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50-series specifications are contained in Part 1 of the Components and
Materials (green Series) section of the System, to which the reader is
referred.

Quality Control and Environmental Test Specifications

A basic design concept for the 50-Series was that the modules remain
operating reliably under the most severe conditions, and that they
have a long life while remaining inside specified tolerances.

These concepts have been realised by publishing worst-case figures for
all component parameters. This means that the module circuits have been
designed taking into account not only initial tolerances, but also ex-
pected changes in characteristics which will occur over long periods of use.

All quality assessments are of course based to a large extent on
sampling tests. Because an occassional module may fail early in life how-
ever, the quality control procedures used are designed to minimise this
possibility. In addition, batches are regularly taken from the production
line and put through worst-case life tests.

The diagram shows the events and processes occurring in the manu-
facture of the modules, together with the tests which are applied. Tests
are carried out both by the factory personnel and by a special indepen-
dent Quality Control Department.

Applications

Although numerous, many applications for the modules are imme-
diately obvious. and we present here a brief list of some of the more
popular ones.

General industrial batch counters, for instance seed batch counters,
production line counters.

Dosing machines, for instance control of chemical blending plant.
Control of injection moulding machines.

Control of galvanizing processes.

Synchronizing systems for two shafts, matching both speed and phase.
Tachometers and speed measurers.

Length measuring equipment.

Automatic coil-winding machines.

Control apparatus for copying music tape on tape recorders, and so on.




Introduction

How to use this book. The contents of this book have been arranged in
three sections, as follows:

— Part 1, Basic Design Considerations;
— Part 2, Counting Circuits;
— Part 3, Practical Considerations.

In Part 1 are discussed the essentials which the reader who has not
worked with 50-Series modules before needs to know. Part 1 covers
physical and electrical characteristics applicable to the series as a whole,
brief individual functional descriptions, and the drawing symbols used.
[t explains in a few paragraphs the design philosophy.

In Part 2 are contained all the tried and proven 50-Series circuits — or
at least, all the ones we know about. The first seven chapters in this
section discuss the flexibility and applications of seven of the modules;
subsequent chapters describe input drive circuits, examples of sub-
systems such as time-delays and decoders, and examples of systems which
can be considered as virtually complete. The circuits described in this
section will be found to cover virtually all applications, when combined
in the appropriate manner.

Part 3, Practical Considerations, discusses operating speed, loading
rules, installation requirements, electrical considerations, and accessories
which are available. It should perhaps be mentioned here that all input
and output voltages in the 50-Series are matched. The designer has
only to check the Loading Table when making schematic diagrams.

At the back of the book is an index which we have made as complete as
practicable. As a further aid, the coloured card enclosed gives a handy
guide to pin numbers for interwiring.

This book has been written as a practical, more than a theoretical,
guide; the designer will in most cases find everything in it necessary to
design the counting and display system he requires, from scratch. Full
detailed specifications on the modules are not included, however, and for
these the designer must make use of our Data Handbook System. The



Preface

The application of counting techniques to industrial automation is now
a well-established fact. Their wider adoption has been made possible by
the development in recent years of high speed electronic counters em-
bodying transistorized circuits, with greatly increased reliability. Although
these counters are now relatively inexpensive, the provision of a numer-
ical display of the count, which is necessary in many applications, has
been difficult and costly.

The 50-seriesrange of counting modules solves this problem immediately
by having as its basic module a decade counter with integral numerical
display.

The supporting modules in the range enable preset counting, logic oper-
ations, reversible counting and output drive functions to be added as
required. Careful attention to details such as pin layout and ease of
mounting has greatly simplified interwiring and installation.

A range of compatible input transducers is also available, and the
counter modules may be easilyintegrated with our 60-Series NORbit mod-
ules to enable design of more complex control systems.
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Reaction time measurement

This reaction timer measures physical reaction times, reflex times, operation times, etc.,
and is used by sportsmen as an aid to training (by courtesy of E's Bettendorf S.A.,
Brussels, Belgium ).



PART 1

General Design Philosophy







1 Characteristics
1.1 Physical Characteristics

Fig. 1-1 illustrates the three types of case in which the range is housed.
Type A comprises the counting/display modules, type B the auxiliary ones
and type C the preset switches.

1.1.1 PIN CONNECTIONS

The modules have pins mounted in one or two rows at the rear of the
case. The pins are suitable for soldered and “wire-wrap™ connections.
For “wire-wrap” details, please turn to se:tion 17.2.2.

1.1.2 MOUNTING

All three types of housing are designed to be installed from the rear of
the mounting panel, simple cutouts being required for types 4 and C.
These two modules have front fagades available in single and multiple
sizes up to a maximum of 6.

Fig. 1-2 shows the front facades of modules type 4 and C in a three-
decade/two-programme counter.

A mounting bar is available for type B. Mounting techniques, cutout
details etc. are fully covered in sections 17 and 19.

Fig. 1-1. The three case types.




1.2 Electrical Characteristics

1.2.1 COUNTING RATE

Uni-directional: 50 kHz maximum
Bi-directional: 12 kHz maximum

1.2.2 TEMPERATURE RANGE

Operating: —25°C to +70 °C
Storage: —40 °C to +85 °C

1.2.3 SurPLY VOLTAGE

Logic supply: single rail +24 V d.c. 109
Indicator tube supply single rail 4250 V d.c. +18%

Fig. 1-2. The front fagades of modules type A and C in a three-decade|two-programme
counter.



2 Functional Description
2.1 Display Modules

2.1.1 NUMERICAL INDICATOR COUNTER NIC50

This module is the basic uni-directional decade counter with direc)
display of characters 0-9 and decimal point.

Its output is in decimal form, and its symbol
is shown in Fig. 2-1 (Type A4 case).

|1 s v |
o R F_ Vp, DP
1 (Feeese)
NIC50
Q; Q, Q3 Q, 05 G G, Qg Qg Gy Fig. 2-1. NIC50 symbol.

[t o[ [8 [7 [1e]is 2021 [22
465A

2.1.2 REVERSIBLE INDICATOR COUNTER RIC50

This module is a bi-directional decade counter with direct display of
characters 0-9 and decimal point. Its output is in decimal form, and the
symbol is shown in Fig. 2-2 (Type A case).

|14 |s W |
2 R F Ve, DP
Bl RiCE0 L ——— |
Llcr "
@4 Q2 Q3 Q4 Qs Qs Q7 Qg Qg Qp Fig. 2-2. RIC50 symbol.

[11]10]9 e [7 [ [20]21]22

2.1.3 MEMORY INDICATOR DRIVER MID350

This module is used to store information from the decade counters
NICS50 and RIC50. Direct display of characters 0-9 and decimal point
is possible; decimal output is available for e.g. printer drive. Its symbol
is shown in Fig. 2-3 (Type A case).

|3 |« ]s]s s ulsfac
5 Lk I 1551 T T3,
—LS HV

woso [
Te

0102030Q,050507Q5 Qs Qo Fig. 2-3. MID50 symbol.
TriTio]s T8 [7 [1e]1s J2o]21]22 :

|@




2.1.4 SiGN INDICATOR DRIVER SID50

This module, whose symbol is shown in Fig. 2-4, gives direct display of
plus and minus characters. In addition the tube can be brought to the
dark condition. The characters X, Y, Z and ~ are also accessible (Type A4

case).

le

Ve,
o -
7

N X Y2 Fig. 2-4. SID50 symbol.

liz ]a ]B]c

2.2 Auxiliary and Logic Modules

2.2.1 TripLE NOR MobpuLE 3NORS50

This module carries a Buffer NOR stage (designed to decode the counter
module outputs) and a further two NOR circuits for additional logic, e.g.
a memory function. The symbols for the three functions contained in
this module are shown in Fig. 2-5 (Type B case).

9 |10
D D 18
oy 1 . 101 1
i Y a2 ] ol
— G; ‘ 1 o 10—
3 B oO—
-6 i 261 NORS0
] P
8
—% NORS50
e, |
13
— Gs 17
14 Q 1 }—
™ L
Fig. 2-5. 3 NORS50 symbol. ~~ | %% NORS0

10



2.2.2 QuabprUPLE NOR MobpuULE 4NORSI

Four NOR circuits identical to the logic NOR’s of the 3NORS0 module
are provided to enable further logic to be performed. Fig. 2-6 shows the
symbols for these functions (Type B case).

8 18

0 b o0~ =|* o, fO—

6y NORS! Ao NORS!

;z‘ i - S 1 _ Fig. 2-6. 4NORSI symbol.
s Gi Q4 07— _‘_:;_ G‘: a;jO—

216, NORST =62 NORS!

7252445.A

2.2.3 PULSE SHAPER - RESET MoDULE PSR50

This dual purpose module provides (a) a pulse-shaping function for
transducer inputs to the counter, and (b) a reset function for both
counter and logic reset. The symbol is shown in Fig. 2-7 (Type B case).

=z
Ps ofO=-
B
. fPsRs0
e
R O
10 4
Ol o Fig. 2-7. PSR50 symbol.

2.2.4 LampP-RELAY DRrIVER LRD50

This module whose symbol is shown in Fig. 2-8 is capable of driving d.c.
loads up to a maximum of 300 mA at 30 V (Type B case).

3

o V7

B

s, Q

10

1% Lroso
oV

|2

o

Fig. 2-8. LRD50 symbol.

11




2.2.5 PrRINTER DRrIVE MobpuLEs PDUS0OA aAxp PDUS0B

The modules PDUS5S0A and PDUSO0B, fed by the decimal output of the
NIC50, RIC50 counters or the memory unit MIDS0, operate as interface
stages to drive decimal input printers. The symbols are shown in Figs. 2-9
and 2-10 (Both type B case).

[1]2]2]s
Ty Is 15Ty,

|5 |18]19 | 20]21] 22
Islg I71gIg1p

—tL PDU50A

Q7 Q2Q3Q,0Q5Q6Q7Q3Q5Qp Fig. 2-9. PDUS50A.

1718 ]s [1o]n[r2]13]ialis |16

|18 ]s |10
C 5; Sy5

PDU50B

Lily Ls Ky Ky Fig. 2-10. PDUS50B.

|5|6I7|ﬁji

2.2.6 Power SurpLY MobpULE PSUS50

This module provides 24 V d.c. for the logic and +250 V d.c. for the
indicator tubes, sufficient to supply a typical 12-decade system. Mains
input can be 110, 220, 230 or 240 V, 45-65 Hz. The PSUS50 is shown in
the photograph of Fig. 2-11.

Fig. 2-11. PSUS0.
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2.2.7 DEcADE COUNTER AND Di1vIDER, DCD50

The DCDS50 provided for non-indicating counting applications contains
four separate flip-flops. By interconnecting the correct terminals ex-

ternally a divider of 2, 3, 4, 5, 6, 8, 9, 10, 12 or 16 can be made. The
symbol is shown in Fig. 2-12 (Type B case).

L 1 | 1
Tao Sa S Sc¢ Sp T¢

T L
b2 DCD50 Cs B

y T

177 K
Ta1 QaQaQsQQcQcQpQp Ta2
L O L T T

2542561

Fig. 2-12. DCDS50 symbol.

2.3 The Switch Unit

The switch unit in the 50-Series is a ten-position thumbwheel switch,
type 10P1C, termed the Switch Unit, SU50. It is used to obtain variable
preset outputs from the counter units. Any similar, good quality,
10-position switch may be used for this purpose. The SUS0 has the type C
housing. Its symbol is shown in Fig. 2-13.

S

‘ Fig. 2-13. SU50 symbol.
SUB0  7zs24u2a
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2.4 Accessories

2.4.1 THE EmMpPTY CASE AssemBLY, ECAS0

The ECAS0 contains an unwired general purpose printed wiring board
(see Fig. 2-14) to enable the user to make non-standard circuits and to

encase discrete components (Type B case).

‘)4—1‘—1“8——‘ 72529554

1 Pody: °
ot 4e .
‘ o0 8%, >
= .
w oo .
~3 o
el OG °
5509 §Socos 350 ©
o5& oo L)
case printed -wiring board rear bar

Fig. 2-14. ECA50. Dimensions are in mm.
2.4.2 OTHER ACCESSORIES

Front fagades, mounting bar, drawing sticker symbols. and flexible
prints are also available (see Section 19).
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3 Drawing Symbols

Drawing symbols for 50-series modules appear in two forms: the “sticker™
symbols, and schematic symbols.

3.1 Sticker Symbols

The sticker symbols are printed on self-adhesive, transparent material,
intended as an aid for the circuit designer in preparing detailed diagrams.
They are available in sheets, each sticker being detachable from the sheet
without cutting (see section 19.2).

3.2 Schematic Symbols

Due to space limitations, the diagrams given in this book have been
made using “schematic” symbols. These are smaller and simpler than
the sticker symbols described above and contain no terminal numbers.
Only a few of the schematic symbols contain terminal letter symbols.
Schematic symbols are not available for general use.

Fig. 3-1 compares the two types of symbols (see next page).
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Fig. 3-1. Schematic symbols compared with sticker symbols.
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4 The 50-Series Design Philosophy

A brief guide is given here to general principles of design, discussing the
basic functions of counting, counting/logic interface, the logic, the out-
put, and finally reset and input principles.

4.1 Counting

The 50-Series has been built up around two modular decade counters,
the NIC50 (uni-directional) and the RICS50 (bi-directional). Each
contains a ring counter using silicon controlled switches (SCS’s) driving
directly a built-in indicator tube. They have decimal output, all ten digits
being accessible for driving subsequent circuitry. The active digit (the
one being displayed) has a Low output voltage level, i.e. close to 0 V., the
other nine digits remaining at HIGH level (a positive voltage). These two
levels Low and HIGH are often represented by L and H. Although the
50-Series has been designed primarily for systems using up to 6 decades
and 6 programmes, larger systems can easily be made, as explained in
Part 2 of this book.

4.2 Interfacing with the Logic

Use of SCS’s means that the counter output signals must be adjusted to
normal logic levels. This is achieved by using a “Buffer NorR™ function
(one part of the 3NORSO0 logic module) as interface. This function must
always be interposed between counters and logic. The Buffer NOR
performs exactly the same logic function as the normal NOR.

