio
alarm/light beacon use the <CTRL> key. {(NOTE: The operator
I.D. is not a password and can consgsist of any combination
of between 3 to 10 characters punched in at the keyboard
which will be printed in association with the particular
alarm on the printer. Should less than 3 characters or 2
consecutive space characters be entered, the

acknowledgement will be ignored.)

At the time of acknowledgement, the alarm message will be
printed, the unacknowledged alarm messages on the screen

will be cleared and the alarm will be logged to disk.

7. PRINTOUTS and the PRINTER

The Print Screen (<PrntScrn>) option is available at all

times to print the currently displayed screen.

The printer will always automatically be advanced by a
certain number of lines, (the number cf lines the printer
can be advanced 1s programable in the NSM.CFG file, see
Appendix D, page 139), every time a message or a screen has
peen printed to ensure that the operators/supervisors can

read the messages.
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The presence of the printer and paper-present 1is
continucusly checked. If the printer runs out of paper,
or gets switched off or be de-selected, the audio
alarm/light beacon will be activated, and remain on until
the printer is fully operational. 1In this case, pressing
the «CTRL> key will not deactivate the alarm. At the same
time the message "Printer Fault" will be displayed on the
status line. If the printer is restored, the status line
will automatically be updated with "Printer Normal" and the
audio alarm/light beacon will be deactivated. The message
"Printer Normal" together with the TIME and DATE will be

printed on the printer.

Should restoring of the printer be impossible, the entry
of a supervisors/engineers password will disable the
printer alarm with the accompanying message logged to disk,
"DATE TIME XXXXXX PRINTER ALARM DISABLED" where XXXXXX
represents the supervisors/engineers name. The printer
alarm will automatically be enabled once the printer is

regtored.

7.1 Installing the Printer Paper

Open hinged side door of cabinet (key required).
Place paper on shelf immediately beneath printer.
Feed paper to printer and then place printer ON-LINE.
(NOTE: The printed paper must fall tc the bottom of

the cabinet.)
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8. MANUAL MODE

In the event where the computer goes faulty, (i.e. the red
light emitting diode on the display inside the cabinet will
light wup, indicating that the system is now in Manual
Mode), the supervisor/engineer can then step through the
machines manually using the yellow {(manual step) button
placed on the left hand side of the computer keyboard.
{(NOTE: the red light emitting dicdes labelled Mi to M20

will indicate which machine is presently being scanned.)

The Manual Mode can also be activated by opening the
controls using the Engineering password and by pressing the
<ALT> <M> key combination. The words "Manual Mode ON" will
also appear on the line just below the status line. Once
in this mode all scanning tasks and alarms will be
disabled. The yellow manual step button can then be used
to step through the machines. To exit this mode press the
<ALT> <M> key combination again. The words "Manual Mode
OFF" will appear on the line just below the status line and
the yellow auto LED will light up, indicating that the

system is back on line.
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9. PASSWORDS

The software caters for up to ten different passwords, all
with the same level of authority except for one, to be

entered.

To gain access to password protected areas (see Section 10
- Changing of Password Protected Parameters), the following
sequence applies: Press the <ENTER> key, type the password
and again press the <ENTER> key. After the desired
adjustments have been made again press the <ENTER> key, the

<L> key and again the <ENTER> key to "close'" the controls.

Passwords are stored on the hard disk for automatic

retrieval after boot up.

When the password protection is open, the words "CONTROLS
OPEN TO XXXXXX" appears on the status line of the screen
(where XXXXXX is the name of superviscr). It is possible

te switch between screens when the controls are open.

PLEASE NOTE: Sections 10 to 12 can only be performed once

the Controls have been Opened.

MASTER PASSWORD: CYBER (Ncte this password cannct be

changed!)



10. CHANGING of PASSWORD PROTECTED PARAMETERS

The following parameters can be changed under password
control:
- Product Name.
- Set points for Cross-shaft, Windup, Traverse
speeds and ratio.
- Deviations for Cross-shaft, Windup, Traverse
speeds and ratio.
- Scan status.
- Real time and date. (For all of the above see Appendix
C, page 138)
- Screen saver time.

- Editing own password and all other passwords.

All parameters are stored on disk and automatically
selected on program startup. Data can also be backed up
once the contrcls have been opened. (See Secticn 12 -

Backing up data).

10.1 Product Name:

Product Name indicates the product which 1is being
produced. The product name can consist of any
combination of up to 20 characters punched in at the
keyboard. The changing of the Product Name takes

place in real time and the scan casks will not be
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interrupted.

10.1.1 Entering the Product Name

First select the machine (screen} where the
adjustment is to be made using the apprcepriate
keys as described previously (see Section 2).
Once the controls have been opened i.e. Password
Protection disabled, by using the <Tab> key, the
cursor of inverse video can be moved to the
Product Name status field. The new name can
then be entered. The new name will
automatically be accepted and updated to disk on
the selection of another screen. When the new
name is accepted the message "DATE TIME XXXXXX
Machine WW Product name changed to
11111311111111" will be printed to the printer.
Example: "1993-10-21 12:09:44 BRUCE Machine

1 Product name changed to 123F32TiO9"

10.2 Set Point and Deviations:

"SET POINT" indicates the speeds and ratic at which
the machine will run and "DEVIATION" indicates the
maximum amount of deviation from the set point. The
setting of the Set Points and Deviations takes place

in real time and the scan tasks will not be
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interrupted.

