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ABSTRACT

This thesis will show how a néw type of controller for a Nylon
spinning machine was developed from an initial specification. The
controller is a component 1in a loosely coupled feedback system
which reads two tachometer pulse trains and varilous plant
interlocks, and prbdhces two pulse tralms which are used to
control two solid state variable frequency variable voltage
inverters and their AC motors. The specification <calls for 24
controllers to be linked to a PDP>11/23 host computer which holds
a 1library of operating parameters which can be downloaded into

each control unit by an operator.

After examining the requirements of the - system, a microcomputer
implementation was chosen as  best meeting the needs of the
project. Elsewhere in the plant several earlier attempts at using
micro-computers as dedicated controllers had been made, with

rather poor results. Consideration of tﬁé‘future requirements of
the company showed that there was a clear role for these
controllers, and it was <clear that there was a need to define
standards for their development and implementation, and so a
survey of the company”s requirements was done, on the basis of

which a standard was adOptéd.

The thesis covers all system related aspects of the project, from
the 1initial selection of a miérocomputer system and software
development system, to the design and implementation of the

controller.
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INTRODUCTION

CHAPTER 1 : INTRODUCTION

1.1 INTRODUCTION.

‘The aim of this project was to control the speed of the traverse
and winder motors on a Barmag High speed wind up héad, according
to the measured ratio of speeds of the traverse motor and a chuck
driven by the winder motor. For more details see the introduction
to Nylon Spinning given in Appendix A. The rest 6f this thesis
will assume familiarity with these ideas. A glossary of terms and

abbreviations is given in chapter 6.

Because of increased demand for certain types of yarn, and in
anticipation of future demand, SANS decided to convert an existing
Type 18 Terylene spinning machine into a Type 18 Nylon Spinning
machine. One part of the project called for the installation of
Barmag high speed winders on the windup floor. Thé control of the
winder drives forms the subject of fhis thesis. Existing machines
use two inverters to control all 24 traverse and winder drives.
Inverter failure means that all 24 positions are
stopped. With the advent of low <cost, solid- state, variable
speed AC drives, it seemed that it might be financially viable
to use individual inverters for each position, and 1t was clear

that an investigation was necessary.

Once the question of 1individual inverters on each position had

been raised, the question of 1inverter controllers for each
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INTRODUCTION

pdsifion also had to be cohsidefed. Assuming that a sophisticated
controller able to give a programmable = traverse frequency
modulation could be produced, the requirements for the 'sﬁstem

would be as set out in the next section.

1.2 REQUIREMENTS.

1) Reduce the amount of lost production time .through 1inverter
failure, without ‘increasing the amount of maintenance time because

of a greater number of inverters and hence inverter failures.

2) Extend the range of products that can be Spun'with the Barmag
winder. The o0ld combination of controller and winder could only
operate over a limited range, which restricted the number of

products which could be spun.

3) Improve the package build of spun cakes. Research carried out
by Hudgell, Sykes and others (ref 1, 2, 3, 4) 1indicated that
improved modulation and banding avoidance techniques would reduce
or even eliminate ribboning and banding problems which are
responsible for wasted - production because of yarn takeoff

problems,

4) Simplify the uﬁdating of operational iamstructions to a winding
position. Thé controllers on existing machines are analog-devices
which wuse potentiometers and switches to set operational
parameters. After a machine has been set up for a new produc;, 1£
usually takes several further fine adjustments to | get a

satisfactory standard of output - a wasteful process.

5) Monitor the operation of each position on the machine to check
whethervit is within preset 1limits, and generate an alarm if
operation moves outside those limits. The idea here was to monitor
the difference between desired and actual motor speeds to detect

bearing failures and log unscheduled production stoppages.
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INTRODUCTION

The  production department conducted an investigation which
revealed that the break even point for cost per inverter egainst
lost production time through iﬁverter failure would be about one
inverter for five ©positions. Factors 2) to 5) called for
individual 1inverters, and the potential production gains from
having these features, coupled with the low cost of the inverters
made it possible for the machine to pay for itself within the
company”s stipulated 2 year payback period for projects of this
nature. Thus a decision was made to wuse tﬁo inverters and one

controller per position.

This decision had other beneficial,offshootsé The 1limited locai
market for certain products and the inability of the old system to
produce more ‘than one product at a time meant that some products
required short runs to satisfy demand. \fncorrect setting up and
faulty operation of the analog controllers is one of the \ﬁajor
sources of wasted production.in similar systems elsewhere in the
plant, The ability to split the machine and control individual
positions means that low demand products can be set up on a few
positions and left running for longer periods, thus increasing the
conversion efficiency of the machine. Individual control also .
enables some units to be used for pre-production trials while
normal production <continues on the rest of the machine (it had
been the practice in the past to stop the machine and wind on only

a few heads while trials were in progress).

One aspect of individual control that was of particular interest
was the requirement in 3) for banding avoidance or "Ribbon
Breaking”", which can only be done on the ©basis of chuck and
traverse speed measurements and iandividual positiom <control.
Trials had been done at Barmag in Germany, FII in Canada and ICI
-in the UK which indicated that banding avoidance leads to improved
package build and fewer <customer returns (ref 1). The three
systems all use dual inverters onm the traverse, with some method
for switching from one to the other when a ribbon point is
detected. However the dual 1inverters added to the cost of the
system, and considerable problems were experienced with switching

from one inverter to the other. In addition there were problems
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INTRODUCTION

achieving the resolution of control necessary for these schemes to

work. The scheme used by'SANS'overcomes all of these problems.

1.3 THE INVERTER CONTROL UNIT.

o e o e e s v e eyt et = e mam = o= o mm e T sam i e m =

Once the general requirements for the controller had been decided
on, and the SANS production department had produced a
specification for the <controller operation (appendix B), it was
necessary to describe the required behaviour of the controller
exactly so that a design could be produced. The functions to be

performed by the controller are described in appendix C.

The design of the «controller was determined by the following

factors

1) The need for highly accurate speed control and measurement to
keep yarn tension within closely defined tolerances (See Appendix

B for a specification of operatioﬁal pafameters).

2) The need for quick, reliable accurate and repeatable alteration

of operational parameters.

3) The 1lack of hardware development facilities at SANS. Past
experience has shown that project completion dates, in- service
reliability and cost are improved by buying board level compbnents
from reliable vendors,. In-house design and construction 1is
normallj only justified when there 1s no commercially available
system to perform the task, or when the scale of the project
leads to savings on component count through hardware
optimisation (because rgady-made boards usually d{incorporate
features which are unnecessary for a particular project, but give

the greatest overall flexibility).

4) The controller has to perform a complex sequence of operations

depending on the current status of the machine.
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- " INTRODUCTION

5) The controller had to be able to ihcbrporate future
improvements and changes to the machine. It was élso_desireable

that it should be usable in similar but’différent sytems.

There are no ready-made analog' controllers which_ are able to
perform this control function. Given the range and . complexiﬁy of
the functions of the <controller, and after investigating the
ability of’a micro-computer to perform the necessary tasks, and
given thé relutance of SANS to get involved in the development of
component level systems, the decision was taken to develop a
microcomputer controller rather than a custom made analog device.
This decision meant that a whole range of ready-made systems

became available.

1.4 SELECTING A REAL TIME MICROCOMPUTER SYSTEM.

o o i e b T o e T ST Tt tm e T s e Sm T M e tim e T M e s A e e e e s

Having decided to use a microcomputer, it then became necessary to
choose the microcomputer hardware, operating system, and a
development system to 1implement the controller. There were two

factors which had to be considered in making the choice.

The first 1is that there are already a number of microprocessor
contrdllers in operation at SANS, and it is expected that many
more will be installed in future. These sytems have several
disadvantages. The first is that they are mostly dediéated, with
sof tware in ROM and no source listing or development facility.
This - means that it is difficult to maintain and tailor systems
for particular applications. In additiomn there are a number of
differenfrsystems; which means that a wide variety of spares have
to be kept, and more importantly development, maintenance and
operational staff have to be familiar with a wide range of
equipment., This 1s wundesirable because of the training and
familiarisation time needed for each new item. There was a clear
need to try and rationalise the situation, and develop a standard
for microcomputer and‘development systems. The system chosen had
to be able to cope with all the present and projected needs of the
~company, and as far as possible had to be compatible with existing
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INTRODUCTION

equipment, which implied a careful review of the company”s present
and future requirements for dedicated computer control. Appendix D

1s the result of this enquiry.

The second factor that had to be considered was the wide_variefy
of Dboard 1level computer equipment_currently avallable  on the
market. Each system has drawbacks and advantages, which had to be
seen in the light of the company”s present and future needs. The
various systems that were examined and the aspects "~ of each that

were used for compariéon are presented in Appendix E.

On the Dbaslis of these enquiries, the standards adopted
were: INTEL single board computers for target controller systems;
and the MAGIC development package running on DEC PDP-~-11

minicomputers for applicatlion software development.
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CHAPTER 2 : THE INVERTER CONTROL UNIT HARDWARE

i e e v eem M e e e e T e T S T S I Mt S S e o IR e P S m rm o e o S e e A o e o = e

' 2.1 THE SINGLE BOARD COMPUTER.

T T T -

The reasons for wusing the INTEL iSBC 88/25 single board computer
were dealt with in chapter 1.4. This chapter will deal with the
hardware on the board, and describe how it is used to control the
inverter <control wunit., A brief description of the single Dboard
computer will be given, followed by a detailed description of the.

use of the component parts of the board in this project.
2.1.1 THE 1SBC 88/25 SINGLE BOARD COMPUTER.

A Dblock diagfam of the computer 1sAgiven in Figure 2.1.1. The
basic board contains : an 8 level Programmable Interrubt
Controller (PIC); a Programmable Peripheral Interface (PPI) giving
three eight ©bit parallel ports; a three channel Programmable
Intervai Timer (PIT); a - Universal Synchronous / Asynchronous
Receiver / Transmitter (USART) for serial communication with a
local terminal; 4 kilobytes of RAM, with sockets for another 4
kilobytes; and four sockets for 2, 4, 8 or 16 kilobyte ROMs,
giving a maximum capacity of 64 kilobytes of EPROM or ROM.

Because of the need for a second serial port for host computer
communications and more interval timers, an 1SBX 351 piggy back

board was added to the mother board via one of the local bus 1SBX

Page 2-1



BUFFERS

>

INTERFACE

BUFFERS

AN

SBX

CONNECTOR|

N

SBX
CONNECTOR

INTERRUPT —J

N

MATRIX
8255 8251 8259 A 8253
PP USART PIC PIT
LOCAL BUS.
MULTIBUS
LK RAM 64K ROM 8088 CPU
| INTERFACE
MULTIBUS

FIGURE 21.1: BLOCK DIAGRAM OF SBC




HARDWARE

éonnectors. This board provides an extra USART with buffers for
RS=-232 or RS-422 (differential multidrop) Serial communications,
and an extra PIT, which is usually used to clock the USART.

Note that a more general term .for Progammable Interval Timer (or'
PIT) 1is Real Time clock (or RTC).  Both terms . are used
interchangeably in this thesis. Figures H.l and H.2 in Appendix H

~contain full schematic circuit diagrams for the two boards.
2.1.2 USE OF PROGRAMMABLE INTERVAL TIMERS.

A requirement of the controller was that speed <control be
smooth, avoiding sudden speed changes (except 1intended changes
such as P-jumps). ‘The 8253 PIT was éarefully checked for
glitching at terminal counts, using a high speed logic anélyser.
It was selected_as a candidate for timing applications only when
it had been shown to have smooth, glitch free operation. There are
two PIT s in the system (one on the mother board -and one on the
piggy back board), giving a total of six timers. The system real

time clock requirements were as follows

X 50Hz system clock.
x USART baud rate clocks.

Traverse inverter pulse train.

X
x Winder inverter pulse train.
x .Traverse tachometer.

X

Chpck tachometer.

Total 7
The use of each PIT channel will now be considered in more detail.
2.1.2.1 USART BAUD RATE GENERATION.
Since both USART"s had to run at the same baud rate 1t was
possible to wuse one channel of the PIT for both USART clocks,
thich meant that six PIT channels were required in all. This

need could be satisfied by the two existing 8253“s. The USART
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 requires a square wave clock for éhe serial / parallel shift"
register. To work'oht the frequency of the clock, the requiremehts
of the system and the operatibn of the USART had to be considered.
A baud rate of 9600 was required, and the PIT is clocked at 1.229
MHz. The USART has an internal divider which divides the clock by
1, 16 or 64 to give the béud rate. 1.229 MHz has to be divided by
approximately 128 to give a baud rate of 9600. ‘The USART division
was arbitrarily set to 16, which meént that the PIT had to divide
the basic clock by 8. Thus the PIT was set up to operate in mode 3

(square wave generator), with a count value of 8.
2.1.2.2 SHAFT SPEED MEASUREMENT.

The specification called for the chuck speéd and the traverse
speed to be measured. There are three common technidues fof
‘measuring shaft speeds with a computer : Amalog to digital
conversion of the output of a tacho generator; shaft encoders;
and counting of pulses from a shaft rotation transducer (eg
proximity detector) over time. Each method has its advantages and
drawbacks. In this project the last method .was wused for four

reasons

A) Analysis shoﬁed that the pulse cbunting method was capable of

producing the required measurement accuracy.

B) The PIT had channels available for this purpose, providing a
simple and cheap method for speed measurement, the only extra

hardware required is for buffering and filtering.

C) Speed measurement had to be done to a high degree of accuracy.
I1f A-D or shaft encoding techniques had been used, high quality

(and therefore expensive) hardware would have been required.

D) There was very little space on the machine to mount a
tachometer or encoder, and the simplicity, small size ‘and
reliability of proximity detectors offered reduced maintenance

overheads.
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HARDWARE
2.1.2.3 INVERTER PULSE TRAIN GENERATION.

The controller had to provide ﬁariable speed control for two
inverters. Because of the requlirement for highly accurate speed
control, pulse driven inverters were wused rather than the more
usual refgrence'voltage control. This meant that Emerson had to
modify one of their standard 1nvertefs to accept a pulse train
input (See appendix C for é déscription of the 1inverter
operation). If a PIT channel was to be used to generate the
pulses, it had td be able to produce the full range of operating
frequencies with the required accuracy. Two factors had to be
considered 1f this method was to work., The first 1s that the
inherent resolution of the PIT decreases as frequency of operation
increases, which had to be checked against the production’
requirements. .The second factor 1s that there is a maximum count
value that can be loaded_ into the PIT, which 1limits the low
frequency operation of the PIT. Each of these factors will now be

conside:ed in detail.
A) HIGH FREQUENCY RESOLUTION OF THE PIT.

The traverse operates at a higher frequency than the winder, its
maximum‘frequency being 320 Hz. The control pulse train had to be
six times the reqhired output frequency of the inverter, so thé_

maximum output frequency required was
6 ¥ 320 Hz = 1920 Hz.

The specification called for a 0.2 Hz resolution, which translates
into 1.2 Hz from the PIT. In Mode 3 the 8253 operates as a square
wave generator. A count value loaded into the PIT 1is .decremented'
by clock pulses from a crystal oscillator. Wheﬁ the count has
reached half its value the state of the output is changed. When
the count reaches zero the state of the output is changéd back,

and  the <count value is automatically reloaded into the counter.
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HARDWARE
Thus

| , CRYSTAL CLOCK FREQUENCY
SQUARE WAVE FREQUENCY = —----m-ooommmmm e
COUNT VALUE.

The frequency resolution of the genérated square wave is limited
by the integer count value loaded into the PIT. The resolution
decreases as the output fréquendy approaches the PIT clocking
frequency. Output frequency is controlled by 1loading different
count values into the PIT. The factory default clock rate is 1.229
‘"MHz, thus

1 229 000
MINIMUM COUNT VALUE = ---—-==--=-- = 640

The smallest change in frequency that can be achieved at this
frequency is by 1increasing the count value from 640 to 641. This
corresponds to a frequency <change from 1920 to 1917.3 Hz, 1é
2.7Hz, which does not meet the specification. Fortunately it was
possible to double ‘the PIT clock rate, as the 8253 will operate up
to 2.5MHz, énd there was a 2.456MHz clock available. This
increased the minimum count to 1280, and the worst case
resolution 1is 0.225Hz, which was acceptable to the Production

Department.

B) MAXIMﬁM-COUNT VALUE THAT CAN BE LOADED INTO PIT.

The count value loaded into the PIT is a 16 bit integer, so :
2 456 000

MINIMUM FREQUENCY = -=----=-~- = 37.5 Hz.
’ 65 536
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HARDWARE

Ramping of the motors down to a standstill was achieved by using

the expression
NEW SPEED = OLD SPEED - DECELERATION RATE

If the 0ld speed minus the new speed results in a count value
requiring more than sixteen bits, then the high order bits above
sixteen will be 1lost (ie the count "wraps around"” from 65 536 to
zero), and the resulting count Value. will be 1incorrect. To
ensure that this situation never arises, the minimum speed
should be set so that the count value of new speed 1is never

greater than 65 536 :
OLD SPEED = NEW SPEED + DECELERATION RATE

expressing this in terms of the count value

Fi Fi ,
~=== = ~=-- + MAXDEC'

Where : Fi = clock rate (2.456 MHz)
Nold = previous count value
Nnew = new count value
MAXDEC =

maximum deceleration rate

Rearranging

Nold = —--—--m=m—mre—————
Fi + Nnew * MAXDEC
If Fi = 2,.456MHz
Nnew = 65 536
MAXDEC = 4.2Hz per 100mS (Limiting inverter acceleration rate)
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Then maximum count value Nold = 58 930. This corresponds to a

frequency of 42 Hz.

Thus by wusing a clock frquencyvof 2.456 MHz 1t 1s possible to
achieve the speed resolution required by the specification, and
the useable speed range is 42 - 1920 Hz, corresponding to 7 - 320
Hz out of the inverter. Initially the aim was to get the starting
speed as low as possiblé to 1limit the starting current of the
(synchronous) wind up roll motor. However it was discovered that
the motor was unstable at this speed, causing inverter trips, and
the best practical starting speed was 13.3Hz, corfesponding to

80Hz from the computer.
2.1.2.4 THE SYSTEM CLOCK.

The SMT operating system requires a 50Hz system clock which is
provided by one of the PIT channels. The requirement for highly
accurate speed measurement made it necéssafy to read the system
clock "on the fly" to achieve a clock resolution of less than 20mS
(see chapter 3.3.3 and 3.3.10). As a result the PIT was operated
in mode 2 as a divide by N rate counter, rather than in mode 3
as a square wave generator, In mode 3 the count value 1is
decremented by two for each clock pulse, and when the count
reaches zero the state of the OUT pin 1is inverted. In mode 2 the
count value is decremented by one each <clock pulse, and when the
count reaches 2zero the OUT pin goes low for one clock pulse.
In mode 3 the state of the output pin has to be ‘detérmined, as
well as the count, whereas in mode 2 omnly the count has to be
read, - which 1s far simpler. Using mode 2 had no other
ramifications for the design, and gave satisfactory performance in

practice.

The clock frequency wused was 1.228MHz, so the required PIT count

value was :
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2.1.3 THE PROGRAMMABLE INTERRUPT CONTROLLER.

This section assumes familiarity with the ' 8086 1interrupt
mechanism, 8086 assembly language, MULTIBUS, and the operation of
various 1Intel peripheral chips. "~ Intel publishes numerous
reference manuals which should be consulted for more
information (See references 9 and 10). This section will be

limited to implementation notes.

Seven Interrupts were required by the system, so the on-board
eight level 8259A interrupt controller was adequate, and the use
of slave 1interrupt <controllers was not necessary. The interrupt
vector table is initialised in MSMTUl.RTL, the wuser hardware
initialisation module. Interrupts Types 1 to 4 are reserved for
8086 exception handling, single stepping - and Non-Maskable
interrupts, and Types 5H to 19H are reserved by Intel for future
use. To maintain compatability with future hardware and still
leave as much RAM available as possible, the <controller wused
Interrupt Types 20H to 27H, occupying physical memory addresses
from 80H to 9FH.

SMT has no provision for rotating priority interrupt arbitration,
so the 8259A was used in the fixed priority mode, where INT 20 has
the highest priority and 1INT 27 the 1lowest. The version 1.0
"release of the MAGIC assembler has a bug inmn it which makes 1t
impossible to use embedded'absolute code sections Iin the middle of
other code segments. This meant it was not possible to use the ORG
and DW pseudo assembler - instructions to 1nitialise the vector
table, which had to be done with MOV instructioms. The use of each

interrupt will now be considered in more detail.
4

2.1.3.1 INT 21, THE OFF BOARD ADDRESS TRAP.

The computer”s MULTIBUS interface was not used, which means that .

all system addresses are on-board. The computer has address

decoding ROM“s which select the peripheral chips, and also give a
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 signal indicating whether the address is on-board or off-board. If

the_ address 1s off-board, 1t is handled by' an 8289  bus
controller and an 8288 system controller dedicated to the bus. The
system then goes into a WAIT state until the bus periphefal being
addrgssed' acknowledges (XACK) that it has valid data oﬁ the data
bus. If there 1is ~no peripheral, the computer would go into én
.1ndefinite wait state, that is it would "crash”. To prevent this
from'happening, a monostable is gated with the XACK signal. 1If no
ALE signél 1s received by the monostable in 1mS, it times out and
clears the 'HOLD releasing the CPU from 1its WAIT state. The
monostable output can be latched and wused to interrupt the

processor.

Since there 1s no off board-device in this sjsteﬁ,'any attempt to
address one implies that SOmething is wrong. If this does happen,
the processor traps this condition, which causes the unrecoverable

error routine (RRGEL) to be called with an error number 30.
2.1.3.2 INT 22, THE SYSTEM CLOCK INTERRUPT.

This routine geéts called once every 20 mS when a . system clock
interrupt is received from the PIT. The routine is held 1in
the system module SMTCLK, and is declared PUBLIC so that it can be
initialised in MSMTUl. The service routine sets a system event

which triggers the clock task which updates all its counters.
2.1.3.3 INT 23, TRAVERSE TACHO INTERRUPT.

This routine is triggerred when the tacho PIT count reaches zero,
and is the timer for the traverse tacho task. It takes the

current value of NOW, reads the system clock on the fly", and
sets an event which tells the traverse tacho that the timing
period has elapsed. See Chapter 3.3.3 for. a more detailed
explanation of the operation. The routiﬁg of the physical 1link is

.described in the chapter on the I/0 board.
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2.1.3.4 INT 24, CHUCK TACHO INTERRUPT.

This performs the same fun;tion'as INT 23 for the chuck tacho. See
chapter 3.3.10 for more details.

2.1.3.5 INT 25, HOST LINK TRANSMIT DATA INTERRUPT.

The USART for the hoéf link is on a piggy :back SBX 351 board. This

-board can be configured for 'RS-232 or RS-422 (three statel
differential) operation by changing some links. From the
programming point of view however, there 1svno difference between

"these two modes.

As expléined in chapter 3.3.12,‘ the multidrop serial fink is
"configured 8o that it produces an interrupt whem the transmit
buffer is empty. The 1interrupt service routine fetches the next
character from the packet buffer, checks to see if it is thé finél
character, and loads it into the transmit buffer (after checking
to make sure it is empty). If the character 1is the final one,
then an event is set which tells the Host link communications task
that the transmission 1is complete. The routine is then exited
~without reloading the transmit buffer, and data transmission

halts.
2.1.3.6 INT 26, THE LOCAL VDU RECEIVE DATA INTERRUPT.

Eﬁery time a key on the local VDU is pressed, the local VDU USART
receives a character in its input buffer, causing an interrupt
that calls the service routine in the system module
MSMTPIO..RTL. The service routine checks the received character to
see 1if 1t.1s control-A. If it is, it sets the system event which
triggers the CTL-A task and exits. If it 1isn“t CTL-A, it checks
that the input buffer is not full, and if it 1isn“t, places the
character 1in the téxt buffer and echoes it on the VDU. If the
buffer is full, then the pointers are reset and the previous data

is overwritten.
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2.1.3.7 INT 27, THE HOST LINK RECEIVE DATA ROUTINE.

This is similar to the transmit5foutine, and is fully described in
chapter 3.3.12. '

2.1.4 THE SERIAL LINKS.

Two serial 1links are provided. One is an RS-232 link used for
communication with a local VDU, and the other 1s an RS-422
multidrop‘link for communication with a remote process management
computer. The local VDU 1link uses the on board USART, while the
multi drop host link uses the piggy back USART.

-Both links operate at 9600 baud, and use eighﬁ data bits, with one
stop bit and no parity. As explained before, the baud rate clock
for the tramsmit and receive buffers on both USART"s are generated
by the same PIT output (See section 2.1.2.1). Initialisation of
the USART s 1is performed in MSMTUl.RTL, and follows the sequence

reccommended by INTEL, namely

1) Disable interrupts.

2) Write four zeroes to USART control port with a 16
clock cycle settling time between writes,

3) Write a USART reset character to control port.

4) Allow USART to settle, A

5) Write mode definition word and allow settling time.

6) Wrife command word to control port. '

7) Enable interrupts.

Once an initialising sequence has started, it must be completed.
To eﬂsﬁre that this happens in an oderly fashion, interrupts are
disabled at the start, and four dummy zeroes are written to the
control port, which will take the longest initialisation sequence
possible to completion. The settling periods are required by the
Vinternal operation of the USART. Once any outstanding
initialisation sequences have been completed, control words can
be sent to the control port with appropriate settling times

between writes. The reset word 1instructs the USART that mode and

Page 2-11



HARDWARE -

control words are about to follow. The mode word vsetstup the
number of stop and dafa bits and disébles.parity. The command word
enables the Transmit and receive buffers, and sefs the DTR and RTS
modem control pins. This completes the initialisétion phase and
the USART can recelve or send data. When data is réceived, the
interrupt routine merely has to fead the USART.data regisfer. When
the CPU wishes to send data, it writes it to the data port.

2.1.6 DIGITAL I/O.

The SBCV 88/25 computer has an on board 8255 Programmable
Peripheral Interface (PPI) chip, providing 24 lines of digitai
I/0. The system digital requirements were for six inputs and four
outputs to the outside world, and one output for on board use, as

followg :
.INPUTS

1) Four address selection bits.
2) Position ready to start.
3) Tailing button. (not used in this system)

OUTPUTS

1) Position ready. ' \
2) Winder inverter run contact. '

3) Traverse inverter run contact.

4) Software error.

5) 0ff board memory address latch clear.

Each of these signals is fully described in the section on the I/O
board (section 2.2), and the overall operation of these signals is
described 1in Appendix C. This section will be 1limited to a
description of the PPI.

The outputs had to be latched, but the 1inputs did not require
latching. Port A of the PPI has an 8287 bi-directional buffer,

whereas the other ports have facilities for output buffers only.
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So port A was made an input poft, and the Transmit/Receive pin of
the 8287 buffer was pulled low to put it inté the input mode. Port
B was configured as an output port, buffered by 74LS00 NANDbgates
in sockets XU9 and XUl0. Both ports were initialised as basic
input/output mode 0 ports. The off ©board memory address latch
required bit set/reset facilities, so one bit of port C was
used,'since port C éupportS' bit set/reset operation. Once again
the requirement was for simple latched -operation, so bort C was
configured as a mode 0 output port. Thus the PPI was initialised

as follows :

PORT A ~ INPUT MODE 0
PORT B OUTPUT : MODE 0O
PORT C OUTPUT ‘MODE O

The code which initialises the PPI is in MSMTUL.RTL.
2.1.6 RAM AND ROM.

Since the 8086 interrupt vector table ocCubies the first kilobyte
- of physical address space, RAM 1is élways mapped into the lowest
memory locations. The basic SBC 88/25 board comes with 4k of RAM
fitted. SMT requires approximately 2.5 k, the vector table wuses

256 bytes, and the applications tasks need approximately 1.5 k -

giving a total requirement of 4.25k. It might have been possible
to reduce this to under 4k by carefully tuning the system, but
because of the project time limits extra RAM was added to the
sockets provided on the board. The factory default setting maps
this RAM from physical éddresses 3000 to 3FFF (hex). It was
re-mapped to be contiguous with the on board RAM by cutting a
track from the address decoding ROM, and soldering a length of
wire from a different address select 1line (See Appendix H for

the details).