4.3 The Logic System

Logic operations can now be carried out with NOR functions. There are
four separate functions in the 4ANORS5]1 module, and two (besides the
Buffer NOR in the 3NORS0. The basic logic operations are NOT, AND, OR,
and Memory, and all these can be made with various NOR connections,
as shown in Figs. 4-1 to 4-4.
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Fig. 4-1. “NOT" operation.

NORS1

o >
llll IllJ

i

IO-a
NORS1 NORS1

C—_ 1

I norst

Fig. 4-2. “AND" operation.

" lo-a

NORS51

(=]
l¢|
LIl

~{ Nors1

Fig. 4-3. “OR” operation.

1 ==

5 1 ! oLow
—{NOR50 ’——NORSO

B

Fig. 4-4. Memory function.

The Nor function operates as follows. If one or more inputs are made
HIGH, the output becomes Low. The fact that the NOR output is LOW can
be seen from the symbol for the NOR: a small circle or “state indicator”
at the output. (Note that several of the other module symbols also have
state indicators; the same rule regarding L or H level applies). Fig. 4-5
shows the state indicator on the NOR symbol; Table 4-1 shows the result
of various combinations of input signal levels.

state
/ indicator
1
O
NORS1 .

Fig. 4-5. State indicator.




Table 4-1. Truth Table for NOR Function.

inputs output

Q

>
w
0O
O

op s o loln ool gllol ailsof =8 ol sl =)
ol o< ool Sl o ieofffa ol ol e« e sl ol el c o« o
CFCCCIEICICCCCITIENT
onll o O N B il Gl i offf s s asiflas{fiasifas i
DEPPRE P PR RR

As may be seen from the above, the only input combination for which
the NOR output is at H level is when «// inputs are at L level.

4.4 Output Drive

An output module, the LRD350, is available for driving lamps and/or
relays. It operates as a NOR function, but has an output capability of
300 mA at 30 V.

4.5 Input Requirements

Many types of transducers are available for the purpose of providing
input signals for the system. The signals must however conform to the
input requirements of the counters, and for this purpose a pulse-shaper
circuit is provided.

The module housing the pulse-shaper also contains a reset circuit
delivering two output signals, an L level resetting the counters to zero
and an H level resetting the memories in the logic to the original state.
The module is termed the PSR50.
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4.6 Additional Modules

Other modules available in the series are:

|

|

the memory indicator driver, MIDS50;

the sign indicator driver, SID50;

the 10-position thumbwheel switch, SU50 (type 10P1C);
the power supply unit, PSU50;

the decade counter and divider, DCDS50;

printer drivers PDUS0OA and PDUS0B.

21



Weighing Wagons in Motion

The installation shown was designeda by W. & T. Avery, Birmingham, England, to measure
and record the weights of railway wagons passing a certain point. As loaded trains run
over the incoming weigh-bridges the individual wagon gross weights are stored in delay-
line stores. The system can store the wagon weights of three complete trains each com-
prising 40 wagons. Gross, tare and net weights are printed out, printing being synchron-
ized by a simple rotor in conjunction with a vane-switched oscillator.
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PART 11

Counting Circuits







5 Unidirectional Counting with the NIC50

Fig. 5-1 shows the circuit diagram for a simple three-decade, uni-

directional counter. Note the following points:

— The input pulses are applied to the pulse shaper section of the PSR50
module; maximum value of R is 39 k(. The PSR50 must be used to
obtain pulses of the correct form for the NIC50 module. Input
transducers are discussed fully in Chapter 12. Fig. 5-2 shows the timing
requirements of the pulse-shaper signals; Table 5-1 gives the input data.

units tens

hundreds

ov I
1 | L | |

L

1 [__Az 3 R F OP R F DP

1
TTTTTrrTT

; R -
gt g P arfo T Nicso NIC50
I—PSR50— [y Qo Qg======- Q)
reset g R QriO—— TTTTTITTT TTTTTTTTT

Q-

Fig. 5-1. Three decade uni-directional counter.

17v

5V

0.5V
7254310

tr

72526251

Fig. 5-2. Timing requirements of the pulse-shaper input signals for the counter of Fig. 5-1.
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Table 5-1. Input Data for the PSR50.

high level low level ‘ limiting values
(operating) (operating) i Mg valk
Vs 4.0 V min. +1.36 V max. + 7.0 V max.
| | —2.0 V min.
Iy 0.06 mA max. 16 mA max.

— The carry pulse from one decade to the next is taken directly from
pin 22, i.e. output Q.

— Resetting is carried out by feeding a positive signal to input 7 of the
PSR50 module. Output terminal Qp will reset up to 6 decades. Due
to the special nature of the reset pulse required for the NIC50 modules,
a PSR module must always be used for resetting.

— Pure counting systems will work satisfactorily up to 50 kHz, the
number of cascaded decades being of no consequence.

Table 5-2 is a Truth Table for the NIC50 outputs. Only the output
corresponding to the count is at “0” level; all other nine outputs remain
at “1” level.

Table 5-2. Truth Table for the NIC50.

o Outputs

Q, Q: Q3 Qi Qs Qs Q7 Q Qo Qo
| 0 1 1 1 1 1 1 1 1 1
2 1 0 | 1 1 1 1 1 1 1
3 1 1 0 1 1 1 1 1 1 1
4 1 1 1 0 1 1 1 1 1 1
5 1 | 1 1 0 | 1 1 1 |
6 | 1 1 1 1 0 1 1 1 1
7 1 1 1 1 1 1 0 1 1 1
8 1 1 1 1 1 1 1 0 1 1
9 1 1 1 1 1 1 1 1 0 1
0 1 1 1 1 1 1 1 1 1 0
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5.1 Counting with Pre-determined Outputs

5.1.1 FixeD PRE-DETERMINED OQUTPUTS

A Single Fixed Output

Fig. 5-3 shows the circuit for obtaining an output pulse at a single
fixed count from a three-decade system. At this count (in this case 730)
the three inputs to the Buffer NoR are all <“0” and its output will change
from <0 to “1”. This signal change can be made to activate further
circuitry. Unused Buffer NOR inputs may be left floating.

units tens hundreds
Ll T
input R F DP R F DP R F OP
NIC50 T Nicso T Nicso
Q-==-=--- Qo Q-====== Qg Qp----=--- Qqf
TTTTTTTT TTTTTTTTY TTTTTTTTTT
0 3 7
1 output goes
1 s 0/1 at count
12 3 729 730 73 —{NORs0 sh130
L I W Y e Y
nput 72526271
sifot 1 Fig. 5-3. Obtaining a pulse

at a single fixed count.

Multiple Outputs

Further fixed outputs may be added as shown in Fig. 5-4. Note that each
counter output can drive up to six Buffer NOR inputs.

units tens hundreds
Ll [ L1
R F DP R F DP R F DP
input — T
P T Nicso NICS0 T Nicso
Qj==os=ad Qo) Qe ==s==s Qo e Qg
TTTTTT7T TTTTTTTT T"[II
1 0 3 9 2| [7]s
1
q68 output 1
=INORS0 730
1
1 a
48 output 2
NORS0 631
=1 i
= 8 output 3
5 o o s NORsQ 991
Fig. 5-4. Obtaining pulses at three fixed counts. 72526201
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5.1.2 VARIABLE PRESET OUTPUTS

A Single Preset Output
Fig. 5-5 shows how the SUS0 unit is used to select the particular counter
output required to be fed into the Buffer NOR.

units tens hundreds

| | | Y (S | ; B I |
R F DP

NIC50

SUSO SU50

[
1 output Qy=1
B for count
' 2 3 WS %6 w7 8 Norso 168 ey
input m -Ll—u—Ll_U_ 7252629,
output 1

Fig. 5-5. Single preset output with SU50.

Multiple Preset Outputs

Further outputs may be added as shown in Fig. 5-6. Note that a maximum
of six preset outputs can be obtained from each counter. The timing dia-
gram is given in Fig. 5-7.

5.2 Using the Pre-determined Outputs

Having obtained an output from the Buffer NOR at the desired count,
further circuitry must be added to perform the output functions required.

5.2.1 DirecTt OuTPUT DRIVE

Fig. 5-8 shows how the Buffer NOR output drives the LRD50 module
which is then used to drive a lamp or relay. The LRD50 module switches
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Q------- Qy
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Fig. 5-6. Obtaining two preset counts.

input | | | | | I | | | | |
output 1 |
output 2

ov +20V£25%0
{
s ol d >
] S g N
— LRD50
—{NORS0 { relay
ov 72526121 +24V125%

Fig. 5-8. Direct drive of lamp or relay with LRDS50.




the load on when its input is <“1”°, and hence the load is energized for the
duration of the chosen count. Note the following points when using the

LRDS50:

— When driving a lamp load, series- and bleed resistors (whose value
can be obtained from Table 5-3) must be provided to protect the output
transistor against current surge; Ry should have a rating or 3 W and
R, arating of 1 W. Lamp supply should be 24 V. [, in the Table is

normal lamp current.

Table 5-3. Values of R, and Ry for various lamp currents.

IL(mA) _ R.()  Rp(Q)

50 >0 < o
75 >47 < o
100 >33 < ©
150 >22 < ©
200 =15 <330
250 =12 <270
300 >10 <220

— Vp, must be connected to the LoaD supply. This may be the same
+-24 'V logic supply to the counters, or it can be a separate + 24 V
-+ 259 supply of suitable current rating. The latter is recommended, as
switching transients are then separated from the logic supplies. The
necessary connections for this supply are discussed in section 17.2.3.
In either case pin 2, i.e. 0 V should be returned separately to the system
central earth point and not commoned with other 0 V connections.
It must be realized that the LRDS50 supply connections differ from the
normal arrangement:

Pin 1: NOT PROVIDED
Pin 2: 0 volt
Pin 3: +24 volt.
— A “1” on any one or more inputs of the LRDS50 energizes the load.

5.2.2 OuTPUT DRIVE VIA INTERMEDIATE LcGIiC
In many cases the output action required takes longer than the duration
of a count period. It is then necessary to use a memory circuit to re-
member that the count has been reached.

Fig. 5-9 shows a memory circuit which is set by the Buffer NOR output
going “0/1” when the count is reached. The LRD50 module is switched
on by the memory output, energizing the load.
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= O——] o ov
{_ B et —INorso r2526301
—{NOR50

Fig. 5-9. Lamp drive with retention of output (manual reset).

5.2.3 RESETTING

Resetting of the memory may be effected from various sources. A ““0/1”
signal is required into NOR X, either manually generated via PSR350
module as shown above, or typically from a second pre-determined
count as in Fig. 5-10.

+24V

1

31
pre-set ] B 1X 1
count 2 ] reset 3

—{NOR50 NORSO

72526140
ov
1 1Y

pre-set 6 l —
count1 o B set — NORS50

—~{NORS50 I_

Fig. 5-10. Lamp drive with retention of output (automatic reset).

5.2.4 A TyPiCAL EXAMPLE

A typical 3-decade, 3-programme scheme is shown in Fig. 5-11. Oper-
ation is as follows. At the 104th count all inputs to Buffer NOR W in
programme ““1”” become ““0”” and memory 1 is set causing lamp 1 to glow.
Note that this memory can be set because memory 2 is still in its reset
position supplying a <0” signal to the upper NOR of memory 1. On the
count of 256, Buffer NOR X output in programme 2 becomes a ,,17, thus
setting memory 2 and causing lamp 2 to glow. However, memory 2
output (LRDS50 input) is now also used to reset memory I, thus extin-
guishing lamp 1. Similarly lamp 3 lights and lamp 2 is extinguished at
the count of 820. At the 1000th pulse, i.e. Q, outputs of the three
NIC50 modules at ,,0””, Buffer NOR Z output becomes ““1°° causing memo-
ry 3 to reset and lamp 3 to extinguish.
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Fig. 5-11. Three-decade, three-programme scheme. Each lamp is extinguished when
following lamp lights.

5.3 Sequentual Programme Selection

Many applications require sequential opening of decade gates to allow
output programmes to operate in a definite order. The NIC50 or SU50
may be used for this function as shown in the following sections.

5.3.1 SELECcTION WITH NIC50

Fig. 5-12 gives a scheme for sequential programme selection using
the NIC50.

5.3.2 SELECTION WITH SUS50

The circuit of Fig. 5-13 gives a scheme in which the SU50 switch may
be used to select a particular programme whilst inhibiting all others.
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Fig. 5-12. Sequential programme selection using the NIC50.
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Fig. 5-13. Programme selection using the SUS50.

33




5.4 Variable Scaling

It is sometimes necessary to count to a scale other than 10, e.g. 24 for
time indication (number of hours per day). The circuit of Fig. 5-14 shows
how this may be achieved.

input

3 d 0
+24V ;’ R QrjO- TT TTTT I\LHHHI
QLf—

output
1
=

LLLl

NORS0 NORS0

7252637.1

Fig. 5-14. Counting to a scale other than 10.

5.5 Decimal Point Indication

The NIC50 module is provided with decimal point indication which appears
on the left of the numerals. It is illuminated by connecting DP (pin 17)
to 0 V via a switch contact and series resistor of 1 kQ (see Fig. 5-15a) or
as shown in Fig. 5-15b. Variable selection of the decimal point can be
achieved by using the SU50 for example, or by using the logic as des-
cribed in section 13.10.

— e o9
w
53
cs
5
g
2
]
[sed
(%
{ ’S
g
Z
-
5
=
f=]

1kQ
BZY88-C3V3
oV 72zsesse
72528021

Fig. 5-15. Two methods of illuminating the Decimal Point indication. Fig. 5-15a uses a
switch contact, and Fig. 5-15b a logic module drive.
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6 Bi-Directional Counting with the RIC50

The RIC50 module has two trigger inputs, 7y and T, which are driven by
output Q of the PSR50 module. 7} is the forward or adding input, and Tx
the reverse or subtracting input. In addition to these, two control
inputs, Cr and Cpg, are provided which control the trigger inputs and
counting direction. A “0” signal on a control input allows its associated
trigger input to function, whilst a “1” signal inhibits it. A “0” signal
must not be applied to both C terminals at the same time, whilst trigger
pulses are being applied.

Add and subtract outputs from one decade to the next are taken
from Q, and Q, respectively.