10.2.1

Setting up the SET POINTS and DEVIATIONS

First select the machine (screen) where the
adjustment is to be made using the appropriate
keys as described previously. Once the controls
have been opened, by using the <Arr-Up>, <Arr-
Dn>, <Tabs> and <Shift> <Tab> keys, the cursor of
inverse video can be moved around on the screen
to select the position where the change has to

be made.

When the desired positicn has been reached, the
value can then be entered. These wvalues will
automatically be accepted and updated to disk on
the selection of another screen. wWhen the
value/s 1is accepted, the message "DATE TIME
XXXXXX Machine WW ZZZZZZ speed YYYY changed to
AAAA" will be printed to the printer (where

XXXXXX represents the name of the superviscr who

made the change). Examples: "1993-09-25
13:41:55 PETER Machine 20 Cross-shaft speed
setp changed to 322", "1983-10-01 14:51:09% BRUCE

Machine 2 Traverse speed dev changed to 15",
"1993-11-02 09:01:00 BILLY Machine 1 Cross-

shaft speed dev changed to 10".
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(NOTE: The persons name is not his password but

the common name associated with the password.)

10.3 Scan Status (ON, OFF cor LOCKED)

To set Scan Status to ON, OFF or LOCKED, first select
the machine (screen) where the adjustment is to be
made using the appropriate keys as described
previously. Once the controls have been opened, by
using the <Arr-Up>, <Arr-Dn>, <Tab> and <Shift> <Tab>
keys, the cursor of inverse videc can be moved to the

SCAN STATUS field.

10.3.1 Setting the SCAN STATUS to ON

To set SCAN STATUS to ON the <+> key must be
depressed and the message "DATE TIME XXXXXX

Machine WW placed ON scan" will be printed on
the printer (where XXXXXX represents the name of
the supervisor who made the change and WW
represents the machine number). The words "ON
SCAN" will also be displayed on the screen

presently displayed.
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10.3.2

10.3.3

Setting the SCAN STATUS to OFF

To set SCAN STATUS to OFF the <-> key must be

depressed and the message "DATE TIME XXXXXX
Machine WW placed OFF scan" will be printed on

the printer. The words "OFF SCAN" will be
displayed on the screen presently displayed as
well as on the Ratig Summary screen when
gelected. All machines that are placed OFF SCAN
will be skipped when their scan turn comes. No
alarms for these particular machines will be

activated.

Setting the SCAN STATUS to LOCKED

To set SCAN STATUS to LOCKED mode the <*> key
must be depressed and the message "DATE TIME
XXXXXX Machine WW scan locked " will be
printed on the printer. The words "“LOCKED" will
be displayed on the screen inveolved. When the
scan status is LOCKED all alarms that could
arise will be disabled except for the printer
alarm. (NOTE: When the scanning task for any
machine is in the locked mode all other scanning
tasks are disabled. The supervisor will not be

able to move to another screen until the SCAN
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STATUS has been changed to either ON or OFF.
Once in the locked mode the scanning status will
automatically be switched toc ON mode, after a
time period of 1 minute has elapsed, only if the
scanning status has not already been changed.
Should the supervisor close the controls while
in the SCAN LOCKED mode, that gspecific machine
will automatically be placed in the SCAN ON

mode. )

10.4 Setting the Time and Date

The software makes provision for setting or correcting
the real time clock and date without interruption to
the scan task. This will be allowed only if the pass

word protection has been disabled.

The time and date can be set by pressing the <ALT> <T»>
key combination and the new time and date can then be
entered, by using the «<Tab> and <«Shift> <Tab> keys to
move between fields. (Time format: HOURS : MINUTES

SECONDS - Date format: YEAR : MONTH : DAY). To exit
this mode press the <ENTER> key to save the changes.
(NOTE: Pressing the <Esc> key will not save the

changes.}



10.5 Setting the Screen Saver Time

10.6

The screen saver time can be set by pressing the <ALT>
<S> key combination and the new screen saver time can
then be entered. To exit this mode press the <ENTER>
key to save the changes. (NOTE: Pressing the <Esc»>
key WILL NOT save the changes. Time is indicated in
minutes and entering a zerc will disable this
facility.) The default value can be changed in the

NSM.CFG file (see Section 13).

Editing your own password and all other passwords

This can be done by pressing the <ALT> <E> key
combination. Two fields will appear on the bottom of
the screen, the left hand side field will indicate the
engineers password and the right hand side field will
indicate the common name associated with that
password, this name will also be displayed on the
Status Line. A new password can then be entered. To
edit other passwords press the <Arr-Dn» or <Arr-Up>
keys. To exit this mode press the <ENTER> key to save
the changes. (NOTE: Pressing the <Esc> key WILL NOT
save the changes.) The passwords are kept in the

PASSWORD.DAT file.



