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INTRODUCTION

The detachment of bed material and lowering of bed,
known as scour, is being studied in hydraulics section of
Civil BEngineering Department, To study the rate of scour,
profile indicator is being used. The data from the profile
bed indicator is being recorded on graph through gravhical
plotter, This graphical plotter is very slow, For further
calculations, this graphical value is converted into decimal
value which is strenuous, Moreover many readings are nece- |

ssary in the first few seconds to record scour accurately,

-To avoid the sluggishness and the strain to read data
from graph, an attempt is made in this dissertation to read
data from profile indicator and orint the decimal value upto
third decimal much faster. A single channel ADC interface
and a parallel printer interface have been developed for the
purposé, In the cohtinuous mode of recordins data, about 7

readings/second rate has been achieved,

Chapter-1 deals with the simulated model and the instru-
ment to convert the scour value into analog eruivalent,

profile indicator.

Chapter-2 deals with the VMC 85/9 micro computer which

controls the operation of ADC and the parallel printer,

The details of the parallel printer and the associated

selective switches are given in Chapter-3.



The hardware circuit to interface the nrinter and the
ADC are discussed in Chapter-4., Here a method is vrovided

for sclecting the scan intervals along with indicating

lamps,

. Chapter-5 deals with the development of subroutines,
A total of seven subroutinés hafe been developed for read-
ing in data conversion to decimal values, decimal to ASCII,
print routine etec, The main software programme is also

given in this chapter,

The last chapter as usual contains the conclusion and

suggestions for further development,
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CHAPTER-1

SCOUR MEASUREMENT

INTRODUCTION

The flow in an alluvial river causes detachment of the
bed materials which may be carried awéy,by the water in the
form of silt, The detachment of bed material,‘partiCularly
around the structures such as bridge piers etc. constructed
across the river causes lowering of the bed, The lowering of
river bed around such structures is called LOCAL SCOUR. For
the same flow conditions lowering of river bed around the
obstructions is considerably more than that for general river

bed. The depth of scour depends upon -

1, ’ Bed material characteristics
2. " Flow and fluid characteristics
3. Geometry of obstruction and its orientation to flow.

The study of local scour of river bed is particularly
important in design of.the structures., Whenever there-1is obg-
truction to the flow in the centre of the river such as piles,
there will be eddy currents around the obstructions resulting
in the scouring of the river bed. Because of scouring the
river bed around the structure part or whole of the structure
may get exposed to flow, This may result in decrease of the
structure strength., This makes the structure unsafe, Knowledge
of the rate of scouring enables the designer to select a sui-
table factor of safety in the design of the structure. Scour
studies are made by setting up simulated models of rivers in

the laboratory.



1,2 EXISTING SEIUP

Simulated model of the river used in the present work is 
a fixed bed masonry frame 30 m long, 1 m-wiae and 1,5 m deep,
It has a slope of 6.4 x 1074 and glass panel sides. The diagram
-of the simulated model is shown in Appendix A-1l, Transparent
flume sides enables one to note the level of water, Railingss
are provided with level adjusting screws to enable the mounting
of a wooden plank which supports the measuring instrument of
scour at different points of the model, The measurement setup
can be moved on the railings along the bed.length. The o's true-
tions (piers) to flow in rivers is simulated by the use of hallow

pipes in the river model,

Water is made to flow from an overhead tank., To avoid
eddy currents, grids made of bricks and zuide vanes are provided,
This also results in damping of turbulence present in the flow,
The flow of Qater can be regulated by the wheel valve. The level
~f water in the model can also be controlled by the outlet gate.
The out flow from the model goes into sump tank from where the
water 1s pumped to the overhead tank for recycling, This portion
is not shown in the diagram Appendix-Al, The pumpins rate 1is
such that the overhead tank always overflows so that head is

always malntained.

The scour of the river bed is studied by the use of the
profile bed indicator. Llectrodes from the profile bed indica-
tor is placed near the pile, but not touching it, to measurc
the depth of scour. The detailed description of the profile
indicator, and the working principle are given in the next

scction to follow,
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1,3 ELECTRONIC PROFILE INDICATOB(l)

Electronic profile bed indicator is the instrument used
to measure bed levels in hydraulic models continuously, This
instrument converts the difference in levels into equivalent

Analog voltage,
1,3,1 Description

The instfument consists of a probe, that is, a needle
placed vertically in the water, A servomechanism maintains the
tip of the probe at a constant distance ( adjustable to 0.5 -2.5mm)
~above the bed, A potentiometer' attached to the probe enables the .
position of the probe to be indicated in the form of the analog
equivalent.'The technical specifications of the particular proé

file bed indicator are given below -

Maximum depth to be measurcd - 108 cm,
Minimum depth to be measured - 3 cm,

Maximum vertical probe speed - 50 cm/sec,
Distance from bed to tip of - . 0,5 to 2.5 mm
probe (adjustable) : '

Sensitivi?y to bed level variations = 0,2 mm
Applicable in fluids with a con— - 0,05 to 1 ms/cm.
ductivity varying between '

Voltave - 24 'V

Current _ “ 2A

Frequency - 50/60 Hz,
Read out of 10~turn botentiometer - 2 k
Resolution : - 0,03 percent
Linearity ' _ - 0.5 percent

Calibration - 0,05 V/cm



1,4 PRINCIPLES OF OPERATION

PROBE - Probe is a stainless steel tube completely insulated.,
At a distance of approximately|5 mm from its tip a stainless
steel ring interrupts the insulation, This is the compensation

electrode, Fis, 1.1 shows the probe of the profile bed indicator,

i
f,
i 13 c_ow,stmmu
- 'ELEC TRODE
f

oA
PLATE

B LECT-]
- RapE

i | -
L W S D)
N
H

—B7AIneESs STEb

. -<'.I~«TY\.\\\ NN LA\ RS, S T S Y

_Measvrme EcecTrone
F:a-l~j“

At the tip of the tube is the measuring electrode com-
pletely insulated. The probe is placed in the fluid with the
plate electrode in its vicinity. The electrical resistance bet-
ween the measuring electrode or compensation electrode and the
plate electrode ( in the fluid) is a function of the area of

the electrodes and the conductivity of the fluids. As soon
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as the measuring electrode is in the vicinity of a non-conductive
bed, the resistance of the measuring electrode increases rapidly.
The resistance of the compensation electrode remnins almost cons-
tant, The ratio of the resistance of measuring electrode to the
resistance of compensation electrode appears to be independent
of the speéific conductivity of the fluid, Fig.l,2 shows the
relation\between the ratio of resisténce of measuring electrode
to the resistance of compensation electrode (Rm/RC) and the
distance from the bed to the pick-up h,. The ratio R,/R, appéars

to be independent of the specific conductivity of the fluid,
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Circuit description

The electrodes are placed in a resistance bridge, which
is fed by an a,c, voltagé of 9 volts and a frecuency of 5 KHz
as shown in Fig.1l,3, The current throuzh the compensation elec-
trode can be adjusted within certain limits by potentiometer
R3' The resistance of R4 and RS have been chosen in sudh a way,
that for distances varyinz from 0,5 -2,5 mm above the bed, the

‘voltage of the electrode can be adjusted to the same value by Rz .
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The a.c. voltaze of the electrodes are rectified in the detec-
tor circuit, The difference between these two voltages is am-

plified about 100 times and is directed to the outout attentuator,
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Figure 1,4 shows the relation between the output voltage of the

detector und the distance from the measuring electrode to the

operating point,
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In this graph the potentiometer balance has 3 valueé,
resulting in operation having values of 0.5 mm, 1 mm and 2 mm,
The graph shows that sensitivity decreases from increasing opera-
tion distances. Thé detector signal passes the output attenua~
tor and is directed to the input of the servo amplifier. The
input circuit is such. that negative Vvoltages are amplified more
than ﬁhe positive voltazes, This creates a correction of the

non-linear behaviour of the detector,
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A d.c, motor 1s connected to the outout of the servo
amplifier. The motion of the probe is governed by this motor
by way of gear transmission, A tacho generator is connected
direcctly to the motor, Voltage from this tacho generator is fed;
back throﬁgh a resistor to the second input of the servo
amplifier. This feedback creates a damping effect prevenfing

the system to oscillate,

If a voltage occurs at the innut of the servo-amplifier,
due to the fact that the distance from the measuring electrode
to the bed is not equal to the operation distahce,.the Servo
motor will move the probe in the direction of the operation
point, The servo motor stops its action as soon as this point
has been attained. A ten-turns potentiometer is connecfed to

the probe, enabling the position of the probe to be indicated,
System Description

Figure 1,5 shows the block diagram of the profile indica-
tof. Blocks indicate corresponding parts as wcll as their trans-

fer functions, The transfer function is -

h,(s) 1
B(s) = g 75y =
n g2 T ‘ l+A.Kg.Km
' + S —— 1
A. K. Kg.K, A.Kn.Kd.KC
..'(1)
In practice 4, Koo Kg appears >>> 1, so we can state -
1
H(s) = > . 7
S + S o——b— 41
AKp.Kqe K, Kq X

eeo(2)
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The freauency response can be derived by substituting jw for S
in equation (2)

Let us state

AK K. .K : :
rmtdeTe
WO= T --0(3)
or
Kg wq -
a = K;.K\. 5~ ( damping ratio) con(4)
c
.'. we find
1

H(Jjw) -

ree(5)
- (w/wg)® + 2d50u/w,)

In ecuations (3) and (4) K4 and K are the only variables,

g
This magnitudes depends on sensitivity, Moreover K3 depends on

ho'in minor degree, The other factors depend on the nroperties

of the parts used,

Grera Box |
Ke hy®
3
Ay =30 Ky = 56
% - Z?lxxlggis Depending on sensitivity and
Kc= 0-10 x107° k

K.= 0 - 10%
Q
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‘CHAPT ER-2

VMC-85/9
_ o _ @
HMICROPROCESSOR TRAINING/DEVELOPMENT KIT

INTROLUCT LON

VMC-85/9 is a single board microprocessor Training/
Deﬁelopment kit based on 8085 Microprocessor., The man machine
interface is through Hex key board having 28 keys and seven
segment hexadecimal display interfaced through 8279, VMC-85/9
proVides 2k byte of RAM and 4k byte of EPROM, The total on
board memory can be easily exvanded to %4k bytes in an appro-
priate combination of RAM and ROM, The monitor is incorperated
from 0000 Hexa to OFFF and the necessary 2k Bytes of RAM has an
sddress of 2000-27FF, The input/output structure of VMC-85/9
provides 24 programmable I/0 lines expandable to 48 I/0 on
board exbansion. It has got 16 bit programmable Timer/counter
for generating any type of counting etc, The on board 8255
provides 8 level of interrupts, The on board battery back up
for RAM retains the memory contents in case of power failure,
The on board resident system monitor software is very powerful
~and provides various software utilities. The kit provides
varioﬁs powerful software commands like SEED,HECEIVE,INS]BT,
DELETE, BLOCK MOVE,‘RELOCATE, STRING, FILL and MEMORY COMPARE
etc, which are helpful in debugging/developihg the software,
VMC-85/9 is configured around the internationally adovoted
STD Bus, which is the most mpopular bus for process’control

and real time applications, All the Address, Data and Control ‘
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14 |
lines are avallable at the edge connector through buffers,
The kit is fully expandable for any kind of appnlication, The
System Specifications of VMC 85/9 is given in Appendix-B-1 and

system capabilities 1s given in Appendix-B-2,
2,2 MEMORY

VMC-85/9 provides 2k bytes of CMOS RAM using 6116 chip
and 4 K byte of EPROM using 2732, The total on board mcmory
can be expanded upto 64 k bytes, The various chips which can
be used are 2716, 2732, 2764, 27128 and 6116, There are six
memory provided on VMC-85/9, These six spaces are divided into
three blocks of two memory spaces cach, Eéch memory énace can .
be defined any address slots from 0000-FFFF depending upon the
size of the memory chip, The memory decoding technique is eX—
plained next,
2.2.,1 Memory Decoding Technique

_Thevtotal memory which can be supporfed by 8085 is 64 k
bytes, This 64 k is divided into eight blocks of 8 k bytes each
by using 3 line to 8 line decoder using 74-1S-156 chip, Each slot,

is of 8 k each as shown in Fiz, 2,2,

- \ fF
R —  aqp A fooo-1f

Au4._._.__~__.__.‘.g' 7 Jo e B g;:g;ﬁ;:
Az s 4 Wr T Gooe TFEF
L. ja 000 - QEFF

,./Z:M;T‘ ! | 05| & COD@’»FEF‘
s e | | 4 - F.