"The 8086 resét vector resides at address FFFFOH, so 6n board ROM
is always mapped to the  highest memory 1locations. SMT
occupies approximately 16 kilobytes of code, whilst the
applications tasks have nearly 32 kilobytes of code. This makes
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the total code reqdirement'48k. There are four ROM slots on the -
board that can take all standard. ROM sizes from 2 kilobytes up to
16 kilobytes. Four 8k ROMs give 32k, so it ﬁas necéssary to use
three 16k ROMs. The RESET vector at FFFFOH -contains a jump to the
SMT entry 4point. Figure 2.1.2 1is a memory map of the system,
showing how RAM and ROM are used by the controller.-~

2.2 THE I/0 BOARD.

The function of the I/0 board is to level shift and buffer signals
from the plant and the computer. The board also 1logically AND”s
“the winder 1interlock signals together and produces a Go/Nogo
signal for the <computer, Each interlock drives an indicator LED
through a latch, so that 1its status can be monitored. The signals
handled by the I/0 board will .now be described. Appendix A should

be consulted for a description of a Nyloﬁ Spinning machine.
2.2.1 THE PLANT INTERLOCKS.

These are voltage free normally:open contacts'used to monitor the
§tate of the planf. The computer supplies 24V to Aone side of the
contact, and the other side goes to ground through an opto~coupler
and a limiting resistor. If the contact is closed, the output of
thé opto~-coupler goes high, and this output is ANDed with ali the
other outputs, and_latched‘ for an LED display. For the winder to
start or continue running, all these <contacts must be open. The
start button 1is similar, except that the opto-coupler output is
latched before being ANDed with the other interlocks.

2.2.1,1 INPUTS FROM THE PLANT.

4 A) STOP - this is a push button mounted  next to each winder
position that when pressed <causes the winder motors to ramp to a

standstill.

B) START - this 1is a push button mounted next to each winder

position that causes the winder motors to ramp .up to running speed
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when pressed, provided none of the other interlocks are enabled.

C) EMERGENCY STOP - There is one emergency étop button located at
either end of the machine. If either of these buttons is pressed,

all 24 winders ramp to a standstill.

D) WRAP. DETECT - A sensor mounted close to the winder and
traverse rolls 1is triggered if yarn gets wrapped around either of
them. This usually happens when the thread line has broken, and

the machine cannot operate under these conditions.

E) OIL MIST FAIL - The bearings of the motors and the chuck are
lubricated by oil droplets carried by air. If the lubrication
system fails, all 24 winder positions are ramped to a standstill.

F) THERMISTOR TRIP - Thermistors mounted 1in "the stator windings
detect whether the motor is overheating, which signals imminent

motor failure, and ramps the winder to a standstill.

G) TRAVERSE INVERTER READY -~ Each traverse inverter has a set of
contacts which are closed as 1long as the inverter is not in a
tripped state, such as over or under voltage or current limit. If

an inverter does trip, the winder 1s ramped to a standstill.
H) WINDER INVERTER READY - As for the traverse inverter.

I) TAILING BUTTON - See Appendix A for a picture of the transfer
tail. Operation of the transfer tail indicates that a wind up
period has begun. The ability to monitor .this condition was
included -in case it became mnecessary to know this start point in
future modifications to the system., However it 1s not used in this

~application.
2.2.1.2 OUTPUTS TO THE PLANT.

A) HEAD LIFT SOLENOID - Whenever a fault condition occurs or the
winder is stopped for any reason, the winder roll must be lifted

clear from ‘the package surface,. The winder roll is mounted in
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the head which 1is held in contact with the yarn package by
compressed air. The head 1ift solenoid switches the flow of air so
vthat the head 1is 1ifted clear "~of the package. This‘signal is
generated by' ANDing all the 1nput 1nterlocké together, and is

generatéd completely independently of the computer software. .

B) POSITION READY - This signal 1is fed to an indicator lamp
mounted -next to each winder position, and indicates when the

motors are up to operating speed and ready for use.

C) WINDER RUN - This is a set of relay contacts which energises

the winder roll inverter.
D) TRAVERSE RUN - As for the winder.

E) HOUR METER ~ This 1s a set of relay contacts which drive an
hour meter which records how long the unit has been in operation.

It is used for routine maintenance.
2.2.2 THE PULSE TRAINS.

There are four ©pulse trains in all. Two go from the computer via
the I/0 board to the inverter, whilst the other two come from
variable reluctance probes mounted on the shafts of the traverse
motor and chuck, ‘and are used forv speed sensing. The inverter
drive pulses are optically isolated and then bdffered by
transistors. The tacho pulse trains are filtered and shaped, and

thén optically isolated.
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2.2.3 THE INDICATOR LED”s.

Fourteen indicator LED”s are mounted on the front'pénel of each
inverter control unit to give information about the status of the
plaht interlocks and :the operation of the computer éystem. Each

indicator 1is briefly described.

L1l - Winder inverter is not ready, ie it has tripped.
.L2 - Traverse inverter has t:ipped.
- L3 - Thermistor trip has occurred.

L4 - Emergency stop button has been pressed.

L5 - 0il mist supply has failed.

L6 - Wrap detected on roll.

L7 - Stop button has been pressed.

L8 - Software watch dog.

L9 —.CPU rqnning.

L10 - Datafranémitted to host from ICU.

L1l - ICU received data from hogt,

Llé‘; Position winder up to operating speed.

L13 - Positlion started.

L14 - Position ready to start.

Ll to L7 are red and reflect the state of the plant interlocks. If

any are 1lit the winder 1s stopped or stopping. L8 to Lll are
amber, and reflect the activities of the computer. L8 is driven by
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the sequencing task (see chapter 3.3.6.2), and will flash with a
two second period. if all the .system tasks are functioning
.correctly. L9 1s connected (via a buffer) to the 8288 system
controller Address Latch Enable pin, and indicates whether the CPU
is running.l L10 and L1l are connected ﬁo the host 1link TUSART
transmit and receive interrupt 1lines. TIf the USART is handling
data, the LED”s will flash. L12 to L14 are green, and the winder
must be used only when all three are on. There 1s also a
pushbutton mounted on the front panel which resets the 1interlock
LED latches. THIS RESET BUTTON ONLY AFFECTS THE LED"s, AND HAS NO
EFFECT WHATSOEVER ON THE OPERATION OF THE CONTROLLER.

2.2.4 THE LINK WITH THE COMPUTER.

To simplify maintenance and housing , the 1I/0 circuitry was
mounted on a board with a MULTIBUS form factor, which was
manufactured to a specification supplied by SANS. The MUtTIBUS P-1
connector was not used at all, and the P-2 auxiliary connector was
used for bringing power onto the I/0 board and connecting the i/O
board with the plant. The J-~1 connector was used for connecting
the I/0 board signals to the computer. Figure 2.2.1 shows a loglec
diagram of the 1I/0 board, whilst figure H.4 in Appendix H

shows a detailed schematic diagram of the board.
2.2.5 THE MARK II VERSION OF THE I/0 BOARD.

Two problems were experienced with the first version of the I/0
board. The first was that no limiting resistor was placed on the
outputs of the 1inverter pulse trainm tramnsistors, so if this
output was short circuited the transistors were destroyed. The
second problem was the lack of a driver transistor for the "Winder

Ready" signal lamp.
_ A second I/0 board was produced with the necessary additions, and

these boards have been installed in ICU drawers that have had

repeated failures due to these ommissions.
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2.3 THE INVERTER CONTROL UNIT CABINET.

The complete Inverter Control System consisted of 48 inverters and
24 computers, all of which had to be mounted in the same space as
the original two 1inverters and one controller of the old machine.
Thus space was at a premium, and the computer cabinet had to fit
into a space which was two 19 1inch rack spaces wide, and no more
than eight feet high. In addition the cabinmet had to be mounted
against a wall with other cabinets on either side. However

individual computers had to be easily accessible for maintenance.
2.3.1 THE CABINET,

Each computer is housed in a 19 1inch rack mounting drawer with
removable front and back panels. The indicator LED”“s are mounted
on the front panel, and all the 1interconnection sockets are
mounted on the back panel. The cabinet is made 1like a cupboard,
with two doors opening outwards. Twelve computer drawvers were
mounted in each door of the <cabinet, with hanging connections
going from the back of the drawers to terminal strips on the back
of the cabinet. The field wiring was brought in through the top of
the cabinet and runs in a spine between the terminal strips.
Figure 2.3.1 shows a‘front view of the cabinet with the doors

openéd.

This technique makes it possible to access the terminal strips or
the back of the drawers by opening the cabinet doors. However it
is also possible to remove 1nd1vidual I/0 or computer boards
without o6pening the cabinet, simply by removing the front panel of
a drawer, and .sliding the relevant board out. Figure 2.3.2 is an
exploded diagram of the drawer showing the layout and orientation

of all the drawer components.
2.3.2 THE POWER SUPPLIES.

The maximum current consumption from the 5V supply for each Single

Board Computer, its SBX piggy back board and I/0 board is 6A.
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HARDWARE
There are 24 computers, so the total current supply required is
144 Amps. In addition, +/- 12V ~supplies were required for the
RS~-232 serial communications and the I/0 board, and 24V was needed
for the interlock contacts. This gave power supply requirements as

follows :

Voltage ‘ | _ Current
___________________________ | —= o m e
+5V | 144A
+12V | 1.24A
~12V | 1.2A
+24V | 54
|

The controller specification called for normal operation with up
to two seconds power loss from ESCOM, and protection against power
supply failure. A ring main UPS (Uninterruptible Power Supply) is
avallable at SANS, so the power supplies were run off thié for
protection against ESCOM failure. For protection against power
supply failure,‘a backup power supply was needed. 144A power
supblies are expensive, so ten cheaper and more readily available
ZOAApower supplies were wired in parallel, With this arrangement,
it 1s possible to operate with three power supplies out of action.

Each power supply 1s comnnected to a busbar system through a diode,
to 1solate it from the rest of the system 1f 1t fails. The diodes
are 20A stud mounting types mounted directly onto the busbar for
cooling. Each powef supply has individual mains fuses, and 22 000
micro Farad capacitors on the 5V supply before the diodes. Voltage
sensing is done at the diode anodes, which are as close to the
load as possible. An attempt was made to semnse directly on the
busbar itself, so that the voltage drop of the diode would be
automatically compensated for, but 1t proved 1impossible to
distribute the current evenly between the power supplies, and the
system was extremely wunstable. Load balancing is done using a DC
current clamp to measure the current in individual supplies, and
adjusting the voltage setting pot on the power supply until it is
supplying approximately 14A. This process has to be done
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iteratively two or three times until all the supplies are sharing
the load evenly.

Each supply has three LED”s mounted on the fronf panel, 1nd1cating
the presence of méins, 5V and +/-~ 12V. EEach~group of three powerr
supplies is fed through an EMI/RFI filter to remove noise and
spikes on the mains. The power supplies are mounted in the door of
the cabinet beneath the computers, so that they can be adjusted
without opening the cabinet door. All connections to and from the

busbars are made via spade connectors.’

ELPAC ES130 switced mode power supplies were used. These have
isolated supplies of 5V at 20A, and 2 x 12V at 1A which can be
connected in series to give the +/- 12V required. The 24V supply
is derived from an external UPS driven supply wused for the
instrumentation and 1interlocks on the rest of the machine.
Considerable problems were experienced 1initially with all ten
power supplies going 1into fold-back current limitiﬁg for no
apparent reason. The problem was traced to the ELPAC overvoltage
crowbar circuit,'which is extremely sensitive to noise. This was
cured by paying very careful attention to earthing, and by
increasing the capacitor on the crowbar thyristor gate, the
philosophy being that it is cheapér to risk destroying a power
supply than it is to stop production on the machine. Figure
2.3.3 is a schematic diagram of the power supply system, and
Figure H.5 1in appen&ix H shows a detail of the . power supply‘

connection to an inverter control unit drawer.
2.3.3 THE COMMUNICATIONS LINKS.

Each ICU had to be able to communicate with a local VDU, and also
with a remote process control computer. The local VDU connections
were made via 24 GPO stereo jacks mounted on the front panel of
the computer cabinet, any particular ICU being addressed by
plugging a GPO plug into the.appropriate jack. The jacks had to be
the stereo type to accommodate the transmit and receive line of

the RS-232 protocol.
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At the host computer end, the total requirement was for a local
RS-232 1link to an LA 120 hard copy terminal, and RS-422 1link(s) to
the ICU”s. The host computer (which is part of the piant process
management system, called T18 OLDMAC) was a PDP 11/23 computer,
with no spare serial ports. The options were to get one RS-232
board and one RS-422 board for the system, or to getba single
multi channel RS-232 board and attach RS-232 to RS-422 converters
to it. The RS~-422 board (with two serial channels) was unable to
drive all 24 iCU’s, so two boards would havé been required.
This made the cost of the first solution much higher than the
second, so an 8 c¢hannel BML was chosen, with three RS-232 to
RS~422 converters, which meant that one channel controlled eight

ICU”s (the convertérs had drive capacity for up to eight ICU"s).

Figure H.6 in Appendix' H shows details of the communications
links.

2.3.4 WIRING AND INTERCONNECTIONS.

Appendix H.7 contains a schedule of all connections in the ICU
drawers. Figure H.8 shows details of the field wiring connections,
and Figure H.9 shows modifications that have to be made to a new
SBC received from the manufacturers 1in order for it to work as an

inverter control unit,

Page 2-22



T~

SOFTWARE

CHAPTER 3 : THE INVERTER CONTROLLER SOFTWARE

R R R 2 b %

2t 2ttt 2 1 4 & i i

Magic 1s a software development package which converts programs

.written 1in RTL/2 into . machine code for four different

microprocessors. Development is done on a multi-user host
computér; which produces object code which can then be loaded into
the target microprocessor system. This allows modular applications
development by a team of programmers. There are facilities for.
ﬁesting and debugging programs and producing ROM format object
code files. The package 1s designed to operate on DEC computers

running the RSX-11 operating system.

Two run-time environments are supported by MAGIC. The first is a
stand alone Base program called BASEM. This( provides a minimal

environment with a single task entry to a single user procedure.

1t sets up the RTL/2 stack and provides simple housekeeping and

1/0 functibné. Thevsecond énvirpnment is SMT, which provides a
real time multitasking environment as described in chapter 3.2.
Boﬁh environments can operate in the free standing mode, or in the

host /target link mode.

The MAGIC system consists of five ﬁtilities and the source code
for the runftime.' environments. The utilities are : A compiler; a
target processor assembler; a linker; a target test controller;
and a ROM object code formatter. The utilities <can be configured

for the users requirements by specifying different options at
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build time.

Figure 3.1.1 shows the application program development cycle in
schematic form. The RTL/2 source program is submitted to the
compiler which produces three output files : An assembler source
filé, a cross reference file and a compiler 1list file which
contains error messages and compilation statistics. On successful
compilation, the assembler source file and cross reference file
are submitted to the assembler, which produces two output files
An object code file and an assembler 1list £file which contains
error messages and assembly statistics. On successful assembly
the object file, along with other applications code and executive
object files are submitted to the 1linker which : resolves 1inter
and intra module references; allocates physical address space
to all the object modules; splits the object code into data and
procedure blocks for allocation to ROM or RAM in the final system;
and verifies the link. The linker produces two fililes : A link file
which is a loadable HEX-ASCII image of the system; and a map fille
which gives the locations of all brick level objects in the system
and entry points. At this stage there are two options.:The first
is to use the test link controller utility (MAG) to load and test
the 1link file into RAM on the target. The second option 1s to
produce a ROM 1image using the ROM formatting utility (FDM), which
can be loaded into an EPROM programmer and blown into EPROM for
the final debugged version. '
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RELOCA TABLE
OBJECT
MODULE S

SOURCE MODULE

RTL
COMPILER LIST FILE
SR 2l .SRC
ASSEMBLER CROSS
SOURCE REFERENCE
ASM XRF
/
ASSEMBLER LIST FILE
ASM LST
y y
.0BJ 0B 0B
INTERAC TIVE LINKER MAP FILE
USER
INPUT LLM .MAP
EXECUTABLE LINK FILE
BINARY :
_IMAGE . .LNK
ROM FORMATTER LINK
CONTROLLER
FOM MAG
ROMS TARGET RAM

FIGURE 3.1.1: MAGIC DEVELOPMENT CYCLE
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3.2 THE SMT OPERATING SYSTEM.

i i e Em w w E e e Sm I m e =S e s o o =

The source modules for SMT are. supplieﬂ as part of the MAGIC
package. SMT is a real time multitasking operating system suitable
for use in small microcoﬁputer systems. Only those ©parts of the
executive réquired for the final system need be included, so its
size will vary between applications, but generally it uses between

10 and 16k of code, and about 2 to 3k of RAM. Because thé source
code for the systém is supplied, it can be easily modified for use
by the apélications code. It 1s modular so that only the features
required in'the final system need be added. It offers :

1) Support for up to 255 tasks
2) Task scheduling

3) Task priorities

4) Interrupt handling

5) Events

6) Timing

7) Facility control

8) Run-time monitor

9) System error traps

10) Run-time checking.

Each task can be in one of two stétes, either GO or NOGO. Theée

two states can be further-subdivided as follows :

‘ ‘1) GO - Running. Only one task cam be running at any given

time. This will be the task with the highest briority
that is in the GO state. ' '

- Pending. Any task which is ready to rumn but has a lower

priority than other pending or running tasks will be
placed in the pending state.
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2) NOGO - Stopped. The task will not run at all.
- Suspended. A task can be suspended for three reasons
Waiting for an event; securing a facility; delayed for

a time 1interval,

Every time the currently executing task enters the "suspended" or
"stopped” state or a hardware interrupt occurs, the scheduler
puts the highest priofity "pending” task into the "rumning"” state.

If there is no "pending" task, 1t activates the .fallback task
" which has the lowest system priority and simply executes a "Jump
to 1tse1ff iﬁstruction. The executive itself appears as several
system tasks, with negative'task numbers to distinguish them from

the application tasks.

Run-time checks are designed to provide protection between tasks,
to try and prevent tasks from cofrupting other tasks, and also to
provide an oderly recovery mechanism from a detected error. Checks
are performed on a range of activities such as array bound
checking, divide by zero, stack overflow, floating point underflow

or overflow and a range of other system errors,

Each of the procedures that provide system services will be
briefly described. -

1) Timing

DELAY for an 1ﬁteger multiple of 20 mS
2) Event hand}ing

SET an event flag

RESET or clear an event flag

WAIT for an event flag to be set
TWAIT walt for event flag to be set or for a delay timeout
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3) Facility control-

SECURE a system facility, suspend task if not available
RELEASE a system facility |

TSECURE atteﬁpt to .secure facility within tiﬁeout period
TSTSCR test whether facility is secured

4) Task control

START a task
STOP a ta;k and release its secured facilities

5) Scheduling

LOCK disable task scheduling
UNLOCK enable task scheduling

6) Interrupts

HLOCK disable interrupts
HUNLOCK enable interrupts

7) Error handling

RRGEL unrecoverable error trap
CLEANUP release task”s secured facilities
ERPRIN print error message

8) System default procedures

DFERP recoverable error trap

DEFIN stream input

DEFOUT stream output

RRNUL null procedure (fallback task)

ME returns own task number

Note : The MAGIC package used was version 1.0. This

implementation 1s <called "SMT+" which has some features not
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found in other versions of SMf.-These additional features were not
used in order to maintain compatibility with other systems 1in use
at SANS. In addition this versioh had to be modified 'to comply
with the version 18 SMT used by the company.
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)

3.3 THE INVERTER CONTROL UNIT'SdFTWARE-MODULES.

-3 F 3 3 23+ - - -

3.3.1 SOFTWARE OVERVIEW.

The software for the Inverter control unit has been broken into
ten tasks. The relationships between the tasks and the data in the
system is i1illustrated in Fig 3.3.1. Tﬁe control parameter database
holds all the operational values and parémeters that the computer
controller must use to produce the required yarm, as wéll as all
global flags and data bricks required for inter task

communication.

Machine operational conditions are entered into the database
eitherzby an operator typing them iIn from a local VDU connected to
the controller, or from the PDP-11 host via an RS-422 multidrop
serial 1link. The host communication task énd local.VDU task
convert the stream of serial data from either. source into the
éppropriate'data type expected by the computer hardware, and
stores it 1in a Dbuffer in the data base update task. The update
task loads these values into the database at the correct point in

the machine”s operational cycle. :

The winder and traverse tacho tasks take a stream of pulses from
the transducers fitted to the motor shafts and convert them into
speeds -which are stored in the database. The traverse tacho task
also has to calculate the ratio of the winder and traverse speeds
and initiate banding avoidance, and so it 1s called the "ratio"
task. '

The traverse and winder control tasks generate speed values which
are used by the <corresponding drive tasks to generate the pulse
trains which drive the inverters. 13 seconds worth of speed values
are generated every 11 seconds, and stored in the <control
tables. The drive tasks take speed values from the table every

100mS and convert them into appropriate square waves.
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The sequence task monitors plant interlock signals and conﬁrols
the system state by setting flags and events which are used by
other tasks in the system. It also provides status information for

the benefit of plant operators.

Each of the tasks will now be consi&ered in more detail, and.fhe.
design decisions and task algorithms will be discussed. The tasks
will be discﬁssed in the same order as the 1linker processes then.
The emphasis will be on design criteria, and the system will be
explained at flowchart 1level., Familiarity with RTL/2 and SMT is
‘assumed, although a bfief introduction to SMT is given in Chapter
3.2, The RTL/2 listings in appendix G should be consulted for
details. 1In the software listings, variables and data relating to
the winder are prefixed with a "W", whilst those relating to the
traverse are prefixed with a "T", As far as possible, names have

been made self explanatory.
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3.3.2 SYSTEM STARTUP AND INITIALISATION.

Initialistion of the database is performed by the SMT procedure
RRFILL in the module RRFILC which loads data held 1in a ROM table
into a specified area of RAM. The linker creates a "data template”
consisting of all the data declared in linker data segments (not
to be confused with 8086 segment registers). This template is held
in a data brick called RRDITP. RRFILL loads the contents of this
brick into the specified RAM at sytem startup.

Hardware initialisation 1is performed by an SMT module called
MSMTU1.RTL . This module is written in 8086 assembly
language by the applications programmer, and sets up interrupt
vectors, as well as initialising both serial 1ink controllers, the
8255 parallel I]O chip, the six 8253 timer channels and the 8259
interrupt <controller., MSMTUl is called by the operating system
before any system tasks are started. A listing of MSMTUl.RTL as
used in this system is contained 1in Appendix G. In addition, the

interrupt servicing routines are kept in MSMTUl

When the system is RESET or powered up, the CPU starts executing
whatever code is at physical address FFFFQ Hex. A module <called
STARTUP.COD was placed at this address, which executes a jump to
the SMT entry point (RRXEQ) 1in the system module ROMCBA. This
module is coupled with the SMT segment of the system at link'time,
so that the extermnal reférences between the system and startup
code can be resolved. A hardware testing routine to check the

system hardware at startup could be called first if required.
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3.3.3 THE RATIO TASK.

The function of this task is to convert a pulse train from a speed
transducer into RPM, <calculate the ratio of the traverse and
winder speeds and flag the rest of the system to take banding

avoidance 1f required.

The speed of the traverse was found by loading a. count value into
an 8253 Real Time Clock <c¢hip, and then using the tacho 'pulses to
decrement the count value and interrupt the -processor when the
count reaches =zero. The ©processor measures the time interval
between 1interrupts and calculates the shaft rotational speed by
dividing the count value by the time taken to count that number of

pulses.

To get the accuracy required by the specification, the count value
loaded into the RTC and the measurement of the time Dbetween
interrupts had to be <considered very carefully. Problems arise
because the traverse is frequency modulated and because the

system clock has an inherent accuracy and resolution.

Both of these problem areas will be considered 1n-detail, énd then
the results will be combined to calculate the aCtual tacho speed
in RPM. Once an expression for the tacho speed in RPM has been-
derived, the requirements for banding avoidance will be

considered. ’ .
3.3.3.1 DETERMINING THE COUNT VALUE.

As discussed previously (Chapter 2.1.2.2), the speed measurement
technique chosen was that of counting pulses over a time interval.
There are two approaches to this technique : the number of pulses
in a fixed time {Interval can be measured (variable pulse method);
or the time interval for a fixed number of pulses can be measured
(variable time method). The latter method was chosen because the
sytem clock 1is clocked at a much higher rate than the tacho RTC,
so the 1inherent resolution is much higher. Analysis showed that

the measurement interval would have to be unacceptably lodg to
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achieve the desired accuracy of measurement with the former

me thod.

Tacho speeds are measured by taking the time for a fixed number of
pulses to be counted. Since the traverse 1is ﬁodulated with a
symmetrical waveform, tacho <clocking pulses must be measured for
an 1ntegral multiple of the traverse modulation period, so the
measured value is the mean value of the traverse speed. The count
value which will produce an integral multiple of the traverse

modulation period can be calculated from the expression
COUNT = MODULATION PERIOD * TACHO PULSE FREQUENCY

The modulation period 1Is givenm, and the tacho speed should be
the same as the motor speed (ignoring motor slip), and motor

speed is given by

TRAVERSE MOTOR RTC CLOCK FREQUENCY
TRAVERSE MOTOR SPEED = =-==-—==—=m—m oo e
' ~ TRAVERSE MOTOR RTC COUNT VALUE

Note that there 1is one RTC used for generating motor control

signals, and another used for measuring the tacho speed.

Several scaling factors are needed :

1) The tacho pulses are derived from a shaft driven through a 2:3
gear train from the traverse shaft.

2) The shaft gives two tacho pulses for every revolution.

3) The computer output frequency is 6 times the inverter output

frequency.

Thus the required scaling factor 1is 2/3 * 1/6 * 2 = 2/9 and the

required count value for the traverse tacho RTC is
2 * MODULATION PERIOD * TRAVERSE MOTOR RTC CLOCK FREQUENCY
9 % TRAVERSE MOTOR RTC COUNT VALUE
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A factor was included to make'thevmeasurement period greater than
8‘_seconds, but still an 1ntegfa1 mulfiple of the modulation
~period. This factor 1s a leftover from an earlier attempt to
measure the speed. However, 1t guarantees that the required

accuracy will be achieved, so it was left in. Thus :

2 * PERIOD * TRAVERSE FREQUENCY
COUNT = ==m=mmmmm e e e oo * TIME FACTOR
9 * RTC COUNT VALUE

Where
TIME FACTOR = 1 + (15 - MODULATION PERIOD) :/ (MODULATION PERIOD)

:/ 1is the integer divide function which returns no remainder.
Thus in terms of the variables and constants used in the Inverter

control system software :

2.0 * TMPERIOD * CLOCKFREQ
TCNT = ~====—==mmmmm—mmmm—m o * TNCYCCNT
9.0 * TPITVAL(TPOINT)

Where TMPERIOD Required modﬁlation period.

CLOCKFREQ = Clocking frequency of RTC producing
inverter pulses.
TPITVAL(TCNT) = Count loaded into inverter output pulse
o RTC. | |
TNCYCCNT = Factor to make duration of measurement

greater than or equal to 8 secs.

The traverse motor 1Is an induction motor so -the;e will be some
slip. This will result in a speed measurement error.because pulses
will be coming from the tacho slightly slower than expected, so
the measurement interval will be slightly 1longer than the

modulation period, and as a result the measured speed will not be
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the true mean speed. Note that this problem .could have been
avoided by measuring a variable number of pulses for a fixed time.
However as pointed out before this method could not be used

because the measurement intervals became unacceptably long.

If the traverse has a slip of e% of:set speed, then the
measurement interval will be eZ 1longer than expected. To get an
1dea of the error involved a triangular waveform with amplitude a%
_of set speed without P-jumps was anaiysed (see figure 3.3.2a). The
mean value of any waveform over some IiInterval is given by the area
under the curve. The mean value of the modulation waveform over
the interval 0 - t, 1is zero. The error due to the measurement
interval being too long will be given by the shaded portion under
the curve. Figure 3.3.2b shows the error portion of the curve with
the axes shifted to simplify the analysis. The slope of the curve
is

a ba

t, /4 ty
and the mean value of the shaded portion is :
1 4a  4a ¢ el
et - 0 't eth 2 g

This result confirms the intuitive expectation that the error will
be proportionél to the slip and the moduléfidn amplitude. The slip
will. vary according to the rate of acceleration or decelaration of
the traverse, and can even have a negative value ("regenerative"
braking). According to Hudgell (reference 2) the slip under no
load conditions is 0.5%, whilst the average slip with modulation
can be up to 0.8% at 200 Hz. Assuming a maximum slip of 1% and
a maximum modulation amplitude of 4%, the worst case speed

measurement error will be

0.04 * 0.01 * 2 = 0.08% of mean speed
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The specificatian called for measurement accuracies of 0.1%, .so
this measurement technique was-.-accepted as meeting the design

requirements.
3.3.3.2) DETERMINING THE TIME BETWEEN RTC INTERRUPTS.