11. EXITING to DOS and FOOL PROOF PROTECTION

The <CTRL> <BREAK> and the <CTRL> <ALT> <DEL> options and
any other keyboard activated way to either crash or
terminate the program have been disabled. To exit to dos
open the controls with the engineers password and press the

<ALT> <X> key combination.

12. BACKING up DATA

The program will check the status of any disk drive,
including the hard disk, before attempting to read and
write, to prevent a program crash 1if the drive is not
ready. In a case of a disk fault or the a drive not being
ready, a message will appear on the screen. (Eg. Floppy

Drive Error!)

Every machine has a file on the hard disk containing its
setpoint and deviation parameters (see Appendix E, page
144). Every time a parameter is changed the new value/s
will be printed to the printer together with the date, time
and common name of the supervisor who made the change.
These new value/s will also be stored on disk. Should the
data files be erased for any particular reason, the default
values shown in Appendix E (page 144) will appear on the
screen once the program is started again. 7To edit the data
base file (NSM.DBF) the engineer must exit tc Dos and at

the prompt the folliowing should be typed "edit nsm.dbf”
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(Refer to Appendix E - Note: The highlighted parameters
should not be changed. Should any of the other parameters
be changed all the files with the extension *.DAT, except
the PASSWORD.DAT file, in the NSM directory must be erased
before restarting the program so that the new parameters

can be loaded into the system.)

12.1 Summary Data {(Ratio's only)

The summary ratio data is stored on disk every hour
on the hour for two weeks. To page back through the
summary data on the screen, select the summary screen.
Once the controls have been opened, the <ALT> <H> key
combination can be pressed and by using the
<PgUp>/<PgDhn> keys the previous records can be viewed
without interrupticn to the scan task. To exit this
mode press the <ALT> <H> key combinaticon again. To
backup the summary screen data place a 1.44 Megabyte
stiffy Disk into the drive on the computer and press
the <ALT> <C> key combination. The follcowing message
will be display on the screen "Please wait: Backing
up \TEMP\SUMMARY.DAT". Once the data has been backed
up the words "Backup complete!" will appear on the
screen. Remove the Stiffy Disk and store in a save

place.
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12.2 Actual Speeds and Ratio's Data

12.

The actual speeds and ratio's data files written to
disk is of a wrap around nature and contain data for
approximately two weeks. This data is updated every
minute. To download the data, select the appropriate
machine, insert a 1.44Mbyte Stiffy Disk into the drive
on the computer and press the <ALT> <C> key
combination. Shcould the stiffy disk have insufficient
space for the data, the supervisor will be warned.
(NOTE: Only data for one machine can be backed up at
a time. Example: when backing up the data for machine
20 the following words will appear on the screen
"Please wait: Backing up \TEMP\20SPD.DAT", for machine
11 "Please wait: Backing up \TEMP\11SPD.DAT"}. Once
the data has been backed up the words "Backup
complete!" will appear on the screen. Remove the

Stiffy Disk and store in a save place.

Printer Data

All messages written to the printer are lcgged to disk
and will be kept for one week. To backup this daca
place a Stiffy Disk into the drive on the computer and
press the <ALT> <B> key combination, the following
words will appear on the screen "Please wait: Backing
up \TEMP\PRNTEVNT.DAT". Cnce the data has been

backed up the words "Backup complete!® will appear on
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the screen. Remove the Stiffy Disk and store in a
save place. (NOTE: Printer Data can be backed up from

any screen. )

13. EDITING the NSM.CFG {CONFIGURATION) FILE

To edit this file you will need to exit to Dos as described

in Section 11. The following prompt will appear on the

screen "C:\NSM>_". To edit the NSM.CFG file type the
following: "EDIT NSM.CFG". The file shown in Appendix D
(page 139) will appear on the screen. Note only the

highlighted parameters should be changed if necessary,
changing the other parameters could cause the program to
malfunction. Please read the instructions carefully before
making any changes. Be sure to save any changes that you

may have made.

14. EDITING the NSM.DBF (DATA BASE) FILE

To edit this file you will need to exit to Dos as desgcribed
in Section 11. The following prompt will appear on the
screen "C:\NSM> ". To edit the NSM.DBF file type the
following: "EDIT NSM.DBF", The file shown in Appendix E
(page 144) will appear on the screen. NOTE: Only the
parameters not highlighted (default wvalues) should be
changed 1f necessary, changing the highlighted parameters
could cause the program to malfunction. Please read the

instructions carefully before making any changes. Be gure
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to save any changes that you may have made. If any changes
have been made erase all the files, with the extension
*SPD.DBF, under the NSM directory before restarting the
computer, to ensure that the new parameters will be loaded

upen startup.

15. EDITING the DM4000C PANEL METER

Please refer to the DM4000C Smart Indicator Instruction
Manual. The INPUT SUBMENU (Refer to pages 27 to 33) has
been configured as follows:

Sig B

rAtE

FALSE

040,00

01850

8888

00040

01850

1 SEC

nonkE

SEC

00001
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15.1 Systems parameters submenus

The PASSWORD SUBMENU (Refer to pages 50 and 51} has
been configured as follows: (Before entering this mode
a password has to be entered - namely 4000)

4000

SEtPt

trUE

The COMMUNICATIONS SUBMENU (Refer to pages 52 to 53)
has been configured as follows:

9600

1 for CROSS-SHAFT / 2 for WINDUP / 3 for TRAVERSE

SLAVE

16. CIRCUIT DESCRIPTION

Please refer to Appendix G, E and I. The multiplexer
(Appendix I, page 160), display (Appendix G, page 158) and
buffer (Appendix H, page 159) boards are driven via the

computer's PC36 I/0 card.

