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REGLERINGSTEKNIK
LTH

A _DDC LOOP BETWEEN LUND AND KIRUNA FOR .CONTROL OF AN
ORE CRUSHER.

L Andersson U Borisson R Braun - R Syding

ABSTRACT.

This report describes an arrangement for controlling a
crusher at the oreecrushing plant in Kiruna from a pro-
cess computer in Lund. The data transmission was done
with modems and a public telephone line. A description
is given of the special process interface that was con-
structed. The organization of the software is discussed
and program listings are presented.
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Ils INTRODUCTION.

bPlant in Kiruna belonging to LKAB. The PDpP 15 computer at
the Division of Automatic Control, Lund, was connectad +o
the c¢rushing plant vig a public telephone line, Fig. 1.1.

LUND

COMPUTER MODEM

TELE -
PHONE -
LINE
PROCESS
v INTER - MODEM
FACE |
KIRUNA

Fig. 1.1 =~ Schematic fi ure of the DDC loop between Lund
=2d. 1.1 g
' and Kiruna,



Data entered and left the computer via an ordinary tele-

type interface. Low speed modems were used for the trans-
mission. The process interface includes a remote control

terminal transducing digital signals to analog signalsg.

This report is organized as follows:

In Section 2 the c¢rushing plant is described. The modems
are discussed in Section 3 and the process interface in
Section 4. The software for the cdmputer is described in
Section 5. A detailled description of the remote control
terminal is found in Appendix I. Listings of the programs
are given in Appendix II.



2. DESCRIPTION OF THE PROCESS.

The ore crushing plant in Kiruna (Kiruna Finkrossverk) is
the link between the underground mine (Kiirunavaara)} and
the sorting plant (Kiruna Sovringsverk).

In the crushing plant the ore is crushed to lumps of maxi-
mum grade of 25 mm, in order to deliver a product adapted
to the following sorting and separation process in the
sorting plant and adapted to the metallurgical processes
of the customers,

The crushing plant consists of six identical crushing
lines, each including one crusher driven by a 200 kW elect-
rical motor and two screens, Fig. 2.1.

The ore enters the crushing line on electromechanical fee-
ders, which are controlled to feed enough material to main=-
tain constant power withdrawal from the crusher motor. Then
it passes the first screen, if not already undersize, on
its way to the crusher. The crusher leaves some oversize
lumps which will pass the second screen to be recycled to
the crusher.

To maintain constant power withdrawal it is necessary to
vary the ore inlet to compensate for disturbances in crush-
abllity and size as well as for changes of the crusher de-~
pending on weardown.

The crushability depends mainly on the waste rock content.
The more waste rock the Ore contains, the more spacific
crusher work is needed. Sometimes about 75% of the ore madr
be undersize at ﬁhe first‘screening, another time only about

These disturbances also affect the process parametars and
thus indicate a need for tuning the regulator accerding



condition., A wrongly tuned requlator will give rise to
bad performance of the systemn, resulting in great
fluctuations in the power signal,

Because of the great deadtimes of the system, 42 seconds
between ¢rusher and feeder and 74 seconds in the recycle
loop, comparea with the time constants of the ecrusher and
the feeders, each around 20 seconds, a regulator that
takes account of the deadtimes is preferable.
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changed into audio frequencies between 300 ang 3460 Hz, gi~
milarly by a demodﬁlation Process the audio frequencies
from the telephone line are reconverted into logical pc
levels,

3.2, Transmission Speeds .,

The transmission rates possible with rodems over telephone
lines range between zero and 9600 bits/sec.

Low speed modemg - up to 200 bits/sec., - may transmit in
full duplex, i.e, in both directions simultaneously, through
one line in the public switched network,

Medium speed modems - £00-1200 bits/sec, =~ may still usge
the publie switched network, but transmission is pPossible
in only one direction at a time,

High speed modems - 2400-9600 bits/sec. - must use leased
lines and can transmit in only one direction at a time.



3.3. International Standardization.

The properties of modems are governed by recommendations
issued by CCITT, Commitde Consultatif International de
Telephone et Telegraph. These recommendations describe

the signals that appear at both sides of the modem. The
only signals the user needs to he concerned with, however,
are those at the data processing side, either before modu~
lation or after demodulation. A brief description of the
standardized signals is given in Fig. 3.1, which shows an
interchange equivalent circuit.

Apart from data the modem also receives and sends certain
control signals such as "Request to send", "Ready to send",
etc. These signals may either come from the data processing
equipment or from a special control unit provided with the
modem. For a detailed description, see [1].
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4. PROCESS INTERFACE.

The process interface consists of a multichannel Data Log-
ger and a Remote Control Terminal. The Data Logger mea-~
sures the ore flow signal from the belt scale immediately
before the first screen, the control signal from the cur-
rent transducer and the power signal from the power trang-
ducer. These measurements are formatted and then go to a
Teletype. They also go to the Remote Contrél Terminal,
where they are converted to suit the modem input (see

Sec. 3}. The process connections are shown in Fig. 4.1.

In the other direction the signals from the modem go to
the Remote Control Terminal, which performs a serial~to-
parallel conversion and a D/A conversion. The resulting
analog signal is the control input to the process.

To give the computer access to the process a switch was
placed before the feeder Actuatoer. It was then possible
to choose between remote digital control and local ana-
log control.

The Data Logger, the Remote Control Terminal and the mo~
dem were placed in the Kiruna office about 2000 m from

the ore crushing plant. The communication between the con-
trol room at the plant and the office building was main-
tained with four local telephone lines.

To permit a ccarse check of the experiment conditions a
three channel recorder was connected in parallel with the
Data Logger. The power signal, the ore flow to the Ffirst
screen and the control signal were recorded.
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2. COMPUTER SOFTWARE.
First the regulator programs will be discussed. Then a

small modification of the teletype handler in the stan-
dard version of the real time monitor will be described.

5.1l. Programs.

The programs run under the real time monitor RSX. The
core memory is divided into partitions and each program,
"task", runs in a preselected partition. The following
tasks were used in the experiments:

Name Function Partition

INIT Initializes the regula- PUSER
tor

REGUL Receives data and com- PPRUS
Putes the control sig-
nal

PRINT Prints data on line PUSER
printer

TAPE Writes data on tape PUSER

SEND Sends the control sig- PIRUS

nal to Kiruna

Listings of the programs are given in Appendix II. Some
of the standard variables in BLANK COMMON were used, It
was then possible to use the library program SET to ini~
tialize the variables and to change values¢of the variables
during the experiments.



The structure of the self tuning regulator was specified
in the task INIT. In this task it was also given start
values for the regulator parameters, set point for the
process and limits for the control signal. The task was
axecuted at the start up and could then be executed at
anty time during the experiment, e.g. to make a set point

adjustment.

In the beginning of task REGUL the data from Kiruna were
received. A teletype input/output (TT2) was used for the
data communication. Data were read in free format. Nor-
mally the teletype handler sends back the same data as i+
receives., As this was not desired, a small modification
of the teletype handler was made, so that the data were
gent to TT1 instead of TT2. In this way automatie logging
was obtained on TTl. In Sec. 5.2 the modificaticn is desoribe
in detail.

When data had been received, the control signal was com-
puted. Then task SEND was requested. The tasks PRINT and
TAPE could also be requested from REGUL, which was core
regsident all the time.

The task PRINT logged process variables and results on

the line printer. The task TAPE stored the same informa-
tion on DEC tape. The data were written in such a way

that standard programs could be used for plotting and sta~
tistical analysis.

The task SEND, which was written in assembler, transferrved
the computed control signal to Kiruna by making a write
instruction directed to TT2. It was possible to let SEND
execute several times during a sampling interval to re~
duce the problems occurring if one value was lost. The
sampling interval was 20 seconds.



13.

5.2. A Monitor Modification.

The Teletype handler of the RSX always assumes that the
TTY:s connected to the computer operate without local co-
PY, i.e. when a key is depressed the character is sent to
the CPU, but it is not printed locally. Obviously this
would not be practical for the operator, and therefore
the Teletype handler "wchoes", i.e. sends back, any cha-
racter that it receives. For the particular application
at hand this was undesirable, since avery character re-
ceived by the remote control terminal corresponds to a
unique output voltage.