3 g 04} H Eocoe- FFF

flg,2.2
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Another decoder 74-1Lg-156 converts a block of 8 k Byte
into four blocks of 2 k each, Fig.2-3 shows that any two blocks

of 8 k can be converted into blocks of 2 k byte,

{211.________ 3 4 _____lf

B e e - Yo L

T e 14 7 W | ™

J o da 4 12 b N

L N

s 6

) A

E:f—“'"‘ls s -~
Fig,2-3

Pin named I and J can be connected to any block of 8 k
each,

The chips select points of all the six sockcts are
cénnected to points CEMO to CEMSVas shown in Pigz,2-4, The signal .

points S to X are buffered using 74LS503 to generate CEMO to

CEM5,
R Y
7,4 L8503 %
z NS cEmo
4 }-&'3 Y
T \ . - QEM '
d N } CEML
lﬁ' g Y
i N — CEM3
W o~ } CEMG
X ~ } ) CEMS
L= &6 Vi
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Points & to X can be connected to any of the points
A to Hor XK to R at the black bbx provided depending upon the
size of the memory chip selected for esch socket, All these
points from A to X are brought 2t the block box-1 for select.-

ins the proper jumper as shown in Fig. 2,5,

A ) .
Bl. 2alWN
cA» \"a Fe Y V
);..-,..u i FIR AV A
€. Pimc e il
e a ] -
f__(__ Box ‘q ‘s',_.1
@} . T IR
I's . 33
Bl -
I e BB
Z o 15 Q
\ N
L “* s
. iy LM
Fig,2.5

The selection of chip for any of the socket is done
by proper jumper connection in block box II, ICS 2716 and
6116 requires Address lines from AO upto AlO, 2732 upto 4ll,
" 2764 upto Al2 and 27128 upto Ai3. For 2716 Pin ilo.21 should be
connected to +5V, for 6116 this should be connected to WR and

for 2732 this pin 21 should be connected to All, Each memory
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spéce nas a pin socket with the connections a8 shown in

the Fig.2.6.

5‘ JURNUpSS o) V 28 ~~....,\éc( M(WS)
Po-- |2 370~ Su
Aﬂ JU— . 1 Z\‘ """""“'SE
F —{7 Pooy
24 A
A“' m—tb e Jp— 55
Py —i7 i B
| o CEW (0-5)
Ao —fin 1y be— “D‘q
7, -— ol Dy
e i7|— D&
®L“‘M"3 ‘o e 3D 44
ovp —'* 15 [——— D3

Fig.2,6

pin No.1l, 26 and 23 of memory are named 81, S, and Si'
These pins are brought to black box II with the following
connections, In number 1, of memory spAace 0 and memory space 1
‘are shorted, memory space 2 and 3 are shorted and memory space
4 and % are shorted and brousht respectively to pin number 1,2
and 3 of black box-IL. Pin mumber 26, of memory space O and 1,

are shorted, memory space 2 and 3 are shorted nnd memory Space

4 and 5 are shorted and brought rospectively to pin no.4,5 and
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6 of black box II, Pin no,.23 of, memory space of 1, are shorted,
memory space 2 and 3 are shorted and memory space 4 and 5 are
shorted and brought respectively to pin 7,8 and 9 of black

box-II, The various signnls brought a2t black box-II are shown

in Mz, 2.7,

..\)m\,o\v';«(,am-
‘ %
>
i
K
¥
(=]

TG
L‘\
T

Fig.2.7

Addresses are defined to different memory spaces which
i1s explained below. The chips connected to the memory space

and the address defined are tabulated in the table 2,1,
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Table 2,1

Memory space 0 1 2 3 4 5
i ‘ .
Adfress de— I 0000 to 4000 to 2000 to 2800 3000 to B800
i fined OFFF 5FFF 2TFF to BIFF to
2FFE b A
Chip to be 2722 - 6116 6116 2716 2716
defined .
E

By changing the connections in the black box I and II
it is possible to change the addresses to different memory
chips spaces and different chips can be used..By using certain
combinations of memory chips it is possible to have a maximum

of 64 k bytes,
2.2.2 Battery Back up

VMC—85/9-provides'a battery back up for the on board -
RAM ares, The battery back up circuitry is based around LM-393,
It also provides a LED indication for low battery. The LED
turns ON when the battery voltage goes low and needs to be
replaced, Since each socket can be defined to have 6116 chip
also, the VCC to each memory socket is given through black box-II,
It is named as VCC Mo to VCC Mg, Any RAM area to be backed up
by battery, its corresponding Vee M point must be connected

to CMOS + 5V point in the black box-II,
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2.3 1/0 DEVICES
The various I,;0 chips used in VMC-85/9 are 8279, 8255,

8253, 8251 and 8259, The functional role of all these chips

is explained here under,

2.%3.1 8279 - is a _eneral purpose programmable keyboard and
display I/9 interface device designed fér use with the 80851P,
It provides a scanned interface to 28 contact key matrix ﬁro-
vided in kit and scanned display interface for the sii seven
segment displays. Port addresses and fold back address are

18 and 1C Mode sector 19 and 1D control word.

2.3.2 8255 - is a programmable peripheral interface (PPI)
designed to use with 8085 uP, This basically acts as a general
burpose I/0 component to interface perivheral equipments to the
system bus, To interface peripheral equipment, VMC 85/9 has

made use of two 8255_PPI. There thrée~ports Port A, Port B and
Port C are brought out to the comnectors J2 and J4. The detaills
of these ports are shown in Appendix B-3, Tu select 8255 PPL
control word has been assigned and aﬁy innput/output combinations
.of Port A, Port B, Port C upper and Port C lower can be defined
using appropriate software commands, Various port addresses

for different port numbers 8255 chips are given below.

Active range | Port No, |l Selected devices|
port address

00 and 04 ﬂ#f Port A 8255-1

0l and 05 Port B —~do-~

02 and 06 Port C —~do-

0% and 27 Control word —~do-

08 and 2OC Port A 8255-1T

09 and OD | Port B —do-

OA and OE - Port C ~ A0~

OB and OF Control word ~do-
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Using these port numbers 8255 PPI can be used to interface any
equipment

Port A in - Méde 0, Mode 1 and Mode 2

Port B in - Mode 0, Mude l-

Port C in - Mode O,

2.3.3 8253 — This chip is a programmable interval tlmhn/counter
and can be used for the generation of accurate time delays
under software control, Various other functions that can be
implemented.with this chip are programmable rate generator,
event counter,»Binarysrate multiplier, real time clock etc,
This chip has got'3 independent 16 bit counters each having

a count rate of upto 2 MHz, The first timer/counter ( i,e.
counter 0) is used for single step operation in VMC 85/9 chip,
The sscond timer/counter ( i,e, counter 1) is being used for
generating prosrammnable band rate}while using 8251, Its
connections are brouzht out at junction jl which is shown in
Appendix—B—4. The third timer counter (counter-2) is aiso
brouzht out a'junction J1. 1.5%5 MHEz clock is available on the
VMC-85/9 to the user at the socket A from pin 37 of 8085
throuzh 74LS74 chlp. To facilitate the use of t1mnr/counter~m
of 8283, CLK-2, GATE~2 are brought out of the board of VMC—~
85/9 ( just above 8253) along with clock~0, GATE-O VCC =and GND,
The signal positions of these sockets is shown in Fig,2.8.

Using jumper connection the 1,535 MHz clock can be assigned

GATE-1 GATE-2 VGG
D B F
0 (6] &
® ® ®
A B C
CLO-0 CLK-2 GND
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from CL0-0 to Clock-2, The port, addresses and fold back address-
es of 8253 are -

16 and 14 Counter O

11l ana 15 Counter 1

12 and 16 Counter 2

13 and 17  Control word

A digital clock has been implemented using this 8253
I.C, timer chip for use in the system, The ﬁrogram is shown
in Appendix‘B—5. Whenever time of scanning has to be printed
out this digitallclock outputs can be‘made'use of, However,
in the softﬁare Programme developed.and,discussed in Chapteor-g
thus has not been included to increase the number of readings

that can be taken per second.

2.3.4 8251 — It is 3 prourammable communication interface chip
used as peripheral device, This device accepts data charaéters
from the CPU in porallel format and then converts them into a
continuous serial data stregm for transmission, 8251 has been
utilised in VMC-85/9 for CRT terminal and TTY interface, The

addresses and fold back acdéresses for this I/0 device are -

20 and 24 Data In/Outward
21 =nd 25 * Commend/Status word
2.3.5 8259 ~ It is a device designed for use in real time,

interrupt driven microcomputer system., It manages 8-levels of
requests and has,puilt—in features for exbandability to oﬁher
8259's, The addresses and fold back éddresses,are -

28 and 8C Data word

29 and 2D Command word
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from CLO-0 to Clock-2, The port,addresses and fold back address-
es of 8253 are -

lb and 14 Counter O

1l ane 15 Counter 1

12 and 16 Counter 2

13 and 17  Control word

A digital clock has been implemented using this 8253
I.C. timer chip for use in the system, The ﬁrogrﬂm is shown
in Appendix'B—S. Whenever time of scanning has to be printed
out this digital’clock outputs can be‘made‘use of, However,
in the software programme developed.qnd.discussed in Chapter-%
thus has not been included to increase the number of readings

that can be taken per second,

2.3.4 8251 —« It is a programmable communication interface chip
used as peripheral device, Thig device accepts data charaéters
from the CPU in parallel format and then converts them into a
continuous serial data stresm for transmission, 8251 has been
utilised in VMC-85/9 for CRT terminal and TTY interface., The

addresses and fold back acdresses for this I/0 device are -

20 and 24 Data In/Outward
21 =nd 25 © Commend/Status word
2.3.5 8259 — It is a device designed for use in real time,

interrupt driven microcomputer system, It manages 8-levels of
requests and has:built—in features for expandability to oﬁher
8259's. The addresses and fold back addresses are -

28 and 8C Data word

29 and 2D Command word
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The connections of these I/0 devices and memory inter-

face to 8085 P in VMC 85/9 chip is given in Appendix-B-5,

B-4 Buffers -~ Buffers have been provided on the VMC 85/9 for
buffering the cata, address and control lines, All these add-
ress, data and control lines ( TTL compatible) are available to
the uses at the PCR edje comnector in the STD bus configuration,
The: buffers used in VMC-85/9 are 7415245 and 7418240 in order
to facilitate the multi processing operation,
2.5 INTERFACE
2.5.1 Cassette Recorder Interface

VMC~85/9 provides an interface for Audio Cassette Record-
er. The user can store his program into the‘reéorder and can-
load back the program into the system memory as and when re-
gquired, The system uses two I/0 lines out of the 24 I/0 lines
provided by the first 8255 PPI chip on the board, Each byte
of information loaded serially onto the cassette is preceeced
by a start bit ( low) and is followed by one and a half stop
bit ( High).
2.5.2 EPROM Programmer Interface

EPROM Programmer Interface is provided on the board of
kit to facilitate the programming of the 2716/2732/273 24/
2764/27128 EPROMS, The on board EPRUM Programmer provides

the following useful commands -

(1) BLANK CHECK (2) DUPLICATE (3) VERIFY (4) UST
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For each type of EPROM, a separate module is available which
is to be plugged in the black box-3 nosition while using the
EPROl + 24V/+21V is aponlied to the LPROM thrdugh the switch
Sdl, provicded on the board, durins prosramming and is switched