System overview and its operation

A total of 60 sensor outputs are wired to 3 multiplexing

boards {(i.e. 20 input signals per board;, each board is



dedicated to multiplex a specific speed on the 20 machines
(i.e. one board will multiplex Windup speeds, another
Cross-shaft speeds and the third board the Traverse

speeds) .

The output on each multiplexing board is wired to a DM4CCOC
STATUS digital panel meter. These panel meters (3 off) are
interfaced to the computer via a multidrop RS232 "network'.
A PC36 I/0 card drives the multiplexing boards and alarm
devices via the buffer board; the address lines for these
boards are wired in parallel. .The multiplexing boards are
addressed by the computer and the STATUS tachometers are
read after a gettling time of l0secs has expired. (NOTE:
The 10secs settling time for all 3 tachometers are
concurrent and this settling time can be configured in the
NSM.CFG file. Refer to section i3). Once the data from all
3 three tachometers have been received the multiplexing
boards are readdressed to receive the data from the next

machine.

In the normal operation mode the PC generates a 1Hz
frequency on one of the digital I/0 ports (namely line &) .
This frequency is monitored by the buffer becard and as long
as it 1s present the address of the machine selected will
be accepted from the PC. Should this <clock signal
disappear, for example a program crash, the buffer board
will automatically switch to manual mode where the machine

can then be enabled through a switch (yelliow manual step
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button) mounted on the cabinet. This enables manual use

of the system in a case where the PC 1s disabled.

Refer to Appendix H (main board - buffer & watchdog

circuit)

U9 - This IC is used to buffer the inputs from the PC36 I1/0
card.

Ul2, U13, Ul4, Ul5, Ule, Ul7 and Ul8 - These are opto
igolators which are used to isolate the PC36 I/0 card from
the rest of the circuit, isolates up to 1500 volts.

U4F and U8 - These IC's are used to invert the signal level
and drive the auto status LED's.

U4D and U4E - Used as buffers to drive the LED's.

U4A and U4B - These IC's form part of a switch debounce
circuit.

U5 and U6 - 4-bit up counters, cascaded to count up from
0 through to 1% by using U3A,

Ul and U2 - Tri-state buffersg, Ul accepts data from US and
U6 when 1Hz watchdog pulse is not present. U2z accepts data
from the computer's PC36 I/0 card via US, U4F and USA/B/C/D
when 1Hz watchdog pulse is present.

U7 - Voltage comparator, feorms part of watchdog circuirt.
Should 1 Hz pulse disappear the output of this IC will go
low 1.2. Ul will be activated.

Ul0 - This IC is used to buffer this board from the three
multiplexer boards and to socurce higher drive currents.

RL1 - Relay for driving audioc and alarm cutputs.
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Refer to Appendix I (field board x3 - analog multiplexer)

Please note that 3 of these boards are used, each board is
dedicated to monitor a specific speed on all the machines.
IS0i, IS02, 1IS03, IS804, ISOS5 - Opto isolators used to
buffer this board from the main board.

U5 - This IC is used to invert the signal level.

U4A - This IC ensures that only one of the 3 multiplexer
IC's {i.e. Ul, U2 and U3) are ever switched on at any one
time.

Ul, U2 and U3 - Analog Multiplexer IC's used to switch
through 20 analog input signals. The multiplexer IC's are
addressed via US.

Note: Dicdes D1 - D40 and resistors R11l - R3C forms part
of a clamping circuit to limit input veoltage to 12 Volts

or less.

Refer to Appendix G (display & decocder board)

Ul and U2 - 4-line to 16-line decoder IC's used to drive
LED's.

U3k - Hex Inverter IC used to ensure that only one of the
decoder IC's are switched on at any one time.

Note: LED's D1 to D20 represent the machine numbers and
1LED's D21 and D22 represents the status of the computer

{i.e. auto or manual mcde) .



9¢T

{e-ad

NSM UL.@2 Printer Normal Controls Closed 1993-11-249 09 56 B9

Cross~shaft

Mindup

Travaerse

Crosts—shaft

Scan Status @ ON £CAN

Machine 11
Product ! 4Q4ri3Te33
Rctual Spaad Setpoint
329 327
1279 1280
= : 32Q
3.388 3.902%

Daviation

1@

1@

14

1993-11-04 12:43:36

AlIY-F1 = Display Next Help Message {(supervisors to

Machine 13. Traverse speed outl of range

log on flrst

v xTpuaddy
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NSM UL.@Q2 Printer Normal Confrors Closed 1993-11-03 l14:@9:549

Ratio Summary

MBO1 MB2 MHO3 M24 MO3
1.234 1.4932 a.987 1.009 2.999
MBa6 MaY MAB MO9 Mi@
1,222 l.121 OFF SCAN 1.e20 1.0@8
M114 H12 M43 Mi4 M5
@.989 1.285 l.290 OFF SCAN @.991
M1i6 M7 Mig6 M19 M29
OFF SCAN 1.222 1.010 2.050 1.122