Every time the CPU receives an interrupt from a Teletype
keyboard it goes through a skip chain to determine which
TTY that caused the interrupt. If the flag is found at
€.9. the third entry down the list, the program goes to
another list of output instructions and executes the
third entry, which, of course, normally is an output to
the same TTY that caused the interrupt. The modification
necessary to avoid the echo is now quite obvious: reverse
the order ¢f two output instructions so that the echo
goes to another TTY. This has the further advantage of
providing a log of incoming data without any additional
programming.

Outgoing data does not go through the Teletype handler at
all because the handler uses the elghth bit as a parity
bit. )
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DESCRIPTION

The data signals from the modem pass the
CCITT receiver circuit SN75152 which converts them to TTL levels
and then they pass an optically coupled isolator TIL11l.
To provide higher output current, the isolator is followed
by an inverter. The inverted signal goes to the terminal
receiver card, where the MOS circuit MC2259L converts the
8-Bit serial data word to parallel form. When a whole word
is converted, it is transfered to the output buffer register.

The cutput from the register consists of eight
open drain transistors and therefore a resistor must be connected
between each output and -12 volts to make it compatible with
the D/A converter circuit, which has TTL logic inputs.
The MC2258L is synchronized by an external clock generator
with the frequency 16 ¢ Bit rate = 1760 Hz.
This clock generator is placed on the clock card and is a
transistorized astable flip-flop followed by an integrated
JK flip~flop to give a symmetrical waveform.
The frequency of the clock is adjustable.

The 8-Bit parallel data word from the output
buffer register of the MC2259L circuit goes to the D/A
converter card, where the circuit ZD430 converts it.
The output of the ZDu430 is protected by an opera%ioﬁal
amplifier 741C comnected as a voltage follower.
The 741C is an unexpensive circuit and it is socket mounted
for easy replacement.

Data signals from the Solatron data logger
to the DVM input connector pass the CCITT driver SN75150,
which converts them to standard CCITT signals. Then the CCITT
signals go directly to the modem.
The DVM input is optically isolated from the CCITT driver by
the TIL11l1 circuit. ‘
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SPECIFICATION AND INSTRUCTION

Power : 220 V 50 Hz

Signal ground isolated from protect grournd.
Qutputs: Analog output, TTY output, CCITT output.
Inputs: CCITT input, DVM input.

ANALOG OUTPUT:

The analog output receives input from the modem
connector (Cannon 258 pin 2 signal,pin 7 ground).
The input should be an 8-Bit serial data word with signal
levels in accordance with CCITT recommendations ( figure 1,
table 1 ). The input is optically isolated from the remote
control terminal.

START STOP
BIT BITS
——== 4+ U
9 CCITT
levels
BT 654321 - U
+«—— DATA . —w
MSB WORD:- ISB
Llogical 1" = low voltage The start bit corresponds
Logical 0" = high voltage to logical '0".
The stop bits correspond to
logical | 1",

Figure 1: Input signal/



Analog
output Input code
| MSB LSB ]
! ] =D =3 =l =5 —f =7 =
07k 972 978 g7 75 576 57T -8 !
i g8 7 6 5 4 3 2 1 '
Fs - LSB 11 1 1 1 1 1 1
3/4 Fs 1 1 6 0 0o o0 0 O |
1/2 Fs i1 060 0 o0 6 o6 0 O
1/4 Fs o 1 0 0 0o 0 0 O
LSB c 0 0 0 0 0 0 1
0 volts ¢ 0 0 0 O 0 0 O
Fs = 10,00 volts 1 Bit = 40 mV.
Table 1: Coding for analog output.

DVM INPUT:

A data signal on the DVM input connector
Cannon 37P pin 13 and 12 will be converted to a signal
in accordance with CCITT recommendations at the modem output
( Modem connector Gannon 25S pin 3 signal pin 7 ground ).
The input signal is oi:»tically isclated both from the
remote control terminal and the modem.
A positive voltage between pin 13 (+) and pin 12 (~) of
the DVM input connector will give a negative voltage at the
modem output ( figure 2 ).

Min input current 10 mA
Min input voltage 2,5V
Max input current 1A



TTY OUTPUT:

A standard TTY may be connected to the TTY output

connector Cannon 37P.

All control wires for the TIY are directly connected to the
DVM input cormector. The data signal for the TTY is connected

as in figure 2.

DVM input TTY output
+ O ——Q 4
13 13

L R2 D1
To 4 o
cerrr ¢ A@ R
conv. Sy ,
R1

DVM input TTY output
- — S O -
12 12

Rl = 100 ohm 4 W Dl = D2 = 10B1
R2 = 18 ohm 1/4 W IC = TIL 111

Figure 2: TIY connection
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SYSTIMS
WITERFACE CIRCUITS

CINCUIT TYPE SHIHE2
f

DUAL LINE fit

ECEIVER

T -;a.-.&g««_‘ﬂ

e Mects Specifications of EIA RS-232.C or
MiL-STD-18801

e xal Differential Receiver with Independent
Strobes

#  Common-Made Input Voltage
Raange ... 125V

¢ Difforential input Capability with One Input
Grounded . .. 20V

& Continuousty Adjustable Hystaresis with
External Resistors

e Standard & A2V

ang 12 ¥

# Input Hysteresis {Double Thresholds)
Bemain Approximately Fixed for Power
Supply and/or Temperature Variations

Supply Voltages . .

description

Tihe SN79152 is a dual differential fine receiver
designed 1o meet the requuements of FILA standivd
RS 2320 or MIL-STD 188 interfoces. A sinyle
contral hin 1) sets e input hysteresis for the
required operation. An added foature o the capabibity
of adjusung the hysteresis to any voltage between
1 (.3 volt typleal and ¢ 5 volts typical by means of
ihe hysteresis adjist terminads {pin 4 and 13} making
the SN75162 useful for a wide variety ol Hine recewer
and Schmitt trigyer applications. The large cammon
mode  input voltage vonge and  differential input
voltage {¢ 25 volis) give the circuit added versatility
The SN7B152 is designod for operation from standard
+ 12-voli supplies with t 10% variation, Each receiver
has an output strobe that is TTL compatible.

JOR N
DUAL-IN-LINE PACKAGE (TOP VIEW}
2 NUN-
2 2 ZiNV NV
oyt 7 nvYE}) LINI LIME

Vees pul STOB ADg NS 2 RY aneor Ve

o ][] [l lul[][n}]n]]s

Lo :
’—CC‘ L_>-]
Bra - _ H ™ f—
1RTI]13 iDL
TEYsT 1 TINV  THT THNUN OND
CONTI OUT $1 HB HYST LINI NV
PuT ADY INPUT LINE
MPUT

o ment the specitications ol EVA Standard RS-2132 C, connect

Piysterosis Conteol (Bin 1) 1o Ve Pin 9) Also, connact pin 6
to i O oand pin 11 to pin 12
ML ST 188, ave Hystiresis Gantral (pin 1) and ermination

resistars (pin G and 1131 open.

To moet the spucitications of

FUNCTION TABLE
U !\L I RECEIVER)

LINE INPUT | STHOBE | GUTPUT
w | n H
L H L
¥ L H

Definition of tagic levels:

For thy strobe: H (high) is any voltaga bebweosn Vg min and

Ve
. {luw) is any voltage betwean ground and Vg
max
For the line input: 1 thigh) 18 any differential input valtage
(V”_))l mare positive than ¥y | once the
level of Vf+ has been reachod
L Uow) s any differentisl input voliage
vyl more negaiive than Vg onco the
lovel of V4 has heen reached
X {irrelevant) s any input voltage permitted
by maximura ratings.
Toiftorential input  voltages (V5 and Vip) ao et the
noainverting input terminal with espect to the inverting input
itermingl.