OFF as soon as the programming is over,

The EPROM programmer'is selected by vressing the 9 key,
Tho selection is indicated by glbwing of LED named PRG IND
(Programming indicator). This LED remains ON as lonz as the
EPROM Programmer‘( mode) remains selected; To bring VMC-85/9
to the normal mode ( i.e, out of EPROM programmer mode) press
the BESET key, During DUPLICATE command the programming is

indicated by the blinking of the PRG IND LED, .
2.5.%3 Additional Serisl Interface

- Additional serial interface ( RS-232-C) is ﬁrovided
threugh 8251, The required signals for this interface are
édming at connector space J5. The details of this connector
igs ziven in Appendix~3.6. 8251 has been used here in asynchronous
.mode, fny serial device like Printer, floppy crive or CRT ter-

minal can be comected throuch this interface,
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CHAPTER-3

PRILTER AND PRINTER TINTERFACE

IRTRODUCT ION

sinters are used for obtaining hard copies of the outputs
of the equipment to which the printers are interfaced. Printers
have nossibilities of giving the hard copies using different
letters and numeral types, Printers may be classified into
two main types, viz, (1) Serial printer and (2) Line printer,
Based on the method of character generation printers may also
be classified as impact printers and non impact printers. Impact
printer strike the medium with the printing element to form a
1character. Non impact printer generally use thermal or electro-
static techniques that do not réquire impact, Character forma-
tion technicues provideAanother way of classifying printers.
Character printers use fully formed characters, whereas matrix
nprinters use combinations of either dots or lines to form com-

plete characters,

Serial printers are alsb called Dot matrix nrinters.
Print speed in case of dot matrix printers is normally specified
in terms of characters per second (CPS). The common speeds are
'50 to 200 cps, These printers are not preferred for use with

word processors because of their poor print quality,

Lin@'printer is the term normally used to denote a band,
chain or drum printer, Here, printing is done line by line in-
stead of character by character. These printers are faster

than serial printers.
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5.1 CP-80 TYPE-I PERIPHERAL PRINTER

CP-80 Type-I printer is designed to operate through séft—
ware control supplied from any general purpose computer, It
can be used for RS-232C or 20mA neutral current loov and stan-
dard centronics parallel interface., RS-232C or 20mA noutral
current loop éan be used becausd of interface bosrd which is
housed in the printer abnve the mother card, This card converts
the serial bits into byte and then through the parallel inter-

- face card the data is printed,

CP-80 Type I has character set of 96 in normal front,
96 in italic front and control words, All these can be accessed
5y a particular control code, Apart from software control codes,
some hardwave facilities are provided in the form of DIP switches,

Details of DIP switches are as follows -

3,2, INTERNAL DIP SWITCHES

! DIP switches are mounted on the mother card, There are

two'sets of switches, In the first set of switches ﬁhere are
8-switches and in the second set there are 4 switches, The

functions of each switch 1s exnlained below,
z 2.1 PMirst set of Switches Swl

SW1-1 - When this switch is in the OFF position, it
gives normal character width of 10,7 C.P.I. and when in ON it
gives compressed characters width of 19,2 CPI. In the inter~
facing of printer, in this dissertation this switch is in OFF

position,
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SW1l-2 —~ This switch has ne function, It may be either in

the Ol or OFF position,

SWl-3 -~ This switch when 1n OFF positidn detects the
vabsence of paper in the printer and stops vrinting. When the
switch is in the ON position, the printer does not detect the
presence or absence of the paper, but continuous to print, In

this dissertation work this switch is in O#F pnsition,

SWl-4 - When this switch is in OFF position, printer
prints normal characters and Italic characters when in ON posi-
tion, In this dissertation work this switch is in OFF position,

SWl-5 -~ When this switch is OFF, the vprinter prints nor-
mal characters, When ON, it vrints emvhasized characters. Em—
vhasized mode has priority overvcompressed.mode | BWl-1] . Ih |

this dissertation work this switch is in OFF position,

SWl-6 - When this switeh is ON, paver out signal is
indicated by a buzzer, If the switch is OFF the printer will
not give an Audio buzzing sound, In this dissertation work this

switch 1s in ON position.

SW1l-7 - When this switch is 0N, the ZEEO is printed with
a slash in the middle as it is printed on computer terminal to
distinguish between letter '0!' and numeric ' ZERO', If the
switch is OFF, zero without slash is printed., In this disser-

tation work this switch is in OFF position,

SW1l-8 - The printer can be permanently selccted when this
switch is in the ON position. In the OFF position the oprinter
can be selected only when pin Neo,36 is made LOW by software.

In this dissertation work this switch is in ON position,
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3.2,2. SW2-1 and SW2-% ~ are not used, These m&y be either in
ON or OFF position,

SWp-3 — The LINE FEED and CARRIAGE RETURM can be obtain-
ed when the switch is in ON position after 80 column of data

is printed, When the switch is in the OFF position, LINE FEED

is ressible either by software or by making AUTO FEED XT
(Pin No, 14) LOw, If all 80 columns of data are space,. the
CARRIAGE RIIURN assembly does not operate, Under this condition,

if AUTO FEED XT 1is at LOW level, or if the DIP switch pin 2-3
on the main circuit board is O, only paper feed is performed,

In this dissertation work this switch is in the OFF position.

SWo-4 - When the switch is ON, automatic one inch skip
takes place over perforation, This one inch skip cnables readable
program listings to be obtained, When OFF, skip is not given
over performation, In this dissertation work this ewitch is in
OFTF position,

3,3 PIN ASSIGNMENT

To interface the vrinter, there are 36 pins connector out
of which only 13 pins are used for interface, The use of each
‘pin is given next,

PIN-1

STROBE signal is received by the printer from this pin,

This signal is Active LOW, The width of the n»ulsc must be more

than 0,50 sec, This signal is sent after the data has been sent

to tell the printer to accept the data sent,
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PIN 2 to

These 8-pins are used to receive data from the 1P, These
signals represent information of the Ist to 8th bits or parallel
data respectively. Each signal is at HIGH level when data is
logical '1' and LOW when logical O,
PIN 10

This pin sends ACKNOLODGE SIGNAL from the printer to the
computer, This signai indicates that data has been received and
the printer is ready to accept other data when ACTIVE LOW sig-

nal is sent, The approximate width of the pulse 1s 50 sec,

PIN 11 ‘ .
This pin sends BUSY signal from the printer to vP, It is

active HIGH signal, which indicates that printers cannot re-

celve data, The signal becomes 'HIGH!' in the following cases -

i) During DATA entry
ii) During printing operation
iii) In OFF-LINE State

iv) During printer errnr status
PIN 19 to 30 - Are useful for grounding,

- PIN 31

This pin receives INIT signal from the nP, When the level
of this signal becomes LOW, the printer controller is reset to
its initial state and thé printer buffef is cleavéd. This sig-
nal is normally HIGE, and its pulse width must be more than
50 © sec,

The printer connector details are given in Appendix

ol



30 -

3.4 SWITCHES AND INDICATORS

CP-80 Type-~I has 3 switches and four indicators on the
control panel and .one power switch on the right side of the
printer case, Power switch controls primary AC power to the

printer.

i) CN LINE SWITCH

When the power switch 1s turnecd on the printer enters
the On-line mode and can bevutilized in conjunction with a host
computer, Depressing the ON~LINE switch will set the printer
in the 0ff-line mode and causes the green light to go out, it
toggle the mode from ON-line to O0ff-line and O0ff-Line to ON-Line
alternately. The switch does not function while the vprinter is
actively engaged in printing, The printer is automatically
placed off-line if the paper supply is‘exhausted or if a méch;
anical error occurs ( blocking the movement of head) in the
printer, The operation of the Line fced and form feed switches

are cffective only while the nrinter is 0ff-line Mode,
ii) Form Feed (FF) Switch

When this switch is depressed once, the paper is advanced
vertically to the next top of form position, This switch must
be depressed while the orinter is off-line mode. The top of form
position is initialized‘when the power switch is turned on,
when INIT signal is napplied to the interface connector, or when
the ESC (a) code is input, Therefore, before turning the pewer
switch ON to start operation, paper has to be set at the

aporopriate top of form position,



111) Line-Feed(LF) Switch ‘31

The paper advances while this switch is being depressed{
The line feed operation is prohibited while the printer is

actively engaged in printing,

i) Power Indicator - This indicator illuminates while the AC
power is ON,

ii) Ready Indicator - This indicator illuminstes when the
printer is ready to accept data. |

iiif On Line Indicator ~ Illuminates when the printer is in the
ON-1line mode.

iv) Paper out - Illuminates when the paper supbly is near its

end,
2.5 SERIAL INTERFACE

ES-2%32/current loop interface board is an optional inter-
face that fits inside the CP-80 TYPE-I printer, With this inter-
face, CP-80 Type-I can be used for Rsfzzzc or 20mA neuiral
currcent loop interfacing for asynchronous serial data trans-

mission at speeds of 75 to 9600 band rate,

)

The Serial interface board is equipped with 2k-byte
buffer memory., Data transmission can be received at any allowed

bit rate with buffering upto its capacity.
3.5.1 Specification

The basic specification of the serial bcard are -



1) PRI HTER

ii)

iii)

iv)

Synchronization

Bit Rate

Werd length

3.5.2 Pin Assignment

The pin assignment of

tion is as follows -

- C 3%0 Type—I

- Asynchronous

- 75,110, 134.5, 150, 200,300,

600, 1200, 2400 and 4800,

- i) Start bit - 1 bit

ii) Data bits - 7 or 8 bits

$1ii) Parity bits - Even, odd or

omission,

the common EIA Spec. 2% pin conncc-

Pin Ho, Signal Source ‘Function
1, GND - Protective Ground
2. Transmission Data Printer Normally in mark
(TxD) status
3. Recciving Data Host Serial input data
(RxD)
é. Data set ready Host Should be space
(DSR) status when trans-
mitting data is
printer
7. ; Signal GND - Common Ground
8, | Carrier Detect(DCD) | Host Must be in space
L status when trans-
: mitting data to
; printer
11 fReverse channel Printer Both signals indi-
: cate the orinter is
in busy status,
20 :Data Terminal Ready | Printer When those are in

T

space status (EIA

i level «ve) the

printer can receive

data
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'3.5.3 Operation

Before the printer is used the computer must be set
for serial data transmission, If parity checking is specified
and a parity error is detected, ' o ' mark is printed instesad

¢

of the expected character,

-There are two sets of DIP switches on the serial
board, which are used for seleétion of functions, The first
set of DIP switches‘( SWl-1 to SWl-8) has 8 poles and the
second set of DIP switches ( SW2-1 to Sw2~4)'has £ poles, These
DIP switch sets are used for changing (1) Band Rate, (2) Reverse
~ Channel Control, and (3) Word length, Table-1 shows the Band
rate setting,

‘ Table 3-1

| Bit speed | swl-l | sul-2 5W1-3  SWl-4

A OFF OFF ON ON

| 110 oN | ON OFF { ON

; 134.5 OFF O OFF ON

| 150 ON OFF OFF ON

| 200 OFF OFF OFF o
300 ON ON ON OFF |
600 OFF Ot ON OFF |
1220 ON OFF ON OFF j
1800 OFF | OFF ON | OFF
2400 Ok L on OFF OFF
4800 OFF | ON OFF OFF i
9600 on | OFF © OFF OFF |
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Table 3-2
| Remind Space in L W15 I swl-6
E Puffer ’
H
| 162 ON | ON
! 304 OFF ON
§ 583 ON OFF
% 1866 OFF - OFF
Table 3-3
Pin No, Function
oW2-2 ON Reverse channel at OFF Reverse channel at
- input block on RS-23%2C in»ut block on
SWe=3 | OFF 1 e TTY-TYD on current | OF | RS-250-C space
ITY-TTD on current
| i loop-space,
Sw2—4 | on Reverse channel 1is &CthG» |
i OFF | Reverse cheannel in freeze- Free for data input
| :

SWo-2 and SW2-3%3 should not be kept in the ON position,

Table 3-4

oN PARITY CHECK -~ NO
SW1-7
OFF PARITY CHECK - YIS
: ON EVEN PARITY
SW1-8 .
OFF 0DD PARITY
ON WORD LENGTH - 7 BITS
SWo-1 .
OFF WORD LINGTH - 8 BITS
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The DIP switches SWl-1,2,3,4 are used to select the
band rate as shown in Table 3,1, These switches are also used
for Self Test, For Seif-test, all the four switches should be
in the ON positicon, The self test; tests serial interface card
and the printer dafa transmission, This test prints all the

characters,

DIP switches SW1-5 and SWl-6 are used as timing switches
for flag reset, The flags are Ke-set after the buffer is full,
The various capacitiés of buffer at different switch combina-
tions are shown in Table 3-2, These switches enable adjust-

ment of the buffer capacity.