Alt-F1 = Dispiaw Next Help Mesgsase (supervisors to log orn fFirst)
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NSM U1.82 Printer Faulty Controls Open to S/UISOR

Machine 20

Scan Status Product : [EEReRSEEts

Actual Spead

Setroint

Deviation

Cross-shaft %64
iy
WLlndup 877 S
0
Traverse 344 H g.-
"
Ratio: -jyﬂr&ﬂi-- 4.151 0

Cross—shaft .15

1993-11-03 12:46:@9 Machine 5, Ratlo out of range

1993-11-@3 12:56:@@ Machine 12. Cross-shaft speed oul of rarge
1993~11-@3 13:2Q:56 Maohirme 20. Windup speed ocut of range

1993-11-03 14:45:92 Machine 7. Traverse speed out of range

Alt=FL = Displayg Next Help Message (supervisors to log on First)
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Appendix D
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* File : NSM.CFG

* Desc : Configuration file for NSM (SANS)
* Last Revision : 1993-05-03 by JHB
* Revision History :

* 1,00 : Initial release

* NOTE !

* 1, The format of this file has to be strictly adhered to.
* It is esgential that the sequence in which items are
& defined are never changed.

* 2, Comments may be added at any point in this file.

* Comment lines always start with an '*', The last line
* in this file must be a comment line.

* 3, Data lines do not begin with a comment (*). The

* important part of a data line always appear behind the
* *:' character. No spaces are allowed between the ':!'
* and the first data character. You may change the
* description of a data line if you wish.
*
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%* % %k *

*

Path for Database Configuration File :NSM.DBF
Path for Data/History Files :\TEMP\
No of Records in Summary/History file :512

No of Records in Printer Event History file :1000

Time Interval for Backing up Dynamic data (min) :19

* Enter screen attributes here. For a description

* of attributes see your IBM PC Manual. Attributes are
* entered in hex, without any $ or h post or prefixes.
¥

* light grey on black

Background screen attribute : 07

* cyan on black

Dynamic data (normal) attribute : 03

* pblack on cyan

Edit/Modify data attribute .30

* magenta on black

Item in Comms Fallure Attribute : 05

* white on red, blinking

item in Alarm Attribute :CF

*

* Masks for data fields eg:

* i numeric and alpha field, numeric char

N

* &

alpha field, any char



*
®
Il

alpha filed, alpha char

* > = alpha field, alpha char converted to uppercase

* « = alpha field, alpha char converted to lowercase
Product name mask (max 20 chars)

T EEE SRS EEEEAEEEEEEEE

Ratio setpoint/deviation mask tg 23 3. 2304

* Note : The above mask may seem to large, but it helps to
* erase the 'OFF SCAN' which appears on the summary screen.
Speed setpoint/deviation mask (HEHH . H#

Actual speeds mask cHHHH

*

Screen Saver Time {(minutes, 0 = disable):3

* Printer port parameters

* Port no : 1 = LPT1 etc (0 = disable)
Printer port number :1
Printer buffer size (bytes)} 24096
* Time out, 0 = disable

Port timeout (1/100 sec) 1400

No of CrLfs to append to line :0

* Printer Control Commands
* ESC = \e, Max length = 8 chars, nothing = EPSON defaults
Condensed Mode Command Seguence:\eM

Normal Mode Command Segquence :\eP

* Hardware parameters
Board base address of Dig I/0 card {hex) -778
* Note : Port A is used to multiplex the machines,

141 D-
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* while Port B is used to drive the Watchdeg and

* the light beacon.

* For dig I/0 card use line no's 0 to 7

Dig I/0 card line no. of watchdog output 16

Watchdog output toggle interval (1/100 sec) :50

Dig 1/0 card line no. of light beacon 27

Mux settling time (1/100 sec) :1000

*

* STATUS Panelmeter addresses

* Note : This is also the order in which these items are

* retrieved

Cross-shaft speed panelmeter address :01
Windup speed panelmeter address :02
Traverse speed panelmeter address : 03

*

* Software parameters

'Scan lock! timeout period {min, 0 = indefinite) :2

Size of 'unacknowledged alarms' buffer :5

*

The next parameter sets the time interval between typing
* the space bar, which silences the siren, and starting the

* giren again IF all alarms are not acknowledged. A value

%

of 0 disables this opticn, i.e. the sirer will not be
* re-triggered.

Restart siren on o0ld unack. alarms (min) : 2

1472
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* Port parameters
Port Number (1-4)

IRQC (2-5, 0 =deflt)
Address (hex, 0=deflt)
Baudrate (1200-9600)
No of Data Bits (7-8)
No of Stop Bits (1-2)
Parity (O,E,N)

Use XON/XOFF (Y,N)

Use CTS (Y,N)

* 0 = disable time out
Time out (1/100 sec)
No of Retries

*

* End of NSM.Cfg

¥

: 0000

:9600

:170
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Appendix E
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* ok kk

* File : NSM.DBF

* Desc : Configuration file for NSM (SANS)
* Last Revision : 1993-04-05 by JHB

* Rev History

* 1.00 : Initial release

* NOTE !