An examination of figure 3.3.3 shows that the accuracy of the-
measured speed depends on how accurately time is measured. The
system operates by interrﬁpting the CPU when the required number
of pulses has been counted, and recording the current time. The
time of the previous interrupt 1is known, so the time duration
between interrupts can be <calculated. The system clock operates
at 50 Hz which means that its resolution 1is 20 mS. To achieve a
0.1% accurac& the measurement period would have to be at least 20
seconds. This was too slow for the chuck speed measurement (see
chapter 3.3.10), which works on the same principles, so a better

resolution had to be achieved.

It 1is possible to read the 8253 RTC count value at any time
between interrupts. By this method 1t was possible to get a
fractional count value with a resolution approaching that of

the crystalldriving the RTC. With reference to Figure 3.3.3 :
TIME'BEIWEEN INTERRUPTS =
TIME AT END OF COUNT- TIME AT START OF COUNT.

SMT provides a counter that gets incremented every 20 mS. The
counter is an integer variable calied NOW, whose value increases
from 0 to 65536 and then "wraps around”™ back to zero. The
interrupt service routine simply records the current value of NOW
and the fractional value of the RTC. These values are saved until
the next interrupt so that the end of oné interrupt period is also

the start of the next period. With variables defined as follows
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LASTTSTART = the valuerof NOW at the previous interrupt.
LASTGOFRAC = count value read from RTC at the previous intefrupt.
TSTOP =" the value of NOW at current interrupt. (Becomes
LASTSTART) ' '
.TENDFRAC = count value read from RTC at current interrupt.
IT50HZ = total RTC count value to give a 50Hz pulse output.
Thus

TIME AT END OF COUNT - TIME AT START OF COUNT

(TSTOP + FRACTIONAL COUNT) - (LASTTSTART + FRACTIONAL COUNT)

IT50HZ - TENDFRAC | IT50HZ - LASTTSTART
TSTOP + ===m==m———m—=———u - LASTTSTART + ==-m-=-—e—mmmmm e
IT50HZ IT50HZ

TENDFRAC and LASTTSTART are subtracted from IT50HZ because IT50HZ
is 1loaded into the RTC and decremented. Simplifying this

expression gives
TIME BETWEEN INTERRUPTS =

LASTTGOFRAC - TENDFRAC
TSTOP - LASTTSTART + =-—~c-=--———ommmmeeom
| IT50HZ

If a situation occurs where a tacho interrupt occurs while a
clock interrupt is - being 4serviced, the tacho interrupt will be
serviéed'immediately after the clock interrupt, before the value
of NOW has been updated (NOW is updated by an S-task which is
triggered by an event set by the interrupt H-task). This means
that the value of NOW picked up by the tacho service routine could
be wrong. To prevent this happening, the fractional part of the
count is tested to see 1if thé count is close to its start or end.
If it is then that speed measurement 1s discarded. This 1is the
function of the test with INTLIMIT in the listing.
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3.3.3.3 DERIVING THE TACHOMETER SPEED.

Now that . we have an expression for the count value to be loaded
into the RTC and a method for accurately determining the time
period between interrupts, it is possible to calculate the actual

tacho speed. Remember that this is found from :

COUNT VALUE LOADED INTO RTC

'TACHO SPEED = —==--—=—--=-oommomameoo R e e L L
TIME TAKEN TO COUNT THAT NUMBER OF PULSES

Various constants 'ofv proportionality have to be considered. Time
measurements are in 1/50ths of a second. The traverse shaft sensor
is mounted on a secondary _shaft driven through a 3:2 gear ratio,
and the sensor produces 2 pulses for every revolution of the
shaft. Finally the tacho speed must be converted to RPM by
multipiying the frequency by 60. Thus the required constant is

(60 * 50 * 3/2) / 2 = 2250
In the terms used in the program :

2250 * TCNTLAST
TTACHO = ==meceememmm—ae

Where

TTACHO = Traverse tacho speed in RPM.

TCNTLAST = Count value for 1last time interval.

TTIM = Period between previous two interrupts from RTC.

3.3.3.4 BANDING AVOIDANCE.

The Chuck tacho speed is measured in a similar way to the traverse

tacho speed (see chapter 3.3.10). By definition, the Ribbon ratio
is given by : '
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| 6 * CHUCK TACHO SPEED
RIBBON RATIO = -=—==-=-==m—mcmemaeeo
~ TRAVERSE TACHO SPEED

After the Traverse tacho speed has been calculated, the Ratio task
calculates the Ribbon raﬁio, and checks to see if it is less than
or equal to the ;ritical value where ribboning starts or ends. If
a critical point has been reached the flags which control the
Traverse control task are alte;ed so that banding avoidance starts
or ends. The flow diagram in Fig 3.3.4 and the 1listing of the
Ratio task in Appendix H give details of operation.

1
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3.3.4 WINDER DRIVE TASK.

This task reads a value from Lhe winder.control table every 100mS
and outputs it to the winder drive RTC (See éhapter 2.1 for a
.description of the RTC). The control taﬁle values are generated
by the winder control task which calculates the reduired output
speeds and f£111ls the table. ‘The winder and traverse drive tasks
directly control the speed of the inverter and hence control the
behaviour of the winding process. Because of their important
function these two tasks have thé highest priorifies in the
system. To prevent them from -holding out other 1lower priority
tasks they were made as compact and efficient as possible.
Their only other duty is to - ensure that maximum acceleration or
deceleration rates are not exceeded, and that the maximum
frequency for the winder drive 1is not exceeded. If they are -
exceeded for any reason, they are limited to safe values. Figure

3.3.5 shows a flow diagram of the winder drive task.
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3.3.5 WINDER CONTROL TASK.

This task genmerates winder control table values according .to the
state of the system (as defined by the sequencing tésk)z and
responds rapidly and appropriately to system state changes. It
generates 13 seconds worth of controlb table values every 11
seconds, except when the state changes (eg from STOPPED to
STARTING), when it respoqu immediately. The drive task reads a
valué from this table évery 100mS and outputs it to the RTC.

3.3.5.1 SYSTEM CONSTRAINTS.

This technique for generating speed values was arrived at after
considering the 1limitations of the system as a whole., These
limitations fell into two broad categbries t those of the
‘inverters and their associated motors; and those of the computer
system. They placed conflicting demands on the computer,
because on the one hand the motors needed to have their RTC
output values updated as often as possible, but at the same time
the amount of calculation to be done by the computer had be kept
to a minimum. The solution was a compromise between the two

requirements.

'In practice 1t would ﬂave been extremely difficult to predict
exactly what the timings and requirements of the éariousA'tasks
would be, as they all rum asynchronously with completely different
cycle times, and the number of possible states of the system is
vast. So empirical methods were wused to detérmine some of the
timings. The values that were arrived ét were 100mS for the RTC
update period, and a 128 value control table updated every ‘11
seconds. (Note that if one value 1is read from the control table
every 100mS, then it will take 12,8 seconds to read the entire
table). Figure 3.3.6 shows the broad principles of the system
used, whilst figure 3.3.7 is a flow diagram of the contrbl task.

Each of the areas of limitation will now be considered in more

depth, showing the factors that led to the final design.
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3.3.5.2 INVERTER AND HARDWARE LIMITATIONS.

The traverse and winder drive oﬁtput have to be updated often
enough to ensure smooth control of the winder and traverse rolls.
There should be no sudden changes 1in freqﬁency (apartv from
P-Jumps), which would shorten 1inverter 1life by causing large

current surges, and cause unacceptable changes in yarm temnsion. -

Since the‘traverse is fréquency modulated, it 1is more important.,in
deciding system values than the winder, so the 1imitations it
places on the system w;ll now be considered. Trials with sweep
generator control of the traverse inverter indicated that the
maximum continuous acceleration and deceleration rate that the
inverter could maintain without tripping is 3 Hz/sec, whilst the
maximum short duration acceleration and deceleration (less than
five seconds) was 7 Hz/sec. Trials with computer control of the
inverter showed that an RTC update period of 100mS enabled the
specified modulation of the traverse to be achieved without
exceeding the maximum acceleration rates of the inverter, as well
as glving satisfactory inverter performance with negligible
current .spikes and smooth acceleration.

Similar trials with the winder inverter shoJed that the maximum
continuous acceleration or deceleration it could reliabily
sustain was lHz/sec. Trials with step changes were not conducted
because they were not required, and because synchronous motors
behave unpredictably (énd sometimes destructively!) when they lose
synchronism. The traverse and winder motors could accelerate at
far greater rates than they could decelerate (mainly because the
inverters can supply more eﬁergy than they can absorb = through
regenerative braking - without tripping ). Since the modulation
waveform had to be symmetrical under all conditions, the limiting
acceleration and deceleration rates had to be made the same, which
meant that the overall acceleration / deceleration 1limit was

determined by the deceleration limit.
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3.3.5.3 COMPUTER SYSTEM LIMITATIONS.

There were three areas of the computer system that had to be
examined : Firstly there was a limited amount of RAM available in
the system, so efficient use had to be made of memory; Secondly
there were other tasks in the system requiring CPU time, so the
'dfive fasks could not prevent lower priority tasks being serviced;
thirdly the control table had to have wvalid data before the drive
task tried to read values from it. Each of these limitations will

now be considered in turn.
A) RANDOM ACCESS MEMORY LIMITATIONS.

The drive table had to use RAM économically, as there was only 8k
available. However the size of the table also had to be large
enough to reduce the frequency of value calculation, so that lower
'priority tasks could get their fair share of CPU time. The
communication and tachometer tasks had lower priorities, and cycle
times (where appropriate) of about 5 to 15 seconds. A table update
period of about 10 seconds (100 values) gave no detectable
interference with other tasks. A value of 128 was eventually
settled on because it made hexadecimal manipulation of the table

array index simpler. .
B) MULTITASKING LIMITATIONS.

‘'The winder and traverse drive tasks were given tﬁe highest
priorities in the system Dbecause the purpose of the‘ controller
was to supply a smooth supply of pulses to the inverters. Reliable
real time generation of values cannot be guaranteed because of the
nature of multitasking systems. The standard method for producing
fast reél time output values from a computer 1s by using look up
tables. A static table required too much memory, as the range of
bperating conditions 1s extremely wide. An interpolated table
would have increased the real tiﬁe processing overhead once more.

The solution was to use a dynamically generated table, the data
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values being generated at a low priority when the system did not

have more 1mportant tasks to service.'

A second aspect of the operating system that had to be considered
was the 50Hz system clock. The SMT task delay mechanism {is
controlled by this clock, so delays are multiples . of the clock
period. Task switching often occurs after a system clock
interrupt, which places a 1limit of 20 mS on the drive task
switching time. In practice the drive task cycle period should be
much greater than this to avoid excessive system overhead. A 100mS
update period means that the drive tasks are only activated once
evéry.S clock periods, which gave a practically acceptable system

overhead.
c) GENERATION'OF CONTROL TABLE VALUES.

A 128S cycle time 1left enough time for drive table value
calculation. The time taken by the system to calculate 128
values under a wide range of conditions was measured, and it
never exceeded 600mS. (These ‘measurements were done by printing
out the difference in the systeﬁ clock variable NOW on entrance to

and exit from the calculation pfocedure.)

To prevent the drive task reading invalid data (from 12.8 seconds
previously), new data ﬁad to be generated before the drive task
reached the end of the table. A 300% safety margin was allowed on
the 600mS maximum generation time, so mnew values had to be
generated 1.8 seconds before the end of the table was reached,
that is every 11 seconds., Thus 12.8 sgconds worth of values are

produced every ll1 seconds.

3.3.5.4 WINDER CONTROL TASK OPERATION.

The relationship between RTC count value and output frequency 1is

given by :
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RTC CLOCK ‘FREQUENCY
RTC OUTPUT FREQUENCY = ---m—mmocmmommmmoee
COUNT VALUE

The RTC has~a 2,456 MHz clock, so the desired output frequency can
be obtained by caléulating the corresponding count value. Note
that the output frequency and count value are reciprocélly
reléted, which means that frequency resolution 1is 1inversely
proportional to outbﬁt frequency, "and that the range of output
frequencies 1s 1limited. This factor coupled with the high
resolution demanded by the specification 1indicated that a careful
consideration of clock frequency was required. See Chapter 2.1 for

a description of how this was determined.
The winder motor has four states of operation

1) Stopped or ramping down to standstill,
2) Start up synchronisation.
3) Ramp up to operational speed.

4) Normal operation.

As explained in Appendix C (Overview of ICU system), the inverters
have a minimum start up frequency of 13.3Hz. At startup; the
output frequency is held at this value for 2 seconds to allow the
(synchronous) winder motor to synéhronise itself. The 2 second
period was determined by trial and error., After the
synchronisation period the moﬁor has to be smoothly accelerated up
to the sep'speed. Once at set speed it has to stay there until the
stop button is pressed or a fault occurs (such as a winder or
groove,‘rbll wrap, head 1ift through air supply failure, or
inverter failure). When commanded to stop the motors must smoothly

ramp down to a standstill.

Once down to the idling speed the system stays 1In the ramp down
condition, although an internal test limits the minimum speed to
13.3 Hz. No distinction 1is drawn between the RAMPING DOWN and
STOPPED states as a safety precaution, so that as 1long as the
system 1s 1in this state it will try to raﬁp down to a_standstill.
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This prevents the motors stopping at an 1ntermédiate speed if
an error occurs .where there 1s . confusion between -a STOPPED and a
RAMPING DOWN state.

Since phases 1,2 and 3 of the traverse and winder motors are
‘ identicai, and slince SMT 1s specifically designed to support
re-entrant code, the drive table value generation procedures were
held in a globally accessible module (COMPROC.RTL) which could be
‘called by both the winder and traverse controi tasks. The
sequencing tasks TCONT.RTL and WCONT.RTL keep track of where the
drive tasks are reading values from and call the,appropriate table
value generatlion procedures with the correct parameters.

1

PHASE 1 : STOPPING OR STOPPED

In this phase the table has to be filled with values that

correspond to 13.3Hz, which corresponds to an RTC count value of
2 456 000
6 * 13.33

The requiréd output frequency has to be multiplied by six because
the 1inverters require an input frequency six times greater than
the desired output frequency. (Seé Appendix C for a description of
the inverter opefation). This function is handled by a procedure
in COMPROC <called DOWNRAMP. It has four parameters passed to
it

Aa) The nahe of the control table for which values are to be
generated. (PITVAL in the program listing)

b) The current value of the polnter that the drive task 1s using
to read values from. (STARTP in the program listing)

c¢) The value of bointer_which table entries are to . be generated
from (CALCP in the program listing). This will usually be three or
four more than the value passed in b).

d) The deceleration rate 1in Hz / 100mS. (DEC in the program
listing)
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. Figure 3.3.8 1is 'a flow diagram of the Ramp down algorithm
DOWNRAMP. The RTC count value is derived as follows :

Required new speed Current speed - deceleration rate.

Thus : . . "Fc / Nnew = Fc / Nold - DEC.
Fc * Nold
Rearranging : ' Nnew = -—-=e-c—cemc—aua--
Fec - Nold #* DEC
Where Fe = RTC clock frequency (2,456 MHz)
Nold = Previous RTC count value in table.
Nnew = Required RTC count value.

DEC Deceleration rate in Hz / 100mS.

PHASES 2 & 3 : STARTUP SYNCHRONISATION AND RAMP UP TO RUN

When an operator presses the start button, the system goes into
the Synchronisation phase for two seconds, and then moves into the
Ramp up phase. The sequencing task controls the change from one
state to the next by setting various flags which 1indicate what
state 1t should be in. The control task monitors these flags and
calls ~the appropriate procedure with the correct parameters for
that phase of operation. In the synchronisation phase the RUN
procedure 1is called which fills the control table with idling
speed values (13,3Hz). Two seconds later the control flags are
altered and the ramp wup procedure is called. The next section
describes the operation of the RUN procedure. The Ramp up
procedure (UPRAMP in the common procedures module COMPROC.RTL)
works in essentially the same fashion as the DOWNRAMP procedure
described in the last section, except that instead of decreasing

the speed, it is increased

Required new speed Current speed + acceleration rate

Thus : Fc / Nnew Fc / Nold + ACC
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Fc * Nold
Réarranging : - Nnew = ~=vcccccencea--
Fc + Nold #* ACC
Where Fc = RTC clock frequency (2,456 MHz).
Nold = Previous RTC count value in table.
Nnew = Required RTC count value. .
ACC = Acéeleration‘rate in Hz / 100mS.

The Ramp up procedure also has to check on whether the requiréd
operating speed has ©been reached. This check is performed every
timeva new table value 1is calculated. Once the normal rum speed
has been reached, the RUN procedure is called with the appropriate
parameters to fill the rest of the table with rﬁn values, and the
run flag (WRUNF) is set. The sequencing'fask clears the start
flag (STARTF) when it detects that both motors are up to speed.

Figure 3.3.9 shows a flow diagram of the Ramp up procedure UPRAMP.
PHASE 4 : NORMAL RUN OPERATION

Once the motor has reached the required operational speed, the
control table is filled with the required run value. This is very
simply achieved, and figure 3.3.10 shows the flow diagram of the
procedure. The RUN algorithm fills the control table with the
sbeed value passed as a parameter, which means that it can be used
in the synchronisation phase to fill the table with startup

values.
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3.3.6 SEQUENCING TASK.

The. sequencing task is the interface between the various digital
signals required by the hardware, and the internal state of the

sof tware, There are three functions ﬁhat have to be berformed :

1) Monitor plant interlocks (such as the ON and OFF buttons), and
modify the state of the system accordingly.

2) Output status information about the state of the system, and

open and close interlock relays.

3) Monitor the 1internal state of the system software, take

appropriate action and issue information if illegal states occur,
3.3.6.1 THE SANS STANDARD SEQUENCE TASK.

This task was adapted from a standard module developed by SANS for
sequence control on PDP-11 computeré.-The use of standard modules
reduces software d;velopment time, and makes software maintenance
and readibility by other programmers far simpler; The task
actuélly consists of three modules 1in the development stage, and

two modules in the final system, namely : '

1) A sequence timing module which ensures that the correct
sequence gets called at the correct time. The module was developed
for a multi-tasking process control system, and so there is
provigiou for as many sequences as required by a system. Each
sequence can be executed at a regular 1interval set by the
sequence. Each step in a ISequence is timed and has a timeout
limit, and each sequence can be stopped, held or adjusted. Figure
3.3.11 shows the flow diagram of this module.

2) Sequence execution modules. These form the body of -each
sequence and consist of main sequence steps, and sequence sub
steps. A main step corresponds with the state of the machine eg

Stopping, synchronising or ramping wup. Sub-steps are the
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individual steps that have to be‘~pérformed eg check that the
emergency stop Bﬁtton has not been pressed, cloée the start relay
coatacts, flash the warning iight. Each sequence execution module
sets its own Main and sub step values according to the information
it receives from the plant interlocks. Figure 3.3.12 shows the
flow diagram of this module.

3) Sequence Operator Command Processor (OCP). This module is only
used 1n‘ the teSting and debugging phases. Through a local
terminal, each sequence can be stopped, held where it is or have a
hold set for a future step. It also enables the sequence main and
sub step values to be set as required, so that the detailed
operation of each step can be tested. The module 1is straight
forward and directly manipulates the sequence data, so it will not

be described further.

The data for the sequence task is held in two data bricks. One 1is
local to the sequence ﬁiming module and holds the basic cycle time
for the timing module, an array of the sequence &execution
procedures, and a matching array of delay, timeout and hold
.counters. There 1s a second data brick in the global data base
which holds an array of step variables and flags for each

sequence.
3.3.6.2 THE INVERTER CONTROL UNIT SEQUENCING TASK.;

This task is made up of the sequence timing module and a sequence

execution module, It has the following features :

1) There are no events in the plant which have to be synchronised
with internal system -events, so the sequence timeout feature of

the timing module 1is not used.

2) There is only one sequence execution module.
3) The basic cycle time of the timing module 1is one second. This
choice resulted from the need for a reasonably quick response

time to plant interlocks (eg the emergency stop button).

Page 3-~-28



SRILECT MAIN
ISEQUENICE STEP

SELECT SUR
STEP 1 —

__rsmpi

STeEP2

by

gnd

STEP M e

SELECT SuBR
STEP 2

' SELECT 3SUB

sTEP N '——1

FIGURE 33022
SEQUENCE EXECUTION MODULE

STEP M

EX\TT
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4) A watchdog timer has been added to tﬁe timing module,'which
turns an indicator LED on and .off every second if six critical.
tasks 1in the system are functioning coffectly. It uses the fact
that every task has to cycle within a certain period. If a task
fails to compiete a cycle in that period, then there must be
something wrong with it. Each of the six tasks loads a count value
into an array each time it completes a cycle. When the sequence
task cycles, it deérements all the -elements of the array and
checks to see 1if any of them have reached zero. If any have
reached zero it means that they have been held up for longer than
the allowable period, so an error message 15 printed saying which
task has failed, the LED 1Is turned off, and the sequence alarm

flag is set which causes the motors to ramp to a stop.
-3.3.6.3 SEQUENCE TASK INPUTS AND OUTPUTS. .

As mentioned previously, this task forms the interface between the
plant and the computer system. Each of the signals and conditions
that affect the state of the system will now be considered.

A) INPUTS FROM THE PLANT.

1) THE READY SIGNAL. As described in Chapter 2.2, the start,
stop, emergency stop, oil mist fail, thermistor trip, wrap
detector, winder 1inverter trip.and traverse 1n§érter trip inputs
are AND”ed tbgether into a single digital input. If this input is
"TRUE” the winder is running, and must ramp up to operating speed.
If it is "FALSE" the winder is stopping, and must ramp down to a
standstill.

2)‘ THE WINDER TACHOMETER. The sequence task uses this tachometer
fo set a system event which causes any new operating parameters
which have been sent to the controller to become the current
operating parameters. Updating of the running parameters has to
occur when the chuck is stationary 1ie when the winder is being
"doffed”. .VThis means that new operating conditions are

synchronised with the start of a new package, rather than -in the
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middle of a package.
B) OUTPUTS TO THE PLANT.

1) WINDER RUNNING INDICATOR. The computer turns this LED on once
both the winder and traverse rolls are at their operating speeds.
This indicator is relayed to the machine head, and tells the

operatof that the machihe is ready for use.

2) WINDER INVERTER RUN RELAY. This signal closes a set of contacts
in the invertér which enables it to be started. The contacts are
closed when the READY signal is TRUE, and opened when the READY
signal is FALSE. | ' |

3) TRAVERSE INVERTER RUN RELAY. As for the winder rumn relay.
C) INPUTS FROM THE COMPUTER SYSTEM.

The sequence task monitors the frequency of the pulses being fed

to the inverters for two reasons :

1) To ensure that the 1inverters do not start unless the output
is at 1dling frequency. This means that once the stop button has
been pressed, the motors cannot be restarted until they have

‘ramped to a standstill.

2) To switch the RUN indicator on when both the winder and the

traverse are up to speed.
D) OUTPUTS TO THE COMPUTER SYSTEM.

These are binary flags which signal to the rest of the system what
phase of operation is required. The sequence task controls three
of these ‘flags. When any of them are set, the others will be

cleared.

1) The STOP flag. This is set whenever the READY signal is FALSE,
and signals to - the system that the stopping phase has been

Page 3-30



SOFTWARE
entered. All 6ther flags are cleared when the STOP flag is set.

2) The SYNC flag. This is set for the first two seconds after the
READY signal has been set, and allows the synchronous winder motor

to get itself into lock. '

3) The START flag. After two seconds, the SYNC flag is cleared and
the START flag is set. This results in a steadily ramping ©pulse

train being fed to the inverters.

Once both inverters have reached thelr required operating speed,
all three of these flags are cleared, and the ratio .task takes

over control of the internal state of the controller.

Figure 3.3.13 shows a flow diagram of the combined operatiom of

the sequence execution and sequence timing modules for the

controller.
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3.3.7 THE OPERATOR COMMAND PROCESSOR (OCP) TASK.

This task allows an operator to enter operating parameters int6
the controller via a local VDU. It convérts the parameters from
a form familiar to the operator into the form reduired by the
computer. For example, the operatof is wused to setting the
traverse and winder speeds in (REAL) Hertz. However the computer
uses the number of (INTEGER) counts of a 2.456MHz <clock to
represent this frequency. Clearly there has to be a conversion

between the two.

SANS has a 1large commitment to computer systems for process
management and process control, and there are numerous
terminals on the factory floor which are used by'operators. As a
result the company has attempted to evolve a standard menu driven
operator interface. This section will examine the thinking
underlying the OCP'task;' and then it will look at the operation

of the software.
3.3.7.1 REQUIREMENTS FOR AN OCP.

The standards for operator communication. adopted by SANS were
based on those developed by an  ICI team in Eﬁgland; who
encounteredvproblems whenvnumerous projects were developed by many
different people over a long time. There are two groupé.of people
.who stand to gain from standardisation, namely operators and
programmers. Most machine operators are unfamiliar with computers,
so it 1s desirable to establish a simple and consistent approach
to operator communication to minimise training, and .given the
complexity of some plants, reduce the risk of error, From the
perspective of the programmer, standardisation reduces development
time and makes it easier to wunderstand and maintain a piece of

software written by another person.

The ICI development team found that there was no consistency of

approach between projects, and much effort was wasted through
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duplication and having to rewrite software for each job. The
result was programs that were often difficult to use and read. Té
overcome these problems the software had to be versatile enough to
handle all situations, had to haQe standard and self explanatory
procedure names, had to be in globally‘acéessible'modules, and had

to avoid hardware specific features.

Experienced operators should be able to interact quickly and
efficiently, but when mistakes are made or 1nexpefienced
operators use the system, additional -information should be
available. The solution was a menu driven system that lists the

available options and prompts for a reply. Typing “X" (for

e"X"planation) provides additional information. Validity
checkiné is performed. on operator entries, and 1invalid
entry produces an error message and analyslis. To prevent

unauthorised use of the system, security checks have to be passed

before the data can be altered.
3.3.7.2 OCP SOFTWARE.

Because operating parameters can only be updated when the winder
is "doffed” (see Appendix A : "Introduction to Nylon Spinning” for
a description of terms used in Nylon Spinning); and because the
computer uses different forms of the parameters from the operator,
it was necessary to have three sets of data for the OCP. Figure
3.3.14 shows a block diagram of the relationship between these
thrée data bricks, each of which will now be decribed in detail.

A) CURRENTLY ACTIVE PARAMETERS.

Firstly there 1s the data that 1is active at present. For
efficiency it 1is held in the form most suitable for the computer
hardware, so that conversion only has to occur once when the data
is entered, rather than having to be <converted every time it is
required. This has the added advéntage of reducing the amount of
-RAM needed, as computer hardware generally uses byte and word
orientated data, whereas people tend'to use real data, which

requires four bytes for each variable. This resulted in a 757%
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reduction in the amount of RAM required for the traverse  and

winder control tables, which have 128 entries each.
B) FUTURE PARAMETERS.

The second data brick is a temporafy_storage area that holds the
neﬁly entered operating parémetersvuntil the machiné is doffed and
the new parameters can become the operating parameters, which
" ensures that a change of operating conditioné does not occur in
the‘middle of a product run. This déta_brick is updated either by’
an operator entering valﬁes through a local VDU, or via the serial
multidrop link with the host. If is an exact replica of the main
data brick, using the same variable names prefixed with "AW" to
indicate that they are "AW"aiting update. There is'_a.set of flags
which indicate which variable (if any) has been altered. When the
épeed of the chuck falls below 1500 RPM, the sequence task sets
an event which triggers a database update task, which cbpies the

contents of the awaiting update data into the main data brick.
C) DISPLAYED PARAMETERS.