Sl ey

TLEL IRODNY

TEXAS INSTRUMENTS

: INCORPORATID
FOST OFFICE BOX 8012 ¢ DALLAS, TEXAS 75222

INCORPORATE O

POST OFFICE ROX SN13 . nalL

P AE Yrwae ssana

‘GGEELEL SIC 0N MILITING

§
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bam

SYSTEMS CIRCUIT TYPE SN75150

iINTERFACE CIRCUITS

DUAL LINE DRIVER

e IR
SATISFIES REQUIREMENTS OF EIA STANDARD 11§-232.C o
El
SORN : 2
DUAL-IN.LINE PACKAGE DUAL-IN.-LINE PACKAGE 3
(TOB ViEw) (TOP VIEW) 3
| « QUITPLTOUTFUT QUTPUT OUTPUT E
.y 1 Vit~ NC W
o Withstands Sustained Output Short- __[M m DR s g

w
=
fn
=]
z
o
b
v
~
-t
-
&
L
B
F4
[
B
-
<
I
~
-t

Circwit  to  any  Low-impedance
Voltage hetween —25 V and 25 V

o 2 ps Max Transition Time through
the +3 V to —3 V Transition Regnon
under Full 2500-pF Load

. [
s inputs Compatible with Most TTL tH:HxHeAs s
and DTL Families 17 %W%ﬂ%%f

1A

¢ Common Strobe Input

s laverting Output positive logie: Y =~ AS

o Slew Rate can be Controlled with
an External Capacitor at the Output

NC-—No intsrnal connection

s Standard Supply Voltages ... +12 V schematic (each line driver)

e -y

description 3

ot —b
The SN75150 is & monolithic dual line driver couone e ﬂ::
designed to satisfy the requirements of the standard .,'o.“:’,.—_f_'_*,._ — t
interface between data terminsl equipment and data IR
cammunication  equipment as defined by ElA it
Standard RS-232-C. A rate of 20,000 bits per second i -1
can be ransmitted with a full 2500-pF load. Other 3 sy " -0 MU
applications are in data-transmission systems using st ¥
refatively short single lines, in level translators, and "““"j—; Y :r
for driving MOS devices. The logic input iz (S ¥
compatible with most TTL and DTL famiiias. j
Operation is from +12wvalt and -—12-volt powsar
vapplies, The SN76160 is characterized for operation
from OOC to 700 e, 10k T o

10 OTHIR

“:::“.’:““1

‘ Component values shown sro nominal.
iolute maximurm ratings over opérating frea-air temperature ranga (unless otherwise notad)

Wﬂplvvoltage Vogs fsee Note 1) . . o . . . o L PN 1By
Supply voltage Vep.. (sseNote 1) . % . . . . . . L . . L. ~16 V
tnput voltage (see Mote 1) . . . . . . . . . . . A 15 v
Applied output voltage {see Note 1) . . . . . . . . . . e 126V

Operating free-air temperature range
Storage temperature range

L d .
ko Voltagn valuze bie with respect (o network ground {erminel,

¥ T renee

0°C to 70°C
-65°C to 150°C
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Advance Information

TERMINAL RECEIVER

The terming! receiver is a synchronous/asynchrenous data communications
adaprer that receives seriat digital data from a modern, organizes the data into
Aixed word Iengths coreesponding to characters, and transfers these charactersto
& buffer register from which the character may be accessed ina parallel format,

® One Character of Buffer Storage
# Buffer Storage Status Output Provided
® Externally Selectable Character Lengths of 5, 6, 7, or 8 Bits

® Synchronization of Clock 1o Data Input for Both Synchronous and
Asyn;hronous Modes of Operation

® Externally Sslectable Parity Checking -- Odd or Even

& Provision for External Character Synchronization in the Svnéhronous
Mode

¢ In the Asynchronous Mode, Provides for Generating @ BREAK Signal
When the Absence of a STOP Bit |s Detected

# Overrun Indicator Denotes Lost Character

& [nput Clock Freguency 64, 16 or 1 Times Bit Rate

# Operating Frequency of DC to 10k Bits ver Second {+ 64 Mode)
snd 200k Bits per Second {+ 1 Mode)

@ input and Dutput Compatibie with TTL Devices

MOS

{P-CHANNEL, LOW TRRESHGLD!

TERMINAL RECEIVER

ADE-142

MAXIMUM RATINGS (Voitages referenced to Vgl

286 PIN
CASE 695

Aating Symbol Value Unix
Supply Voltage Vop VGa -20 to +0.2 Vde This device contsing cirguitry to protect the
' - inputs against damasge dus to Righ static voltages
Dats {nput Yoltsge Vin 20w +0.3 Vde or electric fields; howaever, it is advised that
iy B ' X a normal preceutions be taken to avoid application
Uperating Temperature Range Ta 0t0 +75 C of any valtage higher than maximum rated volt
Storage Temperature Fange Tﬂg “E5 to +150 oc agas 1o this high-impedanca cireuit.
WORD
RLOCK DIAGRAM COUNT LENGTH
EXTERNAL ENABLES SELECTOR EVEN PIN ASSIGNMENT
CLOCK +16 + 64 Xi ¥ PARITY
1
) SYNCHRONOUS 'T z’t Im - Ig I o
! - CLOCK i 24
SYHCHRONIZER mg&;lg:l, i SYNE WORD FARTTY "
COUNTER CHECK "
ASYNCHRONOUS GENERATOR LOGIC 3 "
e CLOCK
SYNECHRONIZER @ 4
0 CLOCK QUTAUT 5
I =0 SERIAL QUTPUT 6
L—-—- 7
Sy RS A U S |8 AsYNCHRONOUS 8
DATA 8 SHIFT REGISTER MODE
vl [TRANSFER |} 2 3
DATA S E e S TIMING "SYN" DEVECTEO
STROBE & BUFFER STORAGE REGISTER
. RECEIVER STATUS 24
EGG : gsﬁ ? A REGISTER o STATUS STROBE
- ]n . ..I'_'
g’ﬁ, =i 21 108 16 138 148 168 168 17819 '
B8 07 06 US D4 D3 B2 D) 2 g 5
\ v JBUFFER § OVER-
DATA GUTPUTS e/ FULL RUN 2
nsa ¢ o PARITY SREAK
ERRCR

& MOTOROLA INC.. 1871

‘Thie is advanca information on 2 naw introduction and spacifications are subject to change without notice.




APPLICATIONS INFORMATION

ASYRUHRONGUS OPERATION

The function of the terminal receiver is to respond to input dafa
and synchronize with that data, The normal state of the data line
during the tie when no cheracter is beiny transmitted is the Mark
staie. The initial change in state of this iine will occur upon receipt
of the Start bit. This “Mark-to-Space’” transition {of the Start bit)
causes the internal clock generator to be initiatized for synchro-
nization of the internal clock with the data. The data line is
continuously monitored until the internai clock signal is generated
at the midpoint of the Start bit period. This assures the presence of
& valid Stare bit. The synchranizing logic is then disabled until the
compiete character {foliowing the Start bitl is received, |f the data
Line returns to the Mark staie las in the case of noise) during the
monitoring period, the kit is ignored and the terminal receiver
rssumes looking for a valid Start bit,

Afier the Start bit has besn detected and the synchronization
accomplished, data is shifted through the shift register and the Start
bit appears in the Start bit flip-flop (the last stage of the shift
vegister). The complete character is now stored in the shift register
and the receiver automatically generates a transfer commang to
isad the choracter in Lhe buffer storage register, At the same time,
the stete of the Stop bit flip-flop is manitered to veafy the presence
of & Stop bit. its absence will result in an error output calied
Brealk being stored in the receiver status register.

A3 the chavacter shifts through the shift register, parity for the
churacter is accumuiated. The resulting parity bit condition is
sompared with correct parity {odd or even) and, in the case of error,
Parity Eevor will be stored in receiver status register.

Wiien the character is transferred 1o the huffer storage register,
g Buffer Full signal will be stored in the receiver status register, If
the transfer oecurs during a full buffer condition, the oid character
witl be tost and an error signal catled Gverrun will be stored in the
reogivey status register. The receiver status information will be
retained throughout the charecier time until a new character is
received end the new status is stored.