* 1. The format of this file has to be strictly adhered to.
* It is essential that the sequence in which items are
* defined are never changed.

* 2. Comments may be added at any point in this file.

* Comment lines always start with an '*'
* 3. Data lines do not begin with a comment (*). The
* important part of a data line always appear behind the
* ':' character. No spaces are alliowed between the '
* and the first data character. You may change the
* description of a data line if you wish.

'TEEE SRR RS A RS RERELSER Rl LS REEREES SRS R RS R R LESRESESERSEER)

* d% ¥ K
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No of Machines :20

* Machine No 1

Machine Number :1
Mux Address :00

Cross-shaft speed default setpoint
Cross-shaft speed default deviation
Windup speed default setpoint
Windup speed default deviation
Traverse speed default setpoint
Traverse speed default deviation
Ratio default setpoint

Ratio default deviation

* Gize of 1 history record = 33 BYTES

No of records in history data file

Update interval of history data file

¥

* Machine No 2

Machine Number :2
Mux Address : 01

Cross-shaft speed default setpoint
Cross-shaft speed default deviation
wWindup speed default setpoint
Windup speed default deviaticn
Traverse speed default setpoint
Traverse speed default deviation

Ratio default setpoint

145

1600

:10

:600

:10

:600

10

:2000¢0C
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Ratio default deviation

* Size of 1 history record = 33 BYTES

No of records in history data file

Update interval of history data file (min)
*

* Machine No 3

Machine Number :3
Mux Address : 02

Cross-shaft speed default setpoint
Cross-shaft speed default deviation
Windup speed default setpoint

Windup speed default deviation
Traverse speed default setpoint
Traverse speed default deviation
Ratio default setpoint

Ratio default deviation

* Size of 1 history record = 33 BYTES
No of records in history data file
Update interval of history data file (min)
*

* Machine No 4

Machine Number :4
Mux Address :03

Cross-shaft speed default setpoint
Cross-shaft speed default deviation
Windup speed default setpoint

Windup speed default deviation

:20000

: 1

:600C

:10

:600

:10

1600

:10

:20000



Traverse speed default setpoint

Traverse speed default deviation

Ratio default setpoint

Ratio default deviation

* Size of 1 history record = 33 BYTES

No of records in history data file

Update interval of history data file (min)
*

* Machine No 5

Machine Number :5

Mux Address : 04

Creoss-shaft speed default setpoint
Cross-shaft speed default deviation
Windup speed default setpoint

Windup speed default deviation
Traverse speed default setpoint
Traverse speed default deviation
Ratio default setpoint

Ratio default deviation

* Size of 1 history record = 33 BYTES
No of records in history data file
Update interval of history data file (min)
*

* Machine No €

Machine Number :6
Mux Address : 05

Cross-shaft speed default setpoint

:600

:10

:20000

:600
:10
:600
:10
:600
10

:1.00C

:20000
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Cross-shaft speed default deviation
Windup speed default setpoint
Windup speed default deviation
Traverse speed default setpoint
Traverse speed default deviation
Ratio default setpoint

Ratio default deviation

* Size of 1 history record = 33 BYTES
No of records in history data file
Update interval of histecry data file (min)
*

* Machine No 7

Machine Number :7

Mux Address :06

Cross-shaft speed default setpoint
Cross-shaft speed default deviation
Windup speed default setpoint
Windup speed default deviation
Traverse speed default setpoint
Traverse speed default deviation
Ratio default setpoint

Ratio default deviation

* Size of 1 history record = 33 BYTES

No of reccords in history data file

Update interval of history data file (min)
*

* Machine No 8

Machine Number :8

148
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:600

:10

:600

:10

:20000

1600

:10

:600

: 10

1600

10

: 20000

[

»]
i
128
18]



Mux Address : 07

Cross-shaft speed default setpoint
Cross-shaft speed default deviation
Windup speed default setpoint
Windup speed default deviation
Traverse speed default setpoint
Traverge speed default deviation
Ratio default setpoint

Ratio default deviation

* GSize of 1 history record = 33 BYTES
No of records in history data file
Update interval of history data file (min)
*

* Machine No 9

Machine Number :9

Mux Address : 08

Cross-shaft speed default setpoint
Cross-shaft speed default deviation
Windup speed default setpoint
Windup speed default deviation
Traverse speed default setpoint
Traverse speed default deviation
Ratio default setpoint

Ratic default deviation

Lad

* Size of 1 history reccrd = 32 BYTES
No of records in history data file

Update interval of history data file (min}

[

:600

:10

:600

:10

: 600

:10

:20000

600

:10

: 600

10

:600

:10

.06

:200060
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* Machine No 10

Machine Number :10
Mux Address :09

Cross-shaft speed default setpoint
Cross-shaft speed default deviation
Windup speed default setpoint

Windup speed default deviation
Traverse speed default setpoint
Traverse speed default deviation
Ratio default setpoint

Ratio default deviation

* Size of 1 history record = 33 BYTES
No of records in history data file
Update interval of history data file (min)