The third data brick is.a set of variables that hold the data in a
form suitable for the operator. Valid parameters entered by the
operator ére converted into the form required by the computer and
copled into the 'awaiting update data brick when the operator has
passed a security check. The operator can view the parameters in
the 'coﬁputer by the ihverse conversion. There 18 one further
refinement in that the most recently entered parameters are
displayed. If  these are the running parameters, then a message on
the VDU informs the oﬁerétor that he {is vié&ing the “ACTIVE
'PARAMETERS". If these parameters have been altered but the main
data base has not yet been wupdated, then the messagé indicates
that these are the “"FUTURE PARAMETERS". ‘

The operation and wuse of the OCP is fully described in Chapter

4.,2. The software for the OCP task Is fairly straightforward, and
is illustrated in the flowchart in Figure 3.3.15.
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3.3.8 TRAVERSE DRIVE TASK.

This task is identical in opération‘to that of the winder control
task described 1in chapter 3.3.4. It reads a value from the
‘traverse control fable every 100mS and odtputs it to the traverse
drive RTC. The control table is filled with values by the traverse

control task.

The only difference from the winder drive task is that allowance
has to be made for traverse P~jumps. The maximum step
acceleration needed for the P~-jump 1is far greaﬁer than the
limiting acceleration rate of the inverter. This meant that the
inverter would not have been able. . to achieve the desired
modulation characteristics. However, the inverters can withstaﬁd
an instantaneous step acceleration much larger than the greatest
continuous acceleration. The inverters have two current overload
trips : a maximum instantaneous current trip; and an average
current trip ‘derived by 1integrating the 1load current. The
integrated current trip 1is the one which limits the continuous
acceleration rate, and the maximum current trip is the one which
limits the step acceleration. If the average of the peak currents
is more than the average current set point, the inverter will
trip. Thus empirical tests were iun,on the inverters to determine
the limiting repeﬁition rate for the maximum P-jump required. In
practice the inverters were able to meet fhe worst conditions

called for by the specification

In the software for thé traverse drive task, the <check for the
maximum acceleration or deceleration is modified so that the
limiéing rate is set to a different value if a P-jump 1is being
executéd. Figure 3.3.16 shows a flow diagram of the traverse drive

task.
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3.3.9 TRAVERSE CONTROL TASK. _ .

This task 1s essentially the same as the Winder control task
described in section 3.3.5, except that traverse modulation and
programmable banding avoldance must be provided in place of the
normal "RUN" operation of the winder. Sectioﬁ 3.3.5 should be
consulted for a description of the' requirements and 1limitations
that 1led to the final design of the control task software. Figure

3.3.,17 1s a flow diagram of the traverse control task,.
The traverse has five states of operation :

1) Stopped or ramping down to a standstill.
2) Start up synchronisation.

3) Ramp up to.operating speed.

4) Traverse modulation.

5) Banding avoidance.

The first three states have been described in chapter 3.3.5. Figure
3.3.18 1s a plot of frequency vs time showing all these phases of
operation. The modulation amplitude and banding avoldance speed
change have Dbeen greatly exagerrated for clarity. Each of the
labelled points of operation in Figure 3.3.18 will now be ekamined

in more detaill.

A) Shows the start up synchronisation phase. The traverse runs at
13.3 Hz untll the winder motor has achieved synchronisation, and

then ramp up occurs.
B) Traverse ramps up to operéting speed.

C) Traverse reaches normal operating speed. This 1s known as the

"Fl" speed.

D) Traverse modulation does not start until the winder roll
has reached its operating speed. (At this point the sequence task
switches the "WINDER READY" 1light on, which signals to the
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operator that the machine can be used.)

E) Banding avoidance begins. The‘ ratio task ha§ detected that the
ratio of the chuck and traverse speeds has reached a critical
point where banding 1s about to occur, and has set the banding
avoidance flag. Modulation is stopped, and the traverse ramps to
its new speed. The rate of ramping is one of the process variables

set up by an operator via the local VDU or host link.

F) The banding avoidance speed is reached. This is called the "F2"
speed. This speed can take any value, and <could have been 1less

than the Fl value. F2 modulation begins.

G) Banding avoidance ends. The ratio task has detected that the
need for banding avoidance has ended, and has cleared the banding

avoidance flag.

H) ,Modhlation stops, and the traverse ramps to the new Fl
frequency. This ramp rate is also a process ‘variable set by an

operator.

I) The new Fl frequency is reached, and F1 modulation begins
again., The new Fl speed 1is also a process variable which can be
set to any value, and does not have to be the same as the first Fl

speed at D.

J) The machine is stopped either by the operator or because a

fault condition has occurred.
K) Modulation stops and the traverse rahps to a standstill.

Only one banding avoidance point was shown. 1In practice up to 15
points can be specified, each with its own F1 and F2 set speeds.
This enables a close control of wind on tension and package build
to be obtained. See Appendix A for a description of why this

traverse behaviour is required.
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3.3.9.1 THE CONTROL FLAGS.

During the normal run phase, the traverse has four phases of

operation :

1) F1 modulation,.
2) Ramp to F2 operation
3) F2 modulation.
4) Ramp to Fl1 operation.

Three flags weré required to uniquely specify each phase of
operation : one to indicate Fl operation; two to indicate F2
operation; three for banding avoidance. Figure 3.3.19 shows the
flag settings for each phase. The control task examines these flags

and calls the appropriate procedure according to their status.

Another flag called the "RAMP" flag was required. When the
operating parameters have been altered and the winder has to
operate at a new speed, the large step changes at P-jumps
allowed by the traverse drive task must be disabled while the
traverse ramps to its new set point. When the ramp flag is set
the control task calls the bénding procedure with dummy parameters
so that a banding avoidance speed <change 1s performed. This

results in a smooth ramp to the new operating speed.
3.3.9.2 THE MODULATION PROCEDURE.

The modulation waveform has four components : a positive speed ramp
to the modulation amplitude maximum; a negative P~jump; a negative
speed famp to the modulation amplitude minimum; a positive P-jump.
The conﬁrol task . finds the point where the drive task is reading
values from the control table, and starts generating new values a
few places ahead. Since this point is arbitrary, it 1is
necessary to determine the modulation phase being executed, as

well as the stage of the phase that has been reached.

Various methods were tried. All of them involved scanning the

control table values and trying to fit the observed pattern with
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reference patterns, which proved to be <clumsy and time consuming.
Eventually each phase'was given a‘number, ~ and a "condition
code” table was ﬁsed. Each entry in this table matches the control
table and holds the modulation phase or condition <code. The

condition code values are as follows -:

- No modqlation ie mean speed change in progress.
- Positive speed ramp to maximum modulation amplitude.
Negative P-jump. ’

- Negative speed ramp to minimum modulation amplitude.

H W NN~ O
|

- Positive P-jump.

Figure 3.3.20 is a detailed diagram of the modulation waveform,
showing the condition code values for the different phases. With
this table the phase of operation can be determined immediately,
and then it is only necessary to find how many 100mS steps from the
end of the phase the <calculation point.is. This can be be done by
comparing the output speed at the calculation point with the target
speed for that phase.

3.3.9.3 GENERATING THE TRAVERSE MODULATION WAVEFORM.

The parameters given in the operating instruction are TFXSPEED
for the required mean speed, TFXAMP for the modulation amplitude,
TFXPJ for the P-jump amplitude, and TMPERIOD for the modulation -
period. All thé other values are derived from these four. The
simplest way to génerate the control table values is to fix each of
the end points in the waveform and then interpolate between them.
‘Flgure 3.3.20 shows these end-points and the variable names used
for thém‘ in the sof tware, namely TFXUPSTART, TFXUPSTOP,
TFXDOWNSTART and TFXDOWNSTOP, whose names are self explanatory.
TRAMPTIME s the ramp duration (in 100mS counts). THOLD {is the
P~jump hold period (also in 100mS counts),

The prefix “TFX" is wused because these are "T"raverse variables,
and can be set for either non banding (Fl) or banding (F2)
operation. Variables not given  in the operating instruction are
calculated by a procedure called PARAM (in module COMPROC) which
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gets called with the parameters for the ‘current phaseldf’operation.
In what fo;lows it must be remembered that the modulation waveform
is symmetrical about the mean frequency, and that the modulation
period remains the same for Fl and F2 operation. Each of the

variables will now be derived.

A) TIME DURATIONS.

To prevent the traverse inverter from tripping when the maximum
value of P-jump permissable is immediately followed by a continuous
ramp, an invefter recovery time THOLD was 41inserted after the
P-jump. It was made variable so that 1t could be dynamically
altered to cope with different situations if required. In practice

a value of l'provéd to be satisfactory for all cases. Thus :
Modulation period = (2 * TRAMPTIME) + (2 * THOLD)

Modulation period,is held as seconds, so im 100mS counts

b

10 * TMPERIOD = (2 * TRAMPTIME) + (2 * THOLD)
Rearranging and rémembering ;hat THOLD is given :
TRAMPTIME = (5 # TMPERIOD) - THOLD
B) CALCULATION OF RAMP UP PARAMETERS.
From figure 3.3.20 :
Starf of upramp =.mean speed - modulation amplitude + P-jump.

The modulation amplitude and P?jump are both held as percentages

of the mean speed, thus
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Start .frequency of upfamp =
'mean speed * (1 - mod am; / 100 + P-j amp / 100)
= mean speed * (100 -~ mod amp + P-j amp) / 100
Speed values are held 55 RTC counts (see section 3.3.5.3), and :

RTC clock frequency

RTC output frequency = ~---=------—---ccc-e-
RTC count
Thus :
Clock freq Clock fregq (100 - mod amp + P-j amp)
___________ 2 mmmmmmmmma e K e —————— o o e e
start count Mean count 100

Rearranging :

Mean count * 100

start count = ~------c-e-coccoocooooooo

(100 - mod amp + P-}1 amp)
Using the variable names of the program lis;ing :
100 * TMFXSPEED
TFXUPSTART = ---=------—m-—ommmmmmmmm

(100 -~ TMFXAMP + TMFXPJ)

Where : TMFXSTART = Start count of modulatiom upramp.

TMFXSPEED = Count corresponding. to mean speed of traverse.
TMFXAMP = Modulation amplitude as % of mean speed.
TMFXPJ = P-jump amplitude as % of mean speed.

The end point of the ramp can be found in the same way since :
End point of upramp = mean speed + mod amp .
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and :

100 * TMFXSPEED
TFXUPSTOP = =-—--mmem——ae——-
(100 + TMFXAMP)

Ramping between the start and end points was achieved by finding
the total speed difference and dividing it by the number of 100mS
~steps between the two points. Each 1individual -step was found

from
speed at step = speed at previous step + step Speed inérement.
Thus step speed increment =

TFXUPSTOP - TFXUPSTART
TFXUPINC = =—==------m—mcoomcemooo
TRAMPTIME

This yields a negative value as TFXUPINC, TFXUPSTOP and TFXUPSTART'
are all RTC count values which are 1inversely pfoportional to
frequency, so to 1increase frequency, fhe count value must be
decreased. Since smooth ramping is required under all conditions
TFXUPINC was held as a REAL variable, and the ramp calculation was
done as a REAL, conversion to INTEGER count only taking place when

the calculation was complete.
C) CALCULATION OF RAMP DOWN PARAMETERS.

The same techniques were used for the ramp down phase of the

modulation waveform, so

start of downramp = mean speed + mod amp - P-jump amp
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or :
100 * TMFXSPEED
TFXDOWNSTART = ==comoomcam e
(100 + TMFXAMP - TMFXPJ)
and :
end of downramp = mean speed - mod amplitude.
‘ 100 * TMFXSPEED
TFXDOWNSTOP = ~-=mmmmm————ae-
(100 - TMFXAMP)
and

TFXDOWNSTOP - TFXDOWNSTART
TFXDOWNDEC = —~-—--==-—--m——mmmemmmmme o
TRAMPTIME

This yields a positive value since the count value of TFXDOWNSTOP
is greater than that of TFXDOWNSTART.

D) THE P-JUMPS.

An examination of Figure 3.3.20 shows that the P-jump values are
really TFXDOWNSTART and TFXUPSTART held for THOLD 100mS steps. So
once the ramp end points were reached a step change was made to the

ramp start point.

E) THE TRAVERSE MODULATION PROCEDURE.

Figure: 3.3.21 shows the flow diagram of this procedure. It s
called with the traverse control table pointer and the desired mean

speed passed as parameters. The modulation parameters are picked up

from the global database.
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3.3.9.4 BANDING AVOIDANCE.

The banding avoidance procedure is held in the module COMPROC along
! with the other winder and traverse control procedures. It is uséd
whenever the mean speed of the traverse has to be altered, either
during banding avoidance, or when a new operating instruction
requiring a different mean speed is entered. It is called with the
‘target mean speed, the acceleration rate and control flags passed

as parameters.

While ramping is in progress the corresponding condition code table
values are set to zero. The procedure ramps the traverse speed at a
rate set by one of the parameters passed to the procedure. This

ramp rate is in Hz / sec, and so the corresponding rate in counts /

Vsec must be determined. Thus :
unit ramp rate = (néw frequéncy - 0ld frequency) in unit time.
Converting the frequencieslinto their equivalent count values
clock fregq clock freq
pew count old count
Rearranging_;ﬁ terms of new count
clock freq * old count
nNew CoUNt = =rececreccerccccccccrccc e~
rate * old count + clock fregq
Ramp rate in terﬁs of o0ld counts only is given by
Unit ramp rate = old count - new count
clock freq * old count

= 0ld count = --------s---o--o-cococo—eoo--

rate * old count + clock fregq
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or in terms of the variable names used in the listings :

CLOCKFREQ
SLOPE = TPITVAL(TCALCP) #* (1l - =—=-----eeerecccre e o
. RATE * TPITVAL(TCALCP) + CLOCKFREQ
Where : SLOPE = ramp rate counts per 100mS.
RATE = ramp rate in Hz per 100msS.
TPITVAL(TCALCP) = control table value being output.
CLOCKFREQ = RTC clock frequency. (2.456 MHz)

A flow diagram of the banding procedure is given in figure 3.3.22,
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3.3.10 THE CHUCK TACHOMETER TASK.

This task calculates the speed of the chuck 1in RPM, fér use
during " banding avoidance action. The operation of the task 1s
identical ' to that of thé traverse tachometer task descibed 1in
section 3.3.3. A variable reluctance probe mounted above the chuck
‘produces a pulse every time one of two holes drilled in the shaft
passes it. The ©pulses are fiitered and shaped, and are then used
to clock an 8253 RTC. This RTC interrupts the CPU every time the
count value reaches zero. The interrupt service routine reloads

the counter and notes the time that the interruptvoccurred.

The major difference from the traverse tachometer task lies in the
length of time that pulses are counted, and hence the count value
which 1s loaded into the PIT. The chuck speed changes continually
from the time the machine is "strung wup” until it is "doffed”. To
ensure that the required measurement accuracy 1Is met, the
measurement Iinterval will have to be considered first. Following
that an expression for the <corresponding <count value will be

derived.
3.3.10.1 RELATIONSHIP BETWEEN CHUCK SPEED AND TiME.

The production specification called for ‘a measurement accuracy of
0.1%. The speed measurement technique'used is essentially an
integrating one, so the résult is the mean speed of the chuck. For
a small segment of the speed/time curve, the change df speed 1is
approximately linear, so the mean speed is half the start and end
speeds. If the measuredvspeed is to be accurate to 0.1%, the
actual speed must not change by more than 0.2% during the
measurement interval. This places an upper bound on the
measurement 1interval. In order to calculate this 1limit, an
expression relating rate of change of chuck speed with time will

have to be found.
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Figure 3.3.23 represents a cake of yarn, the weight of the annulus
of thickness dD is -

weight = Volume of annulus * density o%vyarn.
PI
= —- % [(D+dD’ - D*] *# s * p * 1076
4
Where : PIb = 3.142

D = inner diameter of annulus in mm,

dD = thickness of annulus in mm,.

s = length of stroke of traverse tip (ie length of

annulus) in mm.
P = density of yarn in gcm3

The weight can also be found from

welght length of yarn * weight per unit length.

velocity * time * weight per unit length.

Where ‘wind up speed in metres per minute.

decitex of yarnm in g per 10* metres.

dt the time interval of measurement,

These two expressions can be equated to find the <change of
thickness of the annulus dD 1in a time interval dt., Note that the
units are those traditionally used 1in yarn technology, which

accounts for the unusual constants of proportionality. Thus

PI | v kYo% 107
-= % [(dD + D)*- D] * s * p * 107¢ = ~-commoooo % dt

4 : 60
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Rearranging this in terms of dt, and assuming ;hét the term dD*
vanishes as dD -> 0 gives ' ‘ o

The chuck speed and the diameter of the package are inversely
related; the diameter starts small and increases, whereas the
speed is large to begin with, and decreases during the wind up
period. This is illustrated in figures 3.3.24 and 3.3.25. The
speed must not change by more than 0.2%Z 1in the measurement
interval. We are trying to determine the shortest time interval
dt which corresponds to a 0.2%Z change in chuck speed. It is clear
that dt is going to have 1its minimum value at the very start of
the run. A speed decrease of 0.2% 1is almost equal to a diameter
increase of 0.2%, so the calculation will be done in terms of
diameter rather than chuck speed. The worst situation will occur
when s, p and D have their minimum values, and Y and v have their

maximum values.

The stroke s : has a fixed value of 120 mm
The diameter D : has a minimum value of 87 mm
The density p : has a value of 1.2 gcm3 for most yaras.

A 0.2% change in the diameter at 87 mm makes dD = 0.174 mm.

Decitex Y, and velocity v are interrelated. Some values and their

products are tabulated below :

Product (Y * v)

Decitex (Y) | velocity (v) |
(¢ / 10*n) | (m / min) |
-------- ] B
20 | 4800 | 96 000
26 | 4600 [ 119 600
42 | 6000 | 252 000 (1)
206 ] 3600 |

741 600 (2)
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NOTES :

(1) This product cannot .be produced at present because of
technical production'iimitations, but it is hoped that it will be
possible to produce it at some stage in the future.

(2) This product 1is the "spun” yarn, made by twisting several
threadlines together. :

Shbstituting these values for all four Yv products gives dt“s of

Y % v | dt
| (secs)
_____________ | -=emmmmcmee
96 000 | 21.40
119 600 | 17.18
252 000 | 8.15
741 600 | 2.77

The final Yv product of 741 600 is the largest that will ever be
encountered, so the measurement period should be less than 2f8
seconds to guarantee that the required accuracy is met for all
products. Unfortunately, no allowance was made for the laét
product at the design phase, and a measurement period of 4 seconds
was chosen (giving a 100%Z safety factor). If this product is
produced in future, this measurement period may have to be
altered. With the chosen value of four seconds the worst speed

measurement error will be slightly less than 0.15%.

There is one other source of error to be considered. The system
clock places a lower limit on the time measurement. Of necessity
the <c¢lock interrupt has to have the highest priority. The S-task
and H-task stack switching procedures PTORTL and RETFIN take a
combined total of about 150 micro-seconds to execute. Most
interrupt service routines take something like 50 micro-seconds to
execute., This means that the worst case latency for the clock is
of the order of 200 micro-seconds. To achieve a 0.1% measurement
accuracy the measurement period must be greater thanm 0.2 seconds,

so there should be no problem with errors from this source.
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3.3.10.2 DERIVATION OF COUNT VALUE.

To get a measurement period‘of four seconds, it is necessary to
predict the number of ©pulses expected to arrive from the tacho
in four seconds, that is the current speed of the chuck must be
predicted. This can be derfved from the speed of the <chuck  at

start up and the current ribbon ratio. So :
current ribbon ratio

current chuck speed = initial chuck speed ¥ -~--vrrerecmcarcan--
initial ribbon ratio

A) 1initial chuck speed

1 circumference of winder roll
= ~ % winder output frequency ¥ ——--w---c—o—ccecc—nccnm e
6 ' : circumference of tube
1 CLOCKFREQ 3
R * -
6 WPITVAL(WPOINT) -2

Note that the 4{initial ratio’ of 3:2 for the circumferences 1is an

approximation.
B) current ribbdn ratio
6 .* WTACHO
TTACHO
C) initial ribbon ratio‘:
= approximately 7

Thus approximate current chuck speed
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1 CLOCKFREQ 3 & * WTACHO 1

L= e K mmmmmeme—m————— X = K cmmcc—am——— ¥ - Hz

6 WPITVAL(WPOINT) 2 TTACHO 7

'Required count value :

chuck speed * time interval * no of pulses / rev

‘chuck speed * 4 % 2

CLOCKFREQ WTACHO

= 1,714 * ~cecmrcceme—a- X mme——-
WPITVAL(WPOINT) TTACHO
Where :
CLOCKFREQ = Winder pulse RTC clock frequency (2.456 Mhz)
WPITVAL(WPOINT) = Current count being loaded into RTC.
WTACHO = Current chuck speed {(in RPM)
TTACHO = Current traverse speed (in RPM).

Theré will be a problem when either WTACHO or TTACﬁO are zero
’(either when the machine 1is first started or after a doff). To
overcome this problem, a dummy count value of 100 '1s used until
both speeds exceed 500 RPM. The meaéured speed during this time
will bevextrémely inaccurate. However, accurate speed measurement
is only required when both the traverse and winder motors are up

to their normal operational speed.
3.3.10.3 DERIVING THE CHUCK SPEED.

This is done in ekactly the same manner as for the traverse tacho
speed, by dividing the number of pulses counted by the time taken
to count them. Once again the possibility of the value of NOW
| changing while the fractional part of the count Iis read "on the
fly” 1s <catered for, by discarding speed measurements whose
fractional values are <close to the <count reload .time. Figure

3.3.26 shows the flow diagram for this task.
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3.3.11 THE DATA BASE UPDATE TASK.

This task is very straight forward - it simply transfers data from
the awaiting wupdate data bricks 1into the system data bricks,
after performing any necessary conversions. The ~update is
triggered by a systenm event.which is "set when the sequence task
detects that the chuck speed has fallen below 1500 RPM, indicating
that a doff is in progress. When any data 1is altered (by the OCP
or Hbst link tasks) a flag 1s set to show which block of data has
been altered. The update task scans these flags and updates the
appropriate data. The OCP and host 1link communications tasks
should be consulted for further 1information on wupdating

operating data.
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3.3.12 THE HOST COMMUNICATIONS TASK.

The function of this task is to wait for commands from the host
computer (a DEC PDP-11 Process management computer), and to
execute the commands when “they are . received. = The
communication requirements of the system are for the transfer of
operational information between the host and the inverter control

units. This requirement arose for two reasons :

1) An operating Instruction can have up to 70 parameters, and
there are 24 controllers., Entering all these parameters {is
extremely tedious and error prone. In addition the host can hold a
"library” of operating instructions for different processes. 1In
time operating instructions for most ©processes required will be

built up, and will not need retyping each time.

2) The host computer can monitor the status ‘of each position and
provide both immediate alarms, and long term logging and
statistical 1information on the system. The host computer monitors
all the stages of the process, and can thus provide detailed

breakdowns of how the process is functioning.

The Nylon Spinning industry often'fequires précise control of a
single process, répeated a large number-of times. The  advent of
low cost industrial computers has raised the ©possibility of
sophisticated <control for large numbers of machines. There 1is a
clear need for a host computer communicating Qith large numbers
of dedicated control computers. Multi-dropping reduces the amount
of wiré and serial channels required, and simplifies installation.
As a résult, a standard communications protocol that would
satisfy the needs of all applications that could be foreseen was

déveloped. The results are reproduced in Appendix F,.

The communiéation requirements for the inverter control wunit are
for the host to be able to send operating instructions to the
controllers, and for the host to be able to 1Interrogate the
controllers about their current status. There will never be any

need for control units to communicate with each other, and all the
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applications foreseen involve communication Between a éupervisory
computer and dedicated‘controllers. Thus a master / slave protocol
was chosen since it is considerably easier to 1mp1ement.than full
station to station asynchronous communication. With this protocol
the host always initiates data transfers, so there are no problems

with busy or jammed lines.

Each controller on the line has a unique station-address set up by
a four bit DIP switch on the I/0 board. Any communication from the
host 1is received by all the cbntrollers, which scan the fourth
byte of the recgived data packet for the destinatidn address,

and compare it with the station address.
3.3.12.1 THE COMMUNICATIONS SOFTWARE.

This task consists of two modules: One for the hardware driver
routines; and one for the packing and unpacking of data 1into
packets. Since simultaneous reception and transmission of data
will never occur, the same buffer 1is used for transmission and
reception of data. The buffer 1is 138 bytes 1long, which 1{s an
optimal length for the amount of data to be sent. The
communications task, <called LINKDA.RTL, walts for an event which
is set by the received data interrupt routine. This event is set
once an entire packet destined for that station has been
successfully received., LINKDA.RTL then decodes the packet type by
looking at the fifth ©byte and decides whether the host 1is

requesting or sending data.

"If data 1is being requested by the host, it is fetched from the
data base, converted into the format expected by the host, and
packed {into . the data buffer along with appropriate header, end
of message and checksum data. Once the packet has been assembled,
the interrupt service routine is invoked through software by using
the INT machine code instruction. The interrupt routine then
automatically sends the buffer to the host, until the end of
message byte has been transmitted. The 1nterrﬁpt service routine
then stops sending data, "and sets a system event which tells the

communications task that the buffer has been sent. If this event
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is not set within a time limit, the task prints an error message
and clears the USART transﬁit- and receive enable flags. This
ensures that the USART does not jam the multidrop link data lines.
The host polls all stations once every five minutes, and prints
out an error log message Iif no answer is received from a station.
To 'give added protection against jamming, the host sends a "Z"
type message if no answers are received from any statioans after
information has been solicited, This message type clears the USART
enable flags.

If the host is sending data to the <controller, the communications
task performs the reverse process: {1t checks the header and
checksum, unpacks the data from the packet 1In the data buffer,
converts from host to controller format, and places the received
data Iin the data .base.. Because of the large amount of data
contained 1in an operating instruction, the host sends a total of
four packets to the controller, each packet containing part of the
data. The controller always acknowledges a host communication,
‘indicating whether it was successful or not. DEC has a slightly
different representation of floating point reals from INTEL, so it
was necessary to modify REAL variables passed between the systems.
This conversion was performed by the controller. Figure 3.3.27

shows a flow diagram of the communications control task.

The Serial link USART is configured so that the receptioh of a
data . byte from the host interrupts the CPU, which wunloads the
USART data buffer. The Received data ihterrupt routine keeps track
of the number of bytes received from the host and checks to see if
it is part of the header, the data block or the end of message. If
the data is part of the header and the packet 1s addressed to that
station the counters and pointers for the packet are initialised.
If the packet is not destined for the station, the counters are
set up in such a way that when the end of message byte is received
the message length byte of the header does not tally with the
buffer pointer, so the value is discarded. If the received byte is
part of the data part of the packet, it is put 1into the
appropriate place in the ©buffer. If the byte 1is an "end of
message” character and the buffer pointer tallies with the length
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of the message, then a system event 1is set which triggers the
communications task to service. the request from the host;

Figure 3.3.28 1s a flowchart of the Received data interrupt

handling routine.

The Transmit channel of the USART is also <configured so that the
CPU is interrupted once the USART transmit buffer 1is empty.
Because the transmission rate of the data (9600 baud) is much
slower than the speed of operation of the computer, the CPU can
load the transmit buffer with a character, and then continue
executing S-tasks until the USART transmit buffer is empty again,
which.causeS'an interrupt and loads the next character and so on.

Figure 3.3.29 1is a flowchart of the Transmit data interrupt

handling routine.
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3.4 MAKING THE SYSTEM. .

v e e e v S arm S e s ee o o e mm e o e
EF F f E E 2 - 1 R b 3 5

The source modules for the abplications sof tware for the inverter
control unit are held on RLO2 10MB disc packs 1in the computer
hardware development laboratory of SANS. The SMT source and'object
files are held 41in account DLO:[{230,1). 1In the RSX operating
system, accounts are called User Identification Codes. They
consist of the device where the file is located, and group and
member numbers as follows : DLag:[ggg,mmm]. aa 1s the device
number, ggg is the (octal) group number, and mmm is the
(octal) member number. A standard for account layouts has been
established. Each project 1is held in UIC”s Qith the same group
number. SMT modules that have been modified  for a particular
project are held in member number 001l of the UIC along with ﬁhe
command file to make the SMT portion of tHé system. Project
application development is done in the remaining member numbers of
that UIC group number. Thus the SMT modﬁles that had to be
specially . modifiéd for this project are held 1n‘>account
pLi:{341,1], ' whilst the applications modules are found 1in
DL1:[341,2).. This last account <can be signed into withithe MCR

command
MCR>HEL ICUNIT/TEK

If modifications have to be made to any of the source files it

will be necessary to remake the syétem. This can be done byv
signing in to account DL1:{[341,2] as explained above and running
the command file TOTSYS.CMD by typing @TOTSYS. This command file
contains all the necessary utility calls, switches etc ‘to
rebuild the -entire system. The command file will give you several

prompts as follows

Module name, DATAPREL, ALL or SMT?