System Operating Speed. The minimum time between input pulses
is specified as 85 us, giving a maximum operating speed of 12 kHz.
This means that the intentional delay of the Buffer NOR and the propag-
ation time through the counting system does not affect the speed of the
system, which is 12 kHz maximum whether using preset outputs or not.

6.1 Various Methods of Controlling Counting Direction

6.1.1 CONTROL WITH A SINGLE INPUT AND A SWITCH

Fig. 6-1 depicts a counting system with a single input to both 7 and Tk.

A Z L Il 1 1 L o 1
- o CFR F DP CFR F DP
input g fo o __t T: T
t—-PSR50—] T RIC50 T RIC50
17 & odo- Cr Cr
o P b L - Qo Qy=------ Qo
L TTTTTTTT TTTTTTITTT

forwara,  Creverse . T T
72532012

ov

Fig. 6-1. Bi-directional counting - single input switched control.
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The counting direction is determined by the position of the control

switch. Note the following points:

— The control input which is open circuit is inhibited, i.e. an open-
circuit condition inhibits in a similar manner to a “1” signal.

— During the operating time of the switch both control inputs are open
circuit and thus both trigger inputs are inhibited. It is therefore
important that count pulses are not fed to the PSR50 during this
period.

— A control input recovery time of 100 us must be allowed after each
switching action.

6.1.2 CONTROL WITH SEPARATE INPUTS AND A SWITCH

Fig. 6-2 shows a counting system with separate forward and reverse
inputs, control of counting direction again being effected by a switch.
Points (a), (b) and (c) above apply to this circuit also.

Il
forward A Z

input Ps arfO—

8
PRS0 | ———————————————————————— — — — — —
1T D L1 L 1|
5O [¢ Q': CFR F DP CFR F DP
T T
Tz RIC50 Ts RIC50
% Cr Cr
reverse | 5 Qp------- Qg Qy------- Qg
mput | Ps arjO— TTTT TTTTTITTTT
I PSR50—
T

QrjO— o—* =i e e
50, [ B QT— forwurd{ reverse ——

ov

Fig. 6-2. Bi-directional counting — separate inputs, switched control.

6.1.3 ConTROL BY LoGIC

The circuits of Figs. 6-3 and 6-4 show how the control inputs may be
driven either by LRDS50 modules or NOR units with three inputs in parallel.
The LRD50 is capable of driving a maximum of six Cp or Cy terminals,
whilst the NOR output is limited to a maximum of two. The circuit of
Fig. 6-5 may also be used.
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Fig. 6-3. Bi-directional counting with logic input control, using LRD50 modules.
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NOR51 | |
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-
—{ Tz RIC50
Cr
1 —_—— -
NORS51 max. 2 off Cg

7253187.2

Fig. 6-4. Bi-directional counting with logic input control, using NOR units.

input
(3D.U)
1" -forward

TINORS0

"0"-reverse

il

NOR50

NORS0

ov

max. 6 Cr

BC177

ov

7258655

Fig. 6-5. Bi-directional counting with logic input control, using NOR units and transistor

drivers.
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Up to four decades may be controlled by NOR units with the circuit
of Fig. 6-6. The control circuits so far considered require a steady “0”
or “17 level at the input in order to hold a particular counting direction.
Figs. 6-7 and 6-8 show how the control lines may be driven from memory
circuits which will hold a particular direction until set or re-set by a
suitable positive-going pulse.

6.2 Counting with Pre-determined Outputs

The output of the RIC50 module isin 10-wire decimal form, and is identical
in every respect to the NIC50 module. Its truth table is given in table 6-1,
which shows that all outputs are “1” with the exception of the one at
which the count is standing.

Pre-determined outputs may be obtained from RIC50 modules in an
identical manner to that described in section 5.1 for the NIC50.

Resetting procedures for the RIC50 module are identical to those
for the NIC50 as described in section 5.2.3.

Decimal print drive is covered in section 5.5.4.

+24V

L7k

O— max. 20ff Cg

NORS51

input
2DU. " —{NORS1

{O— max. 20ff C¢

—{ NOR51

{O— max. 20ff Cg

NOR51

—{ NOR51

max. 2 off Cg

—{ NORS1

72531881

Fig. 6-6. Control of four decades. The input, requiring 9 DU, must be driven by a NOR51
with two paralleled inputs.

set by 0/1 I:

1
NORS1

reveres max. 6 off C¢

L1

—] LRD50

reset by0/1 - 1 — [> IO— max. 6 of f Cg

forward NORS1 ~] LRD50

Fig. 6-7. Use of a memory circuit to hold a control line level. Driving capability is 6
decades.
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Table 6-1. Truth Table for the RIC50.

outputs
count
Q0 Q Q Q Q5 Q Q Qs Q Q
1 0 1 1 1 1 1 1 1 1 1
2 1 0 1 1 1 1 1 1 1 1
3 1 1 0 1 1 1 1 1 1 1
4 1 1 1 0 1 1 1 1 1 1
5 1 1 1 1 0 1 1 1 1 1
6 1 1 1 1 1 0 1 1 1 1
7 1 | 1 1 1 1 0 1 1 1
8 1 1 1 1 1 1 1 0 1 1
9 1 1 1 1 1 1 1 1 0* 1,
0 1 1 1 1 1 1 1 1 11 O
Trigger signals are: ** forward; * reverse.

set by 0/1 1 E 1 — "

i W RS I

resetbyosr o 1 l T O— max 20ff Cg

forward [ NORS1 NORs1

Fig. 6-8. Similar circuit to Fig. 6-7, but with a driving capability of 2 decades.

6.3 Special Requirements of Input Signal Relationships

It is often required that the control inputs Cr and C, of the RIC 50 be
activated by signals of pulse form. In those cases the timing relationships
between the control and trigger signals drawn in Fig. 6-9 must be fol-
lowed for proper operation of the RIC50.

Cr |

Cr

wo | L] LI L
L 100us | ans L. L 100ps | bys Lﬂ'-us:l
7258758

min. min. min.  min.
85ps
min.

Fig. 6-9. Timing relationships.
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7 Sign Indication with the SID50

The SID50 module primarily displays plus and minus signs, provision
also being made for a dark condition. This latter condition is obtained
whenever + and — inputs are at the same logic level. With complemen-
tary signals applied, the sign which has a “1” level at its input will be
illuminated.

7.1 Driving the + and — Sings

7.1.1 SWITCHED INPUTS DRIVE
Fig. 7-1 shows how a three-position switch selects the desired state.

lus
+24V 2

+
O—dark SID50

minus ~ X Y Z
T T
72531781

Fig. 7-1. Switch control.

7.1.2 LogGic DRIVE

Fig. 7-2 shows a single-input control circuit giving, plus for a “1” input
and minus for “0” input. Dark position is not available with this circuit.
Input requirement is 2 D.U.

Fig. 7-3 shows a memory drive circuit which gives plus indication with
the memory set, and minus when reset. If set and reset signals are applied
at the same time a dark position can be achieved. Care must be taken
that these signals are not removed simultaneously as the memory state
would then become indeterminate.

Alternative two-signal input control circuits are shown in Figs. 7-4
and 7-5. All three tube conditions are given in accordance with the

truth tables shown.

40



input

(2DU)
"1" - plus
0=plus "o t SID50
Jnorso s 5 Vi
T T

72831721

Fig. 7-2. Single-input control.

set by 0/1 1
plus sign

—| NORS1

SIDS0

resetbyo/t o 1
minus sign

oy X Y Z
I [ |

72531924

Fig. 7-3. Two-input control with memory.

{Truth Table) Tube conditions.

(200)
A B ‘ sign A
input 4 +
m IO |_ sipso
1 1 plus B oo | NORS1 BT
0 1 ‘ dark SRR
0 0 minus G
1 0 plus Fig. 7-4. Two-input control.
\
(Truth Table) Tube conditions.
A B \ sign sa— "
—— T sipso
0 ‘ 0 { plus X+
1 | o0 minus 1
0 ‘ 1 dark 8 norso
| | dark

| Fig. 7-5. An alternative two-input control.
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7.2 Sign Indication and Counting Direction Control

The circuit of Fig. 7-6, besides driving the appropriate sign on the SID50
module, produces the control signals Cr and Cy for the RIC50 module.
Consider the series of numbers:

+003, 4002, +001, +000, —001, —002, —003, .

It is obvious that despite the fact that one digit is subtracted every
time, the RIC50 must operate firstly in the reverse direction to -+000,
then in the forward direction. In Fig. 7-6, it is assumed that a signal 4 is
available to indicate whether subtraction or addition is to take place
(A4 = «“0” for subtraction, 4 = “1” for addition), and that a second
signal P is also available to indicate sign (P = “1” for -+, P = 0" for—).

The disadvantage of this arrangement is that the zero indication on
the RICS50 is always accompanied by a -+ or — sign on the SID50, i.e.
-+000 or —000. To obtain an “un-signed” zero. thatis with the SID50 dark
when the RICS50 displays 000, the circuit of Fig. 7-7 must be added to
produce the input signals 4 and P.

1 O_J_: 1 [ 1 E o B
a = 0— @
A—Ij NOR51 NOR51 NORS51 ~] LRDS50
i > lo—
- CR
NORS1 LRD50
7258756
PT
m (I i SIDS0
~ NoRst ~NX Y Z

LR

Fig. 7-6. Sign indication and counting direction control.

A
5 L
B

o1 q 1 i < P
—{NORS0 NORS1 NORS1

number
“zero"

ISR

NORS0

=1E 1 o

‘— NORS51 E NOR51

& 7258757

A

Fig. 7-7. Obtaining an “un-signed™ zero in conjunction with the circuit of Fig. 7-6.
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7.3 A Typical Example

As an example, a complete scheme for bi-directional counting with the
RIC50, incorporating both the previous circuits (Figs 7-6 and 7-7) is
given in Fig. 7-8.

m
i
v
9

A _T: NORS1 T NoRs1 — NORS1 LRDS50
T : S
~ NoRs1 : | RD50
q 1 1 = l——
— NoRs1 NORSH O3 NORS1
1 1 1 1 i sID50

NORS1 NORS1 I Norst ~X Y Z
T T T 1

[ [ 1
C-R F DP CrR _F DP CrR F DP

i Ps arfOr Te
input B
RIC50
—PSR50 — ZR Ricso
L Jp— O R
reset R GRrIO- Gy~ oo Qel |1l |Qim—mmeme=Qyl ||| [T Qo
e ]
QL
\_PH_—output \—-\-00—-.——0utput \——~-00-—.-—0utput
N\ IN—] 4 N
o ) N ' N=1
N ! N = [l
N N ]! N !
N : N : N :
Ny N P N Y]
o —Ho 10
SUS0 SUS0 SUSO |, ees

Fig. 7-8. Complete scheme for bi-directional counting with the RIC50.
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7.4 Driving the X, Y, Z and ~ Signs in the SID50

The characters X, Y, Z and ~ are also accessible and can be driven with

the external circuitry shown in Fig. 7-9.

These characters are illuminated by connecting the corresponding
terminal to 0 V, via a switch contact and series resistor of 1 k() (see
Fig. 7-10). The resistor and switch should be connected as close to each

other as possible.

to SIDS0 inputs

X b/

Z

Q

Q

Vo,

R2
5.6k

R1
€

1

input — 4 18k N

T Norst

-—
1,=0.6mA

Fig. 7-9. Drive circuitry for the SID50. One input of the NORS5I must always be left

floating.

X.Y.Z orn,

7

RSINSTILO]

[

R1

Fig. 7-10. X, Y, Z and ~ sign illumination.
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8 Resetting the System with the PSR50
8.1 General

Sophisticated systems can require automatic resetting at a certain count
or inhibit of the reset signal during some part of the cycle. The manner
in which these functions can be achieved will be more easily understood
by considering the resetting action of the PSR50 module in detail.

There are two inputs, 7 and G, and two outputs Qr and Q,. Output
Qg resets the NICS50 modules, output Q, the logic memories.

The 7 input is the normal reset input, whilst G is intended to be used
as a gate or inhibit input. The waveforms in Fig. 8-1 illustrate their
operation.

It will be seen in part 4 that reset pulses are produced by a “0/1”
change on T whilst G is at “0” or floating. Whilst G is at ““1” input pulses
on T have no effect, i.e. 7 is being inhibited.

S—

[ I
r floating

i U u

[ [Tl

partA

Q.

—
Sl
1

5 | | L
S L LIL
o 1l i
N | M

part B

Fig. 8-1. PSR50 input/output relationships.
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Part B shows that reset pulses are also produced by a ““1/0” change on G
whilst Tis at <17, but pulses on G have no effect when 7'is at <0’’. Thus
unless these latter effects are specifically required, it is important that
the signal on G should only be changed from “1” to 0’ whilst 7 is at
“0”, in order to avoid spurious reset pulses.

Note that the resetting procedures for all the counters are the same.

8.2 Normal Resetting

8.2.1 MANUAL RESETTING

Fig. 8-2 shows a simple arrangement by which indicator modules can be
reset with a push-button via the PSR50.

z [, [ Ly

:QPSQT R F DP R _F DP R F DP

T
T PSRS0 T icso NIC50 T Nieso
+auy T R ar Qy====w=s Qg Qy------- Qg Qy=---=---~ Qg
Ol " T TTTTTTTT TTTTTTTTT TTTTTTTTTT

72526301

18nF

Fig. 8-2. Manual resetting with PSRS50.

8.2.2 RESETTING AT A PRE-DETERMINED COUNT

In order to ensure reliable resetting the circuit of Fig. 8-3a can be used.

At the preset count the Buffer NOrR output will change from <0 to “1”
thus producing a *1” signal at 7" of the PSR50. This, besides providing a
counter reset pulse from Qp, also feeds a “1”’ signal from Q, into NOR X,
thereby holding the 1" signal at 7 for a sufficient duration to ensure
reliable counter resetting.

Fig. 8-3h and Fig. 8-3c¢ show other methods for resetting at a pre-
determined period.