*

* Machine No 11

Machine Number :11

Mux Address :10

Cross-shaft speed default setpoint
Cross-shaft speed default deviation
Windup speed default setpoint
Windup speed default deviation
Traverse speed default setpoint
Traverse speed default deviation
Ratic default setpoint

Ratio defauls deviarion

1600

:10

:600

:10

:600

10

:20000

1600

:600

:10

600



* 3ize of 1 history record = 33 BYTES
No of records in history data file

Update interval of history data file (min)

*
* Machine No 12

Machine Number :12

Mux Address 11

Cross-shaft speed default setpoint
Cross-shaft speed default deviation
Windup speed default setpoint
Windup speed default deviation
Traverse speed default setpoint
Traverse speed default deviation
Ratio default setpoint

Ratio default deviation

* Size of 1 history record = 33 BYTES
No of records imn history data file

Update interval of history data file (min)

* Machine No 13

Machine Number :13

Mux Address :12

Cross-shaft speed default setpcint
Cross-ghaft speed default deviation
Windup speed default setpoint
Windup speed default deviacion

Traverse speed default setpoint

:20000

:1

:600

1600

10

1600

:10

:20000
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Traverse speed default deviation

Ratio default sgetpoint

Ratio default deviation

* Size of 1 history record = 33 BYTES

No of records in history data file

Update interval of history data file (min)
*

* Machine No 14

Machine Number :14

Mux Address :13

Cross-shaft speed default setpoint
Cross-shaft speed default deviation
Windup speed default setpoint
Windup speed default deviation
Traverse speed default setpoint
Traverse speed default deviation
Ratio default setpoint

Ratio default deviation

* Size of 1 history record = 33 BYTES
No of records in history data file

Update interval of history data file (min)

*
* Machine No 15

Machine Number :15

Mux Address : 14

Cross-shaft speed default getpoint

Cross-shaft speed default deviation

e
=

:10

:20000

:600
:10
:600
:10
15600

:1¢

.Go

1600

:10



Windup speed default setpoint

Windup speed default deviation
Traverse speed default setpoint
Traverse speed default deviation
Ratio default setpoint

Ratio default deviation

* Size of 1 history record = 33 BYTES
No of records in hisgtory data file
Update interval of history data file (min)
*

* Machine No 16

Machine Number :16

Mux Address :15

Cross-shaft speed default setpoint
Cross-shaft speed default deviation
Windup speed default setpoint
Windup speed default deviation
Traverse speed default setpoint
Traverse speed default deviation
Ratio default setpoint

Ratic default deviation

* Size of 1 history record = 33 BYTES
No of records in history data file
Update interval of history data file (min)
*

* Machine No 17

Machine Number :17

:600

:10

:600

:10

120000

1600
;10

: 600

1600
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Mux Address 16

Cross-shaft speed default setpoint
Cross-ghaft speed default deviation
Windup speed default setpoint
Windup speed default deviation
Traverse speed default setpoint
Traverse speed default deviation
Ratio default setpoint

Ratio default deviation

* Size of 1 history record = 33 BYTES
No of records in history data file
Update interval of history data file (min)
*

* Machine No 18

Machine Number :18

Mux Address £17

Cross-shaft speed default setpoint
Cross-shaft speed default deviation
Windup speed default setpoint
windup speed default deviation
Traverse speed default setpoint
Travergse speed default deviation
Ratic default setpoint

Ratio default deviation

* Size of 1 history record = 33 BYTES
Nc of records in history data file

Update interval of history data file (min!

[
N
=Y

[

1600

:10

:600

:10

: 600

:10

:20000

1600

:10

1600

:600

:10

.00

120000
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* Machine No 19

Machine Number :19
Mux Address :18

Cross-ghaft speed default setpoint
Cross-shaft speed default deviation
Windup speed default setpoint
Windup speed default deviation
Traverse speed default setpoint
Traverse speed default deviation
Ratio default setpoint

Ratio default deviation

* Size of 1 history record = 33 BYTES

No of records in history data file

Update interval of history data file (min)

*

* Machine No 20

Machine Number :20
Mux Address :19

Cross-shaft speed default setpoint
Cross-shaft speed default deviation
Windup speed default setpoint
Windup speed default deviation
Traverse speed default setpoint
Traverse speed default deviation
Ratic default setpoint

Ratilc default deviation

'....l
wn
n

:600

:10

:600

:10

:600

20000

:600

;10

:60C
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* Size of 1 history record = 33 BYTES
No of records in history data file
Update interval of history data file

*

* End of Sans.Dbf

*

(min}

;20000

:1
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* File : NS.BAT
* Desc : Batch file for NSM (SANS)
x®

khkhkkkkdhkrhkhkhrkdkhkrhkhkhtrhkhkhkhrddrkrkhkrhrdhhrdhkrdd bk hkdh%

nsm nsm.cfg nsm.dbf

w}
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Appendix J

COMPONENT LIST

BUFFER BOARD & WATCHDOG CIRCUIT

RESISTORS (All resistors are ¥W +10% tolerance,

ctherwise stated)

R1,2.,3,4,5

unlesgs

220R (5 off)