The access of data in the buffer storage register by means of the
Data Strobe will reset the buffer status output, indicating that the
iast character stored in the buffer storage register has been taken by
the systerns, ’

The internal clock generztor divides the bit time for each data
hit intc 16 or 64 swwgments, depending upon the externally selected
ratin, A single cycle of the oscillator input sigral is gated out of the
clock generstor at the center of a bit. This pulse is the intefnai
ciaek sienal which sampies the date and provides the interns! timing
e the entive terminal receiver. The clock generator and syncheo-
nizatien circuitry can be Lypassed by a fow lavel on hoth the
16 Enable and the 64 Enable. in this case, the oseillztor input
sipnel becomes the internai clock,

A master reset is provided by means of these same two clock
gnzble lines. When both the T16 Enable and the 764 Enable are at
s high fevel, the chip is held in a master reset condition.
SYNMOCHRONOUS CPERATION

Synchronous date transmission has several characteristics which
seguire special considerstion in the synchromzstion of incoming
etata with the receiving system. Svnchronous data appears as a
eoniinubus bit streamn with no interval between characters snd no
contrel Bits (Sart and Stop bitsh. Therefore, synchronization must
b2 secompliched by means of the reguler characteristics of the data
itsalf. Two degreas of synchronization arg required in order to
recaive @ valid message.  These are bit synchronization {which
syachronizes the internast clock of the receiving system to the dsta
bits) and character synchronization {which establishes a charaster
referease by means of sync codes and utilizes the fixed bit length
of the characters 1o maintain character synchronization),

Tte technique of bit synchronization provided in the terminal
recgivar for the synchronous mode of operation utilizes each

“fMari-to-Space” transition of the data. The data transition causes
an incremental correction of the interna! clock timing of 1/32 or
1/128 of the bit time (depending upon the counter ratio selected,
16 or 64), The process of incrementing the ciock with respect
to the data continues with each Mark-to-Space transition of the
data until the cfock signal orcurs at the midpoint of the data bit,
The synchronization logic will continupusly attempt te correct the
phase ervor between the midpoint of the dats kit and the internal
glock.  This resuits in the internal clock maintaining lock within
0.8% of the reference (764 ciock mode). The advantaue of this
technigue is that the data transition (Mark-to-Space transition}
times are averaged; therefore, signat noise pulses or other data
aberrations will not cause the receiver to completely lose bit
synchronization. This~feature ig particularly important in Wi
chronous transrission because of the problem of maintaining char-
acter synchronization and the necessity of re-astablishing character
synchronization whenever biv synchronization is lost.

Character synchronization is perfoemed external to the terminal
receiver by meens of a sequence of comiparisons between ths
received dsta and a synchronization code le.g., “Syn') or ser of
synchronization codes. The terminal receives is designed (o facifitate
this externai character synchronization in the following manner.
When the "Syn’ Detected input is low and the raceiver is operating
in the synchroncus maode, the buffer storage ragister is “trans-
parent” so that data can be monitored as it ripples through the shift
register.  After the first sync code has been detected, the “Syn”
Oetected signal is applied, which returns the buffer storage register
to its normal mode of operation and initializes the character
counter. The second character in the sync detection secuence will
then be transferred automaticaily to the buffer storage register
when complete, This character is then accessed for verification as
a sync code. The process is repeated until it has been determined
that character synchronization has been achieved. (i the required
sync code is not present in the buffer storage register during the
synchronization compasison, the “Syn'’ Detected signal is removed
and the process starts over.] Once the synchranization saqusncs is
complete, the external syne compariscn logic is disabled and the
incoming data message is processed as data.

As the choaracter shifis through the shift register {bypassing the
Stop bit flip-flopl, parity for the character is accumulated. The
resuiting parity bit condition is compared with corrset parity {odd
or aven) and, in the case of error, Parity Error will be stored in the
receiver status register, - i

When the character is transferred to the buffer storage register,
s Buffer Full signal will be stored in the receiver status register.
if the transfer occurs during a full buffer condition, the old character
will be lost and an-efror signal called Overrun will be stored in the
recelver status register. The receiver stotus informatioa will be
retained throughout the character time until 3 new character is
received and & new status word is stored.

The access of datain the buffer storage register by means of the
Data Strobe will reset the buffer status output, indicating that the
last character stored in the buffer storage register has bean taken
by the system. '

The internat clock generator divides the bit time for each dats
bit intc 76 or 64 segments depending upon the externally seiected
ratio. A single cycle of the osciltater input signal is gated out of the
clock generator at the center of a bit. This pulse is the internal
clack signal which samples the data and provides the internal
timing for the entire terminal receiver. The clock generator and
synchronization circultry can be bypassed by a fow level on both
the + 18 Enable and the + 64 Enable. In this case, the oscillator
input signal tecomes the internal ciock.

A master veset is provided by means of these same two clock
enable lines. When both the + 16 Enable and the T 64 Enablg are
2t a high level, the chip is held in a3 master reset condition.

e . MOTOROLA Semiconductor Products inc. —
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FUNCTION DESCRIPTION

fneuTs

Data Input — The serigl dats from the modem cor other sources
s gntered wito the Terminal Receiver by means of this terminsl,
The data is not inverted within the receiver and appsars at the
outpul in the same sense 83 it enters,

Data Strobe — The Buffer Storage latches are sampled whenever
# high level is applied to the Dats Strobe input.

Status Strobe ~ The istches of the Heceiver Status Register are
sampled whenever a high level is applied to the Status Strobe fine.

Even Parity — A high leve! on the Even Parity input causes a
check foe en even number of high-leve! data bits, including the narity
bit. A low level checks for odd parity in a similar manner. There
5 N0 provision to inhibit the Parity Check logic for “no parity'
dats transmission,

Word Length Selector — Two input lines (X, Y) are provided
1 define the cheracter bit length, A character will slways appear
at the gutput in a right justified bit position for the selected word
fengths, The Tollowing teble shows the character fength for each
input combination,

N

¥ Y Word Length
{Including parity, if applicabie)

1 1 8 bits

4] 1 7 bits

1 ¢ & bits

147 o) 5 bits

A tign ltevel is defined as 2 positive logic 1",

46 snd T 64 Counter Enables — These two inguts pro-
vide a weons of producing the interna! ¢lock from an oscillator
that is eithet 16 or 64 times the bit rate. Provision is also made
to bring the already synchrenized clock from 3 source such as a
modem intg the Terminal Receiver to act as the internal clock.
Avsilable options are shown in the following table,

.'.

4 Cseittatar Freguency at the
External Clock input
= Rit Hate
= 15 x Bit Raty
= 64 x Bit Rate
Master Beset®

- o 05 O oy

*A typical design of the external systern is such that ane of the
divider enables is selectad for the applicable external clock fre-
guency, The other enable input then becomes a Master K eser
for the Terminal Beceiver,

Extarnal Clock Input — This is the gscillator input that controls
the transmission rate of the Terminal Receiver,

Asynchronous Mode — A high level on the Asynchronous Rode
input enables the device for operation in the asynchroneus maods
using control bits (START and STOP). The START bii is usett &
indicate the presence of a character and for synchwanization of the
internal clock with the character. The presence of a STOP bit
verifies character sysichranization.

A low level on this input enabtes the device for synchrassus
operation and disabies all asyrichronous togic. & transition maonitor
samples each “Mark-to-Space’™ transition of the dats, comparss
the T16/<64 clock counter state with the preferred ceincidencs
slate, and incrementally adjusts one-half clock step toward corvact
bit synchronization. The character syrichronization is handled
externally by means of the detection of a series 6f sync charactorg
{e.q., "SYN"),

"Syn" Detected — A high levef on this input enables the systam
to opérate in the synchroncus mode by cycling in synchronization
with each character, The high leve! indicates to the receiver that
gxternal logic has determined character sync. A low lavei an this
iine holds the Buffer Storage Register latches open so that dutw
ripples across the cutputs to permit externat detection of syne codes
on the receiver outputs,

QUTPUTS

Data Qutputs — Data is transferred to the eight parsiiel open-
drain outputs from the Buffer Storage Register latches. The outouts
are enshled by an input signai to the Data Strobe tarminal wred
provide compatibility with TTL plus bussing capabifity, For charas-
ter fengths of 5 to 8 hits, data appears in a right justified position.

Serial Output — The dats being shifted into the shift register js
simultaneousiy available at the Seriat Guiput. The step bits arp
automatically stripped from the datg, This provides a convenient
means for extarnatly accumulating longitudinal pority.

Receiver Status Qutputs — Information on the status of duts
within the receiver is provided by means of four outputs that supply
thair indication upon receipt of a strobe signal at the Status Strobe
irgnit, The functions of these four status indicstors are os fotiows:

1. Buffer Full ~ This output shows that a character is in the
Buffer Storage latchas and has not been sampled at the sight date
autputs by using the Data Strabe input.