Where it is required to reset the counters at different periods, the prin-
ciple used in the circuit of Fig. 8-4 can be used. This is useful in clock
circuits for example, where the hours could be reset at 23, and the minutes
at 59. When the hours were on a period other than 23, an inhibit would
be applied.
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input Z
B T
—PSR50—
T switches
Ols R Qg
QL
- =
L q 1 —{NoRrso
d s (a)
norso =Rk
NORS0
72526324
1
input A Z
8 PS Qr counter
—PSR50 —
:LT switches
6 R Qg
QL
=1
= [ 1 ()
g —|NoRrso
—{NORS0
7258658
input
|
1
8 (o)
C NORS0

7258659

Fig. 8-3a, b, c. Three methods of resetting with PSR50 module.

. 4
nput —
e A ps arfO-
—~PSR50=—
17 R adO reset1
2O [
QL
1 1 IO—reset 2
3 NORS50| ~ (2R terminals
[— NORS0 maximum
inhibit 7288550
reset

Fig. 8-4. Resetting at different periods.
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8.3 Resetting from the Mains

8.3.1 RESETTING AT MAINS SWITCH-ON

When the mains supply is connected, a switch-on reset must be provided
to reset both counters and memories; otherwise, random conditions
could occur. The circuits of Figs 8-5 and 8-6 show a way to obtain this

resetting action.

| u2

426V I
s Al ™ arfo-
1to BZY88-C4V7 ¥
T 2pF Uia Uib —PSR50—
@ 1 1 TR QglO— counter reset
 H 0O—O)¢

QL}—— logic reset (4D.U.)
- NOR51 NORS51

ov

Fig. 8-5. Automatic counter reset at switching on.

+2LV L s
z
co=lto  BzvEs-cuv7 14 #s ardO-
T 2.2F Ut U2 U3 s
e = ' ! T s
| T
4 NORS1 NORS1 NORSH| T —Ofe R GRIO—Teset
220 2
i . BAXTS L » logic reset
logic reset N (4D.U.)
(50U.)

ov

Fig. 8-6. Automatic counter and logic reset at switching on.

In Fig. 8-6, initially capacitor C is discharged and NOR U, output is “17,
NOR U, outputis0” and NOR U; outputis“1”’. When the supply is connect-
ed, a*“1”pulseis fed by the capacitor to NOrR U; producing a“0”’to“1’change
from NOR U, which resets logic memories. When the capacitor is fully
charged NOR U, output reverts to “0” and Nor Uj output changes from
‘07 to ““1”” thus producing a counter reset pulse from the PSR 50 module U,.

A circuit for resetting at mains switch-on of 20 NOR functions is
shown in Fig. 8-7.

8.3.2 MAINS SWITCH-ON RESETTING AND MANUAL CONTROL

The circuit of Fig. 8-8 shows a mains switch-on reset circuit which can
also be manually operated.
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+2LV

2.7kQ

output
(20D.U.)

T T Fig. 8-7a, b, c. Resetting at mains switch-
ov on of 20 NOR functions.

26V ‘ :1sv

. Fig. 8-7b. Showing the timing relation-
o /| | ship between mains voltage and reset-

ting pulse.

10%

(ms) 7

103

102

N

1
107 1073 102 107 1 10 Cl(uF) 102

Fig. 8-7c. Showing the relationship between pulse duration “t”* and C.

4
24V q

0 _O- 1 z

s = A ps ar
TiE NORS0 g i
2k '|" BZY88-CLVT P

o-
L\ 1 T ® .Q oO—
¢ 1 0O—Ole R outputs
O E NORS0 QL f—o
L NORSO 7258755

BAX13

220k

OGN

oV

Fig. 8-8. Automatic or manual reset at switching on.
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9 Information Storage with the MIDS50

The MIDS50 module is a buffer memory which may be used to store in-
formation fed from either a NIC50 or RIC50 module or another MIDS50.
For this purpose it has ten inputs /,—/, which are directly connected to
the corresponding outputs Q,—Q, of the driving module. This connec-
tion does not alter the output capability of the driving module. (A maxi-
mum of six MID50 modules may be driven from each decade counter,
but the maximum wiring capacitance of 200 pF must not be exceeded.)

9.1 Transfer of Informations

Upon applying a suitable transfer pulse to input 7. from either output
QO or Qg of a PSR50 module the information in the driving module is
transferred to the MIDS0, where it remains steadily displayed. Fig. 9-1
illustrates the necessary interconnections.

The information is transferred by the positive-going edge of the trans-
fer signal to terminal 7 (see Fig. 9-2). It is therefore important that the
times ¢, and 7, between successive trigger pulses to the counter and the
transfer pulse are strictly adhered to in order to avoid malfunctioning
of the MIDS50.

It should be noted that the information stored in the MIDS50 is removed
when a zero level is applied to input terminal 7.

At the moment of application of the transfer pulse, the MIDS50
inputs must be at ““1”’ (HIGH) level, except the one at “0” level corresponding
to the illuminated digit. As the MIDS50 uses decimal input, a decoding
circuit must be used between the counter and the MIDS50 if the counter
operates on a binary code. A decoder circuit for the 1248 BCD to
decimal is given in section 13.5.

9.2 Printer Drive with the MID50

The decimal outputs of the MID50 module may be used for printer
drive as well as normal logic purposes. Further information on this
application will be found in Chapter 10.
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| | | 1 1 | 1 1 1

R F DP R F DP R F DP
4T —T —T max. 6 off
NIC50 NIC50 NIC50 NIC50 or
_____________________ RIC50
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Te Te —Te
Qq------- Q“I Qq------- Qq Q== Qg
TTTTTTTrTT TETTTTTTTT

! max. 6 off Tc

for L |
pulse | Z I 72532081
input 5 PS ario- |

L PSrRs0—| :

———]T
for R QrlO———
o —Ofe o
L

edge

Fig. 9-1. Transferring information to the MID50.

transfer

o

[e———ts ——jt2[* zsne

Fig. 9-2. Count and transfer signals t; = 12 + 7 (n—1) pus where n is the number of
decades; t, = 8 us minimuin; t3 = 15 ps minimum.

L1 L1 L1
R F DP R F DP R F DP
NIC50 T Nicso T Nicso
_______ Gy—mmmmny IR
min.15ps |11 77777 TR0 M TTTTT 0l [T
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=1 'c C c
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LT I
ERRERNERN l|||[||
S Io Ty====8=s TREERES
] 'S Mipso op|- #5 MID50 DP|- _;5 MIDSO DP|-
- i —1'¢c
) Q------- Q, Qq------- Q, Q------- Q
min.10ps »| I«
LT LT HHH
LTI NRRRRNNANI
Iy---=--- I, [P 1, [FEEE— I,
S wioso opf- |“° mipso opl- 1S mioso opl-
- T — T
25ps Qq------- Qo Q-=----- Qg QT EaEsa Qg
J[' =2 TTTTTTTT TTTTTTTTT TTTTTTTTTT
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72532181

Fig. 9-3. Shift register with MID50.

51




9.3 Shift Register Circuit

Fig. 9-3 shows how information from a counter system can be fed into a
shift register constructed from MIDS50 modules. Each shift signal
moves the stored information one place forward in the register. The
transfer pulses to the MIDS50 inputs must be staggered by 25 us in the
correct sequence as shown, for reliable operation.

9.4 Shift Pulse Circuit for MIDS50 Shift Register

A circuit which produces suitable shift pulses for triggering the MID50
is given in Fig. 9-4. Pulse times should not be shorter than those given.

Il Il
R F DP
NIC50
= [
3 [ Qp
—INORS0 TTTTTT
R
saey == 1 Y
20 | min.15ps
NORS0 ) A Z [~
3 6 — ps arfO— 1=
= 39k B !
GD BAX13 NORS0 PSRS0
o
R Qg
Oe Q
ov
15 ov BAX13 GD |
kQ < min.10ps
Ll = z |
5 s oo :Ba—;:_ Ps arlO— "1
—PSR50— i 3%k —psrs0—]
T =T
R QrlO— s R WwIO-
= R - -
ov
1 é r—minJOus
1 1 A
1l & B ps arlO— ”
] 39k0 o
NORS50 Ll
-7
-Ole R IO~
af-
=i
=] M
= -]
NORS0
72532171

Fig. 9-4. Circuit for obtaining transfer pulses.

52



9.5 Adaptation of the MID50 to Other Systems

The MID50 module can easily be adapted to other logic systems using
different logic levels. If such non-standard logic levels, derived from
other than the RIC50 or NIC50 modules are fed to the inputs I,—I, of
the MID50, the adaptation can easily be made by connecting a suitable
resistor R between LS and Vp and a voltage regulating diode D between
LS and 0 V. The MID50 power supply must of course remain at +24 V
(Vp). Fig. 9-5 shows the arrangement, and table 9-1 gives suitable R
values and D types for systems with logic supplies of 12 V or 6 V.

Table 9-1.

logic level logic supply i D [ R

minimum logic “1” =54V 12V BZY88-C5V1 1.2kQ 025 W

maximum logic “0” < 1.4V

minimum logic “1” = 3.6V 6V BZY88—-C3V3 1 1.5kQ0.25 W
maximum logic “0” < 0.5V

+24V

7 72531751

Fig. 9-5. Connection of LS to obtain level shift.
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10 Printer Drive with the PDUS0A and PDUS0B

10.1 General Considerations

The numerical information contained by an electronic counter is often
required to be printed out on demand, thus giving a permanent record
of the magnitude of the measured quantity at that instant.

A printer drive system for any decimal printer can be simply construct-
ed using the PDUS0A and PDUS30B modules. These modules are suitable
for use with either uni-directional counters (NIC50) or bi-directional
counters (RIC50), normally in conjunction with the appropriate buffer
memories (MID30). A typical printer drive system employing three
decades is described.

Each decade must be accompanied by a PDUS0OA module (Fig. 10-1).
If from four to six decades are employed, two PDUS0B modules are
required (Fig. 10-2).

The printing mechanism operates by the action of one of ten relay-
activated arms, each carrying a digit (0-9). This action is followed by
movement of the paper carriage.

In order to print out a number contained by the counter, signals
corresponding to the digits of that number must be present at the input
terminals of the printer drive modules. The signals are usually transmitted
via buffer memories since the actual printing operation can take up to
100 ms per digit, during which time the number held by the counter
could change its value. If, however, the counting frequency is suffi-
ciently low or if the counting can be inhibited during the printing
operation, the number held by the counter can be fed directly to the
input terminals of the printer drive modules (PDUS50A).

The printer drive modules and a scanner ensure that the digits are
printed in their correct sequence.

10.2 A typical 3-decade Printer Drive Circuit

The circuit of Fig. 10-3 shows a typical system.

The output terminal Q corresponding to the particular digit contained
on each decade of the preceding counter (not shown) is Low, this level
being fed to the corresponding input terminal 7 of the associated MIDS50
buffer memory.
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Fig. 10-1. PDU50A module circuit diagram.
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Fig. 10-3. Typical 3-decade printer drive system.




At the positive-going edge of the transfer pulse, the output terminal Q
of each MID50 module whose corresponding input terminal 7 is Low,
becomes LOw, this level being fed to the corresponding input terminal /
of the associated PDUS0A module.

When both the clock control input C and one of the scan control
inputs S;, S,, S; of the PDUS0B module are Low, a positive shift
voltage is applied to the input terminal L of the appropriate PDUS0A
module. The particular output Q of the latter whose corresponding
input level is Low, then becomes HIGH, switching on the appropriate
power amplifier and thus driving the printer.

During the Low level of the transfer pulse at pin B (7) of each M1D50
module, either the clock pulse input C or all three scan inputs S, S,, S
of the PDUS0B module must be HIGH.

The positive shift voltage to input L of the PDUS0A modules is never
applied to more than one terminal L of the PDUS0A modules at a time,
and so the corresponding outputs of all the PDUS50A modules can be
commoned.

The clock control circuit (TR, and associated components in PDUS50B)
supplies a common clock output pulse C to all drive circuits, so that only
one such circuit is required. Thus, in systems containing one PDUS50B
module, terminals K; and K, must be connected, but in systems con-
taining two PDUS0OB modules, terminals K; and K, of the module to
which the clock pulses from the scanner are applied must only be
connected to terminal K, of the other (see Fig. 10-4).

100

10!
. 102
rom 3
scanner 10
104
108
tle— .
C s
POU
LiLals
7~ 6x
Fig. 10-4. Connection of two PDUS50B module. e J
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The LRDS0 power amplifier delivers 300 mA at 30 V as an absolute
maximum. Should this be insufficient, the PA60 module (60-series
NORDbit) can be used giving 1 A at 30 V as an absolute maximum.

10.3 The Scanning Circuit

The function of the scanner circuit is to produce three types of pulses:
clock, scan control and print command pulses. The scan control pulses
are fed toeach PDUS0OA module in turn, thus setting up the printer unit.
The numerical information is then printed out when the print command
signal is applied to the printer. Fig. 10-5 shows the scanner circuit,
Fig. 10-6 the signal timing diagram.

The signal which activates the scanner, the scan command pulse,
which has a minimum HIGH level duration of 100 us, resets the memory
circuit (two NORS0 units). The NIC50 module is thus reset at the posi-
tive-going edge of the scan command pulse, the oscillator being activated
at the negative-going edge.

The sequential control pulses from the outputs of the NIC50 module
are fed to the PDUS50B module together with the clock pulses.

1
O
—{NORS0
scan-
gL 1
O
NORS50
c1
ov
1L c2
1r I L [
39k0 A Z B &P
, r . g Ps o0 T Nicso
—] 1 O“{ = psrso=l | | la oo
NORS1 O 3 NORS1 NORS1 " % Qo
sy —IT TTTTTT
—Ols ® aRjO- g
Q- PDUS0B(102)
2 PDUS0B(10")
PDUS0B(10%
L
1 —<L it
- print-
=1 B 0" command
—{NoRso
£ clock pulses

7253213.2

Fig. 10-5. The scanner circuit. Oscillator frequency f = 5/C,, C; = C,.
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min.100us

scan-command reset _ | & _start
action oscillator

PDUSOB (10?)

PDUSO0B (10')

PDUS0B (10°)

print command

L
LT
L
g

72783801

Fig. 10-6. Scanner circuit signal timing diagram.

A “write” command from the PDUSOB enables the printer to store
the digit corresponding to the output of the printer drive unit concerned.