If you have only altered one module, type the name of that module
only (do not type the file extension .RTL). If you want to remake

the entire system, type “ALL". If  you want to remake the SMT
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portion of the system typeA"SMT".You will theh.be asked whether
you want Source or Code listings, to which you must respond with a

"Y"es or "N"o.

If you chose to remake SMT at the first prompt, you will be
prompted ‘: '

Do you want to remake SMT?

If you answer "Y"es you will be prompted for the module name and
listings as Dbefore. Once compilation and assembly of all RTL/2
source files has been completed, the SMT system will be linked,
followed by a 1link of the SMT system with .the applications

modules.

This 1s the only 1interaction neéessary with the command file.
Appendix G contains a listing of TOTSYS.CMD, and this should be

consulted for detalled information on making the system.

Notes :

1) If the database (DATA.RTL) is altered, then the data prelude
file (DATAPREL.RTL) should be altered accordingly, and then all

the modules and both parts of the system must be remade.

2) TOTSYS calls two linker files, one for the SMT portion of the
system, and one for the applications tasks. If the linker
operation has to be altered, then these two files (ROMSYS.CMD for
the SMT -portion in DL1:{341,1], and.ICUSYS.CMD in DL1:{341,2] for
the applications tasks) must be edited. See Appendix G for
listings of these files. The linker map file in Appendixjﬁ_is the
output of ICUSYS.CMD. ’

When the system is ready to be blown into ROM, the SMT link
command file must be edited for the correct memory addresses,
both pafts of the system must be re-linked, and then a ROM image
must be produced using the utility FDM. The user will be prompted

by FDM for the start and end addresses of the code, and for a
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selection mask forbsplitting the code. Since 8088 systems ére byte
orientated and not word orientated 1like the 8086, there is no
need to split the code and the required mask is 11111111. The
output from FDM is put 1ntb a file specified by the applications
programmer, usually of extension type .BIN. The .BIN files can
then be downloaded into an EPROM programmer, and blqwn into EPROM.
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WTACHOSTART ()} , % START INTERRUFT ROUTINES 7%
WINDL

WATCNT(6)

>

=134 % UFDATE WATCHDOG TIMER COUNT FERIOD %

Z CALCULATE COUNT VALUE ON THE CURRENT WINDER QUTFUT %
Z VALUE TO GIVE AFFROX 8 SEC COUNT FERIOD X%

IF WFITVAL(WFOINT) »>= IDLESF THEN
WONT:=1003
ELSE WCNT:=IF WTACHO:300.0 ANDI TTACHO:>500.0 THEN
INTC(WCONST1/REAL(WFITVAL (WFOINT) ) XWTACHO/TTACHOX1,28571)

ELSE A 2/2%6/7=CINITIAL RY %
100 :
ENDS

END;

4 WAIT FOR EVENT WHICH IS SET RY INTERRUFT SERVICE ROUTINE WHEN %
7% COUNTER HAS COUNMTED WCNT FULLSES FROM THE TACHO %

TWAIT(WTACHOEV,T8SEC,WIND2)
% CALCULATE WTACHO IN RFM %
LASTWSTART (=NEXTWSTART;
LASTUGOFRAC { =NEXTWUGOFRACS

NEXTWSTART :=WSTOF;
NEXTUWGOFRAC ! =WENDFRAC}

SAVE OLD START TIME FOR %
CURRENT CALCULATION X%
SAVE NEW START TIME FOR X%
NEXT CALCULATION %

NN N

¢ % CHECK FOR FOSSIELE INTERRUFT CLASH ANDI IGNORE RESULT IF S0 %
IF LASTUGOFRACHINTLMT>ITSOHZ OR NEXTWGOFRACHINTLMT:ITSOHZ THEN
WCNTLAST :=WCNT 3}
GOTO WINI
ENI

WTIM=REAL (WSTOF~LASTUSTART) +REAL (LASTWGOFRAC-WENDFRAC) /ITS0HZ S
WTACHO!=1500., 0/WTIMXREAL WCNTLASTS % IN RFM. %
% WCNT/2 REVS IN WTIM 1/50THS SEC %
% k&0 SECS IN 1 MIN =3 1500.0 %
WCNTLAST : =UWCNT » '

GOTO WINIDG

WIND2:
WTACHO:!=0.0}
GOTO WINDI1;

LOCERL?
CLEANUF ()}
GOTO WINDLS

ENDWROC S

FROC LOCERFP(INT N)j
TWURT (" ENLEERROR NO ") 3 IWRTF(N,S)JNLS(1);
ENDFROCS ‘

Zo RARAOROK ORI e RoioR SOOI R R eockokor ioiokoioiolor:siciorstoeksiooiokok ook okdoreekokokokskokkokkek k. %



NN NN
3 3¢ N 3¢

8088 MACHINE COLE INSERTS FOR RATIO TASBK.,

FROC WTACHOSTART()
CODE 10,107

ITECTRICFORT

EQU on2H

yINITIATE INTERRUFT SEQUENCE.

XRTL
ENDFROC

MOV
MOV
Moy
MoV
ouT
MOV
ouT

AX,SEG XWINDSTOF
ESyAX
AXyESIXWCNT/WINDSTOF
DX, ITECTRIGFORT

IxXy AL

Al y AH

ox,AL

**********************************K*********************************%*

ySEC TIMER: CHANNEL 1.(FOR WINDER)
ySTART WINDER COUNT DOWN TO INTERRUFT.CALLEDN ONCE AT START UF TO

sGET WINDER COUNT VALUE,

LOAD LOW COUNT VALUE.
LOADY HI COUNT VaALUE.

¥ e € ¢
NN NN

fr



TITLE T18 INVERTER CONTROL SYSTEM :

UFDATE MODULE TO INFUT THE TEMFORARY DATARASE ‘AUWAITUFDATE
INTO THE MASTER DATARASE IF ANY OCF INFUTS HAVE OCCURED.
LIEG 02/11/83 (REFERENDIUM LAY) MODULE ¢ DRUF.RTL

LAST EDITED 2-0CT-84 TEK} A ) '

SVC DIATA RRERR;LAREL ERL} INT ERNFROC C(INT) ERFJENDDATA

3

EXT FROC (INT) WAITS i

ENT FPROC UFDATEDK(): ’ :
“ *****************************************************##*********#*******
% X ' ' X
Z X THIS MODULE/FROC UFDATES THE MASTER LIATARASE IF ANY CHANGES %
X HAVE BEEN MAIE TO THE TEMFORARY DATARASE - VIA THE QCF TASK, X
Z X THE FROC WAITS FOR ‘DEUFDATE EVENT - SET RY A LOW CHUCK SFEED X
. : : X
Z ********************************************#*****ﬁ**********#**********
ERL ¢ =8STARTLE}

ERN:=0}

STARTLES

WAIT(DRUFDATE): % EVENT SET RY WTACHQ(CHUCK SFEEDN LOW %
IF UFDATEFLAG = 0 THEN GOTQ STARTLES END '

IF UFDATEFLAG = 1 THEN GOTQ CHANGELIR; END}

UFDATEFLAGS =0}

GOTO STARTLE:

CHANGEDE
ERL ¢ =CHANGEDIE}
UFLATEFLAG =0}
% ADDED TO VERSION 1.7 RY TEK 11-10-84 ¥

IF ﬁBS(TFlSPEED(l)—INT{CLOCKFREG/(AHTFISPEED(1)*6.0))) “= 5 THEN

RAMFF $ =0} % DON’T RAMF FOR SMALL. CHANGE %
ELSE
ROMPF =1 Z INITIATES SMOOTH RAMF TO NEW SFEED %
ENI
IF STOFF = 0 THEN 4 DON’‘T SET FLAGS IF IN STOF STATE %
TF1F231§TF2F330; Z RESET FlLAGS FOR NEW CYCLE %
) BANDF t =0} '
ELSE
RAMFF =0t
ENI}

Z ENI' OF VERSION 1.7 FATCH %

ke

************************K*******************************$*******$****2
% .

X IF ANY OF THE RANDING FOINTS HAVE REEN CHANGED THEN RE-CONVERT
X THEM FROM OCF LATA FORM TO DATARASE VALUES.,
4
X

DN N NN
BN NN N

H o e X

*******************************#************************************f

FOR It= 1 TO NUMERAND L0
IF BANDFLAG(I,1)=1 THEN % FREQUENCY BEFORE KANDING AVOIDANCE

AN NN NN



BANDFLAG(I, 1) t= O} _
TFISFEEDRCI) ¢= INT{CLOCKFREQ/(AWTFLISFEEDRC(I) % &.0)) 3
ENIy
IF BANDFLAG(I, 2)=1 THEN #% FREQUENCY DURING BANMBING AVOIDANCE X%
BANDFLAG(I 2) = Qf
TFISPEED(I) = IMT(CLOCKFREQ/(AWTFZSFEETI(I)Y %X 4.0)) 3
ENID} ' ,
IF BAMOFLAG(I 3)=1 THEN 4 RANDING AVOIDANCE START RATIO X%
BANDFLAGCI3) 5= O} E
RIBSL(I) = AWRIES1I(I);
ENI
IF BANUFLAG(I 4)=1 THEN % HANDING AVOQIDANCE STOF RATIO %
. BANIFFLAG(I 40 i= 03
FIRS2{I):= AWRIBS2(I);
EnNIS
REFS

IF MODFLAG(1)=1 THEN
MOUFLAGC(1) 1=03 .
MAXEAND  =AUMAXBANT % NUMBER OF BAMDING POINTS IN ULKE X

TF MOQDFLAG(Z2)=1 THEH

MO LAGI2) =03

THMF 1 AMF $=ANTMFLAMP S Z MOQDULATION AMPLITULDE AT FREG 1 %
ENI

IF MODFLAG(3)=1 THEN
MOOFLAGL{ 3) 1 =0}

THMF2AMF i =AWTHMF 2AMF W MODULATION aMFLITUDE AT FREQ 2 %
ENTty ,
IF MOOFLAG(4)=1 THEN
MODFLAG(4) t=Q4
THMFIFS=AWTMF 103 ¥ oP-JUMP aMPLITUDE AT FREQ 1 %
ENIts
IF MODFLAG(I)=1 THE
MODFLAG(S) t =0}
TMF2PJ:=AWTHMFZ2FI, OP-JUMFE AMPLITULRE AT FREQ 2 %
EmMIty
IF MOOFLAGC(S)Y=1 THEWN % FERIOQD OF MODULATION Z
MOLFLAG(E) =03
THFERIQD:=INT AUTHMFERIOD;
ENDG
IF MODFLAG(7)=1 THEN % ACCELERATION RATE FHOM F1 TO F2 %

MODIFLAG(7 ) =03 .
TACC:=ANTACE / 1.86567%
Enlis

ENIIS
P ROKORCRCKOHRACR R IO RO CIOIR SRR ORI R OO GRS o ek e ek oo Icor roiolole ok e
A 4 .
Z Z UFTIATE OF MODULATION TaTea CHANGES (IF ANY)
%
ﬁ I%*##*$$**ﬁ*******%****#$*$*******#%*%**%m*mﬁﬁﬁ*%#**%**$*$**%**%*%ﬁ



IF MODFLAG(8)=1 THEN 4 ACCELERATION RATE FROM F2 TO F1 %

MODFLAG(8) =03
THEC:=AWTREC / 1.6667;

ENI; : )

IF MODFLAG(?)=1 THEN % CHANGE WINDER SFEEDI SETFOINT % -

MOLFLAG(9) =0}
WSFEED:=INT (CLOCKFREQ / (AWWSFEED X 6.0))3

END; - ' -

NOFI3$=0F INUM;
OFINUM =0} :

ERL $=STARTLE:
_ GOTO STARTLE:
ENIFROCS



TITLE DATALINK TO HOST
M+ MALENGRET 20-DEC-83
LAST ERITED 16-JUL.-84 DORT

MODULEXRERkkk kKL TNKDIA o« RTL KKK KKKk kK
;

LET SYNC=‘U"}

LET STX =23

LET LINKRXEV=63}

LET CR=13}

LET EUFSIZE=1383

LET NL=10}

LET SP=323 .
LET DLMSGSNLCMF=73 % DL MS8G SENI' COMFLETE EVENT FLAG %

SVC DATA RRSIOIFROC ()RYTE INSFROC (RYTE) QUTIENLDATAS
SVUC IATA RRERRyLAREL ERLFINT ERNJFROC (INT) ERFIENDDATAS

EXT FROC (INT,INT,LARBEL) TWAIT;
EXT FROC ()BYTE INFORTAS

EXT PROC (RYTE)IRROUT;

EXT FROC (REF ARRAY BYTE)TUWRT;
EXT FROC (INT)IWRTS :
EXT PROC ()RETEV;

EXT FROC (INT)QEVS

EXT FROC (INTOIWAIT,

EXT FROC (JFTORTL

EXT FROC (INT) SENDRUFF;

EXT FROC (INT) RESET:

EXT AaTA BRUFFERSS
BRYTE CHaARS
ARRAY(RUFSIZE)RYTE RXERUFF;
INT LREF,
LTRF,
ILLRCOUNT,
LTHMAX,
SEND;
ENLIIDATA S

ENT PROC SENDME()}
EYTE TYFE,MESSAGE,ERRNO;
REAL RTEMF;
INT I,CRS,STRIT,M}
REF INT RI=I}
ERL $=LOCERL}
OUT $=RROUT }

START
RESET(DLMSGSNICMF) §
CRS1=123
LREF:=0;
WAIT(LINKRXEV)

IF CHECKSUM()$#0 THEN
ERRNOI=13" '
GOTO ERROR

END;



MESSAGE 2 =RXEBUFF (5)
IF MESSAGE=‘R‘ THEN GOTO RXME
EILSEIF MESSAGE='S‘ THEN GOTO SXVth’
ELLSEIF MESSAGE=’Z‘ THEN
DAELTX ()}
GOTO STARTS
ELSE ERRNOS$=23 GOTD ERROR;
END
RXMESS S
FAKR(TTACHO , RXBUFF(12)) 3
FAKR(WTACHD , RXBRUFF (1600
RTEMP $=CLOCKFREG/ (TRITVAL(TFOINT)%6.0)
FAKF (RTEMF, RXEUFF(20))
RTEMF ¢ =CLOCKFREQ/ (CWFITVAL (WPOINT) X600 3
EAKR(RTEMP , KXEUFF(24)) ¢
RXRUFF (28) t=RYTE CUREANID}
FACKT (NOFI,RXEUFF(29));
RXRUFF(31) ¢=IF TF2F=1 OF BANDF=1 THEN 1

ELSELF TF1F=1 AND WRUNF=1 THEN IF WTACHO<E00.0 THEM

ELBEIF STARTF=1 OR SYNCF=1 THEN 3

ELSEIF STOFRF=1 AND TTACHO<S00.0 THEN &

ELEEIF STOFF=1 THEM &
ELSE 7
ENT;
CRE1=325
GOTO OKEY ¢
SXMESS S
TYFE t=RBYTE{(RXRBUFF{L11)) 3
SUITCH TYFE O9F RADT . TYFEZ,TYFESZ, TYFPEA,TYFES:
RADT ¢

ERRNO:=3} GOTD ERRORIZND TYFE 1 FOR S MESEAGEZ

TYRE2L
UNFACKI (RXEUFF C12) , QFIMUM) §
FOR Ki=1 TOQ 13 IO
UNFAKR (RXBUFF (104K%4) , AWTF1SFEEDCR) ) ¢
UNFAKR(RXBUFF{70HRX4) y AUTF2EFEETI(R) D ¢
BANDIFLAGIK,, 1) ¢=13
BANDFLAG(K, 2) i=13
REF?
GOTO OKEY:
TYFES3:
UNFACKI(RXBUFF (12,105

IF IHQFINUM THEN ERRNQI=430FIMUMI=03G0TO ERROR

FOR Ki=1 TQ 1% ng
UNFARR(REXBUFF{10+K¥4) y ARBIRE L (KD
UNFARR (RXBUFF(704K%K4) s AURTIRE2 (KD
BANIDFLAGIR y3) t=1¢
HANLFLAG(K«4) 1=13

iy
Y

REF'§
GOTOD OKEY}
TYRE4 !
UNFACKI (RXEUFF (12),1)3

IF I40FPINUM THEN ERRNQOI=4:0FINUMI=03GOTO ERROR

UNFARRCRXEBUFF (1 4) , AWTHFLAMF) §
UNPARR(RXRBUFF (18)  AWTMF2AMP ) §
UNFARRCRXBUFF (22) s AUTMFLIFDD 3
UNFARR(RXRBUFF(2&) y AWTMF2PDD §
UNFARR (RXBUFF (30 , AWTACEC)

ENIS

ENI

F1L5E

)

~

ENI



UNFAKRCRXBUFF(34) ,AWTIEC) £
UNFARKR(RXBUFF (38) , AWTMFERIOD) §
UNPAKR(RXBUFF (42) » AWWSFEED) 5
AWMAXEAND ! =RXBUFF (44) 5
FOR Ki=1 TQ 9 DO MODFLAGIK) I=1 REF;
UFDATEFLAG =13
GOTO OREY:
TYFED:
FOR Ki:=1 TO 20 IO
UNFACKI (RXBUFF (124K%2)  PEOFLE(R) ) §
SECCODE (K) :=FXBUFF (K+33) 3
REF§
NGUﬁLlﬂin
GOTO OKEY
ERROR:
SETSTART Y sRARUFF (S) 1=/ N/ JRXBUFF(10) i=13
RXBUFFC11) t=ERRNQOS
RXBUFF (12 t=CaALCCEUMCLE)
SEMDBUFF(12) 5
GOTO TSTCMFS
OKEY:
SETETARTL) S
RXBUFF(SYi="A"3
RXBUFF(10) i=BYTE(CRS~-11)3
RXBUFFCLL) :=TYFES
RXRUFF (CRS) 1=CALCCEUMICRE) §
SENDBUFF (CRS 3
TETCMF?
TUAIT(DLMEGENDCHMF 10, CLR) 3
Mi=0,

20
e
*
¥

WHILE M=S50 DO3% WAIT FOR SERIAL RUFFER TD EE

FOR Ki=1 TQ 3 L0
COIE Gs,0
MOV OX,002H 3
IN aAaL.0xX . READ STATUS
AND AL, 04R y CHECK TXE RIT
MOV SSILEPESETRITI AL
KETL 3
Mi=M+tls
IF STREIT=0 THENM GOTO NOTYET ENDS
REFS
GOTO CLRS
NOTYET
REF3:
ClLR:
DARLTX() :
GOTO STARTS
LOCERL?
TURT("ENLE DATA LINK COMMS TASK ERROR ERN
IWRTCERM)
OUT(NL) &
GOTO START:
ENDFROCS

FROC SETSTART() ¢
RXBUFF (1Y $=3YNES
FXRUFF(2) 1=8TX3
FEXBUFF(E) 1=MYADDRESS () §

EMFTY

FIGGY RACK STATUS ATDRERE

EUT NOT

TOO LONG



RXBUFF(4) i="0" 3 ZADEST ALDRX
ENDFROCS

FRQC DABLTX()
ConeE 0,05
MOV DX, OA2H
MOV AL, O037H
OUT DX,aL
¥RTLs
ENDFROCy

FIGGY BACK SERIAL FORT
ENARBLE RX & TX AND RESET ERROR FLAG AND OTR & RTS = 1
WRITE AROVE CMID

e e S

3
o

. ENT FROC MYADDRESS ()EYTES
 RETURN(EYTE(INFORTACILAND HEX OF + 64))3% IE SET SITE 1 TO ADDRESS A& %
' ENDPROCS

FROC CALCCSUMC(INT A)RBYTES
INT TMF (=0}
FOR It= 3 7O A-1 IO
THMF t=TMF-RXBUFF(I)}
REF 3
RETURNCRYTE TMF)s
ENIFROCY

FROC CHECKSUM()EBYTE;
INT THMFI=0}
FOR I:=3 TO LREF IO
THF ! =THF+RXBUFF (I}
REF
EETURN(RYTE TMF);
ENDFROCS

FROC FACKI{REF INT RI,REF RYTE Rx)}
KLOCK REF EBYTE RETMF:=RE;ENLERLOCKS;
RLOCK REF INT RI1j

VAl RI1i=RI;
ENDELOCK?
ENDFROCS

FROC UNFACKIC(REF BYTE RRE,REF INT RI)}§
RLOCK REF BYTE RETMFI=REJENDELOCK)
BRLOCK REF INT RIl;

Yal RI!=RIL;
ENDRLOCKS
ENDFROCS

FROC UNFARKR(REF BYTE RE,REF REAL RR)}
BLOCK REF REnAL BRTMF!=RRIREF BYTE RRTMFI=REJENDELOCK;
RLOCK INT I1,12,13,14;
I2t=1242; %z ORDER OF WORDS IN REAL IS REVERSED AS WELL %
ENDRLOCK & :
BLOCK REF INT RI1,RIZ2:
% REDUCE RIAS ON EXFONMENT EY 2 FOF TO INTEL REAL FORMAT %
VAL RI1li=IF RI2=0 THEN 0
ELSE (RIZ2 LANI HEX 207F)LOR (RI2 LAND HEX 7F80 ~ HEX 100)
ENIS
ENDELOCK
RL.OCK INT I1,I2,1I3,14; 4 DNOURLE WORD REF’S SEG AND FOINTER %

I2:=12-2}



14:=1442}

ENDEBLOCK
ELOCK REF INT RII RI2;
VAL RI1!=RIZ N
ENDELOCKS
ENDFROCS

FROC FAKR(REF REAL RR,REF EYTE RE)}
ELOCK REF REAL RRTMFi=RR$REF BYTE RETMF!=RE;ENDELOCK;
BLOCK INT I1,12,13,14}

I2=1242 |
ENDELOCK 3

BELOCK REF INT RI1,RI2f '
~ INCREASE EIAS OF EXFONENT EY 2 INTEL TO FIF REAL FORMAT CONVERSION %

VAL RIZ2{=IF RI1=0 THEN 0O
ELSE (RI1 LAND HEX 807F)LOR (RI1 LAND HEX 7F80 + HEX 100)

ENIl3

ENDELOCKS :
ELOCK INT I1,I2,13,14; % DOUERLE WORD REF’S SEG AND FOINTER Z

I21=12-24
, =1442} .
ENDELOCK
ELOCK REF INT RI1,RIZ2}
Vsl RI2:=RILS
ENDELOCK}
ENDFROCS



TITLE DRIVER MODULE FOR COMMS EBETWEEN 1SHC AND HOST
M. MALENGRET 20-DEC-83 L
-LAST ERITED 2-MAR-84 DRT
MODULE %% LINKDR.RTL XXX3

LET SYNC=‘U"}
LET STX=2}

LET LINKRXEV=6}

LET CR=13} _

LET RUFSIZE=138}

LET SOURCEADDNRESS='@‘} -
LET DLMSGSNICMF=73 % DATA LINK MSG SEND COMFLETED EVENT %

EXT PROC ()RETEV;

EXT FROC (INTIQEV;

EXT FROC (OFTORTL;

EXT FROC () RETFIM;

EXT FROC (XEYTE INFORTA;

ENT LATA BUFFERSS
CBYTE CHARI=CR}
ARRAY (RUFSIZE)RYTE RXEUFF;
INT LRERPI=0,
LTEF:=0,
LRCOUNT ! =0,
LTMAX =0,
| SENI;
| ENIDATA;

ENT FROC HOSTLINKC()
CODE 24,07
SICRUATAGFORT EQU QAOH
SI0RSTATEFORT EQU 0AZH
FUBLIC LINKRXINT
ECRN FPLLINKRXINT,Q0Z
LINKRXINT?
CaLL RFPECFTORTL
MOV DOX,S5I0CHATAGCFORT
IN AL ,IX
MOV XCHAR/BUFFERSyAL
*RTL
LREF {=L.REF+1;
SWITCH LREP OF SYNCHAR; STXCHAR, SRAIIR,OTAIDR:RET,RETsRET,
RET,RET,LNGTH} .

GOTO CONTj
SYNCHAR?

IF CHﬁR#SYNC THEN LREF:=0;60T0 COMN1 ENDJGOTO RET:
STXCHAR ’

IF CHﬁR=STX THEN GOTO RET END}
RETST?

LREF$=1;60T0 SYNCHARS
SRADDRS

IF CHAR=SOURCEADDRESS THEN GOTOQ RET ELSE GOTO RETST ENIDJ
OTALDR S

IF CHAR=DESTALIR() THEN GOTO RET ELSE GOTO RETST ENI}
LNGTH '

LRCOUNT ¢=CHAR
IF LRCOUNT+11-LENGTH RXBUFF THEN LERCOUNT =0 ENI;




TITLE

STANDARD INTERACTIVE FROCS

MODIFIED FROM CONMAC FOR SaNS F17 FACKERMAC 19 9 80
10/12/81 ADDED EXECODE,REMOVED EXEQUES
20/4/84 LAST EDITEDR DRT

MODULE kk INTSTLL.RTL XXX 3

ZEDITED 16-9-83 DRT FOR USE IN MAGIC MICRQ SYSTEM X%

% CONVERSATIONAL FROGRAMS ARE MORE EFFECTIVE WHEN THEY MAKE USE OF A GOOD %
Z SET OF STANDARD INTERACTIVE FROCS. THE ORJECTIVES ARE... %

Z (1) TO MaAKE FROGRAME MORE COMFACT #

Z (2 TO SIMFLIFY TRAINING RY CONVERSING IN A CONSISTENT METHODL & STYLE X%

4 (3) TO ENCOURAGE OFTIOMAL EXFLANATIONS. EXFERIENCZED OFERATORS WILL HOLD %
% ReFIn CONVERSATIONS IN THE COMFACT °"CUE & REFLY® FORM, WHILE THE Z%

4 LESS CONFIDENT MAY RESFOND WITH °"X". THIS SHOULD RESULT IN MORE %

A EXFLANATIONS RBEING FROGRAMMED WHILE AVOIDING UNSOLICITED CLUTTER. X%

%4 (4) TO INSIST THAT CHANGES ARE FROFERLY COMPLETED ON "EXECUTE® %

“ ANDN A HARD-COFY JOTTING IS MaAlE. Z

% FROGRAMMERS MAY HAVE SOMETIMES TO CREATE THEIR OWN SFECIAL FROCS: X%

% THESE SHOULL CONFORM A.F.A.F, TO THE STYLE OF THE STANIARIS RELOW. #

LET REJECT = “Z73

LET RACKSFACE=0CT 103
LET NL = 103

LET YEAH = 13

LET 8F = 32
LET EOM
LET ENQ b
LET OM=1%
LET OFF=03

L ed 1D

+
¥
+
¥
+
¥

o

EXT FROC (REAL,INT,INT) RUWRTFs

EXT FROC () REAL RREAIS

EXT FROC () INT IREADL,ME:

EXT FRQC (INT) TIMDAT, IWRT, DELAYS;
EXT FROC (INT) SF&;

EXT FROC (INT,INT) IWRTF;

EXT FROC (REF ARRAY RYTE) TUWRTS

EXT FROC () SETNECHOS

SVC DATA RRSIO;
FROC () RYTE IN; FROC (BYTE) QUT;
ENDDATAS

SUC UAaTA RRERERS;
LAREL ERL: INT ERMs: FROC (INT) ERF;
ENDTIATAS

SVUC DATA RRSEIL:
RYTE TERMCH, IQFLAGS
ENODATA S

EXT DATA TIMELATAS \
INT NOW,SECSNOWyMNNTICKS, TCOUNT , SECE s MINS HRS, IIAYS y MONTHS , YEARE :
ENDIDIATA S



ENT FROC NOXPLNTN (INT J)3 L
TURTC"FNLE SORRY - NO EXFLANATION AVAILARLE");
ENDFROCS

ENT FROC IREFTO (REF ARRAY BYTE CUE, INT MIN,MAX, FROC(INT) XPL&TN) INTS

FROC (INT) REMERF!=ERF}

INT J3 .
ERF¢=XFPLNTN; '
RFT?