2. Querrun -~ This sutput provides an indication that two ar
ore characters have been transferred into the Buffer Storags
Register iatches in succession without an intarvening sampling of
tha buffer contents by use of the Data Strobe. This means that at
least one character has been fost. Use of the Data Strobe removes
this indicator efter the transfer of the next character into the
Buffer Storage Reqister,

3. Parity Error — Incorrect parity for a particular character
causes an ereor signal (high level) to be generated and made available
at the Parity Error terming! for the period that the character it

present in the Buffer Storage Register.
4. Break — The absence of 8 STOP bit following the cheracter

causes @ Break signai o be stored inv the Receiver Status Regiser
fur the character time {asynchronous operation anly},

Clock Cutput — The internal clock that has been synchranized

with the data is available for external use by means of this output,

MAOTOROLA Semicosductor Products inc. M S
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M-SERIES

m §° — 70°C Operation
# TTL/DTL Compatible -
®  Selectable Voltage Ranges : i Ay
@ Fits Standard DIP Matrices v LS ]
m  Adjustable FSR and Zero Offset 8-, 10-, 12-BIT BINARY

#  All Models Interchangeabie, Pin-for-Pin 2-, 3-DIGIT BCD

PERFORMANCE SPECIFICATIONS ,

o !
US| @]
F3=
Ko { @ ]
& =
! §=r [
Model No, |Z0430 [Z2D431 [ZD432 |ZD440 {20441 | 20428 |ZD433 i ™ B
L]
BESOLUTICN a-ait §0-8it 12-Bit g-Bit 10-Bit 2-Uigir A.Digit 7 @]l ¥ %@
(5h) e B g}.-— i -'b‘” o
5 St -8 :
SETTLING TIME 9
(to 12 LS8} foer) s @ e
OV o +iOV s 26118 2t 2us 5ps 20 {1281} 198 12 @il 56 -
-5V 16 ¢BY 2B us 20m 0 ps TS 5s - & e
-10V to +10V Bus 25 u3 - 30u:s B e 10us -
ACCURATY @25°C 1% w0 - - o - . Pir Connections {Top View) s
Scaling error: 40, +0.05% 20.%5 10.1% *0. 20.1% . g 5%
ot ResTing! e, * [1£0.008%°C) | 0.005%/°0)] (26,0025 10 G0B% Gl e 0,008 % C1 1 0.005%°C | 10 0055 Binary Models ZD430, 431, 432, 4490, 441
Zero offser 0.2% *0.05% +.05% 20,2% +(1.05% 10.5% 10,05%
te of FSHY max, ™ & 0.005%/°C) | (20.005%/CH(+0.002%/°C) | 1:0.002%/CH 1 0.002%/°C1 |[£0.005%/°C) | & 0.008%/°C) o
. & @
Linearity 0.2% | t0.05% 10.07% 10.2% £0.05% 20.2% £0,05% ! F*i @3 =
%of FSR), max.  |{L0.002%/°C) {2 0.002%/°C} |{£0.002%/°C) | 1+ 0.063%/°CH (¢ 0.002%/°C [t+ 0.002%./°C) | 1 0.007%/°C) ._:':‘;' g;:
< G- 5 SO,
Lang Teras Stability —q @] — ]
i% of E5R) +0.3%/1000 b, £0.9%/1000 hr, £0,2%/ 1000 hr. s | BGGHD @ §~—p I A
il SMICHES] 0 Lantes
1
INPUTE g
) ~2 @1} ! 5 &
Data eoding Aeditied 2's compisment-dipolar Binary-coded Decimal 1 .—l;::l b 23 @ s
Stealght binary—unipolar 4 @l = 3-8 it
f Bl =] i 43
qurath 1o 2 @-r— oW
Beta coniiguration ! 1 16— 330 -1
FTTL/DTL campible) ¥ lina /it en E
lagical 1 = Vi +2.6Y 10 158V ,
fogied) D = Y ' LRl R E Pin Connections {Top View)
Bista loading 1 TTL losd/iing BCD Models 20429, ZD4A33
OUTEYTS User selectable via wira jumpers s G i i)
Umpolar (FSRi OVt +10V W 1o +19V J .
Sipoiar (FSR) 210V, 15V < only ~ {=oc
BTREANEI Y [}
Sutpue drive I ’B;_'] i 1[1?. g '
{thoe circuit proci] B mA F[;I ! R Eany E 1
1808 ,&H._!'q T i
. wOTE R ST 1900
Output capacitive load | 1000 pF 1000 pF 1000 pF 300 pk 300 pF 1000 pF- : _'{‘:'-' 5
gigashigpratasci
Quiput impadsnc 9 0C 0.1 ohni ) 1-: St
Quigut noise < §¥mvV @EI
tntusnal istersnca sutput FI0V{21%) B4 mA +0.1% {no load — full joad) ’ o LTG0 e
ENVIRONMERTAL ' - e o g2y
Qparating temp, 0w 70°C . )
Storag emp, -25° to B6°C uat I
Holative humidity 3L nor-condensing
NOTES:
POWER 1. Taletance. 20010 unless notad
BEGUIREMENTS 215V @ 10 mA +15V@25mA 215V @ 25 mA £16V & 1 mA % é‘-s--'ds "H'm'r" to at:umoda:‘o o in cennector locstion
- I . . Pin spacing shown on nch gr!
8%y +5V @40 mA 16V@10mA +5V @ 40 mA V5 B 40 mA S Coamboral iRt S sy
+5V @ 60 m, ] 5. Leads: bertylium copper, goki-platod

& Botiem surface dounile roatsd with epoxy — Digigctre
insuianon of 450 V/m or greater.

DAL Outling Dimensions (Al Modeis}

Specifications subjact to change without notice.
® Adjustable to zero error with external trim potentiometsrs.
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OPERATION

" Several external connections must be made for proper
operation of each digital-to-analog converter. lnternal or
external reference, and full scale voltage ranges are
selected by jumpering pins as shown in Table 1.

e e —CAUTION — = = — e — — =

BCD units are internally wired for OV to +10V full
scale operation and do not require external jurnpering.
Do not strap pins for other FSR’s as damage may result.

Table 1. External Connections for DAC Ogeration

DESIRED OPERATION CONNECTIONS
Pin 22 to Pin 23

Connect to Pin 22

internal Reference

External Reference
+10V (£10%), 4 mA

+£10V FSR
+5V FSR

Pin 21 to Pin 22

Pin 20 to Pin 30
Pin 19 to Pin 22

Pin 20 to Pin 30

OV to +10V FSR

INTERNAL BEFERENCE

The internal reference of each D/A converter can be used
to drive three additional units. To use, connect pin 22 of
first unit to pin 22 of sach additional converter.

OPTICNAL ADJUSTMENT

Each converter is ready to operate within given specifi-
cations without external adjustments. However, special
full scale settings or fine adjustment of offset voitage
can be made using the circuit shown in Figure 1. The
circuit provides a full scale adjustment range of £10%,
and an offset adjustment range of £40 mV.

NOTE: Full scale is not adjustable when using external
reference.

ANALOG OUTPUT AND INPUT CODING

ANALOG INPUT CODE
OUTPUT MSB L3z
{BIPOLARY] PR I TR 2‘-‘%’“
FS.— 1 LS8 LI T O O T I SO I N 0 T
+¥%. F .S, N I T O T 0 T 0 T A I O o
OV +1LSB 10 [ 10 (0 |0 {0 |1
0 Volts 1 |0 |0 jo |0 |0 |0 |
oV - 1LSB (S 20 I T T A B I O IO
~¥% F.5. 0 [t |06 [0 |G |0 0
~FS.+1TLSB| O |6 O JO |0 lC O |1
—F.5. ¢ {0 |0 |0 |0 |0 |0 |B

Table 1. Modified 2's Complement {Bipolar n-Bits}

ANALOG
ouUTPUT
{UNIPOLAR}

MSB

INPUT CODE

2‘] —2

—3

~4

o

F.5.—1LSB
+% F 5.
+% F.S.
+% F.S.
OV +1LSB
0 Volts

O 0 = O = =N

QO C Q=N

o

Do OO =N
COoOO0O O =N
COoOoO0oO - |N

QO QO o (N

(o)

Table 2. Straight Binary {(Unipolar n-Bits)

ANALOG
ouTPUT
{UNIPOLAR)

INPUT CODE

107¢

4

FS.—1LSD
+% F.5.

v +1LSD

Q0 Volts

O o =l
QO = Old |
s e o Sl e} § K}

[ T oo LS JPE T QY

OO0 =l
OO0 O Ol
OO0 0 | -
QOO =

0
o
0
0

D00 Qe |-
[ s I v I 3 F XY
O = O = o

Tabie 3. Binary Coded Decimal {(Uninolar 2-OHgits)

2 @ HEF OUT

REF IR

oy G— ] > 10K > 10K
ANALCG GND
e
P FULL SCALE ADJ.
ZEAD GFFSET ADJ.
20~

Ficure 1. Full Scale and Zero O¥fset Adjustments

=
tcmwmmhwwg

—
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LSB

i
NN RNNRNNODNNND

L N T I T T R B |
[* - RO S S VI PO

-30

2—“
2-12

B

25

125

0625

03125
015625
0078125
00300625
001363125
00608765625
00048828125
002024414062

Table 4. Binary Weights

Butletin No. ZRAJGI1AB
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TASK INIT