DIP switches SW2-2, SW2-3 and SW2-4 show the signal
polarity explained_in Table 3,3 DIP switch SWl-1, &SWl-8 =nd

SW2-1 show the parity check explained in Table3-4,

In the present work serial interface is no£ preferred
as the rate of printing is very slow. It takes data bit by bit
and converts it into byte either by even parity or odd parity
with 7 bits word or 8 bits words depending on the useris wish,
Serial interface card can be dismounted whenever it is not

used,
3.6 PRINTER INTERFACE WITH 85/9

Printer can be interfaced with 85/9 trainer kit either in
serial or line mode. Becsuse of‘sluggishness'in serial mode,
line mode is preferred. Printer can be interfaced through the
I/0 parts that are available for interfacing. The procedure

used to interface the printer is given as follows -
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8255 programmable peripheral interface 1s used as the
I/0 chip in the 85/9 kit, This chip can be used either in
MODE-O or MODE-1 for interfacing the printer, MODE-1 enables
one to shorten the software program as it has the strobe hand- -
shaking signal, To make the printer work successfully it is
necessary to include some buffers in the interfacing circuit.
The figure shows the buffer 7407 used for this purpose., 7407
is a hexé opeﬁ collector, high voltage output buifer, For open
éollectops, pull up resistors are necessary, Therefore, outnut
of each buffer of 7407 is connected to 300 resistor in series

with 5V supply, Fi=.3.3 shows the circuit diagram,

The Busy signal from the printer is connected to PCo of

8255 throuzh the buffer. PC- and PC, arc connected to STROBE
7

4
and INIT of printer, Tl» remaining 8 bits PAO to PA7 are

connected to data lines of printer.

Printer prints using a software program written for the
purpose. The scftware is written taking into view the following

points,

i) To nrint, the printer has to receive INIT signal which is
ACTIVE LOW. his pulse width has to be more than than 50uS,
until this pulse is received printer will not berinitialized,
ii) Daté has to be sent through the 8 data lines after sending
IHIT signal, Each data signal is at HIGH-level when data
is logical 1 and LOW when logical zero,

iii) To accept the data a STROBE signal, which is active LOWw,

has to be sent through the pin 1,
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iv) Beforé the next data is sent the BUSY signal is studied
from Pin No.1ll, As soon as this signél becomes LOW, the

next signal can be sent,

The time diagram in fig.3.2 explains the points mentioned

above,
ENIT “*7” {?
a T

DAT \[L * \l .

- | £ T
STR OB L g ‘WMI
Busy e | | !;_--,”

L S 3.4

3.7 PRINTER I[NTERFACE WITH AMO2 - MDS SYSTE #

Printer can be interfaced with AMD2 system by parallel
interfacing printeor card with the bus, Printer card is hoﬁsed
along with other cards in the card cage, All these cards are
‘based on the international STD.Bus. A1l address, data and con-.
trol signals are buffered and are available at the STD Bus
connector. The printer card has the following chips for

parallel interface along with other chips for serial and

buzzer.

1, 1415245 ~ 1
2. TLLS244 - 2
3. Tlsz?n - 2

4, 2716 - 1
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7415373 are Octal D-typc Transparcent latches and edge-
triggered flip-flops; These 8-bit registers feature To-Tem-Pole
Z.state outputs designed especially for driving highly capa-
~citive or relatively low impedance loads, 74153 73-1 provides
A data latch for the output, 74L837§—II provides the control
sisnals, INPUT PRIME and DATA STROBE sisnals, |

s’

7¢15244 and Octal Buffers and line drivers with 3_state
outovuts. These octai‘buffers and line drivers are desisgned to
improve both the performance =nd density of 3-state memory
2ddress drives, clock drives; and bus-oriented receivers =nd
transmitters, These devices feature highﬁfan—out, improved
fanin, =and 400 mV noise margin, 7415244 is used to receive

ACK and INPUT BUSY siznal from the printer,

74183 73-1, 47153 T3-2 and 74LS244 can be selected by
CgI-0, CSI-1 and CSI-2, Thnée chips are I/0 manped and can be
defined in any area from 00-FF issuing PROM decoding tech-

nique,

2716 EPROM is used for the decoding,

Fig,3.,4 shows the circuit diasram, To select only I/0
device the particular output line should be low along with the
cﬁrd sclect line at the desired port address location, Table
3 6 shows how to arrive a2t a code number to select the desired

I/0 device,



40

WILSAG GG cmoz.q MLV 3O0YsINT Ny

A

1S

b

4257/,

| L

i
of

2 sng
«3 1u<4V
+ _ aA_
t 1
a
Y3 rz.d&\ mNmm.N*\.h
 8l~—Tuy bl
0“ Wﬂﬂdkﬂ“‘ 2
+ ! m__
\ (1]
L= 3 8
K3 < - S 9/
1\ g 9] 1}
45574/
b= S K
L=< Y 81
S = < 13

bog g
[ S
Ty 8l 2 Loy
>y 21 % dﬂ<
3 ] I3[y
T v Sy
£ (13
9142 v 492570/ | E8Y
A . TR
7 L Si—Tay
57 ; b gV
T
bl
Y b A" (M
z! $ 1@“6
g L T
L1 J
YAV
M 2N e L™
> - el
L
£ T
i
3 b B



Table. 3-6
. l >
07 06 05 O4 O3 02 Ol OO f Code for
0} 1 1 1 1 1 1 0 Cs0
0 1 1 1 1 1 0 1 CS1l
0 1 1 1 1 0 1 1 CS2

PROM has following chip sclect address which is given

in Table 3-7,

Table 37
Location Content Code
60 » : 78 C5-0
61 ) Cs-1
62 73 Cs-2

To make the printer work it is necessary to write soft-

Warc prozram,
3.8 SOFTJARE 5TD BUS BASED FOR PARALLEL INTERFACE WITH VMDS

For writing the program we assume that the Data is
available in the memory location 0C200, the RAM ares available
is from 00000 to OCTFF(2k). Before running the program the
printer interfacing card 1s placed in the cage. The required
adjustments are made in the printer. After the adjustments,
executing the program, the print subroutine is call-sd and the
data that is available in 0C200 memory location is printed,

This progrsm can be modified such that the data is direct-

ly available in the asccumulator and is output to port 69,
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ABEL i  ADDRESS CONTEHTS ;  HMEMONICS AND!  COMMENTS
i ! OPERAND ;
START | €000 21 00C? IXI H 200 | Initialize with
‘ o data nddress
CO03 3E 12 WI A 12} Initialization
i pulse 1is given to
€005 D3 6l OuT 61 1 the nrinter through
| ! 74153 75-1
c007 3D LCR 4 !
) !
008 D3 61 0UT 61
!
CO0A 3C INR A
COOB D3 61 ouT 61 |
NEX COOD TE POMOV ALM Data is moved from
: : MEMOTy
COOE | D3 60 1 OUT 60 Data is moved to
' ; ' the printer throush
74133 T3-1
0010 3E 01 MVI,A,01 ! | Strobe signal
; ! (active low) is
C0012 D361 i OUT 61_ | | sent through
| [ 701837311
C0014 3D . DCR A |
0015 D5 61 | OUT 61
i 1
C0017 3¢ . LiRA
} !
0018 D3 61 | OUT 61 |
WAIT COla DB J IN 62 Busy signal is
studied
C01B IrF RAR Has busy signal
j become low
ColC IF | RAR
Colp D2 1A CO! JNC WAIT No - Read busy
signal
0020 c9 RET - Return
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CHAPTER~4
HARDWARE DEVELOPMENT
I&TRODUCT LN
while in the previous chapters,the associated equinment
such as printer, micro comnuter and electronic pnrofile indicator
have been explained, in thls chapter, the unit developed as part

of this dissértation to llnk the profile bed indicator with'
. _

micro computer and printer is explained.

As expiained in Chapter-~1, pheﬁscouring*offﬁhe“fiver bed
is eonverted into the equivalent ?oltage in the profile indica-
,topouTheroutput~of the profiie indicator is further converted
into its aigital equivalent using an ADC 0808 chip, The output
of the chln is read by the mlcro computer through 1nout Dort—R
8259—1 and is converted: into“its de01mal equivalent using soft-
eware The software converts the de01ma1 values ‘to their corres-
oondlng ASCII codes and transmits those codes to the nrinter

for prlntlng. i

The interfacing unit developed consists of a power supply
unit, analog to digital converter, buffer circuit for interfacing
printer with micro processor and scan interval controller cir-

cuit, Appendix D-B shows all 'thes‘e units,

4,2 POWER SUPPLY UNIT

Power supply ef 5 volts ist?eeessary to enable the I,C,
chips to work effectively. The ﬁéeér supply unit is built fof ”
this purpose, The power sﬁpply unip;consists of a transformer,

4 diodes a capacitor and a regulator, The transformer is
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230V/9V, 30VA. 5402 diode is made use of rectify the a,c, voltage,
Bridge circuit with 500 wpi#, 50 V capacitor gives satisfactory

d.c. supply. To have the regulsted voltage 7805 regulator, which
has 4.98 V and 0,98 Amps, output is made use off, The power |

supply unit circuit ig shown in Fig,4.1,

fuzi ' . -+
LT i _— =+ 7805.

3l X \Z)\

& +|  zousfF

! ‘ » } « cnlnngnnan I

5§ 5402 a  PO

EL __ -

1% s

| _

233/ !
{T{g s

4,3 ANALOG TO DIGITAL CONVEHTER
0808 ADC'chip is made use for converting the analog

signal into eguivalent digital value. The details of ADC»OBOS
is given in Appendix I-2, ADC 0808 is monolithic CMOS device
‘with an 8-channel multiplexer, 8-bit analog to digital convert-
er and microprocessor control logic, The 8-channel multinleéxer
can be controlled by a wmicrocomputer through a 3-bit address at
pin number 23,24 and 25. Only one analog signal needs to be
converted to digzital signal, all these 3-bits address pins
23,24 and’25 are connected to ground ( address 000) select

only, INPUT-0 at pin no.26 as Analog input, This 8-bit Analog
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to digital converter uses the successive approximation technigue,
Clock signal necessary for 0808 is derived from 7493 4-bit
Binary counter, The necessary c;rcuit diagram is shown in

Fig.4.2. The details of 7493 appcars as Appendix D-3,

Anpiotn NohtaB 7N/ ,
: o LB
41 -
-525 Mg fvem T Ly
7*&:3 74' N - CLOC—‘"\ . P ] il
=i @y O
L, Eg — ﬁTVt
= ’ 5 Rouivalent
R 3 Ov.;.wa. t.!.\
Nee |

4,3,1 Operation

To start 0808 ADC, the supply and clock have to be applied
and START OF CONVERSION pulse has to be applied through Pin lo, 5,
START OF CONVERSION nulse is Active High Signsl, Before this sig-
nal is apnlied the analog voltage must be made available a2t the
input pin, After STAKT OF CONVERSION, the END OF CONVERSION can
be monitored from Pin 7, END OF CONVERSION signal is normally
HIGE zoes low when the conversion process starts, remain LOW
as long as the conversion is in prograss and then goes back
High when the conversion'is complete, This conversion period is
around 100 micro seconds. As soon as this pin becomes High, it
indicates that the conversion is over and the digital equivalent

is availabls to be read. Without monitoring the IND OF CONVERSION
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the data can be read by giving a Delong of 100n sec, after the
START OF CONVERSIONI $ignal has been applied, The time diagram
of 0808 ADC is given in Fig,4.3,