OUT(NLY S TUWRT(CUE); TWRT(® = HENQE")
Ji=IREAD()}
IF JIMIN OR Js-MAX OR IOFLAGHFO THEN
IF I0FLAG = O THEN
TWRT(® INVALID NO ®) 3%
ELSE '
IOFLAG (= 03
ENIG
GOTO RFTS
END;
ERF{=REMERF}
RETURN(D ¢
ENDFROCS

YENT FROC RREFTO (REF ARRAY BYTE CUE, REAL MIN,MAX, FROC(INT) XFLNTN)

% REAL R:x

A FROC (INT) REMERF:!=ERF} ERFI=XFLNTN %
ZRFTIZ

% OUTI(NL) Y TWRTC(CUE)Y TWRT(® = HENQE )X
% Ri=RREALI() ;%

% IF R<MIN OR R:xMaX OR IOFLAGEO THENX

% IF IOFLAG = O THENZ

% TWURT(® INVALIIN NO ") 3%
% ELSEXZ .

% IOFLAG ¢= 0j%

A ENDZZ

%

GOTO RFTSX
4 END %

y ERF ¢ =REMERF ;X
% RETURN(R)Y s %
ZENDFROC %

ENT FROC CHOICE (REF ARRAY EBYTE CUE, REFLIST, FROC(INT)
INT L$=LENGTH REFLIST; EYTE Cj
RFTSOUT(NL) 3 TWRT(CUE)§ TWRTC(* ()3
FOR Ji=1 TO L DO -
OUT(REFLIST(J))$ IF J<L THEN OUT(’/) ENI}
REF;
TWRT(*) 7 $ENQE");
$=IN()$ IF C=‘X’ THEN XFLNTN(0); GOTO RFT} ENI;
FOR Ji=1 TO L IO
IF C=REFLIST(J) THEN RETURN(J) ENI;
REF'; |
IF C = EOM THEN
RETURN(0)
END'
TURT(*  NOT IN LIST®); GOTO RFT;

XFLNTN) INT;

REAL 3%



ENDFROCS

ENT FPROC EXECODE(INT SECURITY)INTS %SECURITY=0~NO SECURITYY
" ZRETURNS O-INVALIDZ
% -1 NO SECURITYX
% 1-30 O0FS NO%

INT FERSON$=~1,FCODE!=0,NOCHAR=2}
IF SECURITYZ0 THEN
TWURT (" $NLESECURITY EXECUTE: ")
FERSONt=IREFTO("OFERATOR NQO",1,NOVALIL, NOXPLNTN),
SETNECHOC()
FCOLE t=IREPTQ("CODE NO",1,327867,NOXFPLNTN)
IF PEOQOFLEC(FERSON)#FCOLE OR SECCODE(FERSON)Y<SECURITY THEN
TWRT(" INVALID NO ")30UTI(NL)sRETURN(O)
- ENIi ‘
ENID
IF CHOICE("EXECUTE" y "YN" s NOXFLNTN)=1 THEN
TWRT(* EXECUTED") JRETURN(FERSON)
ENDS
{ RETURN(Q);
ENDFROC

]
7

EXT DATA FPATTERNS: ZOATA ‘FPATTERNS’ IN SMTXZ
ARRAY (16) INT MABKS:

ENTIDATAS
ENT FROC SETBIT(INT RITNO,REF INT WL, INT V),
IF V$0 THEN
VAl WO:i=WD LOR MASKS(RITNG)
ELSE
Val Whe=WD LAND NOT MASKS(RITNO);
ENLi§
ENLFROCS
ENT FROC SETEYTC(INT RBRITNO,REF RBYTE WD, INT W)}
IF V=1 THEN
Val WIht=WDh LOR BYTE(MASKS(EITNG));
ELLSE
Ual, Whi=WDO LAND BYTE(NOT MASKS(RITNG));
ENT;
ENDFROC S

ENT FROC VALRIT(INT BRITNO,WD)INT
IF WD LAND MASKS{RITNO)Y£0 THEN KETURN(1) EMI
RETURN(O) 5.

ENDIFROCS

0ATe LIGS v
BYTE QUTSTORE (=0}
ENDDATAS

ENT FROC DIGOUT(RYTE SELECT,STATE);
REF RYTE STORE:!=0UTSTOREJSETRYT(SELECT,STORE,IF STATE=1 THEN O ELSE 1 ENIDS
QUTFORTE(OUTSTORE) §

ENDFROCS

ENT FROC DIGINC(RYTE SELECTIBYTES
INT INFUTI=INFORTA() S




IF VALRIT(SELECT, INPUT)=0N THEN RETURN(O)END}
RETURN(1) ' 4
ENDIFROC;

FROC OQUTFORTEC(BYTE STﬁTE);
COnE 20,0,
FORTRATILDR EQGU OCAH

OUTF: :
MOV AL,SSICRF+XSTATE]  ;LOAD STATE VALUE TO REG AX
OUT FORTEADDR,AL yOUTFUT EBINARY VALUE OF STATE
XRTL
ENDFROCS

ENT FROC INFORTACIERYTES -
BYTE A3
CODE 14,0;
FORTAADDR EQU OC8H
IN AL,FORTAADDEK
MOV SSILEF+XAT, AL
KRTL
RETURN{(A) 3
ENIIFROC



TITLE PROCS USEDN MORE THAN ONCE BY WINDER & TRAVERSE TASKS.
CREATED 22-S5EF-83 BY TEK. FILE ! COMFROC.RTL
LAST ELITED 2-0CT-84 RBY TEK: '

LET SETF=13% :

LET RESETF=03%

LET NL=10;

LET DELOFFSET = 3y

OPTION (1) ECy

4 *******************************************************Y***Y***Y*K****$

5

P4
X . X
Z X - FPROCS COMMON TO SEVERAL FARTS OF THE WINDER X
%X _ ANI TRAVERSE CONTROL TASKS. X
4 X X
y 4

Sotoroiow soiorskolokok ik ek dokioioaeioioksokiolorsior oo Kokskokoloksokooeiok ok solokiolokeioionokor e ok

8VC DATA RRSIOFFROC () BYTE INJFROC (BYTE) OUTI;ENDLATAS

EXT FPROC () EYTE RRIN;

EXT FROC (BYTE) RROUTS

EXT FROC (REF ARRAY BYTE) TWRT;
EXT FROC (INT,INT) IWRTF;

EXT FROC (INT) NLS;

EXT FROC (REAL,INT,INT) RUWRTF;

7 RARKAK AR KKK KR AR AR KK KRR KKKk K
% RAMF TIOWN TO STOF s®xcxsckicrscseiolionoeekiokx
Z ook xkkok ook ek ok eiok ok sekokekkok soreok koo

NN

ENT FROC DOWNRAMF(REF ARRAY INT FITVAL, INT CALCF,STARTF REF REAL DEC):
INT LASTIOR,CURRENT; :

7% CALCULATES CONTROL TAELE VALUES FOR STOFFING MACHINE X%
FOR I:=Q RY 1 TO 1 IO % HOLDy SPEEDY CONST FOR 2 TICS Z
FITVUALC(STARTF 4+ IJLAND HEX 7F 3+ 1)3:=FITVAL(STARTF);
REF

CALCF:=(CALCF+2)LAND HEX 7F + 13
LASTIR=FITVAL(CALCF)

ORLOOFS : '
CURRENT :=INT((CLOCKFREQXLASTIR) /(CLOCKFREQ~LASTURXDEC) ) 3

IF CURRENT'} IDLESF THEN
CURRENT(=IDLEEF; % CAN'T GO-LESS THAN 240 HZ %

NN NNNN

RUNCFPITUAL,CALCF,5TARTF,CURRENT); % FILL REST OF TARLE WITH STOF VALS

GOTO DIREXIT:

ENIH

FITVAL(CALCF) ¢:=CURRENT; Z WRITE NEW VALUE INTO TABLE X
LASTOR:=CURRENT; 7% REMEMEBER CURRENT VALUE %
CALCF:=CALCPF LAND HEX 7F + 13 4 DO NEXT TARLE VALUE X%

IF CALCF = STARTF THEN 7 FILLED THE TAERLE YET? %

GOTO DREXIT,

N



ELSE GOTO DRLOOF;
ENIy

DREXIT?
ENIIFROCS

% RRAOORORRERRROOR KRR KRR K KAk K %
Z RAMF UFP TO RUN Soksorsokskscokksoookksooiokdonkok %

Zdokscoreksok ook skasokoior ook skookosiooiokkok ook ook %

ENT FROC UPRAMF(REF ARRAY INT FITVAL,INT CALCF,STARTF,SFEEL,REF INT RUNF,

REF REAL aACC);
INT LASTUF,CURRENT}

% CALCULATES CONTROL TAELE VALUES

FOR I:=0 RY 1 TO 1 IO

FITVALC(STARTF 4+ IDLAND HEX 7F + 1)¢

REF

CALCFP!=(CALCF+2OLAND HEX 7F + 1;
LASTUF:=FITVUAL(CALCF)

UFLOOF
CURRENT ¢

IF CURRENT <= SPEED THEN
CURRENT $=SFEETi;
Ual RUNFI=8SETF;

FOR RAMFING MACHINE UF X

4 HOLD SFEED' CONSTANT FOR 2 TICS %
=FITVAL(STARTF) §

=INT((CLOCKFREQXLASTUF) /(CLOCKFREQ+LASTUFPXACC) ) §

% CURRENT SFEED = SET SFEED %
% SET THE RUN FLAG X%

RUN(FITVAL,CALCF,STARTF,CURRENT): % FILL REST OF TAEBLE WITH RUN VALE X

GOTO UFEXIT;
ENID'Y

LASTUR {=CURRENT
FITUAL (CALCF) t=CURERENT
CALCFI=CALCF LAND HEX 7F + 1}
IF CALCF = STARTF THEN

GOTO UFEXIT:
ELSE GOTO UFLOOPF;
ENTty

UFEXIT?
ENDFROCS

REMEMEBER CURRENT VALUE X%
WRITE NEW VALUE INTO TARLE X%
INCREMENT THE FOINTER X%

NN

Z ook ok skeseioicksoloioioioieiockdokiololoiokokokkekoe %
Z RUN AT CONSTANT SFEED ckikioiokkokdokskokiokx %
7 ooksoicioeeeioloksksooioiokksloR ook o R kKo kR ok R X

ENT FROC RUN(REF ARRAY INT FITVAL,INT CALCF,STARTF,FREQ);

Z CALCULATES CONTROL TAERLE

RUNLOOF ¢
FITVUAL(CALCF) i=FREQ}
CALCF!=CALCF LAND HEX 7F + 1}

IF CALCF = STARTF THEN
GOTO RUNEXIT;:

VALUES FOR STEARY OQUTFUT FREGUENCY X%

Z OUTFUT & VALUE TO THE TABLE %
Z INCREMENT FOINTER Z%

% ENI' OF TAEBLE YET? X%



ELLSE GOTO BRUNLOOF;
ENIt

RUNEXIT: .
ENIDFROCS o ‘

% RKHORKIORHKIOR AR AR AOR R IOR IR KRR KOk kok K ¥,
% CALCULATE MODULATION FARAMETERS X¥kXk%kxXx X%
ZKciokcreooR kR Kok RO CRROR kR % !

CENT FROC FARAM(REF REAL TMFXAMF, TMFXFJ,REF INT TMFXSFEEID
REAL K23

K23=100,0XTMFXSFEETL; 4 % FARAM CALC CONSTANT X%
TRAMPTIME }=50XTMFERIOD~-THOLLD}

IF TMFXAMF <= 0.01 THEN ,
TEXUFSTART t=TFXUFSTOF t =TFXIOWNSTART ¢ =TFXLOWNSTOF { = TMFXSFEED}
TFXUFINCt=TFXDOWNDEC:=0,0}

TEXUFSTART :=INT(R2/(100.0~THMFXAMF+THMFXFJ)) 3
TFXUFSTOF t=INT(K2/(100.,0+THMFXAMF)) .
TFXUFINCI=(REAL TFXUFSTOF-~REAL TFXUFETART)/REAL TRAMFTIMES

TFXDOWNSTART $=INT(K2/ (100, 0O+TMFXAMF-TMFXFJ)) §
TEXDOWNSTOF $=INT(K2/(100.0-TMFXAMF))
TFXDOWNDECI=(REAL TFXDOWNSTOF~REAL TFXLUOWNSTART)/REAL TRAMFTIME;
END;
ENDFROC

A ***#**********************i******#***** %
% MODULATION RUN VALUES Xooolokokdorsorskeskskekksksk - %
Z ook koo keoiop RO ook goricr ok ok sk X

ENT FROC TMOD(INT TCALCF,TSTARTF,REF INT TFXSPEEID;

% FILLS TCONTTARLE WITH MODULATION COUNT VALUES X%

INT CCNOM;CCCOUNT,T&RGET,I,UﬂLUEyﬁlyﬁEyFLﬁG;
REAL RATE,TEMF} :

TCALCP:=(TCALCF+THOLD+DOELOFFSETILAND HEX 7F + 13

» DELOFFSET LEAVES SEVERAL VALLUES UNTOUCHED TO LEAVE TIME FOR %

% CALCULATION. ALS0 USED IN PROC RAND ANDI MUST HAVE SAME VALUE ¥
CCNOW:=TSTAT(TCALCF) } ' ' % GET CURRENT COND CODE %
FLAG = 03}

SWITCH CCNOW OF ONE,TWQO, THREE ,FOUR}

ZERO! TARGET =TFXUFSTOF}; Z SELECT CALCULATION FPARAMETERS X
CONOW =13 ) % AFFROFRIATE FOR CONDITION COIE %
RATE=TFXUFINC} Z CORRESFONIING TO STARTING FOINT %

TEMF:=TFXSFEED;

GOTO MOnO; '
ONE: TARGET!=TFXUFSTOF}

RATE t=TFXUFINC;



TEMF = TFXUFSTART;
CCCOUNT = TRAMFTIME}
: GOTO MOD1; '
TWO! WHILE TSTAT(TCALCF) = 2 DO . % MOVE FOINTER TO START OF FP-JUMF

TCALCF 3= (TCALCF - 2) LAND HEX 7F + 13
REF} -

CCNOW =1}

CCCOUNT = 03 -
GOTO MODF} g

THREE!TARGET ¢ =TFXDOWNSTOF §
RATE t=TFXDOWNDIECS
TEMF (= TFXDOWNSTART S
CCCOUNT = TRAMFTIMES
GOTO MODL;

FOURS WHILE TSTAT(TCALCF) = 4 IO % MOVE FOINTER TO START OF F-JUMF
TCALCF=(TCALCF - 2) LAND HEX 7F + 13j
REF}
CONOW =3

;
CCCOUNT &= 03
GOTO MOD3;

MO0 ¢
TEMFI=TEMF + RATE;
TRITVAL(TCALCF) (=INT(TEMF);
TSTAT(TCALCF) :=RYTE(CCNOW)
IF INT{TEMP) <= TARGET THEN
TFITUAL(TCALCF) :=TARGET;
FOR I (= 1 T7TQ THOLD IO
TCALCP (= TCALCF LAND HEX 7F + 13
IF TCALCF = TSTARTF THEN RETURNJEND}
TRITUAL(TCALCF) = TFXDOWNSTART;
TSTAT(TCALCF) = 23

RAMF UP TO TFXUFSTOF IF %
THIS IS FIRST ENTRY TO %
THIS FROC AFTER START UF %

N NN

REF 5

CCNOW 1= 33

RATE = TFXDOWNLDECS
TARGET 1= TFXDOWNSTOF3

CCCOUNT = TRAMFTIMES
TEMF = REAL TFXDOWNSTARTS
GOTO HOD2§
ELSE TCALCF!=TCALCF LAND HEX 7F + 1}
IF TCALCF = TSTARTF THEN ’

RETURNS - % EXIT IF TAERLE HAS EBEEN FILLED %
END; '
GOTO MOLDO;
END -
MOIl ¢ “ OBTAIN VALUES FOR CCCOUNT aND %
Z TEMF FOR CURRENT %
Al 3= TRITVUAL(TCALCF)S Z STARTING FOINT IN TAELE X%
A2 t= 0%
I t= (TCALCF - 2) LAND HEX 7F + 1%

WHILE TFITUVUAL(I) = Al AND CCCOUNT % O IO
CCCOUNT = CCCOUNT - 13 % OF CURRENT LEVEL OF TFPITVAL %
I t= (I - 2) LAND HEX 7F + 13}
A2 = A2 + 13 ‘

REF;



IF CCNOW = 1 THEN
WHILE INT(TEMF) > A1 AND CCCOUNT # O IO
% FINDN NUMBER OF 100 M& STEFS FROM X

TEMF t= TEMF + RATE} . % STARTING FOINT TO CURRENT LEVEL OF X%
CCCOUNT $= CCCOUNT - 13 % TFITVAL AND CORRESFONDING CCCOUNT %
REF';

ELEE
WHILE INT(TEMF) < Al AND CCCOUNT % 0 IO
-TEMF = TEMF + RATE;
CCCOUNT 3= CCCOUNT -~ 137
REFS
ENI;

TEMF $= TEMF + (A2 X RATE)}
GOTO MOD3}

MOLD2:
TCALCF(=TCALCF LAND HEX 7F + 13

IF TCALCF = TSTARTF THEN

RETURN?
ENID;
TEMFt= TEMF + RATE} 4 UFDATE CONTROL TARLE UALLUE %
TSTAT(TCALCF) t=RYTE(CCNOW) § % UPDATE CONI COLE TARLE %

TRITVAL(TCALCF) :=INT TEMF}
CCCOUNT ¢t =CCCOUNT-1;

MOn3: ‘
IF CCCOUNT > O THEN GOTO MOD2JENI;

IF CCNOW = 1 THEN

FOR I = 1 TO THOLI' IO
TCALCF!=TCALCF LAND HEX 7F + 13
IF TCALCF = TSTARTF THEN RETURNZENDS
TRITVAL(TCALCF) = TFXDOWNSTARTS
TETAT(TCALCF) 2= 23

REFS
CCNOW = 33
RATE t= TFXDOWNDEC,

TARGET = TFXDOWNSTOF;
TEMF (= REAL TFXDOWNSTART;
CCCOUNT = TRAMFTIMES

ELSE ' % IF CCNOW t= 3 %
/

FOR I := 1 TO THOLI IO
TCALCF = TCALCF LAND HEX 7F +17
IF TCALCF = TSTARTF THEN RETURNENI;
TRITVAL(TCALCF) = TEFXUFSTARTS
TSTAT(TCALCF) = 43

REF3

CCNOW = 13

RATE = TFXUFINCS .



TARGET 1= TFXUFSTOF}
TEMP 3= REAL TFXUFSTART:
CCCOUNT = TRAMPTIME;

ENI
FLAG
GOTO

= 0
2

on:

- €

e 4R 14

ENDFROCS
ZRcikscksonioiok ek ek oo oeioiok ook kolokok ook koo %
Z GO TO/FROM EBANDING ekdolokdoksdekiokdoooksokkkx %
7 doksororoksekoiokkoskoiokksoiokokokokokooolockokoriosok. X
CENT FROC EBAND(REF INT TFXSFEEL,FLAGL,FLAG2,REF REAL RATE,INT TCALCF,TSTARTF);
Z FILLES TCONTTAEBLE WITH RAMP VALUES ON ENTRY TO OR EXIT FROM A BANDING FOINT 7%

INT JyK,DIFF;

REAL TEMF,SLOFE;

IF TEMFFLAG ¥ O AND TSTAT{(TCALCF) & O THEN A IE AT NEW MODULATION FOINT Z

VAL FLAG2 = FLAG2 NEV 13 % FOR THIS CONDITION TCALCF MUST %
VAl FLAGL = FLAGL NEV 13 Z NOT BE MOVED RACK 3 FLACES, &80 %

TEMFFLAG

1= 03 Z GO TO TMOD DIRECTLY X%
GOTO EAND43

ENIy

SLOFE = REAL TRITVAL(TCALCF)IX(1-(CLOCKFREQ/
(RATEXREAL TRITVAL(TCALCF)+CLOCKFREG) )

TEMF = TFRITVAL(TCALCF); ,
RIFF $= TFITVAL(TCALCF) - TFXSFEED; Z EaAMF UF OR DOWNT %
J o= 23

IF DIFF < 0 THEN GOTO BANIO; RaMF DOWN Z
ELSEIF LIFF » O THEN 2 RAMF UF Z
SLOFE = -BLOFE} .
GOTO RANDLS

NN

ELSEIF DIFF = O THEN GOTO EANDE; Z ENIY OF RaAMF %
ENIG
P BANDO S % RAMPING DOWNWARDS X%

WHILE TRITVAL(TCALCE) <= TFXSPEED ANDI J »= 0 IO
TSTAT(TCALCF) = O3}
TRITVALCTCALCR)Y = TFITUAL(TSTARTF); % 0UTFUT CURRENT VALUE FOR X%
J o= - 13 “ J % 100 ME TO LIMIT MAX X%
TCALCF = TCALCF LANDI HEX 7F + 13} % ACCELERATION %

REF '

l.OOF 13

TEMF = TEMF + SLOFE;
TRPITUALCTCALCF) = INT TEMF;
TSTAT(TCALCF)Y 1= O3

TCALCF = TCALCF LAND HEX 7F + 13

IF TCALCF = TSTARTF THEMN RETURNJEND;
IF INT TEMF == TFXSFEED THEN .



TEMP = TFXSFEEL;
GOTO EAND3; ‘

END;
GOTO LOOFL; :

EAND 2 Z RAMFING UFWARDS %
WHILE TRPITVAL(TCALCF) >= TFXSFEED AND J »= 0 IO

TSTAT(TCALCF) $= 0F ,
TFITVALCTCALCF) t= TFITUAL(TSTARTE) ‘
J = J - 13

TCALCF (= TCALCF LAND HEX 7F + 1}
REF;

LOOP2:

TEMF $= TEMF + SLOFE;
TRITVUAL(TCALCF) = INT TEMF;
TSTAT(TCALCF) = 0}
TCALCP = TCALCF LAND HEX 7F + 13
IF TCALCF = TSTARTF THEN RETURNJENI}
IF INT TEMF <= TFXSPEEDI' THEN

TEMF = TFXSFEEIL;

GOTO EANDE;

ENID;
GOTO LOOFZ2;
BANLDE S :

IF TEMFFLAG = 1 THEN %z TEMFFLAG IS SET THE FIRST TIME TFITVAL %
Ual FLAG2 = FLAG2 NEV 1} Z REACHES OFERATIONAL SFEEDR. RESET ON SE
ual FLAGL1 t= FLAG1 NEV 1} % FASS THROUGH RAND FROC %
TEMFFLAG = 0%

ELSE
TEMFFLAG $= 13

ENTt3

TSTAT(TCALCFE) ¢

= 0
TCALCF = (TCALCF

i s

% ENSURES ™MOD CALC STARTS FROM MEAN SFEED %
(2 + DELOFFSET) - THOLD) LAND HEX 7F + 13

% MOVE TCALCF RACK 3 + THOLD FLACES 7%
% SINCE TMOD MOVES IT FORWARD X%
Z 3 + THOLDY PLACES %
EANL4 ¢
TMOD(TCALCF, TSTARTP , TFXSFEEILD §
RETURN3

ENDFEGC:




'TITLE  SMT COMMON LET ITEMS, MODES ANI [ATA BRICKS

, - 15-AUG-80
UFIATED FOR LONG 8086 BY ERIAN LOBEING = 2-11-81
MODIFIED FOR INTEL 88/25 EY TERENCE KIRK 7-9-83 3

% THESE DECLARATIONS ARE FARAMETERISEL ON AMESG,SYSIDO

% §YS101,5YSI02,REALSO

LET REFAE= KEF ARRAY EYTES
LET NL=103 LET SF=32; LET TAE=9}
LET EOM=3; LET ENR=S; LET EELL=7}
LET UT=11} LET CR=13} LET FF=12}
LET EOS= 1284 a

LET TRUE=1;

LET FALSE=0; "

LET 60= 0}
LET NOGO= 643
LET PWFEV= ~104

LET CTLATASKND = -

4 CTLA TASK EVENT

Z CLOCK TASK NUMEER

% SET TASK NUMEER
’ 2 CTLA TASK NUMERER
NUMEER OF SYSTEM FACILITIES
NUMRER OF SYSTEM TASKS
NUMBRER OF SYSTEM EVENTS
EVENT WAKES UP SECURED! TASKS

LET CTLAEV=-15;
LET CLKTASKNO = -2
LET SETTASKNG = -3

D e wo

=~

LET NSFAC =163

LET NSTSK = &3}

LET NSEV =163

LET FACEV=-11}

LET STOFF=0CT 100}
LET SUSP=0CT 2003
LET WTNG=2;

NN

-LET NOTSTOP=0CT 277;%

LET NEVQS=1353
LET TTACHOEV=3;
LET WTACHOEV=4; 2 WINDER TACHO EVENT.(TEK) X%

MUST EE AN INTEGRAL FOWER OF TWO
EVOLEN MINUS ONE
TRAV TACHO EVENT.(TEK) Z

LET EVALEN=164}

N NN

e

MODE DELREC ( INT TIMUF, TASBK, REF DELREC NXT )3

. MODE GETTIME (INT DD, MM,YY,H,M,S)} o

- 8VC DIATA RRSI0OS FROC () RYTE IN$ FROC {RYTE) OUT: ENIDATA}

SVC DATA RRERR; LAREL ERL; INT ERN§ FROC (INT) ERF; ENDDATAS
SVUC DATA RRSED; RYTE TERMCH, IOFLAG; ENDIDATAS
SVUC DATA RRUSGy INT LINE, USAGE; ENDDATAS

CEXT DIATA TASKDATA}

INT CURTASK,CURTEX, TASKLOCK, NXTCUR EVIN,EVOUT;

" DELREC ADEL
' REF DELREC FRFTR:

Sl

BYTE HIFRI, LOFRI;

ARRAY (16) INT TIMEOUT,

ARRAY (16) LELREC IELS

ARRAY (16) STACK CELL; :

ARRAY (16) BYTE EVFAC,STAT,XSTAT wTCHNv
ARRAY (1,32) INT EVERITS;

ARRAY (14) REF EBYTE STATADRG;

ARRAY (EVALEN) INT EVQ;

ARRAY (32) BYTE FACILITY,FACTOTSKS

NN

%
YA
“
%

NN

%
Y

p—




EXT FROC (RBYTE) OQUTTTY:
EXT FROC () BYTE INTTY;

4 1/0 FORMATTING FROCS X%

EXT FROC (INT) HWRT, IWRT, SFS, NLS}
EXT FROC (INT,INT) IWRTF;

EXT FPROC (FRAC) FURT;

EXT FROC () INT IREALl, HREAD, ZREAIL
EXT FROC () FRAC FREAL;

EXT FPROC (REFAR) TWRT}

EXT PROC (REAL,INT,INT) RWRTF}
EXT FROC () REAL RREAD}

TITLE SECOND FRELUDE FILE FOR LONG ADDRESSING SMT+ ON INTEL 8086.
EXISTS FOR THE BENEFIT OF SMTEAS.RMF, WHICH DOES NOT WANT THESE EXT
DEFINITIONS IN ITS FRELUDE;

EXT FROC () CHANGE, HLOCK, HUNLOCK, FTORTL, RETFIM ;
EXT FPROC (INT) RRGEL3}
TITLE
EMT-FLUE OFERATING SYSTEM FOR LONG-AIDRESSING ON 8084
USER TASK INITIALISATION AND DEVICE-SFECIFIC CODRE
kkkok MODULE SMTUL #okkxs
OFTION (1)

% THIS MODULE IS CONFIGUREDl ON SYSIODO, MAGIC, AMESG %

ZUSER INIT FROCS CALLED RY USERINITSZ

ENT FROC USERINITS();
' USER EDITED INITIALISATION FROCEIURE
CaALLED RY STARTUF TASK REFORE INTERRUFTS ARE ENARLED

NN

% THIS CODE SECTION CONTAINS DEVICE-SFECIFIC INITIALISATIONS.
4 IT IS INCLUDED' HERE TO ALLOW THE USER TO AMEND THE VALUES IF
%Z NECESSARY.