INTTHALIZES THE SELF TUNING REGULATOR AND ADJUSTS PROCESS
VARTABLES ON-L INE

RUNS N PaRTITION PUSER
DEFAULT PRIORITY 490

AUTHOR: ULF BORISSON 1972«11~-15"

THE PROGRAM PACKAGE FOR CONTROL OF KIRUNA FINKROSSVERK
CONTAINS THE FOLLOWING PARTS:

TASK INIT

TASK REGUL

TASK PRINT

TASK TAPE

TASK ERROR

TASK SEND

THE FOLLOWING VARIABLES IN BLANK COMMON ARE USFD FOR SPECIAL
PURPOSES. REGULATOR PARAMETERS ARE GIVEN VALUES BY THE MCR-
FUNCYION SET,

FEV3 SIGNALS |IF COMMON/SLASK/ 1S AVAILABLE

TEV4 CONTAINS THE VALUE OF THE EVENT VARIARLF RECEIVED WHEN AN
ERRGR HAS OCURRED

TEXTB DETERMINES THE TYPE OF EXECUTION OF TASK PRINT

FEXT? IS uUSED FUR COMMUNICATION WITH THE TASKS ON- LiNE
BIT 17 SET TO 1 GIVES LOGGING ON LP
BiT 16 SET T0 1 GIVES LOGGING ON DT
BIT 15 SET TO 1 AVOIDS UPDATING OF U~VECTOR WITH
SIGNALS FROM THE PJ-REGULATOR IN KIRUNA

FTEXT6 DETERMINES THE TYPE OF EXECUTION OF TASK TAPE .
PEXTé6=1: OPEN FILE AND WRITE INITIAL DATA :
IEXT6=2: WRITE DATA FROM A SAMPLE POINT i
FEXT6=3: CLOSE FILE

FEXTS DETERMINES THE TYPE OF EXECUTION OF-TASK‘ERROR

FEXT4 DETERMINES THE TYPE OF EXECUTION OF TASK INJT
PEXT4=0 GIVES INITIAL{ZATION OF THE SELF TUNING
REGULATOR
FEXT4=1 GIVES NEW VALUES TO SOME SPECiAL PARAMETPRS
EXT4=2 GIVES NEW VALUF TO uTOoT

TEXT3 1S USED TO SEND SPECIAL CONTROL SIGNALS TO KIRUNA
R!T 17 SET TO 1 GIVES THE CONSTANT CONTROL SIGNAL 1
UTOT AND THE SELF TUNING REGULATOR 1S NOT CALLED
(THE RIT 1S AUTOMATICLY RFESET (N THE PROGRAM)
BIT 15 HAS THE SAME ACTION AS BIT 17, BUT BIT 15 MUST
BE RESET BY USER

SURBROUTINES REQUIRED
KNOMNE

COMMON (SYSALZE)» 10A(26),MPXACA0) , ICOMVAL45),FLAI(16).FLADLE),
1USER(S6)

COMMON/SLASK/ 1DUMCT704),



INANB Ky NSTEP,MSTEP, IPOINT ,NCHAN, 1 YCHAN, t COUN,
180, RL,PDIAG, YREF JUMAXSUMIN,UTOT . DUMAX,UP,DUPH,
TVYMIN: YMAX,
1T0303,PCL0,10),YSCL0)»UCL0)»YACLI0), IDATELE),
1iutor

FUUTVALENCE
FCITLESYSALL7) ),
TOIEXTZ,IS5YS5A(20)),
TOIEXT4, 1SYSAC21))
FTCIEXTIS, {SYSA(P22Y ),
TCIEXT6, ISYSAC23) )
TCIEXT7,15Y5A¢(24)),
TEHEXTE,ISYSA(2) ),
TOLEV2, 1COMYAC42) ),
TUIEVE, ITCUOMVAL43Y Y,
ICIEVA,1COMVAL44))

3]

Call, PAXACIEV2)
CALL PAXACIEVE)

THE FOLILOWING PARAMETERS MAY BF CHANGED W!THOUT DOING
INFTHALISATION OF OTHER REGULATOR PARAMETERS

[l B iian |

P CIEXT4.EQ.0 WOR. TEXT4.F0Q.2) UTOT=USER{4)
YREF=USER(1)

YMIN=USER(2)

YMAX=USER(3Z)

DUMAX=USER(S)

RL=USER(7]

L

IF CHEXT4.R0.1 OR. 1EXT4.EQ.2) GO TO 40
GO TO 50

3 VEXTR=3
CALL REQST(S5HPRINT.(Q)
1EXT4=0
GG 70 210

59 HO=USER(11)
PDIAGZUSER(12)

GIVE INITIAL VALUES TO THE REGULATOR PARAMETERS

T e

DO 60 i=1,10
4 TCIY=USERCTI+20)

SET ANRAYS T0 ZERQ

P{1,13=0.

CALL RMOVEIPIL,1),1.P(2,1),1,99)
CALL RMOVEA(P(L1,1),1,0¢1),1,10)
Cabl RMDVE(P(L,1),1,YA(1),2,10)
CALL RMOVE(P(1,1),1.,¥Y5(1),1.,10)

CALL DATECIDATE)
19

NAzMEXA{4)

NEB=MPXA(2)

KaMPXal(3)

NCHAN=MPYAL4)

FYCHANSMPXA(SB)

[9H]



Lag

200

210

Q9

NSTEP=]
METEP=1
FCOUN=D

Ut inN=0.
UmMaxz5.0

L =NA+NE
DG 100 =1L
Pt 13sPDIAG

EXTH=]

CALL RFOSTI(SHPRINT,0,1EV4E)
CALL WAITFR(IEVS)

Ik CIEV4) 150,160,160
tEXTS=1

CaLl REQST(SHERROR,Q0)

CaLL GETRITCIEXT7,16,L0G)
fF (LOG)Y 170,210,210
EXT6=1

CALL RFEQST(4HTAPE,O0,1EV4)
CALL WALTFR(IEV4)

'F (IEV4) 200,200,210
IEXT5=2 :

CALL REQST(5HERRGCR,0)

EV2=1
IEV3=1
CALL EXIT
GO TO 999
EnD
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TASK REGUL
READS MEASUREMENTS AND CALLS THE SELF TUNING REGULATOR

RUNS I8 PARTITION PPRUS
DEFAULT PRIORITY 159

AUTHOR: ULF BORISSO0N 1972-311~45
SURRODUTINES REQUIRED
ReClV
STREG/TUNE,REG
Call RECIHYV
CALL STREG
GO TO 1400

END
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SURROUTINE STRFG
THE SELF TUNING REGULATOR
AUTHOR: LiLF BORISSUN 1972-14~-15

SUBROUT MRS REQUIRED
TuhE
REG

COMMON 15YSAC25): i0A(26) ,MPXAC4D), COMVALAB) ,FLAI(16),FLAC(R),
1USER( 36}

COMMON/SLASK/ 1DUN(704)

INASNIS, Ky NSTEPMSTEP, IPOINT  NCHAN, IYCHAN, | COUN,
180, RLPDIAG, YREF ,UMAX,UMIN,UTOT, DUMAX,UE L, DUPY,
TYMIN,YMAX,
ITCL0)PE10,10),YSCL0),UCL0), YACLD) L IDATEL(S),
1iuTod

EQUIVALENCE
ICIEXTS, 1SYSA(20) ),
TCIEXTS, ISYSA(22) ),
TCIEXTH, 1SYSA(R23)),
LCIEXT?7,15YSA(Z24) ),
1(IEXTR, ISYSA(25)),
TCHEVZ2, 1ICOMYAC4AR)Y Y,
1TOIEVILICOMVALSS)),
TCHEVE, 1CUMYVACA4))

CALL PAXACIEVE)
TEST 1F THE EFFECT EXCEEDS ANY LiMIT SO THAT BIT 17 N [EXT3
SHOULD BF SET

EFF=YACTYCHAN) %1 . 4651
YS(1)=(EFF-YREF) /80D

UF (BEF-YMINY 20,36,36

CALL SETRIT(IEXT3,17,-1)
GO T0 36

TEST {F A SPECHIAL CONTROL SIGNAL IS TO BE USED

CALL GETRIT(IEXTS,17,L0G)

b CLOG)Y $57,3H,38

Ue1)=0.