ST T 1O O O S I By

LLoC K I M.Ji | - _.J L.
Krpnt oF CoNVERSHON /4 '\,
Anaot TwpoT - )E \ j Mn_wm vALué K
‘ oo " - ENPUT STABLE -~
Eup of ConvERaos " :
o \ e
e T comy —d

QOur et ConTROM I : e . ) \
LAToM D O\ﬂpﬁ i : ’ C}-—

Fitw 4-3 “Wmiwer DGGasM

ADC 0808 is interfaced to micro computer throuzh 8255—1
PPI. The data is read into Port-B of 8255-I, Start of conversion
signal is applied to ADC 0808 from PC, of 8255-7. The clock of
1.535 MHz from the trainer kit which is available at jumper A
is apnlied to clock terminal of 74LS93,
44 BUFFER FOR PRINTER INTEKFACE

Printer is interfaced to VMC 85/9 microcomputer to print
ﬁhe digital data available after réading from ALC and convert-
ing to ASCII, To enable the printer to be interfaced effectively,
buffers are necessavy. 7407, BHex Buffers/drivers with open
collector Hi.h voltage output are used, for the purpose, The
details of 7407 is ziven in Appendix D-3. The hand shaking sig-

nals and Datd lines are buffered, before they are interfaced,
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throu-h port-A of 8255-I PPI chip to the microprocessor. The
port-4 of 8255-1 PPI chip is used as output port in Mode-1

for \hand shake control, The data lines are connccted to Port-A

signal 0B#,

from PCq is connected to STROB input si nal of the
printer, Group-B is pro.rammed in MODE-O with PCO, PCl and PC2
as innut lines, While PC4 and PC5 from Groun-A ( which is in
Mode-1) 1s made as output port, PC4 generates the recuired
initialization  signal INIT at pin No.31 of printers, Busy

signal BUSY from the printer is monitored through PCO for polled

/0 transfer,

Software program enables the printer to start printing.
Before executing the program, printer is initialized by the
following procedure,

N [ I '
1) ON-OFF OF DIP switches are ad:usted as recured by the

USER,
2) Paper is Tixed to the printer
3) Interfacing flat cable is connected between the printer

and the unit.
4) Power is switched ON

5) Printer is brou:ht to ON-LLNE mode,

For use in this dissertation the switch positions are -

SWl-1 - QOFF SWl-2 - OFF SWl-3  —~ QFF
Stil-4 -~ OFF $Wl-5 - OFF - SW1-6 - ON

SW1-7 -~ QFF SWl-8  — 0N

In the continuous mode of scanning 7 data print out
per second could be 2chieved, To enable the user to adjust the

other scan interval, three switches are provided on the
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interfacing unit, These three switches can have 8 different

combinations of scan intervals as Jiven in Table 4.1.

4,5 SCAN INTERVAL CONTROL AND INDICATIONq

Scan interval is indicated by the hard ware circuit,
7415138 decodes one of eizht lines depending on the conditions
2t the 3 binary select inputs. Details of 74LS138 is given
in Appendix D4,
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Wheh the switchers are off all the three bits will be
High and results in the y; line output LOW, Function Table 4-1
givés,the'different switch positioné and the corresponding

output lines, ’

Li_ht emitting dindes are used to indicate the scan
interval to the user, LED is a diode with a voltaze drop of
1,2 to 2.4 volts dercending on the type of diode, It is a device
that emits a narrow wave lenzth band of visible or infrared
light, Infrared light emitting diodes are connected to the
output of 74L8138 through the buffer 7407, The oOther end of
the LED's are comnected through current limitting resistors
of 804 to 5 volts supply., When all the switches are off,
no LED gl@ws and it indicates that the scanning interval is
zero and the printer brints in continuocus mode, Whén.any.one
of the 3 switches is ON, the corresponding bit becomes Low and
7407 will have the capacity to sink 40 mA of current, For
different combinations of switch positions, different LED
slows indicating to the user, the scan interval, The different
combinations of sean interval and LED glow, numbering from °

Ri_ht to Left is given in the Table 4,1,

Hardwére circuit helps in indicating the scanning inter-
val through LED glow. The actual scanning inﬁervai is controlled
by the software, The user's wish of scan'interQal is read into
the micro processor‘through port-B of 8255—II.rSiﬁce the 3-
switches controls the indication of interval, these 3 bits are
read into PBO, PB1, and PB2 of 8255 and the rest of the

bits of Port-B are grounded, Thls is 2lso shown in Fig.4.4,
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The software program is monitor the scan interv=al and operate
according to the switch position is exnlained in the next chap-

ter,
4.6 OPERATING PROCEDURE

To start the experiment the lead from thée profile indicator
is connected to the unit developed with correct polarity, The
flat cable is connected from the interfaéing unit to the printer,
The two flat cables named I and II are connected to J2 and 53
connectors of 82/9 kit, Another wire 1s connected tc bring the
clock signal of 1,535 MHz from the microprocessor 85/9 trainer
kit to the interfacing unit. This clock is available on the kit

2t the junction n=amed A, After this connection the power switch

in the interfacing unit is switched ON,

Paner is fixed to the printer and the printer is then
switchéd ON and brousht to the ON-line mode, Now the printer
indieating green lamps.should slow, If any one of the three
lamps does not glow, it means that the system is in the OFF
line mode or the power switch in the interfacing unit is not
switched O#, When all the 3 lamps glow, it indicates that the

printer 1s ready to print, in ON-line mode,

The wheel valve of the simulated model is rotated to
make the water fiow in the river model setup. As soon as you
know that the scour is about to start near the orofile bed
indicator, programme is executéd, with switch in LLL position,
This results in continuous .printing ~t a speed of 7 datas per
second, The various scan interval that can be adjusted are

indicated by 7 LED's placed on the interface unit, 4s soon as
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the RIESET knob is pressed the printer stops printing and micro

processor stops reading the data from profile bed indicator,

4,7 TR2721A MULIT CHANNEL DIGITAL RECORDERS

Multi ehamnel recorder is an readily availazble equinment
which can be used for d.c, voltase measurement, temperature
measurement and record the measured result on a built in ther-
mal printer. This unit was used in the besinning stages of this
dissertation to record the nrofile indicator voltage at differenf
scan intervals, Thig has the facility of setting the print out
alons with time either in normal mode or trend mode, Appendix

D~-5 gives the details of TR2721A multi channel digital recorder.
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CHAPTER-5

SOFTWARE DEVELEPMENT

In Chapter-4 the hardware unit built for interfacing pro-
file indicator with microprocessor and, printer with micro-
processor are explqined.#As is very weil known the inferfacing
circuits along with the microcomputer unit is just a useless
piece of ecuipment if it is not supported by the corresponding
software; This chapter deals with the software subroutine to
read the data from the profile indicator, convert it into a
correct form to print and also to change the scan interval de-
pending upon 34switches. There is one main program and seven
subroutines, Each subroutine has been explained with the flow

chart and documented as per standard practice,
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CALLS

b

MAIN PROGRAMME

- ADC RED, CODE(, COASC, PRINT, DELAY
INPUTS -
OUTPUTS -
DESTROYS - ALL

" DESCRIPTION~ 8255-1 is initialized with Port-A in Mode 1 and Port-

B in Mode O and 8256-I1 is initialized with Port-B in
Mode 9, Printer is initialized and calls subroutines
for conversion and prints, The scan period is moni-
toried and the required delay is called,

LiBEL| ADDRESS| CONTENT | MNEMONICS COMMENTS
AND OPERANDY
START i 2000 35 A3 MVI 4, A3 |[Initialize 8255-1
2002 D3 03 ouT 03 Port A- Output in Mode 1 and
Port B - Input in Mode O
4 Port C -(L) - Input
2004 2E 82 MVI 4, 82 [Initialize 825--II
2706 D3 OB OUT QOB Port B - Input Moce O
2008 3E 09 | MVI 4,09 Printer is initialized by
2004 D3 03 ouT (3 giving active low signal
200C 3D DCR A through nin PC4
_ 200D D3 03 ouT 03
LDCINY - 200F CD 50 20 CALL ADCRED |To read the analog signal from
S P.I.
2012 CD 7020 | CALL CODEQ |The digital value is converted
: into Analog enuivalent
2015 CD Al 291 CALL COASC {The value is converted 1nto
‘ 43CII
2018 CD EO 20} CaLL PRINT |The data is prlnth
2718 Ok Q7 MVI C,07 C register is initializeqd
201D DBOY IN 09 The required scan period is
monitored
201F B9 CMP C Is continuous nrinting reqd,
1 2020 CA OoF 20| JZ ADCIN Yes, go to read data from ADC
1 2023 CD 0621 | CALL DELS |No check for reqd; delay
E 2026 CB oF 20 JMP 4DC IN |Continue reading next datsg

" The software subroutines are -

ADCRED Subroutine - (ADCREAD) This routine 1n1t1311zes the
ADC 0808 by applying S8TART CONVERSION PULSE and reads in the
digital equivalent of the analog voltage from the profile bed
indieator,

CODEEC, Subroutine ( Conversion into Decimal equivalent) -
This subroutine converts the digital value into decimal
cquivalent and stores it in D.E., rp.

COASC Subroutine ( Convert into ASCII Equivalent) -

The decimal equivalent value that is available is converted
into corresponding ASCII Code and is stored back in the same
rp.
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4. Print Subroutine - The ASCII Ccde is sent from the micro-
processor into the nrinter to print after monitoring

" the scan period,

5. DELAY Subroutine - Delay subroutine monitors the scan
veriod necessary and stores the number in the regquired

register 2nd calls Delay-1,

6, DELAY-1 Subroutine - This routine decrements the number

loaded in the registers and gives needed delay.

FLOW CHART FOR ADC RED SUBROUTINE

A \ ' T T
¢ ENTER / : . ]

T | ' 3 ¥ SR
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SUBROUTINE , - ADC RED
CALLS | - DELAY
OUTPUTS' - Digital equivalent value from
_ B-register
THPUTS -
DESTROYS - 4,B
DESCRIPTION - A start pulse is given through PC5 of
8255-1 to start ADC And the digital
value is read and stored in B reg,
LABEL ADDRESS CONTENTS | MVEMONICS COMMENTS
| AND OPIRAHNDS
ALDCRED 2050 3E OA MVI 4, OA ADC 1is intialized
052 | ms o | ooy |fosiart comersion
2054 3C INR A hisgh signal from
2055 D5 03 ouT 03 Boon 10 Foo of
2057 3D CR A
2058 D3 03 OUT 03 |
2054 \1 05 00 LXID 00 05 {100 ms delay is gi-
205D CD BC 03 | CALL DEL.y |%iven for the con-
2060 DB 01 IN 01 Digital value is
, red through Port-B
2062 47 MOV B, A and stored in
2063 9 RET B~register
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CONVERT DECIMAL EQUIVALENT
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CODEQ(Convert Decimal Equivalent)