CONE 200,03
EXTRN RFECLOCKINT {NEAR
- EXTRN RXINTERRUFT {NEAR
EXTEN LINKRXINT iNEAR
EXTRN LINKTXINT iNEAR

ICEFORTA EQuU OCOH
ICEFORTER EQU OC2H

N

NN



ICRICW] EQU 13H
ICERICW2 EQU 20H
ICRICWA EQU OFH
ITERCONTROLBFORT EQU Oll6H
ITXCONTROLXFORT EQU OBFH
ITRCTROGFORT EQU OOH
ITECTRI1CFORT EQU OlI2H
ITRCTR2CFORT EQU OLiaH
ITXCTROXFORT EQU OEk8H
ITACTRIXFORT EQU OERAH
ITXCTR2XFORT EQU ORCH
ITECOMZ2 EQU 034H
ITECIMO EQU 070H
ITEC2M3 EQU ORA&H
ITXCOMO EQU 030H
ITXC1IM3 EQU 07 &H
ITXC2M3 EQU OR&H
ITESOHZ EGQGU 245761
ITE4800 EQU 010H
ITR2600 EQU - 008H
ITERICLK EQU 000H -
SIOXDATAXFORT EQU 0A0H
SIOXSTATAFORT EQU 0A2H
SIOXCRTXCMD EQU 037H
SIOXCRTXMODE EQU 04EH
SIOXRESET EQU 040H
SIORLATARFORT EQU OngH
SIOESTATEFORT EQU OLiAH
SIORCRTECHI EQU 037H
SIORCRTEMODRE EQU Q04EH
SIOGRRESET EQU 040H
FIOBCONTROLEGREG EQU OCEH
FIQBMOUERCONF EQU 090H
FC38ET EQU 007H
FC3RES EGU 00 &H
INTSEG EQU 000H
INT21 EQU 084H
INT22 E.QU 088H
INT23 “EQL 08CH
INTZ24 EQU 090H"
INT2S EQU 094H
INT26 EQU 098H
INT27 EQU 09CH
sinitialise PIT
MOV OX,ITECCONTROLGFORT
MOV AL, ITECOM2
ouT X s Al
MOV X, ITECTROCFORT
MOV AXy ITEIOHZ
guT DxXyal
Moy fil. y AH
gouT X, Al
MOV

~

sWinder tacho.

vy

+System clock,

sWinder tacho.

s USART clock.,

s Traverse tacho.

tWinder drive.

sTroverse drive.

sCrystal divider to give S0Hz.
tFor 4800 Eaud.

sFor 2600 Raud.

sCounter latch mode.

$Enable Fx & Tx and recet error flass.
18 bitst 1 stopsno parity,Baud=%4600.

$18 bits + 1 stopyno parityyboud=%94600,

saddress of 8255 cntrl res
yMode 0 fA=input B & C=output
1Set port C bit 3. :
yReset port C bit 3.

tIntn Sedment of interrupt table.

vy INT21
y INT22
s INT23
s INT24
F INT2S
s INT2é
s INT27

channel O for 50OHZ clock

pointer
pointer
pointer
pointer
painter
pointer
pointer

to
to
to
to
to
to
to

off board address.
clock service.

trav tacho routine.
wind tacho routine.
SEX Tx routine.

SEC K¢ routine.

SEX R routine.

interrupts.,

tinitialise iSEX FIT channels 1 and 2 into mode 3
$for winder and traverse drivers respectively.
IX,ITXCONTROLXFORT '




MOV

ouT
MOV

ouT .

MOy
ouT
Moy
ouT

MoV
Mo
MoV
MoV

MOV
MoV

MoV
Moy

Moy
Moy

MOV
MOV

MOV
Moy

MOV
MOV

MOV
Moy
ouT
MoV
MoV
ouT
MOV
ouT
MOV
ouT

AL, ITXCIM3
nX,AL
AL, ITXC2M3
LX, AL

tinitialise: iSKEC
spulse counting,

FIT channel 1 for winder tacho
and 1iSEX FIT channel 0 for traverse

stacho pulse counting.(Count value loaded by service

$ routines in WORV.RTL

$ (TEK)
AX, ITERCIMO

ITECONTROLGFORT,

AXy ITXCOMO

ITXCONTROLXFORT,

yaet up
t (R5422
EX: INTSEG
ES,EX
ESLINT27,0FFSET
ESIINT2742,CS

yeet up

s (RG232
ESIINTR26,0FFSET
ESIINT2442,C8

jset up
ESHINT2S,0FFSET
ESIINT2542,C58

: sset up
ESIINTZ4,0FFSET
ESIINT2442,C5

yset up
ESYINT23,0FFSET
ESIINT22+2,C8

yset up
ESTINTZ22,0FFSET
ESIINT2242,C8

yset up

AL
AL

FIC interrupt vector 7 for
Multidrap link to host).

LINKRXINT

FIC interrupt vector 6 for

serial linkK to local UDU)
RXINTERRUFPT

FIC interrupt vector 3 for
LINKTXINT

FIC interrupt vector 4 for
RFRZASERVICE

FIC interrupt vector 3 for
RFEZ2ISERVICE

FIC interrupt vector 2 for
RFPELCLOCKINT

FIC interrupt for

vector 1

ESIINT21,0FFSET RFEEAIMEM

ESIINT21+42,C8

yInitialise Interrupts.

X, ICBFORTA
AL, ICBICU]
I‘Xy (L1

X, ICEFORTE
AL, ICEICU2
oxXyAL

sLy ICERICU4

1 X y 1

ALy 00000001R
Xy Al

sunmask all used

unq TRV .EBTL)

i8EX USART R,

i8EC USART K.

i8EX USART T,

winder tacho.(TEK)

traverse tacho.

system clock.

address trap.

interrupts.



LF2}

LP32

LF4t

LF5:

MOV
MoV
ouT
MOV
HOV
ouT
MOV
ouT

CL.I
MOV
MOV
ouT
Mov
LOOF
ouT
MoV
LOOF
ouT
MOV
LOOF
ouT
MOV
LOOF
MOV
auT

MoV

DELAYARIT!

LF&3

LF7¢

NOF
LOoF

MoV -
auT
MOV
LQOF
MOV
ouT

CLI
MOV
MOV
ouT
MOy
LOOF
ouT
MOV

tinitinlise USART st

tFirst tinitialise SRC FIT channel 2 for USART clock.
OXy ITEGCONTROLEGFORT :

CAX,ITRC2M3

DXy AL

X, ITECTR2RFORT :

AX,ITE?600 yTO GIVE 94600 RAUL CLOCK.
I‘XyﬁL "

Al y AH

IX s L

1Second $1Initialise SEX USART.
sRESET USART ¢~

X, SIOXSTATXFORT

ALy 0 + TO CLEAR USART.
Xy Al :

CXs2 . sDELAY
LF2

DX, 0l

CXy2 s DEL AY
LF3

IX,AL

CXe2 s DELLAY
LF4 V

X, ol

CX,2 s DELAY
LFS

Al y SIOXRESET

OX sl

CX,200

LDELAYARIT yUSART SETTLING TIME

sConfigure SBX USART.
AL, SIOXCRTXMODE

“TX .yl

CX,2 sDELAY
LF& :

AL SIOXCRTXCMI

DX AL

$Third :Initinlisg SEC USART.
$RESET USART ¢~
IX,SI0CSTATEFORT
AL, 0

Xy AL
CXy2

LF7

Xy AL
CXs2



" LF8: LOOF LF8

ouT IX, AL
MOV CX,2
LF9: LOOF LF9
ouT ) .18
MOV CX,2
LF102 L.OOF LF10
MOV AL ,SIOBRESET
ouT IX, AL ‘.
MOV CX,200
WAITAWHILE:
NOF
LOOF WAITAWHILE
sConfigure SEC USART.
MOV - AL,SIOBRCRTEMOLE
auT X, AL
MOV CX,2
LP11: LOoQF LF11
MOV AL ySI0RCRTRECMD
ouT DX, Al
JINITIALLIEE PIO 8255
MOV AL, FIOEMODERCONF yMODE O FORT A=INFUT R,C=0UTFUT
ouT FIORCONTROLBEREG, AL $ANDRESS OF 825% CONTROL REG
+This section clears the off board memory latch.
MOy Al yFC3RES
ouT FIORCONTROLBREG, AL
MOV AL yFC3SET
ouT FIODBRCONTROLECREG,AL
- 8T1
XRTL
ENIFROCS

™~

USER HARIWARE TASKS (-

e

Foksokor ook orekokiokoioR SokokokRoioioloareciookkkoiok s
OFF ROARD MEMORY ADDRESS TRAF soookdokkskdokgkdkdkk 2
2 ek oo ok koo orioR ok:koloioRoekokolor okeiolonkoR koo

NN
NN

FROC INTSERV21()}
COonE 20,074
RFERALIMEM
$This section cledars the off board memory latch.

MOV AL ,FC3RES
ouT FIOCCONTROLEBREG, AL
MOV ALy FC3SET
ouT FIOBCONTROLEGREG, AL
y set off board memory error number thirty.
FOF CX $ CLEAR RETURN ADDIRESS...

FOF CX $F o++ NOT GOING HACK




RESTORE FLAGS
RRGEL(30.)

FOFF
MOV CXy1EH
FUSH  €X

CALL  RFERRGEL

e e

} DOSEN’T RETURN

¥RTL S

ENIIFROC

Z KRR ROk Rk skokcioroek ek terskkokokokioolookokkkock k- %

% TRAVERSE TACHO SERVICING ROUTINE xxkxoiokdokkscksok X

Z Kok skok ook ook ek oeioloiorkkoksesiorrok ok %

ENT DATA TRAVSTOF; % DATA EBRICK FOR INTSERVZ3 %
INT TSTOF,TENIFRAC,TCNT;

ENDIDATA 3

FROC INTSERUB3(); Z INT SERVICE ROUTINE FOR TRAVERSE TACHO (TEK) X
ConE 0,03

RFRIISERVICE !

CaLL FAR FTR RFBFTORTL
tRead system clock counter on the fly to get fraction of ‘NOW’.,

MOV AL, ITEBROCLK
QuUT ITECONTROLEFORT » AL v
IN AL ITRCTRORFORT sGET LSRR,
MOV CLyAlL
IN ALy ITECTROCFORT _ sGET MSE.
' MOV CHy AL
MoV XTENDFRAC/TRAVSTOF «CX
¥RTL:
TSTOF 1 =NOW
CQODE 0,0y
yReload interrupt counter,
MO AXy XTCNT/TRAVSTOR
MOy IXy ITXCTROXFORT
ouT Xy Al
MOV ALy AH
ouT Xy AL
KXRTL.$
REVRRET(TTACHOEV) §
ENDFROCS

Z Aok kciook ook scock ook ok sksoioioioek ok kkokokokackkekk %
Z WINDER TACHO SERVICING ROUTINE Xx¥ooxooriciokkx Z
7 oeksoeiokoreskoiokoloksorsoroloror ek okolookeloooroosioleor ok %

ENT DATA MINDSTOP; X DATA RBRICK FOR INTSERVIA %

INT WSTOF,WENDFRAC, WCNT 3

ENDDATAS

FROC INTSERVI4(); Z INT SERVICE ROUTINE FOR WINIER TACHO (TEK) Z
COIE 20,03

RFE2ASERVICE?

CALL FAR FTR RFEFTORTL
sRead system clock counter on the fly to dget fraction of ‘NOW’




!

-

PO EY

«
]

MOy ALy ITERICLK

ouT ITECONTROLEFORT ,AL )
IN ALy ITEGCTRORFORT +GET LSE.
MOV - CLyAL . .
IN Al ITERCTROBFORT -~ yGET MSEH,
MQY CHy Al
MOV XWENDFRAC/WINDSTOF,CX
*RTL 3 - ' ,
WSTOF=NOW; T
CanE 0,03 :
sReload interrupt counter.
Moy Xy XHONT/WINDSTOR
MOy X, ITECTRIGFORT
ouT X, Ak
MoV Al y AH
ouT J Y Y1
XRTL. 5
GEVRRET(WTACHOEW)
ENDFROCS
ZENT FROC UFWFAILC)Y3Z % NOT IMFLEMENTED FOR 820864 %
X USER EIITED FROCEDINURE WHICH IS CALLED ON FOWER FAIL RESTART.
%4 THERE ARE SEVERAL FOWER FAIL RESTART MECHANISMS WHICH CAN ERE
2 IMPLEMENTED DEPENDING ON THE COIE OF THIS FROCEDURES - .
% (1) IF THIS PROCEDURE IS NULL, A FOWER FAIL RESTART WILL
A SIMPLY START aAlLL USEERE TASKS AS FOR A NORMAL SYSTEM
yA STARTUF (COLDI 8TART FROM ZERO)Y.
7z £2) IF THIS FROCEDIURE ENDS EY CALLING ‘RETEV , THIS WILL
% ALLOW all. TASKS TO CONTINUE FROM THE FOINT THEY HAD
yA REACHED WHEN FOWER FAIL OCCURREL.
% (2) THIS FROCEDURE RUNS IN A LIMITED HTASK ENVIROMENT, AND
A FROCEDURE QEV MAY RE USED TO SET EVENTS. IT IS NOT FERMITTED
4 TO USE START, AND STOF, RBUT EXT IATA TASKIATA MAY ERE
7 MANIFULATEDR DIRECTLY, AS IN CLOCKINT - SMTEI1., IT IS THE
yA RESFONSIERILITY OF THE USER TO CHECK WHETHER THIS IS
7 FERMISSIELE IN HIS SYSTEM. IT WILL USUALLY HE FREFERAERLE
% TO USE AN STASK WAITING OM FWFEV, THE FOWER FAIL EVENT TO
A TIDY UF.
% (4) THERE ARE TW0 SYSTEM FEATURES WHICH MAY RE USEFUL ON
ya FOWER FAIL/RESTART S~ '
% (A) PUFLAG IN FWFDATA IS5 SET NON ZERO AFTER A FOWER FAILURE.
% (NOTE: THE SYSTEM NEVER ZEROS THIS FLAG.)
% (B) EVENT NUMBER-10(NEGATIVE EBECAUSE IT IS A RESERVED S5YSTEM
4 EVENT), WILL RBE SET AFTER A& FOUWER FAIL/RESTART.

ZENLIFROC %

3 N

p 4

NN



iyl STUPCL

£ X RO1
;0 ; _
3T START UF CODE FOR ROM VERSION OF ICU
ST WRITTEN 22-2-84 DRT
;T £KK STARTUF L RTL Xkk;
;0 ;. ,
sL= 0 g
3 STARTUF
sL= 17
Su
RTLEFROCS SEGMENT WORD' FUELIC ‘FCLASS’ g
RTL@SFOOL  LABEL  WORT

*
4

START UF CODE FOR ROM VERSION OF ICU
WRITTEN 22-2~84 IRT
k¥ STARTUF.RTL kXX

e g OF

THIS MODULE HAL TO BE EDITED FROM AN RTL COMFILATION ASM FILE
HENCE USE THIS VERSION NOT THE RTL. IT INCLUDES THE XRF INFQO

e W+ Co

( RTLEFROCS END'S

! .

_ RTLEDATA SEGMENT WORD! FUELIC ‘DCLASS’
RTLEDATA ENDS '
RTLEFROCS SEGMENT WORD' FUELIC ‘FCLASS

ASSUME [DSIRTLEDATA, CS!RTLEFROCS
RPESTARTUF FROC  FAR

$ CODE INSERT--FARAMETERS O00000H AND 00000H
EXTEN RFEREXEQ:FAR
JMF FAR FTR RFERRXEQ

*

; ‘
RTLEFROCS ENDS

END




+ $COMMAND FILE TO CUMPILE ETC ICUNIT SYSTEM FORMAT IS -
+3BTOTSYS MODULE,SOURCE LISTING,CODE LISTING OF INFUT CAN
v RE DONE INTERACTIVLY.

FILENAME IS TOTSYS.CMD 2?~NOU"83 IRT
MODIFIED 21-DEC-83 TEKN

¢ + o
NMe Sy EO e €

+ENABLE SUEBRSTITUTION
+ENABLE GLORAL
«GOTO QRY1

+JQARY !

y No! please re—-enter module name

+QRY1:

+A8KE NAM "Module name, DATAFREL, ALL or SMT®

JIF NAM = *" .GOTO QRY

+IF NAM = *SMT" .GOTO 19

+GOBUR 102 . , .

+IF NAM < "DIIATA® JIF NAM <> "DATAFREL® .IF NAM <> °"ALL®" .G60OTO 1
+SETS MOD "DATA®

SJR “MOL’, “SLET/y8Y:'MOD“ =DATAFREL, MO’ /NA L MO/

IF ZEXSTAT> = 2 LGOSUR 100

ASM /MOL7 , ‘CLET /=MOL  XRF, /MOQD7

IF <EXSTAT> = 2 .GOSUR 101

+GOSUE 13

10 : ‘

+IF NAM <3 "WCONT" JIF NA&M <> “DATAFREL® JIF NaM <> "aLL" .GOT0O 2
+SETS MOD "WCONT® _ :

SJR MOL ., “SLET/ . 8Y /' MOL =DATAFREL , “MOL" /NAS MO/

+IF <EXSTAT: = 2 .GOSUR 100

ASM MODV, CLST /=MO07 XRF, “MOD -

JIF CEXSTAT: = 2 LG6OSUER 101

+GOSUR 13

e

JIF NAM <> *TCONT® LIF NAM <> "DATAFREL® JIF NaM <> °"aLlL" .GOT0D 3
+SETS MOOD "TCONT®

SJOR ‘MO0, /SLST/,SY /MO =DATAFREL » “ MO/ /N& ¢ MO

JIF ZEXSTAT> = 2 JGOSUR 100 .

ASM MOD/ , "CLST/=/MO0’ +XRF, #MON”

JIF CEXSTAT:> = 2 JGOSUR 101

+GOSUER 13

34

JIF NAM <> "COMFROC® IF NAM <> *DATAFREL® JIF NAM <> ®ALL" .00T0 4
+SETS MOn *"COMFROC™® ‘

SR MO,/ SLET,8Y ¢ MOD =DATAFREL y “ MO’ /NA L - MOD

JIF CEXSTAT: = 2 .GOBUR 100

ASM MODI7 , CLST =/MOI’ . XRF,  MOD’

JIF SEXSTAT: = 2 .G0OSUR 101

+GOSUR 13

JIF NAaM < "WDRV® JIF NAaM <> "HATAFREL® JIF NaM <> 2AaLL" G070 S
JSETS MQD *WIRY:® '

SJR /MOn, /8LET,8Y L /MOD =TIATAFREL , “MOD /CNIF/NAS /MOD

JIF CEXSTAT: = 2 JGOSUER 100

ASM MO, 'CLET =/MODY « XRF, “MOLD

JIF CEXSTAT:> = 2 +G6B5UR.101
LGOSUR 13
SV

+IF NAM < "TDRVU® JIF NaM <> "DATAPREL® JIF MNAM <> "ALL" .GOTO &
+SETS MOD "TORV®

SJR IMODY, FBLET /. BY /MO =DATAFREL , “MOD7 Z/CNIF/MNAL  MOD

HIF SEXSTAT: = 2 .GOSUER 100

ASM MOV, CLST ='MOD’ . XRF, “MOD"




JIF CEXSTAT: = 2 ,GOSUR 101

.GOSUE 13

Y | |

JIF NAM <> "RATIO" JIF NAM <> *DATAFREL® JIF NAM <> "ALL® .GOTO 7
SETS MOD "RATIOQ® S

SJR “MOD’, ‘SLET’,8Y !/ MOI/ =DATAFREL , *MODY /CNSF/NAS /MOD

JIF <EXSTAT> = 2 ,GOSUE 100 °

ASM ‘MO, *CLST =/ MOL’ . XRF , *MOD/

JIF <EXSTAT: = 2 ,GOSUE 101

GOSUE 13

7

JIF NAM <> *WTACHO® JIF NAM <> *DATAPREL® .IF NaM <» "alL® ,GOTO 8
LSETS MODl "WTACHQ"

SJR MOI’ y“SLST’ ,5Y$ MO =IATAFREL , 'MOD’ ZCNIF/NAS - MOL

VIF <EXSTATH = 2 GOSUR 100

ASM /MOD‘ , /CLST = MDD’  XRF , * MOL

GOSUE 13

JIF <EXSTAT: = 2 ,GOSUE 101

.82 |

JIF NAM <3 "INVSQ® IF NAM <% "DATAFREL® IF NAM <> *ALL" .GOTO 9
(SETS MODl " INVSR® ,

SJR /MOD‘, *SLST*,8Y ! MOL =DATAFREL , * MOL/ /NA S - MOD

JIF <EXSTAT: = 2 ,GOSUE 100 L

ASH “MOD ' CLET =/ MOD’  XRF , * MO

JIF <EXSTAT: = 2 .GOSUE 101

,GOSUE 13

*
0?0

JIF NAM <3 "SOMON® JIF NAM <> *TIATAFREL® LIF NAM <3 *ALL® ,GOTO 10
LSETS MOD °SQMON®

SJR ‘MO’ , SLET/ ,SY ¢/ MOD/ =IATAFREL , MODIY /MNAS 2 MOL1/

JIF SEXSTAT: = 2 GOSUE 100

ASM “MOL , CLET =’ MOD‘ . XRF, ' MOD’

VIF CEXSTAT: = 2 LGOSUR 101

,GOSUR 13 °

L1018 ,

JIE O NAM <3 "INTSTIR® JIF NAM <> "DATAFREL® .IF NaM <> "aLL® .GOTO 11
LSETS MOIl ®INTSTD® _

SJR ‘MODY, /SBLST/,SY ¢ MO/ =DATAPREL , ' MOL‘ /8S/CNIF /NAS /MO

VIF EXSTAT: = 2 LGOSUR 100

ASM ‘MOL’ , CLST =/ MOD/ «XRF, - MODY

JIF CEXSTAT: = 2 ,GOSUR 101

.GOSUE 13

T .

JIF NAM <3 "HRUF® LIF NAM <> *DATAFPREL" JIF NaM <> "aLL® ,GOTO 12
VBETS MOD "DEUR® | , :

SIR /MOD’, “SLET/ySY ! MOD’ =DATAFREL , MO/ /NA S MOD¢

JIF CEXSTAT: = 2 ,GOSUR 100

ASM ‘MOLIY, “CLST='MOL’ XRF, ' MOL/

JIF CEXSTAT: = 2 ,GOSUR 101

(GOSUR 13

L1 .

JIF NAM < *OCF1° JIF NAM <3 °DATAFREL® .IF NAM <> °"ALL® .GOTC 14
LBETS MODN "OCF1e :

SJR SMODY, ‘SLST ,SY S/ MO/ =DATAFREL , /MO’ /TAS3100/NA L MOIIY

JIF O SEXSTAT: = 2 JGOSUR 100

ASM ‘MODIY, *CLST =/ MOL’ + XFF 5 2 MOI/

JIF SEXSTAT: = 2 GOSUR 101

LGOSUR 13

Jl48 :

JIF NAM <3 SLINKDA® LIF NAM <> "DATARKEL® JIF NAM <> *ALL® .GOTO 15
LSETS MODI *LINKDA® , :



SJR MOV ,SLET,SY !/ MON =DATAFREL y * MOQD/ ZCNIF/NAL - MOD 7
fIF CEXSTAT> = 2 .G0OSUR 100

GEM MOL =/MOD’ s XRF, /MOL

+IF <EXSTAT> = 2 JGOSUR 10t

»GOSUER 13 '

150

+ASK SYE "Ilo you want to remake SMT °

LIFF 8Y8 ,G60TO 20 '

SET /ZUIC=[341,17

LGBOTOQ GRY3

+QRY2:

3y No! Flease re-enter module name

+GRY3! _ ‘

+ASKES NAM "Module name or ALL"

+IF NaM = "% ,G0OTO QRY2

. +GOSUR 102 : :
SIF NaM <> "MEMTUL® JIF NaAM <> "aLL" .GOTO 16
+SETS MODIT "MSMTUL®

SJR MOn/, ‘SLST7,SY:MOD/ ="MOD’/CNIF/NAL  MOD
+IF <EXSTAT: = 2 GOSUER 100

ASH ‘MO, CLST ="MOI’ .XRF, ‘MO’

+IF CEXSTAT: = 2 ,G08UR 101

+GOSUR 13
148
o IF NAM < "MBMTCLA" JIF NAM <> "ALL® GOTO 17

+BETS MOD "MSMTCLA®

SJIR MOLY 7 SLET/,E8Y I/ MOD/ =/MOL’ /CNEIF/NA S 2 MODY
JIF “EXSTAT> = 2 JGOSUR 100

ASM MODY, ‘CLST =/M0O0’ . XRF MO’

JIF SEXSTAT: = 2 ,G0SUR 101

LGOSUE 13

173 .
LIF NAM < *MSMTFIO® JIF NAaM <> *All® GO0TO 12
LBETS ™MODr "MSMTFRIO®

SJR MO, “SLET 8Y/MOD/ =" MO0 /CNIF/MNAL MO
JIF CEXSTAT: = 2 JGOSUR 100

ASM MO, 'CLST =/MON’ « XRF, MO/

+IF TEXSTAT: = 2 +GOSUR 101

LGOSUE 13

183

LIF NaM <> *LINKDR? JIF NaM <> "AaLl" .GOTO 19
+SETS MOn "LLINKIOR®

SJR MO 3 /SLST/ sSY /MOD/ ="MOL’ /CNIF/NA L MOTY
JIF CEXSTAT: = 2 JGOSUR 100 '

ASM /MO 5 CLST =/MOAL‘  XRF ¢ “MOD7

JIF SEXSTAT: = 2 .GOSUE 101

+GOSUR 13

190

LLM @3SMTROM

+GOSUR 13

SET /UIC=[341,2 ‘

JIF TEXSTAT= < 2 GOTO 20

+EXIT

208

LLM GROMLNK

+IF SEXSTAT: = 2 GOTO 21

.GOSUR 13 )

JEXIT

210

y Link failed.

+ RETURN '



{

LGOSUR 13

JEXIT

+138

FIF X.ASMyX/DE

FIF % XRF3iXx/LE

FIF % x/FUZLT .

+RETURN

+100¢

$/SEXSTAT= “MOD Compilation failure
RETURN

L101¢ . _ _
$/<EXSTAT:Y ‘MO Assembly failure
+ RETURN

+31021% :

JASKS SLST * source listing YZN »
,ASKS CLST * Code listing Y/N "
JIF SLST «<» "Y* LSETS sLeT *°

JIF CLST «» °Y* LSETS CLST *°

+JIF SLST = °Y° LGETS SLST "LF.SRC/SF*
JIF CLST =

syer ,SETS CLST °LF.LST/SF®
+ RETURN :
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SANS EELLVILLE
ENGINEERING DEFARTMENT
COMFUTER HARDWARE SECTION

ICUSCH. I'OC S ) Tssued
£300,201 | , 24th July,. 1984
Revision 0% COMFUTER CONNECTIONS FOR ICU FROJECT

ot 4n w0 vee E36n e $A0 sene HHES SePP Shve bres hes GHNS 0e THTY SSSN Tees Hrue TeRe IO Jevl Sese SUSS tesh Sese S0S6 FEbe Sien GER OU Sese ESE SHSE Seee mee Seve TN Goes Semt M Teen SH0F SN0 Ses Fees Wete KOS T S90S S4eC Siee Faad etn SN Met SOe M40 Aese Shrs STed HINe Sees SIS HHSO SuEb S04e 0ed Pee mess b S 400t Smat SFIS bese weat S Beae

INTERCONNECTION SCHEDULES
F 0 R

INVERTER CONTROL COMFUTEHR

Prepdred by T.E, Kirk.

Rev 00 releazed 23/2/84

Rev 01 corrected and altered 12/3/84

Rev 02 serial link details altered 16/3/84
Rev 02 9 wiring included. 20/3/34

Few 04 serial link details altered.

Rev 05 power switch detanils included.

FIGURE - H.7
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ove ste 000s 4hie suen bore Seis spss Sew spis sese sews Geit Som Seme swse

A) KEY TO CONVENTIONS USED IN THIS DOCUMENT.

R) COMFUTER [RAWER INTERNAL CONNECTIONS.

E.+1) Multibus.