The Buffer NOR input terminal is connected to the NICS0 output
terminal adjacent to that at which the scan control pulse for the least
significant digit of the numerical information appears. The output
of the Buffer NOR gives the print command, causing the contents of the
printer to be printed out.
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11 Decade and Divider Circuits with the DCD50

11.1 General Considerations

The DCD50 consists of four flip-flops. By proper interconnection of the
terminals, dividers having scaling factors of 2, 3, 4. 5, 6, 8,9, 10, 12 or 16
can be made.

Each flip-flop is driven by a positive-going pulse. The flip-flops have a
common reset input and individual preset inputs, these inputs also being
driven by a positive-going pulse. Note that when setting or presetting
the DCDS50, it is sometimes necessary to apply a HIGH level signal to
one of the trigger inputs of the second flip-flop (input K) via a diode
(see section 11.4).

11.2 DCD50 Terminal Connections for Various Scaling Factors

Table 11-1 lists the input terminal and D.U. required, maximum input
pulse repetition frequency, and D.U. available at the output for the ten
scaling factors. Sections 11.2.1 to 11.2.10 give the terminal interconnec-
tion diagram, truth table, and rear side module wiring diagrams for
each of the ten scaling factors. It should be remembered that not all the
flip-flops are used for some of the scaling factors.
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11.2.1 ScALING FACTOR OF 2
Four dividers of 2 can be made from one DCD50 module.

] I ] 1
T2 ToA Sa Ss Sc Sp Tc
T Cs-
Izm—{ Tz‘z DCD50 KS—
Ta1 GaQ4088Q508cQcpQp Tazl-
T T T T

T203)

Io)

7258663
0201y O2(2) O2(3) O2(4)

Fig. 11-1. External Connections (sticker symbols).

1 121
1 I
O+ H—02
I 1
1 1
Oy~ H—>0z
Izru_’_‘: Fre—1I3
I
Ly = !
1 H—=—15,
m 221

7258674

Fig. 11-1. External Connections ( module rear view).

Truth Table

input | outputs
pulseno. | Qa Qs Qc Qb

initial State ‘ 1
1 | 0
1

2=0 ‘
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11.2.2 ScALING FACTOR OF 3

l ! 1 |
174 Sa Ss Sc So T

ol
Toz DCDS0 <

To1 K
L1 |10 5, 0485008c0c000 Taz:]
| T | T—l

03

7258664

Fig. 11-2. External connections (sticker symbols).

" 121

1

1 I
1 I
" 221

7258675

Fig. 11-2. External connections (module rear view).

Truth Table

input outputs
pulse no. Qs Qb
|
initial State 1 1
1 ‘ 0 1
2 1 0
3=0 1 1
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11.2.3 ScALING FACTOR OF 4

Two dividers of 4 can be made from one DCD50 module.

I Il I |

Tumn Ta Sa Se Sc So Tef”
| To2 CsI
5
1+ ) DCD_O ) oL
Ts; GaQaQQ80QcQcQpQp Te2|~
T | T e
7258665
O4(1)

1 fi 1 1
1Ta Sa Se Sc Sp T¢
Toz Csf~
o ocoso @l
Te1 GaQaQsQ5QcQcQpQp Tezf~
| T ‘ T

| 7258656
Ou2)

Tui)

Fig. 11-3. External connections (sticker symbols).

112l

1 1
Oy H— 0,

1 1

1 1

a 1
Lg—1 !

1 H——1,

m 221

Fig. 11-3. External connections (module rear view).

Truth Table

input 3 outputs
pulse no. QaQc |Qs Qp

initial State | 1 |
1 ‘ 0 1
2 | 1 ‘ 0
3 0 | 0
4=0 1 | 1
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11.2.4 SCALING FACTOR OF 5

172 Sa
Toz

S Sc

DCDS50

So

Te
Cs
K

L

To1
ts—4 ] Ta1 G4 QaQ5Q88cQclpQp Ts2
T T

I

T

0Os

Fig. 11-4. External connections (sticker symbols).

Truth Table

I
:] 1
1,

o221

7258577

Fig.11-4. External connections ( module rear view).

input outputs

pulseno. Qs Qc Qo

initial State 1 1 1
1 0 1 1
2 1 0 1
3 0 0 1
4 I 1 ©
S5=10 i 1 3
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11.2.5 SCALING FACTOR OF 6

] I ] |
Ige—Ta Sa Ss Sc So Tef
csh

v
p2 DCD50
To1 K-

[ E Ta1 GAQaG5Q50cQcApAp Tazj
| S U §

Os

Fig. 11-5. External connections (sticker symbols).

1121

Og=—H

I I
I H——1Ig
m 221

7258678

Fig. 11-5. External connections (module rear view

Truth Table

input outputs
pulse no. ‘6A Qs Qb
initial State | 1 1 1
1 0 1 1

2 1 @0 1

3 ‘ 0 0 1

4 11 0

5 01 0

1 1 1

o
I
(=)
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11.2.6 SCALING FACTOR OF 8§

l | | l
To Sa Se Sc¢ Sp Tc
Toz Csf~
e ~ ~ DCD_5O B Kl
Ts1 @A QaQ8Q8QAcQcQpQp o2}~
T T T 1T 717

Iy

7258669

O

Fig. 11-6. External connections (sticker symbols).

n 12
I I

ik

I
1 H——1Ig
o221

7258679

Fig. 11-6. External connections (module rear view).

Truth Table

input outputs

pulse no. Qa Qc Qp

initial State
1

00N\ WV A W

1
0
1
0
1
0
1
0
1

— 00—~ 0O = -
— 0000 = = ——

Il
=
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11.2.7 SCALING FACTOR OF 9

I

L 1 )

Ta

To2
Tos

Sa

Ss Sc So T
Cs

DCD50 5 B

Te1 GaQa88QsQcQc80Qp To2
| T T T

Fig. 11-7. External connections ( sticker symbols).
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Truth Table

m 221

7258680

Fig. 11-7. External connections (module rear view).

input
pulse no.

initial State

O 0 J O\ U A W=

outputs
Qs QaQc Qp
1 1 1 1
0 1 1 1
1 0 1 1
0O 0 1 1
1 1 o 1
0 1 0 1
1 0 0 1
0 0 0 1
i1 1 & @
1 14 1 1




11.2.8 ScALING FAcTOR OF 10

| | | |

Ip—Ta S5a S8 Sc So Tc
To2 Csf~
T Dco_so B 2L
E Ts1 Q4 Q4Q8Q8QcQcQpQp Taz
1 I I T
7z88871
010

Fig. 11-8. External connections (sticker symbols;.

Oyp=—m

1
1 H=1I;
I 22

7258661

Fig. 11-8. External connections ( module rear view).

Truth Table

input ‘ outputs

pulse no. QaQBQcQp

initial State 11 1 1
1 o 1 1 1
2 1 0 1 1
3 0O 0 1 1
4 1 1 0 1
s 0 1 0 1
6 1 0 0 1
7 0 0 0 1
8 1 1 1 0
9 01 1 0

10=0 1 1 1 1
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11.2.9 ScALING FACTOR OF 12

1 L I 1
TA Sa S Sc Sp Tef—1Inz
csh

£
D2 DCD50

T N K
Tg1 GaQaQsQsQcQcQpQp Te2
T T T

012

Fig. 11-9. External connections ( sticker symbols).

n 2l
1 I
O =+—H
I
1 I
Ip— i
1
m 220

Fig. 11-9. External connections ( module rear view).

Truth Table

input outputs
pulse no. Qc Qa Qs Qp

initial State

0NN B W -

o

1
0
1
0
1
0
1
0
1
0
1
0
1

—_——— e, 0 OO O = = -

—_ 00—~ =00 = =00 — —
— O OO O =
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11.2.10 SCALING FACTOR OF 16

I Ta Sa Ss Sc Sp T
T e
D2 )
b DCD50 |

T

Ts1 GaQaQG8Q8AcQcl0Qp Ta2
T T T T

O

Fig. 11-10. External connections (sticker symbols).

" 121
I 1
Og=—
I 1
I 1
ik
1
1 H—=—1I
m 221

7256683

Fig. 11-10. External connections (module rear view).

Truth Table

input outputs

pulse no. iGA Qc Qb Qs
\

inital State

— 0 000~ =~~~ 0000 = — — =
— 000000 OO — = = = = =

—C 0~ —~ 00 —~—~00—~—00——

1
0
1
0
1
0
I
0
1
0
1
0
1
0
1
0
1




11.3 Trigger Circuit

Normally the PSRS50 function must be used to trigger a DCDS50 module,
as explained below. Triggering is also possible via a NOR function.

11.3.1 TRIGGERING USING A PSR50

Fig. 11-11 shows how the first DCD50 module of a chain is triggered
by the pulse-shaper section of the PSR50. The other modules are trig-
gered in their turn by “Carry” signals from the preceding modules
(outputs O, if the modules are connected as decade dividers).

11.3.2 TRIGGERING USING A NOR FuNCTION

Fig. 11-12 shows triggering of a DCD50 module by means of a NOR
function. The active part of the NOR input signal is the negative-going
edge; this must have a fall time of < 2 ps. Asin Fig. 11-11, it is assumed
that the modules are working in a decade mode (carry signal from 0,
output).

units tens
1
Jda 2 1 1 ! I ) I L L
input s PS orfO—7a sa Ss Sc So Tc Ta Sa Ss Sc So Tef”
PSRS0 o2 DCDS50 Cs ez DCDS0 S
R GrJO- —{Te1 @aQaQ8QsQcQclpQp Tez —{Ts1 @4 QAQ8Q5QcQcQpQp Tay,
2o (¢ i b T U h T T
carry 7258749 ‘3;)‘—
Fig. 11-11. Triggering using a PSR50.
units tens
input
inpu L | | | | | L

Tg1 G2QaQ5Q88cQc8pQp Ta2
TET T

Te1 84QaQ5Q808cQcA0Qp Tazl
S L

1
NORSS O- To Sa S8 Sc Sp T Ta Sa Ss Sc Sp Tc
o2 Cs To2 Csf
| DCDS0 K T DCDSO0 Kl

1
tr le

max 2ps carry 7258750 carry

Fig. 11-12. Triggering using a NOR function.

11.4 Reset Circuits

The DCDS50 module can be reset (all flip-flop outputs Q at “O” level)
(Q outputs at “1” level) by applying a pulse of 80 us duration to the Cg
terminal. Two resetting circuits are given in the following sub-sections.
Note that when a DCDS50 is used as a divider of 3, 5 or 9 an inhibit
pulse (HIGH or 1 level) must be applied to K (terminal 20) via a diode
(type BAX13, cathode to K).
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11.4.1 RESETTING OF six DCD50 MoDULES

The reset pulse duration necessary for n decades is n x 80 ps. Fig. 11-13
gives a method for resetting up to six decades, the reset pulse duration
being adjusted according to the number of decades by C. The value of C
required for a particular duration can be obtained from the graph of
Fig. 11-14.

Ty

si00
) max, 6x DCDSO0
Il | | Il 1 1 - 1 "
——{7. sa Ss Sc So Tc -7~ sa ss Sc So Tc
4+ © T (5
2 DCD50 S D2 DCD50 s
AT _ T _ K ATor_  _
—Ts1 GaQAQQ80cQcQpQp Ta2, —{Tas 84 QaQeQ8QcQcQpQp Ty
T T T

LI L I | rTTTTT

Fig. 11-13. Resetting up to six DCD50 modules.

108 zzserst
t
(ms)
102
7
V
10 4
7
1 4
e
7
v
107! 4
7
Z
1072
1073
1073 10°2 107! 1 CluF) 10

Fig. 11-14. Relation between C and pulse duration in Fig. 11-13.
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11.4.2 RESETTING OF EigHTY DCD50 MODULES

Fig. 11-15 gives a method of resetting up to 80 DCD50 modules, and
Fig. 11-16 gives the relation between C in Fig. 11-15 and reset pulse
duration. The same general remarks as those of section 11.4.1 apply.

2LV

BAX13 BAXI3 1000

5 max. 80xDCD50

1 '3 L L 1 ! il

—Ta Sa S8 Sc¢ Sp T¢ 1Ta Sa S Sc Sp T
o2 o Cs 1702 Cg|
i [ - B D\.[i50 - K X751 B - DCD_SU - K
{81 84Q4Q8Q5Qc QcQoQp Tea} —{T81 G4 QaQ8Q8QcQcQpQp Ta2|-
IR Y T T (R VR [ G T

1258759

Fig. 11-15. Resetting up to 80 DCDS50 modules.

7258

102

it
(ms)

102

N

107!

1073 l
1073 1072 10! 1 C(wF) 10

Fig. 11-16. Relation between C and pulse duration in Fig. 11-15.
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11.5 Obtaining Preset Output Signals

It is often required that an operation be started or a signal be given at a
certain preset number of input pulses. The following sections give methods
of obtaining preset output signals from the DCD50 modules. Again.
the modules are assumed to be connected in the decade mode. For
other scaling factors the principle remains the same.

11.5.1 Fixep PRESET OUTPUT

Fig. 11-17 shows how an output signal can be obtained upon the number
of input pulses reaching the fixed preset figure. The number of inputs
to NOR U, can be extended (up to 24) by using diodes — see section 13.3.1.
Table 11-2 shows the DCD50 outputs to which diode inputs to NOR U,
must be connected for digits 0-9 (DCDS50 in decade mode).

The diodes should be mounted as close as possible to the Nor U,
input(s).

NOR units U, and Uj; in Fig. 11-17 form a memory whose output goes
HIGH when the desired number (in this case 123) is reached.

units tens hundreds
! |- I ] ! ] ! b I ] !
input — T, Sx Sg Sc Sp Tc Ta Sa Ss Sc Sp T Ss Sc Sp T
Toz Cs —1To2 Toz Cs
DCD50 DCD50
-1To1 BEDse K AT _ _ K AT _ _ K
Ta1 GaQAGsQ8QcQcQpQp Ta2 —{Tg1 GaQAQpQAcQcApQp Ta2 —{Ta1 GaQaQ8Q5QcQcQpQp Ta2
T T T T T T T T T T

L
=
o

¥

ik i i
L

® ® ® @
® ®

reset §

Fig. 11-17. Output at a fixed preset figure.