SUBROUTINE -
CALLS -
QUTPUTS - Analog equivalent in (D,E)r.p,
INPUTS - Digital value in B-register
LESTROYS - ALL | |
DESCRIPTION - The dizital value is converted into
decimal equivalent by adding the
equivalent value from the Look un
Table which is in the memory location,
LABEL ADDRESS CONTENTS MNEMONICS Comments
AND OPERAND$
2070 GE 08  { WI C 08 Initialize C-rerister to
| convert all the 8-bits
2072 1100 00 § 1XTD 00 00 |71 iveiyye™ (D %) r.p.
2075 21 91 20 | LXI H 2091 {Initialize (H,L) with
L.U.T. Address
LOoP | 2078 8 MOV 4,B Digital value is broucht
to ACC, :
2079 07 RLC Is the LSB high
2074 47 { MOV B, A Store after rotate rizht
2078 DA 82 20 | JC CONT Yes,Jmp to calculate
| decimal equivalent
207E 23 ' i H No, Jump to next valve in
! ' the look un table
20TF C% 8B 20 g JMP LiST Jump to find the naxt bit,
CONT | 2082 73 ( MOV A, E Hisher decimal values is
| 2 . brousht to ACC,
2083 86 | DD M Equivalent decimal equiva-
lent
2084 27 DAA Valuc is added and deci-
: mal adjusted v
2085 5F . MOV E, A It is stored back in E-reg
! 2086 23 INX H (HiL)Doints to lower deci-
% ma
2087 TA MOV A, D Lower cdec,value is brousht
to ACC
2088 RE ADC M Equivalent decimal equiva-
let .
2089 27 DiA Value is added with carry
' and decimal adjusted
2084 57 MOV D, A The value is stored back,
LAST | 208B 23 Inx H (H,L)points to next memory,.
208C 0D DCRC Has 2ll the 8 bits con-
' - verted '
208D C2 78 20 |[JNZ LOOP No jump to study next loop
2090 c9 RET
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LOOK UP TA4BLE

/DDRESS | CONTENT
2091 | 00
2092 2
2093 50
2094 | 12
2095 25
2096 .06
2097 | 12
2098 03
2099 : 56
2094 ' 0l
2098 . 78
209C | 00
209D R 39
2 9T; | 00
209F | | 20
2040 = 00
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SUBROUTINE - COASC ( CONVEKRT TO ASCII EQUIV,LENT)

CALLS -
OUTPUTS - A4SCII equivalent in memory
INPUTS - Decimal Equivalent value in (D,E) r.p.
DESTROYS - ALL.
DESCRIPTION - Decimal equivalent value is converted into 4ASCII
by taking nibble and adding 30, This valuc is stored
in the memory location alonz with decimal point,
AL the end of the ASCII data ASCII for 5 spaces is
stored,
LABEL | LDDRESS| CONTEHTS MVEMONICS l COMMINTS
: AND  OPERANDS '
2041 0l 2E 09 LXI B 09 2E | ASCII equivalent of dot and
‘ space is stored in (B,C) r.n,
2044 21 DO 20 IXI H ASTQDA| Memory address for ASCII
_ ~jequivalent
2047 TA MOV A,D Hi her byte of data is
: brought to ACC ‘
2048 E6 FO ANI FO Hiher nibble value is retain-
i ed
20AA of RRC Higher nibble value is
X nrotected to bring it to the
204B OF RRC lower position
20AC OF RRC
20AD OF RRC P
20AE C6 39 ADI 30 | Converted to ASCII value
2080 77 MOV M, A It is stored in memory area
' o0B1 2% I H Decimal noint is moved to
S0B2 71 MOV M, C the memory area
D0R3 0% INX H Lower nibble of the hicher
, byte of the decimal equiva~
N 4 VI . -
i23B4 A MOV 4,D | lent data is eonverted to
1 2085 E6 OF ANT OF ASCITI and stored in the
' 2087 c6 30 ADI 30 memory
t 20R9 77 MOV M, A
20BA 2% INX H Points to next memory loca-
tion
20BB R MOV A, E Lower decimal value brought
: to ACC
-1 20BC L6 FO AnT FO Higher nibble value is
choosen
20BE OF RRC It is brought to the
2088 OF RRC Lower value nosition
20C0 OF RRC
20C1 oF RRC _
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hpll (AP Ss | CoNTen 75 é MNl;::i;:':;“;‘j} _f B ' ComMMmENTS
4 - I T . ons . ‘." Iy -
l 2702 Cé6 30 ADI 30 Lower nibble is converted
~p ol o oA to ASCII by adding 30 and
2004 MOV 1, & moved to memory
20C5 23 INX H ? (H,L) point next memory
location
20C6 L} MOV 4,E Lower nibble of the data
2007 B OF AN OF is taken
20C9 C6 30 ~ADI 30 Converted into ASCII
! 20CB 77 MOV M, A Stored in memory
1 20CC 23 INX H Point to next address
I 20CD 70 MOV M,B Space ASCII is moved
| pORE c9 RET to memory
45CIT ECUIVALENT OF DATA (ASECDL) — Tt
- ADDRESS CONTENT
20D0 -
20Dl 2E
20D2 -
2073 -
i 20D4 -
| 20D5 09
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SUBAOUTINE -~ PRINT

CALLS -

OUTPUTS —  DAT/L TO PRINTER

THPUTS - ASCII value from memory

DESTHhOYS - H,L,4 '

DESCRIPTION - The ASCIIL data stored in memory is
sent to nrinter and strobe signal is
applied, Busy signal is monitored

- to send the next data
LABEL! ADDRESS, CONTENT |  MIEAONICS COMMENTS
] ' « AND OPERANDS :
PKINT! 20E0 i 3E 09 WI 4, 09 | To make PC4 high 09 is
SQL 3 03 OUT 0% output‘to rort-C
20E4 0E 06 "MVI,C, 06 No, of characters that
, ‘ ‘ has to be printed
2086 | 21 D020 | LXI H ASTRDY iddress of the data storcd
CONT | 20E9 g L MOV 4,0 Data sent to printer to
print
204 D3 00 OUT 00
WALT | 20EC DB 02 IN 02 Busy signal is monitored
20LE 1F Kalt Is th@ bit high
20EF D4 EC 20 JC WAIT Yes, Wait till it is low
- 2072 0D i DCRC No, Has all be chart printed
| 20F3 CA FA 20 JZ HET Yes, Return to main nroszram
.| o0F6 03 i INX H o Point to next chat
2087 | C3 B9 20 |  JuP CONT  |[Contimnue to vrint
2074 c9 | RET Return
' i
| |
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SUBHOUTINE -~ DELAYS
CuLLS - DELAY-1
OUTPUTS - Values equivalent for delays in
' B,C,D,E
INPUTS - Thc rate of »rinting in u-rovlster
_ and study from ACC
DESTrOYS - B,C,D,E,i,H, L
DESCRIPTION - The reoulred scanning interval is

monitored through Port-C and the
delays subroutlnes are called to
match the required scan neriod, The
value necessary for the delay is
moved in (B,C) and (D,E) r.,n. from
memory and delay is called.

JABEL] ADDRESS CONTENTS MNEMONICS ) COMMENTS

| AND OPERANDS

2106 0D - { DCK C No, indicate to next scan
: A neriod
- 2107 B9 i CMP C Should II scan, data per sec,
{ 2108 - CA 30 21 JZ 1SEC Yes, jumn to call one second
1 ; delay '

|
- 210B | 0D DCR © No, indicate to next scan
- period
2100 B9 CMP C Should it scan 1 data after
: | 2 second

210D | CA3E 21l | JZ 2 SEC | Yes, jump to call two second
‘ : ‘ delay

2110 | 0D DCR G No, indicate next scan period

2111 B9 ~ CMP C Should it scan 1 data |

_ | after 5 second

2112 | Ca 44 21 | JZ 5 SHC Yes, jump to call 5 sec delay

2115 oD DCE C - | No, indicate next scan neriond

2116 B9 CMP C { Should it scan 1 data after

30 second

2117 Cd 44 21 ' JZ 30 SEC Yes, call SQ sec, delay’

211 | OD DCRR C No, indicate next scan veriod

211B | B9 ! CMP C Should it scan 1 data fter

1 minute

211C { CA 5021 | JZ21MIN | Yes, call 1 min, delay

211F - 0D I DCkK C | No, indicate next scan neriod

2120 B9 : CMp C Should it scan on data

‘ after 2 minute
2121 | C4 56 21 JZ 2 MIN Yes, call one min, delay
2124 | C3 58 21 JMP 5 MIN No, call 5 min. to scan
~data after 5 minute
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1 SEC: 2130 | 21 70 21 ¢  LXIH 1UT-1 | Look un Table-1 address is
' % X loaded :
Lok | 2133 46 I MOV B,M B is loaded with delay no,
- 2134 03 | INXH Points to next address
| 2135 4E L MOV C,M C is loaded with delay nb,
L2136 23 INX H | Points to next acdress
2137 . 56 MOV D,M | (D,B) r,p. is loaded with
E N | the required from the conse-
2138 23 mx # { cutive memory
12139 | SE I MOV E,M
2134 % CDh 61 21 CALL DELAY-} Subroutine of delay is called
| 213D % Cc9 KET Feturn to main program
| i
® SEC | 213E | 21 T4 21 IXI H LUT-2 { LUT-2 address is loaded
| 2141 3 33 21 JMP ISR “Jumps to load the reqd,number
5 SIC | 2244 | 21 78 21 | L¥I H LUT-3 | LUD-3 address is loaded
?2147 ¢z 33 21 JUMP LSE Jumps to load the reqd,number
#OSEC L ol4n 21 7y 21 IXI H LUT-4 { LUT~4 address is loaded
| 214D c3 33 21 JHP LST | Jumps to load the reqd.number
1 MIN -~ 2150 21 7C 21 - 1IXI H LUT-5 | LUT-5 address is loaded
2153 C3 33 21 JMP LSR Jumns to load the regd,number
B MIN 2156 21 80 21 IXI H LUT-6 |{IUT-6 iddress is loaded
i 2159 C3 33 21 JMP Lok Jumps to load the regd.number
b MIN {215 | 2184 21 | L¥I H LUT-6 |LUT-6 address is loaded
| 215E C3 33 21 JMP LSH Jumps to load the reqd,number
COMMENTS ADDRESS CONTENTS - COMMINTS ADDRESS CONTENTS
LuT-1 2170 00 LUT-4 2174 84
2171 01 : 2178 20
2172 c2 LUT-5 217C 00
. 2173 - 10 21;D 22
LUT-2 2174 00. | 2%75 g%
2175 02 | 2228
LUT-6 2180 00
2176 3D
2177 DO 2181 44
2182 42
LUT-3 2178 00 2183 00
2179 06 LUT- 7" 2184 00
' 2185 88
2186 84
2187 00
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SUBROUTINE

CaLLS
OUTPULS
INPUTS
DESTLOYS

DESCLLIPTION -

- 7

0

- DELsY-1

- D,E,B and C valuss to decrement

- D,E,B,C

§ 1k

- D,E, r.p, 1s decremented for the
delay and then B,C, r.n., is stucied,
If further delay is required these
values are decremented till the
desired delay is obtained,

LABEL ADDRBSS CONTENTS MIEHONICS | COMMENTS
| ‘AND OPERANES

CDY 2161 1B DCX D (B,E) is decrement to zero
2162 i { MOV 4,D I D is brought to ACC
2163 B3 | OR 4, E Check D and E are equalled
2164 C2 60 21 | JNZ CDY No, continue decrementing
2167 78 MOV A,B Yes decrement innut counter
2168 Bl Oith, C | ACC has C-rezister
2169 c8 KZ 1B,C, r.p. contains zero

- | Yes, JMP to continue decrement

2164 OB | DCX B - | Wo, DEC(B,C) r.n, and again
2163 C3 60 21 | JiP CDY Decrement (D,C) r.p.
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CHAPTER-6

CONCLUSION AND SUGGESTION FOR FURTHER DEVELOPMENT

The interfacing unit developed to interface printer
and ADC with microcomputer and the different scanning
period with the indicating 1amps has been achieVéd. Any
analog Voltaée upto 5 volts can be read and recorded unto
the third decimal place satisfactorily. The printer paper
used can be any ordinary paper, Three copies can be obtain-
ed by CP-80 Type-1 printer, Invcontinuous mode of scanning’
seven datas per second has been achieved, The‘other scann-
'ing periods are one sec/data, 2 seconds/data, 5 seconds/data,
30 seconds/data, 1 min/data, 2 minutes/data, and 5 minutes/
data as recuired in scour measurement, The fequired scann-—
ing period can be controlled by the 3 switches. The dats
read i1s printed ih decimal value which can be used for fur-~

ther calculations,
Some of the suggestions for further development are -

1. The data alonsz with time can be printed. The time soft-
ware using 825% developed as in Appendix B-5 can be used
to store the time in one memory location and output to print

when necessary.,

2. The rate of scanning can bé increased to a very large
value by storing the data in a memory location instead of
printing it directly. The on-board capacity of RAM available
is 10 k along with the monitor ROM of 4 k. The data once
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.

stored can be printed whenever needgd, If the on-board
capacity is not sufficient then floppy disc drive can be
interfaced to the system 85/9 trainér kit and store the
data on the floppy disc. This will enhance the capacity
of memory for storing large number of data., At a later

convenient time data can be printed out from the flopny.