THE OLD UiOT IS USED ONCE MORE
GO TO 90

CALL GEIBITCIEXT3,15,L06G)

IF (LUG)Y 41,42,42

U1l =g,

THE OLD UIGT 1S USED ONCE MORE, AND JEXT3 MUST BE RESET
RY USER

GG 10O 90

CONTINOE

OPTIONAL UPDATING OF U=-VECTOR WiTH THE PRUCESS INPUT
FROM THE PI-REGULATOR IN KIRUNA

CAL. GETRBITOIEXT7,15%,L06)



(SRR )
[Seles)

-
(A3

1440
110
120
150
140

150
160

180

185

180

19%

IE (LOGY 60,50,50
Ueli=pue
CONTENUE

CalL TUNFUYS. U T PRLI,NASNRB,KSNSTEP)
CALL RE@(YSBU;T»NA&NB!K;MSTEP)

SET ALWAYS JEXT3, BIT 17 10 ZERO
Cabt SETRIT(IEXTE,17,0)

iF (LILY~DUMAXY 110,100,100
U1y =DUMAX

GO TO 130

i (UL +DLMAX) 120,120,130
U1 r=-0UMAX

UToT=UTuT+U(1)

iF U GT=UMAX)Y 150,150,140

UTOT=UMAX

GG T0 165

IE CUTOT-UMIN) 160,160,165

UTOT=UMIN

CONT I NUE

255 BiTS CORRESPOND TO 5 MA
NEBIT=IFIX(UT0T»51, )
ONE MORE LIMIT CHECK OF THE PROCESS

IF (NBIT=255) 167,167,166
NBIT=255 b
GO 10 170

tF (NBITY 168,170,170

NG T=0

FUTOT=NBIT

DUPT=YA(Z2)/460.~UPI
UrizYa(2)/160.

CALL GRTBITCIEXTZ7,17.L06)
VEO(LUGY 180,190,190
PEXTH=2

Calt, REQST{(5HPRINT, g, 1EV4L)
CALL ~A 1 TFR{1EVS)

PR CHEVE) 185,190,190
1EXTH=S

CALL HEOUST(SHERROR,Q)

CALL GETBIT(IEXT7,16,L0G)
FFO(LUGY 195,210,210
FEXT&E=2

CAatt, REQSTU4AHTAPE, 0, 1EV4)
TAaLl wAITHFROIEV4)

fF CHEV4) 200,210,210
IEXTS=4 '
CALL HEQSTISHERRUOR. (D)

CONT INUE
leVg=1
RETURN
EaND

INPUT SENT TO K|IRUNA
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SUBROUTINE TUNELYS,ULT+PL,RL,NANF,K,NSTEP)
PERFORMS THE TUNING IN THE SELF TuNiIaNG REGULATOR
AUTHOR: ULF BORISSON 1972-05-¢2

REFERENGCFE: ASTROM,K.J.s WiITTENMARK,B.: ON SELF TUNING REGULATORS
REPORT 77209(R), MAY 72, LUND INSTITUTE OF TECHNOLOGY
DIVISIUN UF AUTOMATIC CONTROL

THE ALGORITHM 1S BASED UN THE MODEL

YOT+R#II-Y0+A 03I Y{T)~VO)+, .. +Aa{NAYa(Y{(T-NA®L)~-YO0})=
=EGs(UCTI+B LY 2UCT~1)+ .. +BINGI#U(T~-NG)) (=)

WHERE YO 1S THE REFERENCE VALUE OF Y

TrE TUNING 1S DONE WITH A REPEATED LEAST SQUARFS ESTIMATION OF THE
MODEL PARAMETERS

THE NUMBER OF SAMPLE INTERVALS BETWEEN THE TUNINGS IS DENGTED
BY NSTEP, THE MAXIMUM VALUE OF NSTEP IS DENOTED RY MSTEP,

YS-VECTOR OF SCALED PRICESS OUTPUTS OF DIMENSION NA+K+MSTEP+1
YS IS NOT CHANGED IN TUNE AND 1S ORGANIZED AS FOLLOWS
YS{1)={Y{T)=-Y0)/B0
YS{2¥=(Y(T=-1)-Y0)/BO

U-VECTOR OF PROCESS INPUTS OF DIMENSION N3+K+MSTEP+1
U IS NOT CHANGED IN TUNE AND 1S ORGANIZED AS FOLLOWS
U1y =uiT=-1)
Ui2)=u(i-2)

T-VECTOR OF ESTIMATED PARAMETERS OF GIMENSION NA+NB AND ORGANIZED
AS FOLOWS (AECL) DENOTES THE ESTIMATED VALUE OF AL, ETC.)
T(1)=AR(1)}

T(2)=AE(2)

.

CTENAY=ARINAY
T(NA+1Y=RBE(L)

T(NA+NB) zBE (NB) , ,
P-COVARTANCE MATRIX OF THE PARAMETER ESTIMATES OF ORDER (NA+NA)=
2 (NA+NB) -
RiL-BASE OF THE EXPONFNTIAL WEIGHTING FUNCTION
NA-NUMBER OF A-PARAMETERS IN (%)
NE-NUMRER OF B~PARAMETERS IN (%)
K-NUMBER OF PURE TIME DELAYS IN THE PROCESS

SUBROUTINES REQUIRED
NONE

DIMENSION YS{1Y UG TOL) P11 ),F 1E12),RE{172),5(12)

TUNING LOgP
00 60 1.00P=1,NSTEP

ORGANIZE DATA FOR 1DENTIFICATION
LL=RK+ 1+ NSTEP-LOOP
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SU%‘RUL Ti?'F REG(YSEUJTIK\!AINW K nf"’ ﬁrt")
COMPUTES IHE CONTROL SIGNAL OF THE %ELF TUNING REGULATOR
AUTHOR S ULF RBORISSON 1$722-05~-02

REFEREMCE: ASTREM.K.J.r WHITIENMARK, B, ON SELF TUNING REGUL ATORS
REPORD 7200(R)Y, MAY 772, LUND INSTHIYTE OF Te(CHNOLOGY
DIVISION OF AUTOMATIC CONTROL

THE COWIRGL SIGNAL TO 8k APPLIED AT TiME T IS COMPUTED FROM

ULT)=CAECE Y s (Y (T)=Y0) 4., +ABCNAD# (Y (T=-NA+L)I-YD))/BO~
~HEL3 R UT =10, o =BECNBY=U(T=N) (#)

WHERE YO 1S THE REFERENCF VALUE OF Y. AECI) AND BECH)
ARE THE LEAST SQUARES ESTIMATES FROM THE SUSBROUTINE TUNE

YS-VECTOR 0OF SCALED PROCESS QUTPUTS OF DIMENSTON NA+K+MSTEP+4
YS IS SHIFTED ONE STEP IN REG AND 1S BEFORE THE SHIFT ORGANTZED
AS FOLLOWS
YS{1y=(Y{T)=Y0}/80
YS(2)=(Y({T-1)=-Y0) /B0

U=-VECTOR OF PROCESS INPUTS OF DIMENSION N%+K*M§TFP*1
U 1S SHIFTED ONE STEP IN REG ARD 1S RBEFORE THE SHIFT ORGANIZE D
AS FOLLDWS
U(i)“U(i-I)
J=lU(T-2])

T-VECTOR OF FESTIMATED PARAMETERS OF DIMENSION NA+NR AND 1S
WRGANIZED AS FOLLOWS (AECH)Y DENOTES THRE ESTIMATED VALUE OF ACH)Y,
ETC.)
TC1I)=AF(1)
T2)=AE02)

{NAY=AF(NA)
?(NA4;3mnc(1)

TKNﬁ*VRJ*%[{ NB)
NA~NUMER OF A~PARAMETRERS IN (=)
N NUMPER OF #-PARAMETERS IN (#)
X=~MNUMBER UF PURE TIME DELAYS IN THb PHROCESS

SUBROUTINES REOUIRED
NUNE

OIMENSION YSO1.U{1),T01)

COMPUTE CONITROL SIGNAL

R:D.