11.5.2 VARIABLE PRESET OUTPUTS

Fig. 11-18 shows a scheme whereby the preset number can be selected
by means of thumbwheel switches, type 1248N. Note that TWS must be
connected as shown in the diagram and terminal 12 (internal resistance)
left floating. The DCDS50 has been connected as a decade counter.
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Table 11-12. DCDS50 Truth Table and Required Outputs.

decoding diodes to be
truth table (decade mode) COBTERteL At
"FF-A FF-B FF-C FFD|__ . ’
— TB FFC FFD lprA FEB FF-C FE-D
decimal digit Qa Os Qc Op
0 1 1 1 1 Q4 Q08 Qc Op
1 0 1 1 1 04 98 Qc Qo
2 1 0 1 1 Q4 QB Qc
3 0 0 1 1 Or 0O  Qc
4 1 1 0 1 gA Og g(‘
5 0 1 0 1 Oa Oy QC
6 1 0 0 1 Oa O Qc
7 0 0 0 1 Oxa O Qc
8 1 1 1 0 Oa Op
9 0 1 1 0 0Oa Op
units tens
input I Il L Il 1 | | |
To Sa Ss Sc Sp Tef Ta Sa S8 Sc Sp T
d+ e T c
T oo L Fo o GL -
~{Ts1 GaQAQ8QQcQc8pQp Ta2}- —{Te1 GaQAQ8Q8Qc QcQpQp Ts,
carry carry
"2l o2l
1 1 | 1
1 1 1 1
L = s
LA [ L
N ) ‘.
1 1 1 1
m 221 1 m 221 s2
NORSH ~ NoRst T noRst
Ut v2 U3
resetJ_L 7258762
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Fig. 11-18. Selection of a preset number.



11.6 Presetting the DCD50

Some situations may require that a counter starts counting at a preset
number. This can be achieved with the DCDS50 and thumbwheel switches
(type 1248P) as outlined below.

Each of the four flip-flops 4, B, C and D in the DCD50 module has
its own presetting input S,, Sz, Sc and S, respectively. Three signals
are necessary in order to preset the DCDS50; a Reset signal applied to Cg
to bring the DCDS0 to the initial state; a Preset signal applied to the
appropriate S terminals after the Reset signal; and an Inhibit signal
applied to K, coincident with the other two signals. The time relation-
ships between the signals are important: Fig. 11-19 gives a circuit which
produces satisfactory signals. Note that thumbwheel switches (type
1248P) must be used, and the internal resistance (terminal 12) left
floating.

BAX13
9100
_f' i ] 1 35D.U. reset
= I
—»——1 NORS51 NORS1 2 |l nx80ps—>
t +26V s>
e oD I !
P 68kQ / 100pF
BAX13

§I
15
3
o
2

|
|
|
+24V |
|
|

B

Ll 1
36D.U. pre-set
NORs1 AR [

6.8k0
BAX13
c2 ;,:  noRrst
4

Fig. 11-19. Circuit for obtaining signals required for presetting DCDS50.

AX13

P} s100
BAX13

1
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The circuit of Fig. 11-20 gives the interconnections necessary for
presetting DCDS50 modules in decade mode.

Note that an Inhibit pulse must be applied to K via a BAX13 diode
(cathode to K) if the DCDS50 is used as a divider of:

—3, 5, or 9 when presetting via S, is required, or;

—6, 10, or 12 when presetting via S, and S, is required.

reset
1A Sa Ss Sc¢ Sp T 174 Sa S Sc Sp Tf
7oz Cs 17 C,
5 2 :
‘TD|_ _DCD_O - K _TDQ_ _DCD_SO - K
-Te1 @aQAQ8Q8QcQcQpQp T2 —{T81 QaQaQ8Q8QcQcQpQp Tazf~
N /I R ) I |
BAX13 BAX13
inhibit
I
I ]
1 I J
H H—
I I
1 1
PR
1 [}
1 I
m 224
pre-set 1248P

Fig. 11-20. Presetting DCD350 modules in decade mode.
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12 Input Drive Circuits

The first two sections of this chapter discuss electro-mechanical and
electronic input signal transducers, and sections 3 and 4 give ways of
obtaining fixed and variable frequency input signals.

12.1 Electro-mechanical Transducer Interfacing Circuits

12.1.1 RC FILTERS (MAXIMUM SWITCHING RATES 10 Hz AND 100 Hz)

Due to contact bounce problems extreme care must be taken when using
this type of input. Switch inputs should never be fed directly to the PSR50
module but via RC filter circuits as shown in Figs. 12-1 and 12-2.

The delay introduced must be sufficient to suppress the contact
bounce of the switch used. The frequency of operation of such circuits
is limited by the filtering, typical values being given in the diagrams.

ov
|

z

56k0 A
. TR ML ¢

‘ [—PSRS50—

TGk efo-
R Qg
olv . Q-

Fig. 12-1. RC input filter circuit (max. switching rate 10 Hz).

ov

ov

z
27k0 270 A bs a
mv—c/o—:}—l—(:}r—s *P
05pF 05uF :PSRS"—
R Qg
-Ofe by

Fig. 12-2. RC input filter circuit (max. switching rate 100 Hz).
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12.1.2 RC FILTER WITH A NOR FUNCTION

Better signals are obtained if a NoR function is used with an RC filter,
as shown in Fig. 12-3. (PSR50 should always be used in addition, for

correct pulses to the counter modules).

+24V
!
Z
6.8k A
39k0 Ps arjO—
1000 o e I u

NORS1 | PSR50—
o L

c O R Gg

g QL

70V

Fig. 12-3. RC input filter with NOR function.

12.1.3 THE SF60 AND PSR50

More reliable switching is obtained when the voltage across the switch
contacts is raised. A special filter module in the 60-Series NORbit range,
the SF60, is available which will accept high input voltages; the arrange-
ment using the SF60 is shown in Fig. 12-4.

100V

to PSIR)S0
14 input B
via 38kQ

? 31 2 SF60

ov 14]_| |_+s
c 7258685
ov

Fig. 12-4. RC input filter with SF60.

12.1.4 Circuit TO NULLIFY CONTACT BOUNCE EFFECTS

Fig. 12-5 gives a circuit using the memory principle to eliminate the
effect of contact bounce but requiring a 2-pole contact. Speed is limited
by the switch.

ov

1
z
10k Q)] 1 IO+—  39kn |—A
14 Norso ~ | 3]s S O[O~
+24V ov P
(o] -
1 g R GrjO—

|
10kQ NOR50 O QL
72526184

Fig. 12-5. Contact bounce effect elimination using the memory principle.
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12.2 Electronic Transducers

This type of transducer is more suitable for use with the 50-Series as the
problems of contact bounce and spurious pulses do not occur. Two
compatible units are available, as well as light-sensitive, mains and var-
iable frequency inputs.

12.2.1 VANE SwiTCHED OSCILLATOR, VSO
(Catalogue No.: 2722 031 00001)

This device is operated by passing a metallic vane through the slot at the
end of the unit. Its connections are shown in Fig. 12-6. A distance of up
to 100 m is allowed between the VSO and the RC filter (see also section
13.9.1).

Note that this unit and the Electronic Proximity Detector (see section
12.2.2) require a 12 V + 59, supply. For single units this may be obtained
from the logic supply as shown, or using the circuit of Fig. 12-7 for
several units in parallel (up to 30 VSO’s).

BZY95

-cr
5600
i — F—+auv ;
Z
| ov;—< ’; Ps arfO—
Me +12v
— ME —PSR50—
vso  \__|[% 39k0 Lo 17 R addO-
TPF OG [eTH 8
T7szams

ov

Fig. 12-6. VSO connections.

BFY50
(plus heatsink)

+24LV +12v
max.200mA
5600

BZY95-C12

72526043
ov

Fig. 12-7. Method of supply for paralleled VSO’s or EPD’s.
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12.2.2 ELECTRONIC PrOXIMITY DETECTOR, EPD

(Catalogue No.: 2722 031 00021)
This device has a square sensitive end-face and is triggered by the presence
of metallic objects. Maximum detection frequency is | kHz. Its connect-
ions are shown in Fig. 12-8. The 12 V supply shown in Fig. 12-7
can be used to supply up to 24 EPD’s.

3000
— +26v
@; BZY95-C12 é
A
~ S g Ps a1jO-
Me +12v %‘ o1prI [—PSR50—
v ) =1
tleee o T | g oo
T Q-
ov 72526051

Fig. 12-8. EPD connections.

12.2.3 LIGHT SENSITIVE DETECTORS

The circuit of Fig. 12-9 uses the photodiode BPY68. When the light
beam falling on the BPY68 is restored, the output Q; of the PSR50
changes from 17" to <0, thus providing a trigger pulse for a counter. A
capacitor may be inserted at the PSR50 input for filtering purposes. Its
value is governed by the required operating speed (10 kHz maximum).

N 24y

Il
z

2.2k0 T4 ps arlO
O
25261

————— oL +—s

| |
M N [—PSR50—
Ma 10kQ = Jd+
| 6 R Qg
i QL
ov ov

Fig. 12-9. Light sensitive detecior using the BPY68.

12.2.4 PHOoTO-ELECTRIC DETECTOR, CSPD
(Catalogue No.: 2722 031 00041)

A light sensitive detector is available as a complete unit; it has
the type designation CSPD. A lamp unit IMLU (catalogue number
2722 031 00051) is also available. Maximum detection frequency is 6 Hz
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Fig. 12-10 shows how the CSPD can be connected to the PSRS50.

2.2k0
—{ F—+2uv

25k0 L
z

10kQ A ps arfO-

B
4 |—PSR50—
S NEEL | e
1 2 —P’ Qe a

MLU WF

7258686

ov

Fig. 12-10. CSPD connections.

12.2.5 LIGHT INTERRUPTION PROBE, LIPI
(Catalogue No.: 2722 031 00081)

Fig. 12-11 shows how the LIPI can be connected to a PSR50. The
maximum detection frequency is at least 10 kHz.

BZY88-C12

BZYg85-C12
m 5600
>t +24V
1200 é
w (5W) A
| vl 3.9kQ 5 Ps arfO—
— JE ﬁ;% L PSR50—
LIP1 oviB C—; R GrjO—
” QL

7258743

Fig. 12-11. LIPI connections.

12.2.6 THe IRON VANE SwITCHED REED, I[VSR
(Catalogue No.: 2722 031 00011)
Fig. 12-12 shows the interconnections between the IVSR and PSRS50.
The maximum detection frequency is 100 Hz.
The output voltage of the IVSR is high when the vane is present in the
gap. The output Q; of the pulse shaper goes from “1” to “0” level when
a metal vane enters the IVSR.
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Fig. 12-12. IVSR connections.

12.2.7 GEIGER-MULLER RADIATION DETECTOR

The circuit of Fig. 12-13 enables signals from a Geiger-Miiller radiation
detection tube type 18503 to be fed in a usable form to the pulse-shaper
PSR50.

+24V

10MQ 4.7kQ

MR g
pF 0.1pF

) BC178
(100v)
30

to
PSR50

=]
k<
o
1
L__f
N o
S
T

=

25p0F | |15k

i

0
7258704

input
Geiger-Miiller tube
type 18503

Fig. 12-13. Adapting a Geiger-Miiller tube output to the PSR50.

12.3 Mains Frequency Input Circuits

For accurate timing purposes it is often convenient to count 50 or 100 Hz
pulses derived directly from the mains supply. The circuits in the follow-
ing sections indicate how this may be achieved.
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12.3.1 Circuit DELIVERING 50 Hz
The circuit of Fig. 12-14 produces output pulses at mains frequency.

z

—A
5.6k0 5.6k0 g PS O IO—50Hz

—PSR50—

—T
O R 6RO~
o -

7256745

Fig. 12-14. Mains frequency pulse circuit.

12.3.2 CirculT DELIVERING 100 Hz
The circuit of Fig. 12-15 produces output pulses at twice mains fre-
quency, i.e. 100 Hz.

Il
z

A
56k 56k0 @ 5 PS arjO——100Hz
rl--- l U —PSR50—
! 05pF 05pF dr
mains i o ‘j- T ¢ R gf
i
1 _[ .L T7was
! 0.5pF 0.5pF
_ 5.6k0 56k0 6 B

BAX13

ov

Fig. 12-15. Circuit giving pulses at twice mains frequency.

12.4 Variable Frequency Input Circuits

12.4.1 RC OSCILLATOR USING THE PSR50

A simple oscillator can be constructed with the pulse-shaper section of
the PSR50 module as shown in Fig. 12-16a. The relationship between
frequency and the value of C is given in Fig. 12-17.

The circuit of Fig. 12-16b can be inhibited by applying 0 V to D, or D,.
If no inhibiting is required, diodes D; and D, can be omitted.
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Fig. 12-16a, b. Two RC oscillators.
104 1252620.
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(nF) 5
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102 103 104 105  f(Hz) 108
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Fig. 12-17. Determination of value of C.

12.4.2 RC OsCILLATOR WITH FREQUENCY CONTROLLED BY LOGIC

The frequency of the output signal £, in the circuits of Figs. 12-18 and
12-19 can be controlled by application of the appropriate logic levels

to the inputs.
In Fig. 12-18,

150
A at Low gives f, = — Hz;
C,
g ) p 150 i
at HIGH gives = ——— Hz
Y6,

86



inhibit @
®
c2 T
Aﬂ:“ 1 g Ps arlO— output

—NoRs0 I—PSR50—

c1 A+
R Qg

2O [
ov QL

7256689

Fig. 12-18. Two-frequency RC oscillator.

In Fig. 12-19,

150
A at Low and B at Low gives  f, = = Hz
1
) 150
A at Low and B at HIGH gives f, = ——— Hz
Ci1Cs
) i 150
A at HIGH and B at LOw gives f, = — Hz
C,+ G
150
A at HIGH and B at HIGH gives fo = ——— Hz
Ci+C, + G5

All capacitor values in p.F.

. JO
inhibit
N
15kQ ] @D
A 1 O—C{3 ; F'ZS QrjO—=—— output
—{NOR50 b—PSR50 =
— g R
norso c2 ov FETE

Fig. 12-19. Four-frequency RC oscillator.