E,2) I/0 hoard to external I/0 connector.
E.3) 1I/0 boord to computer board.

R.4) Local VLU serial link.

E.5) Host to ICU serial link.

E.6) Fower Supplies.

C) COMFUTER DRAWER EXTERNAL CONNECTIONS.

C.1) 1I/0 to terminal strip and interposing relay.




Rev 03 COMFUTER DRAWER CONNECTIONS FOR ICU FROJECT.

e $008 mte cess 4040 sves 4oee Suss wnea Sire Aies bemy ies tmee Fes Bt see) sece SOes S4SS Sese Seee Ss SOLS ove Gus SASE GHOE $00a sese HOS HHUS FISS Teeo SESE PE0E SIS Fies ab4e 0SS GAAN B0) shen GOSN G400 SEUE PIve Sere et See Lers S4se Mr Rde Bevs mes Sees HHEH 0N Sees Sees SIS HS Geue SR Kavs S0ed Yera SOFS MES 0re Paek wew Bebe HOES Tiie BiBe Teed Sues Bemr

f) Key to conventions used in this document.

oo o404 4910 vees moms et W4s Steb Ses Sow b e Sibs datn Saet S00e mes Gvs beut WA Sree Guse Sews SO0Y Saie sees SH4S IS VIn e v SOeR O Sees Gase Fuew SINY Shre wse Sene Geas GOy sves

In this document the following conventions will he
used for naming sockKets and plugg (See Fig 1 for an
illustration of the physical appearance and location of the
hoards).

XXX~YYY-ZZZ

here XXX is the unit where the socket or plug iz locnted.

SRC = SEC 88/2% Sindle Hcecard Computer.

SEX = SREX 351 "Figdy RBack® serial Comms card.,

I1/0 = 1/0 BEoard.

EXT = Eack panel of computer drawer,

LED = Eoard carrving LED's mounted on front panel.
WY, = Terminal strip at other end of I/0 plus,

YYY is the particular plug or socket on o hoard or panel.
227 is the pin number on the plug or socket,

2., SEC~F1-14 would be pin 14 on the F1 cann@ttor of the
SRC 88/23 single board computer,



Rev 08 . COMFUTER DRAWER CONNECTIONS FOR ICU FROJECT.
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4440 4500 srm o cnn Svae Seas SSHL 4104 4040 Some POme Fese Do eues Gade bebe 4eth SO0 Shss SHOV Pess Seed SEew GNP berm i deed Sast SHes 60N sraw Sem

e e e o v e k1 e o 0 1 e o 2 e St e s 2o i o 2 i S o o S s o o e s s o e e

} . ~
iMultibus Fin i Multibus Fin i Connection Function.
TSDUTCE, i destination. H '

— -

|SEC-F1-1,2,85,86 | EXT-F3-6,7 | GOROUND for SV and +/-120, 5
(SEC-P1-3,4,83,84 | EXT-P3-1,2 | 5V Power. 2
(SEC-F1-7,8 1 EXT-P3-3 | H2VPower . 2
{SEC-P3-79,80 | EXT-F3-4 i -1DV Power :
SEC-F1-1 | EXT-RESET | Software Reset. ‘

1 8RC~-F1~-1 i EXT-RESET H
i EXT-RESET . :
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EXT-PS-W- i 1/0-F2-1 ! 29 i Chuck/trav TF GNI.
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EXT~FE-X v 1/0-F2-3 H 30 ! Traverse Speed TF.
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EXT~-FE-Y ! ! N/C i Spare.

EXT~F5-Z : _ ; N/C i Spare.

EXT—FS~a ' i I/0-F2-4 H 8 ¢t Chuck Tacho Screen.
i 1/0-F2-8 ; 7 i ChucK Tacho Core.
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1/0-P2-2

VO EXT-F3-b i jt , 10 i Trav Tacho Screen. "
! V) 1/0-F2-4 P9 i Trav Tacho Core. :
i EXT~FS-c i I/0-F2-14 4 19 i Trav Freq out Screen. i
! v I/0-F2-16 H 1a i Trav Freq out Core. H
1 EXT-PS~d 1 I/0-F2-10 21 i Wind Freq out Screen. )}
; ' i I/0-F2-12 : 20 i Wind Freq out Core. ]
b e et 1o ense eem mho s s s s e ste S0 o1 0t 4020 Soe 200 43 B Sk 430 S840 S0 om0 40k S400 Sos 200 408 S498 s $47 53 S0 e 200 434 230 28 S99 sne S4m0 s e 20 +543 400 e 9308 e S000 Sn s2rn 2008 S0 S098 Ao Kbt 4200 st Hov8 S0 S0 2o S090 30m S100 v sent 220 r2AY o000 i
V EXT-PS-e i 1/0-F2-4] H 22 i Screens for Co-a }
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{The external I/0 terminal pin numbers are included for ease of reference.)
These connections are made by linKs which are crimped into snap~in plug pins
at the plud endy and soldered to connector lugs at the other end.

The MIL spec  plug used For PS5 has an unreliable record where the coax

connectors are concerned,y and <0 these connectiocns were duplicated with
tuwiszted pair wires on F4, which is connected as follows!

v I/70 hoard ! BacK panel F4 i connection function H
} SQUTCE. ! destination. } H
1 I/0-F2-4 1 EXT-F4-1 ! Chuck tacho screen !
v 1/0-F2-8 \ EXT~-F4-6 ! Cora. H
V! I/0-F2-2 !V EXT-P4-2 i Trav tacho screen. H
V 1/0-F2-4 i EXT~F4-7 H COTEe ., :
B et coem cote 4000 +oan sorm omas W20t Sova seee Peee soee Pe Shss 40 500 Sees SevE FOC Sast 4500 Sbee Saam Sowe mds Sees Hest P90 beme Suse Fems Avel PMNS G408 S09% $A04 Sest Nimw Sete $me seSe P04t POSE mmem Gven PO Shaw vims P00 0400 Sete seer Seas 4ams Sesk SHs A% B04e SSET S bams dmae S0P Huat 2404 4943 99 reve Sbrs FoR vems dvre 49ss Sbwe Feee :
i I/0-F2-14 P EXT-F4-3 i Trav freq out screen. }
VI/0-F2-16 VEXT-F4-8 H cCore. ]
i I/0~-F2-10 ! EXT~F4-4 i Winder freq out screen., H
vV 1/0-F2~12 i EXT-F4-9 } core. )
$.3) 1/0 hoard to Computer Eoard.
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SEC J1 R G RN § i
1 connector. i
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i\ connector
H
1
]

SRC-J1-4 P 1/0-d1-4 :
i —& H -& :
i -8 : - g |
3 e et e s s e 5 st e i S s i 2 i e e e o
: -10 H -10 i

ohes Gebs Nese sese mm sete aass sese ouss biey Secs Seem Taus bres Sems esh ew moPs S840 Aias Sees TS SN e WP SHY SEvE Sete TEPS ML SO0N SIS PORH 044 108 SSHT hes mhie eis Sbue wese

Connection Function
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Host Communication Ri.
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Software Error.
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s o nan satn bove et wrow sese bove Soie FeMe S0t late Gads Sesw Sase Sone Sete SUE GWL VESS SEVE Sete N SN SO VHle Gene Sade Guse Sese Seve SeAe FBle Sase SE0e SR dete Pele MMM FLAR 640 40NN Gude Jede Fare KLSS $E0E 40N Gute Sade MY Geut bote Mte Faie Al MM TS Geve Geas dele In SN Sae Geve Seie bese Sase S4se Paee tebe Sete betr buey bese W

; -12 ! -12 i Traverse Run, {
1 s rse e ouse casm movn hom ate suos s0sn Seve Gots sese oaem Pese Seve Sew Saee Gare Sase 2ees Now G0 SO FAPA SeVE Seww SeSe $5Om S40S Yess Sete Sele esw Sesw Sese bone Sote Feam $4OS bewh Sore it Sete Gute S4a% POsR AOWE bete bure sase Soke bore Sebe Geds ebe GO SEOE S04C hete SORS S00e G408 9008 Sese dete dute suse Fese Sese bete bnte Suee oave Ssee !
] E
H -14 H ~-14 ! Winder Run. H
b e e st come oris ot 90ms ows Gte shos 4ase sove Sove S0 sas Shon SO SiTe bobe Sees A ese Perw Gebe S SAOH Cae Sate bobe eeds Sase Sacw SE0S Sebe SeSS Sae Sat SO dote seds . e a0t +mse 4mve +ate ke 4225 san Sa0 A¥e0 bote SH4v S20% poun So90 Sove ote Sute Fote se0n Save bove sut uov Pion v Lnte Svae oure Sare Soes Sons ove sure S10n )
1] 1
i -1 H -1é ! Position Ready. !
b cee e cves oo a0 30 o2 50 Seen S422 s 4 3200 S 20 +2mn 220 9200 20 0 ot s $108 A1 S0 ot S 545 S SH S0 S S et S0 200 St S0 300 e S0 oot P20 . en e a0 20 1em s4en o000 20 40 SaP S4e 200 S 4010 2 F3ee 2408 +20e s e o e e om0 e o 3598 2 e 1
] . 1
H ~-18 : -18 i Traverse Freq Qut. !
1 s sove core cote otn hes Shve abes swms sbet s00s bese Sete Sbes Sim YoM Sow Arts Mads Shet SASS beve S PO Feme Sbee ReVe S Fmbe SheE SLIN PNE Sewe Aes SHee PAse et Sebe Sves sasr sase PAE Sewe Sete Sees Seew Fiee P bese S FLe PASE LN Vs Goe Seds SeIw SOl TEs S et deke SRR Farr AAS TS Sere SeRS ee SA W Seve A cmme dbbe !
i [
H ~24 H - ~24 i Winder Freq Out. !
; ......................................................................................... :
! ~-26 ! -2& ! Winder Tacho Pulses In. H
B e e errs rie sirm chen see aee cvas dost sore abem Saem suse soes Aove Mie ohow Mbet sese ove Eie Soke sbom et SR Abes Shes Shet sase POss Sose bes sen Pese Gust Sese date Suik Sioy Sase Pose ebe Sele Seee Gvsw sim Sase AN Syms I SAF Seem Sebe SALE STUR SH0b Gasy VeNE Lebe et GuR SS0r SRS Sese beve Seee Sbre Suew sows Sows Seve see seem 2890 §
1 ]
i ~28 H -28 i Traverse Tacho Pulses In. H
b v chee ohrt s Soow Sure ohen Thek Shis SeE FASY YO abws Se0s SLFS SA Wowe dote $058 Sber Shew Nem ki 404s SV Sie VeSS abw S0 Pta Shem FAM S A Paie Shes HLSe Sbee AP Sain shes WU SR 4430 Gare Ter SAOE BLm TS Ees AHe Sere SORS CAIM Bice Sere Sebe SHE 48 HIAS SOSE ebe PeAs Yo SAee e Aows Gebe Sees She a%en yese Sere Seer !
¥ }
: ~-38 ! ~38 ! Fosition Ready to start. :
§ cres coae cvme sase $en G010 ote cton ches tore Gute vam siet Sows v S0os Susm 2000 Tes bove Sres Gres bom sisa Sose bate Spas Shen Sise Peis SME Abes Seee 4hst PO Gere wess Sute sase Peve APES Shes BEes MUPM ASap sase sote Sede ersr Shee VAR Sese Fetr Seie PP Stet SRSt bvet bate Sefs Fhiw ier TR beve Sede AR S40e FOVE I Hovs SIS Sese Pare ehen Seve ]
¥ t
H ~40 } -~4Q ! Tailing Button. H
b e e cous onos eom soss 4oee sas srem 4t Soe dote sees Shes Tomm Sove Ssks Bems S4re PASS Sovs Aate Sree siem SESH HRSS A Sete MR SSem SYIA Lhe dese 5M0 SO Tewm Lohe SPes SbeS SHm A 9608 4404 Mmbn B0 AN S8r4 S0rm daes Seee PAe Sace bese Va6 Sete Sese FasY S00 pose bove Sule Sube bed mamk pese bote seas T SAO £ hee Sate Sees sems Soet sase ¥
] « 3
H -4 3 ! ~4 32 i fAddress select Rit 0 :
1 s e aan +o0e S0 sees cton 2o Sae saes Se0m s4om Sows our Suse S0 UM S Sete PAME S4ee Pose Sore e Feen MHES SAS Sows Sire S bute SNOw Sass SONS SHS sus SaSe BOVS MG She SeSE Shen SO B Sere B Sees SR SAGM Yess L6t Aes SPGS $A PSS Shs AWM Sade Shee GAI sost bese bede Sehe Saee BUSH sess deve debe es Sheb sese S0m Save mte 1
¥ b
: -4 4 H -84 { Address select Rit 1 :
¥ 3
3 e e e o s e e e e e o e S 0 o St 2 o . e S s e i e 2 e 1 e o o o o .t o e . o o e o o )
H -4 4 H 1) v Address select Bit 2 H
1 t
B e e e e e e s e o 4 ot . e S i e P e o e 2 . I e 2 o . e e i S 0 e e ot S e S e s S e e e e !
! - 48 H -48 ! tddress select RBit 3 H

The I/70 and Computer hoards uré linked tadether by a 40 way one-to-or
ribbon cabhle terminated at both ends by 3M pluge. The coble 18 fFfitted betuwee
the S[EC~-J1 connector and the 1/0-J1 connector.
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s ont bt 4004 gees Tre ok SHBS bueh S46e SESE STES hbs et bess HVH 0N Seer wmee LD Semd nss (o) Guis Sece POns Geap Beel SUE FONH Fove Fes NG SO Sews meve Sede G008 Shse cess Seme Fees mde Mebe tews S0J4 FH4S Mese sese cumm Feen eus kess sees S060 FU0e Pees Fems Sest THAS Sime He SHel 46U BINM SONE TSNS SNSR Beve b 440k PRFS Sred 4otd Free Lol Sebs seen eere o
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=1 e e e e e 2 e e s e s e s 1 s 5 3 1 e 2 e S s st i e e e 38 4 50 e s S S e 485 e 2 e S e e 2 s S S S e it 5 i s S 1 S S S . 58 S0 S e e !
JComputer board | Back panel F1 | Connection function ;
1link source., i destination. : :
| SEC-J2-4 i EXT-P1-2 ! Transmit Data, (Blue) §
i sBC-J2-6 1 EXT-F1-3 | Receive Data. (Greem) ;
| SEC-J2-14 1 EXT-F1-7  { Signal Ground. (Red) 2
| SEC-d2-8 i EXT-F1-8 | RTS (Not used). (Yellaw) :

i

aes e o ore st wate 400 Su4e Sese srve Geee Sest Shte GHUS Mees OES Hees dire Sem 4% Ge4e Suos S4BE Thea i Mise Gies Gesn FO4 evs Sees Smwe A sece Geed 044h SIS Fege duse Sese Wi mba Gess Sese S4SE SeSe Shte sese Semm mmas pewt Mebe H640 SIOS Fres Sese en Febe Bebe wems deed GeeS $004 Pere NE Sems NS Me Meba Sese M0 beee sese sese sese

&.5) Host to ICU link.,

s et eta S Teve SHee e S TS SEMS WS SOUe See Srre PHAS SH2S bSO 4ONS SO0 so0t ored Agee
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; Figgy back ! Back panel F2 | Connection function, ;
Ottt U bl !
; SBX—41~8 i EXT-F2-3 i Receive Data,(-ve) ;
D SEx-Ji-12 ¢ EXT-F2<1 i Transmit Data.Cove) :
| SEX-J1-2 1§ EXT-P2-14 | Transmit Data.(hve) 1
. SEx-J1-8 i EXT-F2-16 i Receive Data.ctve) :

oaos aore $90e eovs e Saae KA Sove bemt Seme SO bive S006 SuS Soes THR Sese Med Se4A 000 beas Aeee SIS FOSH Pre S040 4GS V0SS Seve Tese S0SD AeNe Sees 0res S046 Pers Seet Wesr S S04 SeS Geq Sore PeUe euse Seeg Gwe dece MGG T4 Ges ees Feee mie bese SAs4 SeSS FOUS Few Seve case SMeE SMAe bece Mied SIS KU Pers dem WHS WUS aeee Geme et Seer

The local VU linkK is o standard 3-wire R5-232 Serial linKs and the host
link is a stndard RE-422 multidrop link. In both cases the connection is made
using 4-core screensd cable.,



Jev 05 COMFUTER DIRAWER CONNECTIONS FOR ICU FROJECT.

- b Seia S04 game OE S406 TORS Wwt SH0s H4s Fert S4es SH Seen Benm M Bem Se0b S04 S000 brep Smie Sis SOE S0es Sers Fesh Peee Seen Feur Gess $S04 $O4S Sive S0en Sess EOv Mes Sese GOte Sees S Sete fesu Tmer BH et Seis dmed Sest bets Soee S0ed POm leee Pea ovm Geds She Bres eev Ser Fede M Seie Soen SIS Shes Se0s Seee Guee S0as HHs Sant 0P8 SLis Sese seee

1.4) Fower supplies. \
; .............................................................................................. ,’
nSupply Source AFDT switch Supply Connector function.

1 ¥ [ ]
] ] ]
5 pin. i connection. i destination, - |
- ! incoming/outdoing | H

¢ EXT-F3-1,2 P SUW-2/3 i BEC~P1-3:;455546+ SY Fower i
; ; H 81,82,83,84 ;
} : ¢ I/0-F2-55,57,3591 }
} EXT-P3-6,7 i N.C, ! SRC-P1~1:2311, | SY GNI. H
S ' H 12:75,76,85 |} !
: ! ! 84 ' !
; i ! i I/G*P2~49yu1,53} H
Vv EXT-P3-3 i BH~-5/4 i SEC-F1-7,8 v 412V Fower i
: 1 VY/0-F2-35 i -
VEXT-F3-4 ! SW-8/9 _ i\ SRC-F1-79,80 bV ~12Y FPower !
H ' H : i I/0-F2-37 H ;
! EXT-F3-8 ! NLCo PV I/0-F2-145,9,130 4/~12V GMD, (Also }
H | } 17423,27,10, usred as screen :
H i [ 14,4642 VOGN H
!EXT~F3-9 ! SW-11/12 P I/0~-F2~40 ! +Q4U Fower !
H ! ' o1 EXT-FE-U ! :
EXT"‘F 3-5 N.C.

i I/70-F2-43,45, 1 24V GNI., H
: 41,47 i

These connections are made by individunlly scoldered leads.
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H 1 ! & ! Stop Rutton. \
4 2 H R i Wrap Detect. H
H 3 : C i 0i1 Mist Fail. i
H 4 : It i Tailing Button. i
! 5 H E } Start Rutton. !
} & : F i Fosition ready. H
H 7 ' a i Winder Tachao core. :
1 g : T i Winder Tacho Screen. :
! 9 : b ! Trav Tacho core. !
} 10 { b v Trav Tacho Screen.s ,
1 11 ! U 1 24y i
{ 12 H REL-1 ! Interpasing relay contacts. :
} 13 1 REL~1 : * H
H 14 H REL-2 } . !
: 15 H © REL-2 i ' :
) 16 ) L. i Traverse Inverter ready. ‘
H 17 : M i Hinder Inverter ready. :
; 18 H C i Trav Freq out core. ;
H 19 ) c i Trav freq out screen. H
: 20 : d ¢ Winder freq out core. '
H 21 H d ! Winder freq oul screen. }
H 22 ; e i Co-axial cable screens. \
: 23 : N i Head Lift solencid. H
H 24 H F i Hour meter 24V relay contact. !
1 23 H R } Thermistor Trip. :
: 26 i a8 i Emersency stop. H
} 27 ' T ! Spare. ' '
H 28 ! v i ChuckK Speed test point. :
H 29 H W v Test point Common. :
i 20 ' X i Traverse speed test paint. :
} 21 H G 1244 GNT, iy
H 22 H H i Traverse run relay (24V to coil) !
H 23 H J P Trav/ind run common, H
! 34 : K i Winder run relay (24V to coil) }
H N/C H Y i Spare. H
' N/C ' N Z i Spare. ;
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LIST OF SIGNALS AND ASSOCIATED JUMFERS ON THE INUERTER CONTROL UNIT SEC 88/2%5 ROARD.

o i i A o1 11 ot St S 48 830 S0 40 S0 4% 41m S1 20 4rS S2 o1t S1 TR £ i 4R i S i o A S S48 A Lo Rl A A etk i o T S S0 v L S P B v B et S o s e S e s T 8 4 s S A U ot e e 0 S0k 410 4 0 v e O SPGB v . S S S0 9 3 o S ot b . . S e T ot e 8L S T Sa s S o s 4 S0 S i e s S0 S0 0t 2o £ S T8 o 00

SIGNAL TYFE
DIGITAL INFUTS
(ON ROARD RUFFER)
FORT A

DIGITAL OUTPUTS
(INETALL RUFFERS)
FORT K

FREQUENCY OUTFUT
{INSTALL BUFFER)
FROM TIMER ON
SEX BDARD

FREQUENCY INFUT
(INSTALL HEAIER)
FROM TIMERS ON SEX

SIGNAL ORIGIN/DIESTINATION

AODRESS SELECTION -
(4-INFUTS)

TAILING RUTTON

FOSITION REATDY -

WINIER RUN -
TRAVERSE RUN -
WATCHIOG TIMER -
COMMUNICATION-TX -
COMMUNICATION-RX -

KIT
RIT
BIT
RIT
RIT

OFF ROARD MEMORY INTERRUFT

JUMPER REMOVAL REQUIRELD

1
!
o CFU RUNNING -

WINDER FREGUENCY

WINDER FREQUENCY

DRI~ O

~SEX TIMER
(OFTO ON SKEC EOARL)

TRAVERSE FREQUENCY -SBX TIMER CLOCK-2
(OFT1 ON SEC EOARID

-8RC TIMER

TRAVERSE FREQUENCY ~SREX TIMER CLOCK-0O

JUMFER REMOVE/INSTALL

KUFFER U7 ON EOARD
NO JUMFERS

INSTALL RUFFERS
XU~-10 (74LE800)
XU-11 (74L.508)

NO JUMFERS
CUT TRACK IC22-22

SOLDER 1C48-11 TO XU11-1,3

CUT TRACK IC22-23

SOLDER IC30-8 TO XU11-4,5
SOLDER IC21-23 TQ 1C30-9,

CUT TRACK IC22--24

SOLDER IC21-2% TO XUl1l-9,

REMOVE EU0-EA& INSTALL

INSTALL E12-E13-E14
INSTALL E122-E118

REMOVE LINK E38-EA40
REMOVE LINK E37-E41
REMOVE LINK E44-EA8

REMOUVE LINK EA4S-E49

INSTALL LINK E114-E117

INSTALL LINK EB8A-EBS

INSTALL BUFFER XU-9
(USE 74LS00 IC’S )
REMOVE LINK E47-E43
INSTALL LINK E43-E139
ON SEX-EOARI

INSTALL LINK E24-E25

ON SEC-ROARIDIS

REMOVE LINK E44-EDO
INSTALL LINK E46-E140
ON SEX-~-ROARD:

INSTALL LINK E28-E23

ON SRC-ROARIN:

INSTALL HEADER XU-8
(LINK FINS 11812,889)
REMOVE LINK E38-E42
INSBTALL BUFFER

U~350 (741.513)

SOLDER UH0-8 TO EG8 3

U30-9,10,12,13 T0O

REMOVE LINK E35-E39

—— bt e b e ee

SEC FLUG & FPIN NUMERERS

ES0-E105 (RESET LATCH)
10mS timeout
IRl interrupt

SHC Ry int to IRé
CTS-RTS

SHMITT RUFFER FOR
CLEAN TACHO FULSES.

J1-18

J1-26

J1-28
FIGURE

IC REF.

uz & uzz

XU-10 §
Xu-11 &

U2z

XU-9 %

Xu-g &
SEX-U? &
U-23



ROM MODIFICATION

e mm me e mm he me e mm mm me mm s mm mw = ee me mm mm P Se wr em mm e wm me —e m= e e ee e e

TO COMEINE CLOCK FOR SEC

RATE TO

INCREASE CLOCK

(MINTR1 ON SRC ROARL)
ViA J4~24 ON SEC ROARD

ANL SEX UART’S

~SEC TIMER CLOCK-2

TO GET SBC TO ACCEFT 27128 ROM CHIFS

e mm e . me - = mv mm = o= == e mm mw e e bm Ga c% 44 Me rh mm o —k =, = me —= e ma e we == ==

INSTALL LINK E120~E126
SOLDER US0-46 TO J4!24 &

Us0-1,244,5 T0O E35

ON SRX-KOARIS
REMOVE LINK
REMOVE LINK
REMOVE LINK
INSTALL LINK E27-ER29
INSTALL LINK E24-E33
INSTALL M1124-E18

E17-E18
E27~E28
E29-E30

ON SEC~ROARLD

SOLDER  J4310 TO u24-9
ON SEX-ROARI:

INSTALL F1:10~-E31

ON SEX-EOARI:
CUT TRACK TO U9-18

SOLDER U9-18 TO E20
REMOVE LINK E19-E20
INSTALL LINK

ON SEHC ROARL
CUT TRACK TO Ua0-14
SOLDER  U40-13 TD US2-9

M S8RC ROARD SOCKET J6¢
INSTALL JUMFER FIN 1-14
INSTALL JUMFER FIN &6-9
INSTALL JUMFER FIN 7-8
REMOVE JUMPER FIN 213
REMOVE JUMFER FIN 3-12
REMOYVE JUMFER FIN A-11
-

(SOLDER

(SOLIER WIRE ONTO

(SOLDER WIRE QNTO

~=T0 GO TO SRC~-UART CLOCK

WIRE ONTO F13:24)

ANIDD FPIN 9 OF THE

U-9=LFITI=8254

(SOLIER WIRE ONTO FIN 18

OF THE 8254)
E37-E38 INSTALLELD

(SOLIER WIRE ONTO FIN 13
oF

U-40 & FIN 9 OF U-G2)

INSTALL JUMFERS ON J6

- me mm m =m em wm be v R v e mm rm mS Sh em me = o $% wm == M me mm mW —s == == he oo me mw e ==



' SEC EOARL STANDARD JUMFER CONFIGURATION

1686030 €2

! JUMFER FAIR ! IN/OUT JUMFER FAIR ! IN/OUT JUMFER FAIR ! IN/OUT FINS NOT CONNECTED
_ 1-2 i IN 80-81 ! IN 156~157 | IN 245,748,135 15,16,1%
. 4-4 ! IN 82-83 ! ouT 158-159 ! IN 28,32,42,47,57
; 9-10 ! IN g4~-85 IN 160-1461 IN 69,118,123
; 12-13 . 4. ~IN.. ! !
13-14 : IN 86-87 | IN 163-164 | IN 124,132,135,153
15-16 ! ouT 8g8-89 | IN 165-166 | IN 162,167,180
. 17-18 ! IN 90-91 : IN 168-169 IN
Lo e 20721 oo b OUT. - - .. 92-93 ) IN 170-171 ! IN
: 2224 ! ouT 94-187 ! IN 172-173 ! ouT
IR 23-25 ! IN 95-94 ! IN 174-175 ouT
i 26~30 ! IN 97-98 ] ouT 176~177 | ouT
e e 27229 b s BUT. e L. .99-100 . OUT 178-179 ouT
i 30-31 ! IN 101~102 3 ouT 181-182 ! ouT
; 33~34 .- | ouT 103~104 ! IN 183184 | IN
f 35-39 ! our ! :
Lo 36=40— - b DUT - - S .
Pl 37-41 ! - oour 109-110 ! IN
i .. . 38-58 b INC . 111119 JIN
; 43139 | IN 112-113 IN
foee .. 44-48 ; QuT - S114-117 IN
- 45-49 ! ouT 1146-125 | IN
o 46-140 - | IN 120~-126 | IN
! 51-52 ! ouT 122-118 ! IN
ol B5FwF4 e} e IN o !
; 55-54 ! IN !
i 59-60 ! ouT :
! 61-62 ! ouT !
: 63-64 - | ouT : 133-J4:261 IN
1 65-64 ! ouT 141-142 OuT
. 67-68 -1 - OUT 143-145 | IN
i 70-71 ! ouT 144-146 | ouT
Ton e 737 e QUT S o 147148 ) ouT
74-75 ! ouT 149150 ! IN
76~77 ! IN 151~152 ! N
! ! IN

78-79 ouT 154153