[0 10 1=1,NA
Reii+TCi)=yS(1)

H‘ {(NE)Y 21,2101

O 20 I1=31,08 ‘

LaNA+

Ref=TOLysUd i

NG sNFE+K+MSTEP

DO 30 I=z1:Ns
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TASK PRINT
PRINTS PROCESS DATA ON LUN 6 (LP)

RUNS IR PARTITION PUSER
ODEFAULT PRIORITY 450

AUTHOR: ULF BORISSON 1972-11~15

SURRDUTINES REQUIRED
BCDIO (OLD VERSION)

[ I e Mo B B oS or B9 B @ BN B4D b

DIMENSTON 1YATLD)

[

COMMON 1SYSA(25), 10A(26),MEXAC4D), ICOMVALAD),FLAT(18),FLAD(B]
1USER(36)

COMMONZSLASK/ tDUM(704),

INASMBIK, NSTEP MSTEP, IPOINT, NCHAN, | YCHAN, I COUN,
TERD,RL.PDIAG, YREF,UMAX UMIN,UTOT, DUMAX,UPT,DUPT,
TYHIEN, YMAX,

17203 .P0L0,103,YSC10),UC10),YALLO)Y, IDATE(S),
LHUICT .

(T, ISYSACL7)) .
LTEXT7.15YSA(24)),
10IEXT8, IS5YSA(25) ),
T{REQONNMNI  tCOMVACIL) ),
LEIEV2,.1C0MVA(AR),
1CIEVS ICOMVAL43Y ),
LIEVA, (COMVA(A4))

EQUIVALENCE
1A
1t

CALL PAXACIEVE)
10 GO TO {(100,200.300),1EXT8

e PRINT PROCESS DATA
C

160 WRITE(6,1100) CIDATECIY, 124,6), CIDATE(JI),J=1.3)
WHRITE(S,1110) NASNB, £, NSTER,MSTEP
WRITE{A,1120) BOSRLPDIAG, YREF
WRITEL6,1125) YMIN, YMAX
WRITE(6,1130% UMAX,UMIN,UTOT,DUMAX
HEITF{A119%1) I T,NCHAN, | YCHAN
WRITECH,1182) TEXT4,1EXT?

L=NA+NB

WRITEC6,1134) (TCi),1=1,L)
WRITE(6,1140) REQNML
WRITE(A,1150)

GO TO 999

¢
200 L=NA+NB
DO 230 1=1,NCHAN
230 IYACIY=IFIXCYACED)
DEFF=YS(1)#80

JCOUN=1C0UN+T
WRITE(S,1200) ICOUNSIPDINTCIYACIY,1=21,5%),DUPI»UPL,
DEFF UL ,UinT 3uTnr (1 adyJd=1,L)

GN 10 999
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101 C TASK TAPE
Y2 C

R C WRITES DATA FROM THE SELF TUNING RFGULATOR ON TAPE (LUN 14}
154 C

(hi C RUNS IN PARTITION PUSER

106 € DEFAULT PRIORITY 400

137 C .

SQAR o AUTHOR: ULF RORISSON 1972-11~-1%
g9 C

Y1 C SURROUTINES REGUINED

111 C BINIO (CLD VERSION)

11 ¢

113 BDIMENSION KOD(10),A(1,30)

14 C

B1% COMMON ISYSA(25),10A{28),MPXACA0)Y, ICOMVACAS) ,FLAICIGI,FLADLS)Y,
116 1USER(386)

117 C

118 COMMON/SILLASK/ 1DUM{7043,

119 ANASNB,KsNSTEPSMSTER, IPOINT,NCHAN, | YCHAN, [COUN,
124 1B0,RLPDIAG, YREF ,UMAXUMIN,UTOT,DUMAX, UPIDUPI,
121 TYMIN,YMAX,

122 1TC10),PCL0,10),YS(10),Ut10),YAL10), IDATEC(G),
123 11UTOT

124 >

125 FQUIVALENCE

1286 LI T,1SYSal173i,

527 TCIEXNTS, 1SYSA(22)),

128 TOIEXTE, ISYSA(RZ ),

IRG 1(REQNMIL, ICOMVALZ13 ),

150 1CIEVSI, (COMVAC4A3)Y),

: 31 1CIEVE, ICOMVA(44))

152 C '

1383 C

134 GO 70 (100,200,300),1EXTH

135 C -

136 ¢ OPEN FILE AND WRITE INITIAL DATA

147 c

158 100 CONT ENUE

1 3G . KoDetr=0

40 . KOD(2)=7+#NA+NB

141 KOD(33z=p

142 ' KUDU(4Y=1T

T4 & KOD(S) = IDATE(S Y #100004 (DATF(4) %100+ 1 DATELS)
)4 4 KONDCEY= ITDATE(L) #1006+ IDATE(2)Y

145 KOn{7)y=1

146 KOD(ARY =0

147 KuD(9or=0

14 & KOnRt10)=0

P4 G

)% CALL ENTER(14,FREONM1, " RINY, EV4)

151 CALLL WAITFROIJEVA)

P [P (IEVE)Y 110,120,120

53 11¢0 [EXTS=5

154 CALL REQST(SHERROR, Q)

56 c

= E 120 WMRITEC(L4) (KODCI)Y,1=21,10)

57 GO T0 999

158 6

59 C WRITE DATA FROM ONF SAMPLE POINT

&1 i

1 200 CONT INUE

Y. CALL PAXACIEVE)



250

W0

G0

310

999

AL, 1)=FLOATCIPOINT)
AL1,2)=YACIYCHAN) 20,4651
A({1,3)=2YA(2)/160.
AC1,4)=YA{3)#1.212

AC1,5)=YS(1)+B0
A01,632U€4)
AC1,7)=UT0T

0 250 t=iA.L
AC1, 1)=TOU)

WRITEC(L4)Y (ACL,J)d=10)
lEVI=1
GO 10 999

CLOSE FILE

CONT INUE

CALL CLODSE(14,REQNM1,'BIN',1EV4)
CAlLL WALITFR(IEV4)

IF {iEV4) 310,999,999

lEXTHE=6

CALL REQST{(SHERROR, Q)

GO 10 999

catl EXIT
GO 10 999
END



C TASK ERROR
¢
¢ PRINTS ERROR MESSAGES ON LUN 4 (TTO0)
C RUNS IN PARTITION PUSER
c DEFAULT PRIORITY 320
5
c AUTKOR: ULF BGRISSON  1972-11-15
C _
¢ SURROUT INES REQUIRED
¢ HCNIO (GLD VERSION)
el
COMMON 1SYSAC25), |0AC26) ,MPXAL40), ICOMVA(45) , FLAI(L6),FLAG(R),
1USER(36) ' :
¢
FQUIVALENCE
LOIEXTS, 1SYSA(22) ),
1OLEVA, ICCMVA(44))
¥
GO TO (10,20,30,40,50,60), |EXTS
10 WRITE(4,1010) 1EV4
: GO T0 999
)
20 WRITE(4,1020) IEV4
60 TO 999
30 HRITE(4,1030) 1EV4
GO TO 999
C
41 WRITE(4,1040) 1EV4
60 TO 999
£
50 WRITE(4,1050) IEV4
GO TO 999
60 WRITE(4,1060) IEVY
GO TO 999
c
990 CALL EXHT
C Lot
1010 FORMATL® ERROR IN TASK INIT AT CALL PRINT, |Evs?,|d)
1020 FORMAT (' ERROR 1N TASK INIT AT CALL TAPE, {EV=',[4)
1639 FORMAT(' ERROR N TASK REGUL AT CALL PRINT, I1EV=',14)
1040 FORMATC' ERROR IN TASK REGUL AT CALL TAPE, 1EV=',14)
1050 FORMAT(' ERROR 1IN TASK TAPE Al CALL ENTER, 1EV=',{4)
1060 - FORMATC' EHROR IN TASK TAPE AT CALL CLOSE, IEV=',14)

END



PAGE

i

guooo
00001
60002

00003
00004

R

R

704026
220003
70402%
0enoG4
060000
020707
gonoie

SIZE=00005

= ip-e i v b

A
A

i

#1,

A L T S e T L e

TI.S2=704026
START

REGLERINGSTEKNIK
LTH

TASK SEND
SENDS DATA FROM THE LAST CELL IN COMMON/SL?

RUNS IN PARTITION PIRUS
DEFAULT PRIORITY 250

AUTHOR: LeIF ANDERSSON 1972-11-15
SUBROUTINES REGQUIRED
NONE :

/LOAD BUFFER, PRINT AND CLEAR FLAG

LAC® (20707)
TLS2

CAL (10)
+END START

NO ERROR LINES-