12.4.3 RC PuLSE GENERATOR USING NOR UNITS

Fig. 12-20 shows the circuit. For an equal mark/space ratio,
C, and C, should be equal. The frequency is approximately equal to 5/C,
(C=C,=C, in pF), but is also dependent on loading of the output,
and supply voltage. Increased load raises the frequency, and increased

g ey P

=1 4 =1 4 =
= output
r NORS51 NORS51 NORS51
11 -
|| | 72531971
A B
Fig. 12-20. RC pulse generator.
+24V
820k 820kQ
—— 1 —1 1
. O~ ¢ - IO-+—output 1
stop {norst —{ Norst (@)
Tc
7258691 OUtPUt 2
Fig. 12-21. RC pulse generator.
10 225871
:
(uF) H.l,
L =
N
N
107 AN
i ~ ()
N
102 23ss AN H
‘
N
- N
10 1 10 102 103 104 f(Hz) 105

Fig. 12-21. Determination of value of C.
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supply voltage lowers it. 4 at HIGH level and B at Low level makes the
output a steady HIGH, and B at HIGH makes the output a steady Low.
The circuit is self-starting when supply is connected.

A second RC pulse generator using only 2 modules is shown in
Fig. 12-21a. The output is sufficient to drive a flashing light. The relation
between frequency and value of C is shown in Fig. 12-215.

12.4.4 CrYSTAL OSCILLATOR OF 10 KkHz

The circuit of Fig. 12-22 shows a 10 kHz crystal oscillator using the
PSR50 module and crystal Cat. No. 4322 131 00021. The voltage at
terminal Z of the PSR50 must not rise above 12.5 V as damage to the
crystal might otherwise occur.

+24V

33k0
0" inhibit

V=max.12.5V
BAX13
33KQ -
27kQ ; PS Qr output
270k —PSR50—
ols ® arjO—
QL_ 7258748

BC107

10kHz

ov

Fig. 12-22. Crystal oscillator.
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13 Subsystem Examples

In this chapter we discuss techniques and circuits for various commonly
required subsystem functions. Included are

— time delays circuits;

- direct-coupled monostable circuits;

— methods for obtaining extra output capability from NOR functions;
— divider circuits with the NIC50;

— decimal/binary code converters;

— additional drive circuits with the PDUS0A ;

— decimal/binary decoding for tape punches;

— output interface circuits;

— long-distance input signal transmission method;

— sign shift and decimal point shift in the indicator modules;.

13.1 Time Delays

13.1.1 DELAY OF NEGATIVE-GCING SIGNAL

Fig. 13-1 shows a method of delaying a negative-going “1/0”" change.
With R = 15 kQ the time delay obtained varies from approximately
2-20 ms maximum for C = 1to 10 w.F. Up to 2 D.U. may be taken from
output Q. Fig. 13-2 shows the time relationships.

+24V

in | |
BAX13 R
O—a
NOR51 a _/__—|_
1000 e iR

Q

LIl

input

NORS1

|

72531931

I S I
ov 72531791

Fig. 13-1. Delay of negative-going signal. Fig. 13-2. Time relationships.
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The graph of Fig. 13-3 shows the exact relationship between the value
of C and the delay ¢, for various loadings of the output. The numbers
alongside the curves refer to the value of R which must be used for
various output loadings, as follows:

Curve 1: load, 1 D.U.; R =47 kQ
Curve 2: load, 2 D.U.; R = 22 kQ
Curve 3:load, 3 D.U.; R = 15 kQ
Curve 4: load, 4 D.U.; R = 12 kQ
Curve 5: load, 5 D.U.; R = 8.2 kQ
Curve 6: load, 6 D.U.; R = 6.8 kQ
102 o ™ 72533504
lgs) %ﬁ
10 4
27
A :g:
, A
.y
107
102 b7

1074

1073

1072 107

1 10 ClpF) 102

Fig. 13-3. Determination of the value of C.

For delays of more than 100 ms, a module from the 60-Series NORbit
range should be used. The module is termed the Timer Unit TU60; Fig. 13-4
shows a suitable arrangement. Delay ¢ is then equal to R X C seconds,
if Ris in MQ and C in uF (capacitor C should be a low leakage, non-
electrolytic type).

input

TUB0 =

NORS1

AQQ
(

output

7258692

Fig. 13-4. Delays of more than 100 ms.
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13.1.2 DELAY OF PoSITIVE-GOING SIGNALS

A “0/1” change may be delayed as shown in Fig. 13-5. When the signal is
applied the output of NOR (A) goes to “0” and the diode becomes cutt
off. The capacitor then discharges into the driven units. The time delay
thus depends on output Q loading. Typical figures are 15 to 150 ms for

inputE . ! O—a

—{ NORS1 NORS1

-

-t
s .__I
N ——
_L._ 22531801

Fig. 13-6. Time relationships.

C = 0.1 uF to 1.0 uF for a loading of 1 D.U.; time relationships are
shown in Fig. 13-6. The graph of Fig. 13-7 shows the relationship bet-
ween C and ¢, for various output loads. The curve numbers refer to
the various loads as, follows:

Curve 1: load, 1 D.U.
Curve 2: load, 2 D.U.
Curve 3: load, 3 D.U.
Curve 4: load, 4 D.U.
Curve 5: load, 5 D.U.
Curve 6: load, 6 D.U.
For positive-going delays of more than 100 ms, the 60-Series NOR-

bit module TU60 should be used, as shown in Fig. 13-8. The same
remarks as given for the TU60 in section 13.1.1 apply.

92



72533494

103

t
(ms)

10?2

NN

AN

N
RN \\\
N
W
AN
NN
D
aEzbu b -

107!
1074 1073 1072 107 1 10 ClpF)

Fig. 13-7. Determination of the value of C.

12 15

s

O—H T O™ —output

- Nors1 TUED

“L1C|"| 9

input — 4

Fig. 13-8. Delay of more than 100 ms.

13.2 Direct-coupled Monostable Circuits

13.2.1 OutrPUT PULSE DURATION LESS THAN INPUT

A monostable circuit which can be triggered by a negative-going input
signal is shown in Fig. 13-9. The input signal duration must be greater
than the output pulse duration 7 (max. 100 ms) as shown in Fig. 13-10;
t is determined by C, the relationship being given in the graph of
Fig. 13-11.

If a longer output pulse duration is required, the circuit of Fig. 13-12,
which uses a 60-Series module TU60, can be used. See section 13.1.1
for remarks regarding the TUG60.

102
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Fig. 13-10. Time relationships.

Fig. 13-9. Monostable circuit triggered by
negative-going input signal.

103 250
t =
(ms) A
102
//
10
o
1 d
Y
Z
7
10"
1074 1073 1072 107! 1 10 c(pf) 102
Fig. 13-11. Relationship between t and C.
R 119xCIms
- -

72531851

-+ t=RCms =

Fig. 13-12. (a) Monostable circuit giving longer output pulse duration. (b) Time relation-

ships.
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13.2.2 OuTtpPUT PULSE DURATION GREATER THAN INPUT

The circuit of Fig. 13-13 shows how a positive-going input can be used
as trigger. Because the output is fed back to the input of a memory
circuit, the input signal duration can be made very short (down to 10 us).
Fig. 13-14 gives the relationship between the input and output signals;

Fig. 13-15 illustrates how ¢ varies with C.

OLoutput

L1

NORS51

input —— NOR51

6.8kQ

7258697

c

ov
Fig. 13-13. Triggering with positive-going pulses.

out I | I |

->| t |<- -»1 t L— 7256598

Fig. 13-14. Time relationship.
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Fig. 13-15. Relationship between t and C.
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For a longer output pulse duration, a 60-Series module (the TU60)
can be used as in Fig. 13-16. See section 13.1.1 for further remarks
regarding the TUG60.

o[
[; 1 1| - 1 ’!t r~
0=

input NORS! TUs0 —”_,—_ s
in
uLi 3
=
output
-1 NORS1 out | | I

Teeiees >ty ts e izsetin

Fig. 13-16a. Long output pulse duration. Fig. 13-16b. Time relationship.

13.2.3 CHAIN OF MONOSTABLE CIRCUITS

The circuit of Fig. 13-17 shows how various delays may be obtained with
monostable circuits coupled in series. Note that the trailing edge of one
pulse occurs simultaneously with the leading edge of the next pulse
(see Fig. 13-18).

ek 1 T oJ
E ——| NORS! NORS1 NORS1
BAX13 BAX13
75
1 kgl 39 4
NORS51 NORS1
T T
A I O3
— NoRs1 ] -

2
1

7258765

Fig. 13-17. Series connection of delay-circuits.
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Fig. 13-18. Time relationship.

13.3 Extra Capability from NOR Functions

13.3.1 ApbpiTioNAL NOR INPUTS

The basic NOR function has four inputs, and although this is usually
sufficient, extra inputs can be created by using diodes in the manner
of Fig. 13-19. The number of extra inputs obtainable in this way is
limited to 6 per input; above this number the total leakage current of
the diodes can be sufficient to overload a driving unit. Alternatively,
a maximum of 24 diodes may be mounted on one input, the others being
left unconnected.

o
(%)l»
[
“

max. 6

X3

OO

NORS1

JUcs
I

max.6

gle

Fig. 13-19. Increasing NOR fan-in.

2
l

A

72531844
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13.3.2 PARALLELING NOR-INPUTS

The sensitivity of a NOR function can be greatly increased by paral-
leling the inputs. The effect of paralleling the inputs is illustrated by the
following (see Fig. 13-21):

2 inputs paralleled: HIGH: 7.75 V;

3 inputs paralleled: HIGH: 4.4 V;

4 inputs paralleled: HIGH: 3.0 V;

(single input; HIGH: 13 V).

13.3.3 INCREASING OUTPUT CAPABILITY

Fig. 13-20 shows how the output capability of a NOR can be increased
by using an external resistor Ryy; to the Vp (4-24 V) supply. However,
several inputs must be connected in parallel to keep the maximum “0”
level output voltage within its specification. Fig. 13-21 gives the relation
between Ry and the output in D.U., together with the number of
inputs that must be paralleled.

+24V

33k0
input
i 1 output

/ HoRn Fig. 13-20. Increasing NOR fan-out.
do not use —
8 258734
Rext
(k) bl Y
|
T
6 }
CE
4
N
) N\2.2k0
1.5k0)]
Fig. 13-21. Relation between Ry ,
D.U. and paralleled inputs.
0
0 1
s 1 i« 20 % 45 40 DU

[=-2 inputs —»|=-3 inputs —{«-4 inputs —»|
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13.3.4 DrivING BUFFER NOR FuncTioNs FRoM A NOR FuncTION

Up to 6 Buffer NOR functions can be driven from a normal NOR function
if required. Up to 3 B-NOR functions can driven together with one normal
NOR. Figs. 13-22 and 13-23 show the two possibilities.
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Fig. 13-22. NOR driving Buffer NOR’s.
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Fig. 13-23. NOR driving B-NOR’s and NOR.
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13.3.5 OBTAINING AN OUTPUT FROM MORE THAN 6 DECADES

In decoding a number one Buffer NorR input per decade is required.
Thus for more than 6 decades Buffer NoR units should be paralleled as
shown in Fig. 13-24.

Note that Q, should be connected to R, on one unit only. A maximum
of three Buffer NOR’s may be connected in parallel.

K
d1 B a—‘—output

from
counter
outputs

LIl ULl
@

Fig. 13-24. Paralleling of Buffer NOR outputs.

LLLiL
@

72526111

13.4 Dividing Circuits using the NIC50

13.4.1 DIVIDER WITH SCALING FACTOR OF 2

The circuit of Fig. 13-25 shows the outputs:which must be used in order
to obtain a divider of 2 with the NIC50.

input—T

= mmmmm Q.| BAx

7258703

/\\54; Fig. 13-25. Scaler of 2.
&
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13.4.2 DIVIDER WITH SCALING FACTOR OF 5

Fig. 13-25 shows the arrangement for a divider of 5 using the NIC50.

I
R F DP

input — T

Qy------- Q| BAXI3

Fig. 13-26. Scaler of 5. ZRERRALL ’—@ﬁ'—cutput

(<)
o

13.5 Code Conversion Methods

13.5.1 DecIMAL TO BINARY CODE CONVERSION

This section gives four examples of converting a decimal number to a
number expressed in binary code. These are:

— Using Buffer NOR functions (one circuit required per decade);

— Using PDUSOA modules (one circuit required per decade;

— Using PDUS0A modules plus scanner (only one circuit required — in-
dependent of number of decades — plus scanner);

— Using LRDS50 modules for tape punch drive (one circuit per decade).

Decimal to Binary Code Converter using B-NOR’s

The circuit is shown in Fig. 13-27. Decimal input to the converter can
be directly from a NIC50 or RIC50 module.

a6y BCD output

decimal input '
for NICS0/RICS0 56k 1 ' o

1 @ OR50 z
+26v
==
56k0 1 I~ @. ]
2\ 8 1O
2 @ ? NORS0 &
v +24V
L =
3 56kQ

eJofelofelolol |

5 [ 1
1
7 56k0 1 O—o
s O
NORS0 &
®®

o]
Fig. 13-27. Decimal to Binary Code Converter.
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Decimal to Binary Code Converter using PDU50A Modules

The circuit of Fig. 13-27 given previously uses four B-NOR functions
per decade. In some cases, a more economical solution is to use one
PDUS0A module per decade as shown in the scheme of Fig. 13-28. The
decoder circuit is shown in Fig. 13-29.

R F DP R F DP R F DP
NIC50 1" wicso 1T Nicso
ETA et Qo] +24v |77 Qof 4uy Q-7 7m--- Qo
e WL, LI e, T
kQ [1y------- Ip) kQ Ty ------- Io L e I
L PDUS0A L PDUS0A L PDUS0A
30 [Qi------- Qo 3p [Q1=====~- Qo 30; | Q== === Q
- = N Y™ T
ov  [1r----- ==9] ov  [1------- a] o [i-~—- )
decoder decoder decoder
VN T TTTTTTTT TTTITTTT
BCD output BCD output BCD output

7258736

Fig. 13-28. Decimal to Binary Code Converter.
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Fig. 13-29. Decoder.