3. The unit can be modifiecd to have the multiplex input,
Then data from different places can then be monitored and

recorded,
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APPENDIX- B-1

SYSTEM SPECIFICATIONS

CPU - 8 bit micronrocessor, the 8085-A

MEMORY - Total on board canacity - 64 k Bytes

RAM _ 2 k bytes (6116), space for further expan-
. sion ) :

ROM - 4 k bytes of EPROM loaded with nuwerful

monitor program ( 2732), space for further
expansion using 2716/2" 32/2764/2”7128

TIMER - 16 bit prosrammable timer/counter using

- 8253,

I/0 - 24 I/0 lines exnandable to 48 I/0 using
8255 PPl

INTERRUPTS - 8 different level interrupnts through 8259,

Key Buard - 10 keys for command, 16 keys for Hexa-

decimal data entry, 1 key for Vector
interrupt and 1 key for reset.

LED Display - 6 seven segment disnlays, 4 for address
field, 2 for data field,

BUS - All data, address and control signals
(TTL comnatable) available at ﬂd"e connector,

INTERFACE - 1) Audio Cassette Recorder
2) 20 mA current loop ‘through SID/SOD lines

3) RS-232-C through SID/S0D lines with
auto band rate

4) One RS-232-C through 8251 with a nro-
srammable band rate

5) EPROM Programmer

Power supnly - +5V, 1,5A for the kit
reqguirements 12V + 5 percent, 250 mA for CRT and TTY -

i+

24V + 5 percent, 100 mA for EPROM
ozrammer Interface



13.
14,
15.
16,
17,
18,
19.
20,
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LPPENDIX B.2
SYSTEM CAPABILITIES

Examine the contents of any memory location,
Examine/modify the contents of any of the t? internal
Register, |

Modify the contents of any of the RAM Location,

Move a black of data from one location to another location
Insert one or more instructions in the user nrogram

Delete one or more instructions from the user Program,

Relocate a program written for some memory area to some
other memory area,

Find out a string of data lying at a particular address
Fill a particular memory area with 2 constant,

Compare two blocks of memory

Insert one or more data bytes in the user's nrogram/

Data ares,

Delete 6ne or more data bytes from the.User's program/
Data area, '

Transmit a program from memory to audio cassette recorder
Receive a program into memory from audio cassette recorder
Check the contents of an EPBDM for blank

List the contents of an EPROM into RAM area

Verify the contents of an EFROM with any memory arca
Program an EPROM

Exccute a program at full clock speed

Execute a program in single stens 1l.e, instruction by

instruction,



The 24 lines I/0 of 8255-1 are brought out at this connector,

ATPENDIX B-3
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SIGNALS AT JUNCTION CONNECTOR Jo.

They are -

Pin Signal vin Sisnal Pin Signal

1 P1C4 10 P1B5 19 Pla2-

2 P1C5 11 P1B2 20 P1A3

3 PIC2 12 P 183 21 P1AO

4 163 13 1RO 22 P1AL

5 P1C0o 14 ?1B1 23 P16

6 P10l 15 P1ab 24 PLAT <
7 | plB6 16 1A7 25 GID j
8 . P17 17 D14 26 SD A
9 2184 18 PLA5 |

The 24 I/0 lines of 8255-II are brought out 2t this connector,

They are -

-SToNALS AT JUNCTION CONNECTOR J3

Pin Signal Pin Signal Pin Signal
1 P2C4 10 P2B5 19 PoA2
2 P2C5 11 P2B2 20 P243
3 | pace 12 PoB? 21 2240
4 I poc3 13 " P2RO 22 T241
5 4 | DPeco 1 P2B1 23 DoC6
6 | pecl 15 p2A 24 p2CT
7 | posé 16 poAT 25 GID
8 {  P2BT 17 244 26 GND
9 g POB4 18 P245

{

v
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APPENDIX- B—4
SIGHALS 4T CONNECTOR Jq
The various signals provided at the conncctor are the interrunts

levels of 8259,'timer/counter channels points and other interrunt
siznals of 80895,

Pin |

1 C4S0 (cascade line)

) Cisl (Cascade line)

3 CAS? (Cascade line)

L 8P/EN  Slave prosram/Enszble buffers

5 RO 13 CLKO ol OUT-2

6 TRI 14 GATEO 22 RST-7,5
7 i IR2 15 OUTO 23 RST-6.5
8 | I 16 CLKL 24 MP

9 . IR4 17 GATE 1 25 GND

10 ! IR5 18 OUT1 26 QD

11 . IR6 19 CLK-2

12 -+ 1IRT7 20 GATE 2

SIGNALS AT CONNECIOR J,

The various power supnly siznals and the signals for various

interfaces are brought out at this connector, They are -

Pin Signal Pin Sienal
01 CRT IN 08 E4R OUT
02 CRT OUT 09 GND
03 Tx 10 +24V / +21V
04 Tx* 11 =10V
05 Rx 12 +12V
06 kx* 13 +5V
07 MIC IN ,

i




HLT

SUBROUTINE

INPUT

OUTPUT

CALLS

DESTRCYS

°
-

DESCRIPTION :

TIME

H,L,A

EXPECT

3

7 8 APPENDIX B-§5

DATE and time in Memory 2300. Clock

and GATE SIGNAL is given through hardware. Loads 8253 counter-?2

and after enabling interrupt R3T 6.5 Counter counts down. After

is counts down the seconds is incremented. After 60 seconds

Mint 1s incremented and henceforth hours and then days are

incremaented.

2200 3E
2202 D3
2204 3E
2206 D3
2208 3E
200A D3
200C 3E
200 E 30
200F . E3
2210 76
2211 C3
27B7 C3

BO
13
ES
12
07

12

oD

15 Is

ouT

MVI

ouT

MVI

SIM

HLT

A, 08
12
A, EF
12

a,0D

272 JMP HLT

|

N

Zoad THE CONTROL WORD, OUTPUT
TCO CONTROL RESiSTER WITH CCUNTER-2
LOAD LOWER AND HIGHER BYTE COUNTER

WITH REQUIREI. NUMBER

LOAD ACCJWITH DATA TO ENABLE
RsT,6,.5 ONLY

ENABLE THE INTERRUPT

HALT

JUMP BACK TO HALT

FROM INTERRUPT JNM TO PRCG THE



PROG

2220
2223
2224
2226
2227
2229
222C
222D
222E
222F
2230
2232

2233

2235

2238
2239
223A
223B
223C
223F
2240
2242
2245
2246
2247

2248

21
7E
C6
27
FE
C2
AR
77
2B

7E

C6

27

FE

Z'\iF
77
2B

34

23 00

01

60

54 22

01

60

60 22

01

24

6C 22

LXI H 2304
MOV A,M
ADI 01
DAA

CPI 60

JN 2 SECO
XRA A
MOV M; A
DCX H

MOV A,M
NDI 01
DAA

CPI 60
JNZ MIN
XRaH A

MOV M, A

CPI 24
JN2 HOUR
XRA A
MOV M, i
UCX H

INR M

SEC.LOADED ADDRESS I35 LOMDED

SECOND IS BROUCGHT AND INCREMENTED

EDJUSTED TC DECIMAL VALUE
IS IT 60 SEC?

NO, JUMP TO LOAD REG.OF 8253
YES, MAKE IT ZERO AND
STORE ZERO

POINT TO MINS.ADDRESS
BRING .MINS.

INCREMENT MINS

ADJUST IT TO DECIMAL

IS IT 60 MIN?

NO, JUMP TO LOAD 8253 REG.
YES, MAKE MINS,ZERO

STORE IT BACK IN MEMORY
POINT (H,L) TO HOURS ADDRESS
BRING HOURS TO ACC.
INCREMENT HOURS

ADJUST TO DECIMAL

IS IT ALREADY 24 HRS?

NO, JUMP TO LOXD 8253 REG.
YES, START FRESH HOUR
INTTILIZE HOURS IN MEM.
POINT TC DAYS

INCREMENT NUMBER OF DAYS



MIN

HOUR

ENT

2249
224B
224D
224F
2251
2254
2255
2257
2259
225B
225D
2260
2261

2263

2269
226C
226D
226F
2271

2273

2275

3E
D3
3B
D3

C3

D3
C3

77

08
12
LBF
12
75

E9
12
a7
12
75

B6
12
07
12
75

83
12
07

12

22

22

22

ouT

MV I

DuUT

JIMP 1}

MOV

MVI

ouT

ouT

MOV
MVI
ouT
MV I
ouT
JMP

MOV

ouT

EI

C9

Fk, 08
12

kS )
4N ’ LF

A, 07
12
ENT
M, 4
3,Bo
12
A, 07
12
ENI
M, A
A,B6
12
i, 07

12

81

LOAD RP OF 8253 WITH

NUMBRER FOR SECONDS

JMP TO INIERRUPT
3TORE BACK IN MEMORY
LOAD 8253 R.P. TO START

SECONDS COUNT DOWN

JUMP TO ENABLE INTER«UPT
STORE BACK IN MEMOKY
LOAD 8253 r.p.WITH NUMBER

TC START SECONDS COUNT DOWN

JUMP TO ENABLE INTERRUPT

SAVE HOURS

LOAD 8253 R.PWITH NUMBERS

- TO START SECONDS COUNT DOWN

ENABIE 6,5 RST

RETURN
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APPENDIX-B-6

SIGNALS &T CONNECTOR SPLCLE J. - (AUY, RS-232-C)

5

The various siznals provided at the connector space JS are the

signals of the prosrammable communication interface 8251, The
detnails are -

vin Signal

01 GND ( FRAME GROUND )

02 | Tx (Transmit Data)

03 Rx (Receive data)

24 RTS (Renuest. to send)

05. CTS ( clear to send)

06 DST (Data qet ready)

07 GND (Signai oground)

08-19 I No connection

20 | TTR ( Data Terminal Ready)

21 to 25 Ho connection
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Connactor Pin Chart

co

APPENDIX C~1
CONNECTOR DETAILS

5 Slg~ Siznal Direo—g Description
nal Ho. tion _
bl 2 3 L
! — ‘
b1 ! STROBE I i STROBE pulse of read data in, Pulse width
! i must be more than 0,51s at recelving ter-
i “minal, The signal level is normally 'High!
i read-in of data is performed at the !low!
‘ { level of this signal,
2 to DaTa IN i These signals represent information of the
i 9 ! Ist to 8th bits of 1llth data rcspectively,
' ! Each 51unal is at thigh' level when dnta is
. logical '1' and 'low' when lozical O,
g )
10  LCKNLG | OUT | 4pprox. 5is pulse, 'Low' indicates that data
i { has been reccived and that the nrinter is
§  ready to accept other data,
11 . BUSY OUT | A 'Hieh' signal indicates that the printer
% ; eannot recelve data, The signal becomes
i . 'Hizh' in the following cases ~1) during
g “data entry, 2) during printing operation,
: “3) In Off-line station, 4) curing printing
: . error station
; .
‘ %
12 ‘PE OUT | 4 'Hizh' sienal indicates that the printer
* ©1s out of pnapers,
13 . SLCT OUT | This signal indicates that the printer is
' out of paper.