R6,7,8,9,10,11,14,15,316,17,18,15,20,23 1K (14 off)
R12,13 3K3 (2 off)
R21 100K

R22 iM
R24,25,26,27,28 330R (5 off)
POT1 {multiturn trimpotentiometer) 10K pot
CAPACITORS

c1,2,3,4,5,6,7,8,9,14
c12,13

C1l0

0.1uF non-electrolytic

0.001uF ncn-electrolytic

IuF nen-electrolytic

1uF 63V electrolytic

LED Smm clear red
iN4148 (2 off)

iN40O7

[
43
fni

(10 off)

(2

{10

of

cf

£

"t

iy

4
;

n

J

un



Intergrated Circuit's (IC's)

ul, 2 7415161 (2 off)

U3, 4 74365 (2 off)

U5, 10 MC1416B or XR2204 (2 off)

ue6, 7 7404 (2 off)

Us 74L500

o IM311

I501,2,3,4,5,6,7 4N33 (7 off) opto isolators

MISCELLANEQUS

Ki 5V Relay DPDT 1lAmp contact ratings

JP1 3-Pin molex connector

Jp2,5 9-Pin molex connectors (2 off)

JP3 4-Way PCB Mount Screw Terminal

Jpr4 6-Pin molex connector

JP6 2-Pin molex connector

S1 Pushbutton switch SPDT {industrial type, panel
mount)

}... ']
N
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DISPLAY & DECODER BOARD

RESISTORS (All resistors are %W +10% tolerance, unless
otherwise stated)

R1 820R

R2 560R

CAPACITORS

Ci,2,3 0.1uF non-electrolytic (3 off)

DIODES

D1,2,3,4,5,6,7,8,9,10,

11,12,13,14,15,16,17,18,19,20,21 LED Smm red (21 off}

D22 LED Smm green

IC's

Uui,2 7418154 (2 off)
U3 7404
MISCELLANEQCUS

PS 3-Pin molex connector

183



MULTIPLEXER BOARD (REPEAT X3)

RESISTORS (All resistors are YW :10% tolerance, unless
otherwise stated)

R1,2,3,4.5 8K2 (5 off)
R6,7,8,5,10 1K (5 off)

R11i,12,13,14,15,16,17,18,19,20,

21,22,23,24,25,26,27,28,29,30 iI0K ¥W (20 off)
CAPACITORS
c1,2,3,4,5,6,7,8 0.1uF non-electroliytic (8 off)
DIODES

p1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,
22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40

3.3V zener diodes {40 coff)

IC's

UL,2,3 ADGS508A (3 off) analogue multiplexer
Usd CD4a001

us CDh4049

MISCELLANEOUS

J1 21-Way PCB mount screw terminal

J2 3-Pin molex connectoer

J3 2-Way PCB mount screw Cerminal

B4 £-Pin molex connechor

164 D-58
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APPENDIX E

COST BREAKDOWN OF SPEED MONITORING SYSTEMS

1. ANAFLEX SYSTEM

Software

Computer Hardware

Sengsors {20 off)

Cabinet for ANAFLEX & PC + installation
ANAFLEX

Frequency conditioning modules (80 off)

Power supply

Wiring of sensors {including cable + conduit}

CONTINGENCY

TOTAL:

R30

R16

R8

R10

R76

R20

R18

R17

000

gco

000

000

060

gcoo

R500

S10LY

850

1
b=



2. SCADA-MULTIPLEXOR SYSTEM

Software

Computer Hardware

Sensors (20 off)

Cabinet for PC & Front End Processor
Enclosures for analogue input modules (1§ off)
Front End Processor

Analogue input modules (10 off)

RLC Digital Panel Meters (20 off)

Frequency conditioning meodules (60 off})
Transformer + Power Supply

Wiring of sensors to enclosures & installation

CONTINGENCY

TOTAL:

R30

R16

RS

R4

R7

R2

R&

R26

R24

R1

R15

000

000

000

oo

oo

060

000

000

000

000

Q00

900

k3]
t
A8 ]



3. RLC DIGITAL PANEL METER SYSTEM

Software

Computer Hardware

Sensors (20 off)

Cabinet for PC

Enclosures for panel meters (20 off)

RLC Digital Panel Meters (80 off)

Accessgsories for panel meters

Wiring of sensors & installation of enclosures

CONTINGENCY

TCOTAL:

178

R30

R16

R8

R4

R18

R87

R3

R15

000

000

000

agco

0Go

e

000

000

rl
t
[O%]



4. STATUS DIGITAL PANEL METER SYSTEM

Software

Computer Hardware

Sengors (20 off)

Cabinet for PC

Enclosures for panel meters (20 off)

Status Panel Meters (80 off)

Wiring of sensors & installation of enclosures

CONTINGENCY

TOTAL:

5. SYSTEM INSTALLED

R30

R16

R8

R4

R18

R113

R1S

Cost breakdown of system used to provide a sclution:

Software

Computer Hardware

Cabinet for PC

Power Supplies (4 off)

Analogue Multiplexer, Display and Control Boards
Status Panel Meters (3 off)

Installation and Wiring of cabinet

CONTINGENCY

~J
W

[

000

Gco

000

080

000

600

oce
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