14 AUTU FPEEDTIN When this signal being 2t 'low! level, the
paper is automatically fed one line nft@r
printing, ( The sisnal level con be fixed
to 'low' with DIP SW Pin 2-3 provided on the
control circuit board),

15 NG Not used
16 {CHASSIS - Printers chasis @D, In the orinters, the
GiD ? chassis GID and the lopic GND are isolated
| “Ifrom each other,
| 17 ana inC - ‘Not used
i 18 : K '

Contad,
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Appendix-C-1 (contd,)

s m———

1 2 3 4
19 to { - - Twisted pair return sisgnal #'D level
30
31 ’ TWIT IN When the level of this signal becomes !low!,
the printing controller is reset to its
initial state 2and the print buffer is cleared.
This signal is normally 2t 'hizh' level, and
its pulse width must be more than S50us at
the receiving terminal,
L EKROR ouT The 1ovel of this signal becomes !low! when
' i the printer is in - 1) paper end state,
2) 0ff-line state, 3) Error state
33 | GHD - Same ns with Pin N.s, 19 to 30
34 NC - Not used
35 Ve - ' Pulled up to + 5V throuch 3.3 kR resistor
36 SLCTIN | IN  Data entry to the printer is possible only
% when the level of this signal is 'low!',
|

—1

 Note - 1) Direction refers to the direction of signal as viewed
from the printer,

2)

All dinterface conditions are based on TTL level, Both the

risc and fall times of cach signal must be less than 0,21s,

3)

Data transfer must not be carried out by ignoring the

ACKNLG OR BUSY signal,

\\

\;‘

%/

R B AR e G O .
r‘;/
WO WG WO N e s TS

2

e

PIN CONNELTIR



ECUIPMENT

Type

Power

Power conswaption
No., o¢of channel
Extendable

D.C, voltase mea-
surement

Temperature mea—
surement sensor
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APPENDIX D-1

MULTI CHANNEL DIGITAL RECORDER

Maximum resolutions -

PRINTER

Printer
Print output

Printin~ speed
Paper

Paper length

Paper width

Gri ERAL
Input system

4/D conversion system-

Measurement Speed

SCAN period

SCANHING RANGE

TR2T214

100 Vv, 59/60 Hz

30VA or less without printing operation
12 USVA with nrinting operation

24

+ 50 mV, £ 200 V, + 2V, + 20V, 1

to 5V ‘

JIs51(CC), J(IC), E(CRC),K(CA),R(PR)
Thermocouples

0.1° ¢/T(CC) range |
1°c/J(IC), E(CHC), K(CA),R(PR) ranges

Thermal type

Printin  after data fetched up to
the last channel

Approx, 1 line/sec,

Roll type heat-sensitive recording
paper,

App. 30 m, 6000 data ( Wormal mode
Apnrox. 6 cm/12 channels)

App, 12000 data ( TREND Mode,
Approx. 3 cm/1 to 12 channels)

App. 6 cm,

2-wire

Dual slope inte-sration

Min ( app, 0.2 to 0,5 sec), 0,5 sec,

1l sec,

CONTINUOUS, 30 sec, 1,2,5,10, 30 Mins,
1,2 hrs,

N1 to 12 selectable ( chamnels 13 to
24 with extender).
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Appendix D-1(Contd,)

CLOCK - Time bound signal stability

Apvrox, = 15 sec/day ( at 23°¢ + 5°C)

Max., time display - 23 hrs, 59 mins,

Display — T serment LED display'
Channel number — 2 digits
Measurement value - 4 diqits

0

Units - Vv, mv, °C

Alsrm — ALARM ('x ' indication)

External dimension - 300 x 132 x 400 mm
(wide) (high)(deep)

Welght - 9 kg,

R}
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APPENDIX: DR
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APPENDI X

T4LS 138 3B-Line To 8 Line
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APPENDIX D-5

Th2721a MULTI CHANNEL DIGITAL RECORDER

TR272)JA multi channel digital recorder has 12 channels
which can be extended to 24 channels with the channel exten—
der. The required extender cable has to be connected for phis
nurpose, The input terminnl board has 12 channel sienal line
connection can be accessed by removing the fear pane terminal
covers, After removing the dover the siegnal input terminals can
be seen numbercd from 01 to 12, These numbers indicate the
channel numbers, The (+) leg of the thsrmcoupls or compensation
conductor connects the (+) terminal and the (=) le= connects to
the (~) terminal. The external terminal.and D/A terminals are
also available along with the 12 signal input terminals. The
external terminal is for the external reference jﬁnction when
making temperature measuremenﬁ. The D/A terminal outputs the
anglog signal when the ontional D/A converter is installed.

The extended terminals (13 to 24) another panel which is szen

on the re~r side has to be romoved,

Series of switches are avallable at the rare side, They
are -

1) Function switches 2) Range switches

There arc two function switches, The first one is for
selecting the measuf@m@nt function.‘Pressing this switch mea-
sure tho temperature and releasing it wmeasured D.C. voltage.
The second switch is for temperature measurement, Pressing
this switch enable use of a cold-contact reference junction or

other external reference junctions, Releasing this switch
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enables temperature measurement with the interval computation
reference junction, Rance switch selects the DC voltaze measure-
ment ranzge or the temperature measurement thermocouple, The
range switches are interlocked and only one switcﬁ caﬁ be

selected,

Digital recorder has a display panel adjustable switches
for monitor, scan start, scan interval, scan steps, LAST channel
and print mode, The display panel has 7 seegment Led display,
two digits for channel number and 4 diegits for the measured
value, Few LEDs are provided to indicate the decimal point,
polarity, aloram and units. The details of the switches are

explained next,
Monitor Switch -

This switch is :ilso called as monitor channel and print
time (hour, minute) set switch, This switch can be used té
specify the most important channel as the monitor channel., The
TR27214 digital recorder repeatedly measures the monitor channel
between the end of data printing and the start of the next mea-
surement, When the SCAN START switch is set to the stop posi-
tion, the monitor channel is displayed. Monitor channel can be
selected by ﬁressing CH—SET monitor switch, Each time this
switch is pressed the channel number increments and is dis-
played on the display panel, The required channel number can
be selected pressing thin switch, The channel number can be
selected from channel 01 to channel 12 without reeard to the
last channel, When the optional channel extended is installed,

the monitor channel can be selected from channel 01 to
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channel 24, When the monitor channel is not specified, the
channel 01 is automatically sclected, Monitor switch can also‘
be used for set of time, To set the time, SCAN INTERVAL switch
hos to be set to time set pouition, Then the hour and minute
can be set by pressing the monitor switches. Ench time hour
switch 1s pressed, the hour’display is incrcmented by 1, The
hour display counts up consecutively when this switch is
pressed continuously. Minutes setting is similar to the hour
setting, Setting the print mode switch at the MIN x lOl position,
the minute increments multiple of terms as the minute monitor
switch is pressed. When the scan inperval switch is switched
from the time set position to another position; the second dis-
play 1is cleared to 00 second, Therefore, to chéck the time
after time setting, set‘the SCAN INTEKVAL switéh from the CONT
to 2H-positions-to the TIME SET position, There is 27 maximum
delay of 1 minute when the switch is subsequently returned to
its orizinal pdsition. When the time is not snecified, the time
display indicates the time that has elapsed from the time the
vower switch was scet to ON.
SCAN START

This switch is also cqlled as measurement time interval
switeh, This switch has 3 positions DIFF,, STOP and NORM, Whether
switch is set in Diff. ( DIFFERENCE) position, the difference
between measured channel and channel 71 is commuted with the
internal microcomputer =nd displays the computed result, When
in STOP position, it repeatedly measures and pfints the measured

results of the channel indic=ted on the channel no, disvlay,
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The switch in the NORM(NORMAL) position results in repeatedly
measuring all the channels from first channel to 1asﬁ channel
at the time interval selected by the Scan internal switch,

It repeatedly measures the monitor channel from the end of one

scan to the start of the next scan,
SCAN INTERVAL

This switch is nlso cnlled as measurement time interval
switch, It determines the time from the start of measurement
of gne channel 91 to the start of measurement of next channel
0l, This switch can be set to 10 different position. They are
time SET, CONT. (CONTINUOUS), 308, 1M, 2M, 5M, 10M, 30M, IH,
and 2H, Time set position is used when the time setting is
necessary. Settins the switch to the CONT(CONTINUOUS) position
results in immediately scans of all the channels from first
channel to last channel and the monitor channel ( on disnlay),
then scans.from the next channel 01, To take data in different
time dinterval is also possible, By adjusting this switch against
any time indicated from 30 sec, to 2 H(Hours), it is nossible
to read the data with that time interval, Scannine is restarted
cach time the measurement time interval is chansged with the
SCAN-Start switeh is in the diff, or Norm. position to avoid
this, SCAN START switch is moved to STOP position and the re-
quired measurement interval is set and the SCAN START nogition
is moved to the required »noint., All the channels will be
scanned once, then measurement will be performed at the set

“interval,
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SCAN STEP

This switch sets the channel switching time, There are
2 position indicating MIN, (MINIMUM), 0O,5s =and 1 scc, In the Min,
position, ch=unnels are switchcad at the mihimum measurable
time interval, When the input signal is near OV or 0°C, the
channels are switched every 0,2 seconds and when the innut
sienal is maximum ( full seale), the-ehannels are switched
every 0,5 seconds, When the switch is in 0.5s position, the
channel switching time is fixed to 0.5 seconds. When the switch
is in 1 s position, the channel switching time is fixed to

1 second,
L4iST CHANNEL

This switch has provision for settins the last channel,
The desired last channel can be set from 01 to 12, When the
optional channel extender is installed, the last channel can be“
sclected from between channel 13 and channel 24, When the
EXTENDER switch of the channel extender is set to the OFF

rosition, the last channel getting is from channel 01 to

channel 12,

PRINT MODE

This switch:%hfositions OFF, NORM, (NORMAL) and TREND,
This switch determines the measured result printing format
and printing ON/COFF, The printer can be made to nrint in nor-
mal mocde by setting the switch in NORM, position, In these

position results are printed in all digits parallel, This is

shown in Fig,4-a, This type of printing is convenient when
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takins and comparing data in timc units, When the switch is

in THREND position measured result are printed all disits
serial, It is shown in Fig.4-b, This print format is especially
convenient in checking the chan’es in the data of each channel
with eclapsed time, When the switch is in OFF position, the

printer does not print,
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PRINTER

PRINTER is built-in TR2721A multi channel recorder.
The vaner used for hrinting is thermal typne. A roll of printing
naner can be mounted in the maner holder, The paper should be
loaded before use, If used without the »aper the nrinter will
be damazed, When red mark apnears at both ends of the naper,
then the paner has to be changed, Before chansing the printer
paner, printing operation is stepbed by settinz the PRINT MODE
to the OFF nogition, The remaining parer is forced out by
turning the v»aper feed wheel, Paner roll is inserted into the
naper holéer, Paner is inserted into the parer slot turning the
naner feed whael in the arrow direction shown on TR27214, If
the printing head tears or clo:s the paver during printing,
- FREE kneb is ﬁushed in the arrow direction to relecase the
naper, Free knob should not be touched while the printer is

nrinting.
USING TR2721A FOR SCOUR MinASUREMENT

The leads from the profile bed indicator is brouszht to
01 of the TR2721A multi channel recorder and connected to the
correct polarity;

Before switching ON the power supply, switches are adjust-

ed to the following position,

SCAN START - STOP position
SCaM INTRERVAL - CONT, nonsition
SCAN STEP ~ MIN position
LAST CHANKEL - 01l

PRINT MODE - OFF

CHAWNEL EXTEWDER - OFF nosition
BXT, ST/RT - OFF

FUNCTION - D.C, voltaye

RENGE - 1-5 Volts
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WORKIHG OPERATION -

ifter this adjustment rower cable 1s connected and nower
switch is pressed to ON-position, After TR27214 is switched
O the time is adjusted brinsing SCAN INTERVAL switch to TIME
SF7, Position and again brouzht back to CONT. position, Now
TR27214 is ready to read and record the voltaze from profile
bed incicator. The valve wheel is turned and the water starts
flowing resultin_ in scour, Immediately_scaﬁ STaT is posiiioned
t> NORM and PRINT MODE TO HORM-position, The nrinter starts
printin: the measured voltage alony with the time at the rate of
1 line/second. To print the whole data it takes 2 seconds as it
nrints the time in the first line and thé measured value in
the second. The rate of printing can be varied by chan>ing SCAN

interval,
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