102



Decimal to Binary Code Converter using PDU50A Modules, plus Scanner

Where a number composed of many decades is required to be converted,
a single decoder plus a scanning circuit might prove more economical
than the arrangement givens previously. Fig. 13-30 shows a typical
arrangement for 3 decades; the decoder circuit is that of Fig. 13-29.
The scanner circuit is discussed in section 10.3.

units tens hundreds
I . L
R F DP R F DP R F DP
_J | |—| 1T wieso T nicso 1" wicso
- wd|| [E o] B b B
| I ot w11 VT AT
102 LiLals Ij======- Iy PEEEEEE Iy Iy--===-- Io
L L PDUS0A —L PDUS50A —{L PDUS0A
Qie=====s Qo Qi==mce== Qof L QDL
E 7258766
L
decoder
ITITTTTT
BCD output

Fig. 13-30. Decimal to Binary Code Converter with Scanner.

Decimal to Binary Code Converter for Tape Punch Drive

Fig. 13-31 shows how the decimal number to be punched is converted
from decimal to BCD code and fed to the tape punch via the power
amplifiers. Parity checking is incorporated. Each digit is punched in
sequence. The number of inputs of the LRDS50 may be increased as shown
in order to make full use of the facilities incorporated in the tape punch.

13.5.2 BINARY TO DECIMAL CODE CONVERSION

A circuit for converting binary code to decimal code, for instance con-
verting the output of the DCD50 module to a suitable input for the
MIDS50 module, is shown in Fig. 13-32.
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Fig. 13-31. Tape punch drive.
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Fig. 13-32. Binary to Decimal Code Converter.
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13.6 Additional Drive Circuits with the PDUS0A

13.6.1 OuTPUT LEVEL MODIFICATION

The PDUS0A module can be advantageously employed in comparator
systems in which the output levels of the NIC50 or RICS50 decade
counters are required to be modified to the normal logic levels. (HIGH:
0.62 V,, to V,;; Low: 0.3 V maximum).

In this application, the PDUS0A module replaces ten Buffer NOR units
from the 3NORS50. Terminal L of the PDUS0A modules must be con-
nected to a suitable positive voltage as shown in Fig. 13-33.

+24LV

R1 Liillll
6.2k0 T m— 1

R2 Q
30k0Q TTTTTTT
72543400

ov

Fig. 13-33. Level conversion with PDUS50A.

13.6.2 SEQUENCE REGULATION

The sequence regulator shown in Fig. 13-34 functions as a scan pulse
generator. It can be thought of as a stepping switch of 30 positions, or a
pulse distributor. The ten Q outputs of the first NIC50 are connected to
the ten 7/ inputs of each PDUSOA module. At the first input pulse (from
an oscillator for example), inputs 7, of all three PDUS0A modules are
driven to HIGH level, but only Q, of PDUS0A-I produces an output
because only Q, of NIC50-I1 is at low level (thus producing shift signal
L,). At the tenth input pulse, Q,; of NIC50-11 becomes LOw in turn, and
the ten outputs of PDUSOA-II are subsequently activated in sequence.
At the twentieth pulse, PDUSOA-III comes into operation.

The thirtieth input pulse, which appears as an output pulse on Q,
of PDUS0A-III, could be used to reset the NIC50-11 so that subsequent
input pulses cause the whole cycle described above to be repeated. A
larger number of outputs could be obtained simply by adding PDU50A
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and PDUS50B modules. Separation of the output pulses (in time) can
be done by connecting the input signal to terminal C of PDUS0B. With
terminal C connected to earth, the output pulses are joined in time,
that is, the start and finish of two pulses at adjacent outputs is coincident.
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Fig. 13-34. Sequence regulator.

107




13.6.3 CONTROL OF MORE THAN 6 PROGRAMMES

The NICS0/RICS50 can drive up to 6 programmes. Increased output
(max. 20) can be obtained by using PDUS0OA modules and additional
power amplifiers like the TA60 (half of the 2.1A60 60-series module) at
the output, as shown in Fig. 13-35.
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i T R F DP R F DP
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ot 1y 'R GrfO- NIC50 T Nicso
max. PRF is e -
10 kHz paR0 EY A K i Q| | +2av Q777 mo- Qo
forta T J7 R oa
LA 1] I
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CYoN P ——— Ip ko [1y------- Iy
L PDUS0A L PDUS0A
30 [Qiz------ Qo 30 lQ------- Qo
= T 5 ]
4 7
5x2.1A60 5x2.1A60
+24V
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0 5 2.2kQ
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N N ! 1
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= N | —|NORs1
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max. 20 programmes

Fig. 13-35. Driving up to 20 preset programmes.
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13.7 Precautions against Supply Failure

13.7.1 PREVENTION OF SUPPLY FAILURE

The circuit of Fig. 13-36 shows how an auxiliary Ni-Cd storage battery
can be connected to the normal power supply so as to maintain system
supply in the event of a mains failure. Battery capacity should be matched
to system requirements. With the arrangement shown, the battery is
continuously trickle-charged when mains supply is available.

8200

GD BYX10

BYX10
from | to
bridge power
rectifier fe) supply
+
T
oI

7258705

Fig. 13-36. Battery supply at mains failure.

13.7.2 RE-STARTING AFTER LOSS OF SUPPLY

It is usually necessary to ensure that memories in the logic system take
on a definite state when re-starting after loss of supply. The circuit of
Fig. 13-27 shows how a reset pulse can be obtained upon switching on
the supply; that of Fig. 13-38 shows an arrangement by which the memo-
ry states at supply failure are retained until after the supply is again
available.

+24V

]10k0

!
— NOR51
T=CA2uF

for t=05s
O0Vyrp 7258649

Fig. 13-37. Resetting at mains switch-on.
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Fig. 13-38. Restart after loss of supply.

13.8 Output Interface Circuits

This section gives methods by which the logic system outputs can be
used to drive warning signals or operate machines.

13.8.1 0.3 A, 1 A OutpuTt DRIVE

For loads up to 300 mA, the LRD50 module is available. It can be
connected directly to the 50-Series logic NOR outputs, and has a maximum
output capability of 300 mA at 30 V supply. For loads of up to 1 A,
a power amplifier in the 60-Series NORDbit range, the PA60, is available.
Its maximum output capability is I A at 30 V and can also be directly
connected to a 50-Series NOR output.
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13.8.2 2 A OutpuT DRIVE

The circuit of Fig. 13-39 shows a way in which a load of up to 2 A can be
driven by an LRD50 module. When the LRDS50 input is at Low level,
current will flow in the load. Inductive loads should be paralleled with a
diode (in opposite direction to current flow through the load).

LRD50

Fig. 13-39. 2 A output drive.

13.8.3 A.C. RELAY DRIVE
Fig. 13-40 shows a circuit suitable for driving an a.c. relay. The LRD50
is used to trigger a BTY94 DIAC which activates the relay. A maximum

of 25 A at 220 V can be handled.

+24V
(£25%)

(max. 220V=25A)

~] LRDS0

0.1pF

oV

Fig. 13-40. A.C. relay drive.
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13.8.4 THYRISTOR DRIVE

An electro-magnetic clutch with brake is an application for this circuit;

when the brake is not activated then the clutch must be driven. Fig. 13-41

shows the circuit, where LRDS50’s control a level-driven thyristor

flip-flop. The value of the commutation capacitor C is given by:
C>14xt, XxIJEpF

where
t, = Max. turn-off time of the SCR in ps.
I = Max. load current (in 4) at the moment of commutation.

E = Min d.c. supply voltage.

Capacitor C can be made of two solid aluminium-type electrolytic capac-
itors and two diodes as shown in Fig. 13-42. The max. rated forward
current of the diodes must be greater than the max. load current at the
moment of commutation. Inductive loads should be reverse-paralleled
by diodes as shown.

Care should be taken to ensure that the power supply to the load can
only by switched on when the logic power supply is present. A circuit
providing this feature is shown in Fig. 13-43. The value of R depends on
the trigger current of the thyristor used; for the BTY79 the value is 690 (2.

BAX13
D
input — D H
|
4

LRD50

R |

130 i€ load
3 o/
+24V ==¢
330
3 @ -, (+ 2LV
_)<-/ | protected)
1 |
|
!
3 | |
NORS51 LRDS0 oV b 3
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BAX13

Fig. 13-41. Thyristor drive.

+ + 160F
f == (4ov) R +24LV
ov—] logic
m m supply
|d— Bl
s R
BAX13 BAX13
Fig. 13-42. Capacitor connections. +24v from +24V
(protected) load
supply 7258709

Fig. 13-43. Output transistor protection.



Thyristor Switching of Full-Wave Rectified A.C.

Fig. 13-44 shows how LRDS50’s are used to trigger thyristors in a full-
wave rectified a.c. circuit. The capacitor C across the load turns off the
thyristor as the supply voltage approaches zero by placing a negative
voltage on the thyristor anode. For reliable switching the time constant
of the load and capacitor should be at least 25 times the frequency of

the a.c. supply. The supply voltage may of course be higher than 24 V,
but should be isolated from the a.c. mains.

ov

LRD50

inputs +24V

~| LRDS50

| |
] |
I [
| |
I |

etc.

Fig. 13-44. Full-wave rectifier circuit.

BAX13 (4x)

26V
N

7258701

13.9 LoNG-DISTANCE INPUT SIGNAL TRANSMISSION (OVER 100 ™)

The:circuit of Fig. 13-45 can be used where signals must be transmitted
over distances of more than 100 m.

1 |
. BZY35 Z
[ oh GD -cr Q Ps arfO—
Me R
— H2VEs 39kQ l—PSR50—
I VS0 \t 4 R | o3 17 R oO—
| l T | O " o
[«— 100 meter —»|

-

Fig. 13-45. Long-distance signal transmission.

72587,
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13.10 Sign Shift and Decimal Point Shift

13.10.1 SiGN SHIFT wWITH SID50

When using the MIDSO0 in the shift register mode (see section 9.3) it
may be necessary to shift sign information in synchronism. Fig. 13-46
gives a suitable circuit, which operates as follows.

Assume NOR (1) has a “1” level input thus giving a plus sign on SID50
(A). When the shift signal is applied, both inputs to Nor (3) will be <07,
setting memory (4-5) such that NOR (4) output is at “1” level and NORr (5)
at “0”, illuminating “plus” on SID (B). The sign of SID50 (B) is trans-
ferred to (C) in a similar manner, the memory state being determined by
the signals from NoORs (4) and (5). In such a register staggered pulses must
be provided in order to achieve correct operation. The circuit of Fig. 9-4
is suitable.

A B o
+
T siDso 1+ sioso " sioso
XY 2 ~ XY Z ~ XY Z
T 1T T T T T T 1T
5 ® ®
1
o = ] 1 "ol
NORS1 NORS1 NORS1 NORS51
=4 1
- NoRst @ ®
1 1 1 1
Q 3 O-
NORS1 NORS1 I norst NORS1
T2eIn
[
LI A=zmin.12ps
- L—A
sl i, Ja= Fig. 13-46. Sign-shift circuit.
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13.10.2 DECIMAL POINT SHIFT

The decimal point may be shifted in a similar manner to that described
for the plus and minus signs, providing that it is driven as shown in
Fig. 13-47. Inputs P and Q control the setting of the memory as before.

decimal decimal decimal
point point

point

1

—{ NoRs1

8 1 T Norst I____ NORS1 NORS1 l—:
72532101

Fig. 13-47. Decimal point shift
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14 Examples of Virtually Complete Systems

We shall now examine the way in which complete or virtually complete
systems can be built up by using the subsystems described in Chapter 13
and the basic techniques discussed earlier. Although some of the systems
discussed in this chapter are for special applications, in reality the uses
to which the modules can be put is limited only by the imagination of
the designer. It is easy to see for instance that the “Chemical Blending
Plant Control” system described in the following pages could readily
be adapted to control many other processes besides the blending of
chemicals.

14.1 A Counting System for the Batching of Components

This section gives a description of a counting and batching machine
which was developed by a manufacturer. Before arrival at the machine,
the capacitors are attached, evenly spaced, by their leads to a tape. The
manufacturer’s request was for a machine to cut the leads so that the
capacitors feed into a box, fill the box with a certain quantity of units,
and automatically transfer the flow to another box upon reaching that
quantity. The first box meanwhile having been emptied, the flow was
to be returned to it after the filling of the other box, and so on.

The machine described (and in service) performs all these oper-
ations, and incorporates interlocks to prevent mishaps due to operator
error. The input circuitry, which at first glance might seem rather compli-
cated, has in fact been designed to guarantee accurate operation at
over 70 000 capacitors per hour. A detailed description of the logic is
given under the heading “Circuit Description”; below is a general
account of the actions involved.

Fig. 14-1isa photograph of the control unit. It should be noted here that
quality tests, such as capacitance value measurements, are carried out on
the capacitors before they reach the batching machine. For this reason
gaps sometimes occur on the tape, where particular capacitors have
been removed after failing a test.
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-1. Control unit.

.14

Fig
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The tape carrying the capacitors by their leads comes from the left
and the capacitors trip a probe which triggers a VSO “presence switch”
(VSO, in Fig. 14-2).

tape carrying
capacitors

chute solenoid

box1L_] |_Jbox2
R &

LA1 S3 LA2

7257030

Fig. 14-2. Mechanical arrangement of the machine.

A gapped wheel inside the machine, rotating in synchronism with the
tape, passes the jaws of a second VSO (VSO,), each gap in the wheel
indicating the place of a capacitor on the tape. If a below-standard
capacitor has been removed from the tape, then the first VSO blocks the
counting, by preventing the second VSO from registering a capacitor
for that position. With this method of counting the capacitors, high
speeds are possible.

The circular cutting blade slices off the capacitors from the tape, and
the capacitors, with their leads now trimmed to the correct length, fall
through the chute and into a box at position 1. To prevent variations in
the number of components in the box due to the delay caused by me-
chanical inertia, the motor speed is substantially reduced just before
the box is filled to the required quantity. The number of capacitors
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which must pass into the box before speed reduction occurs can be set
on Programme 1; this is just a few less than the total number per box,
set on Programme 2. Let us assume that the numbers are 490 and 500
respectively. (Up to 9999 can be set on each programme.) Fig. 14-3
shows the block diagram of the system. Motor speed (normal, slow, or
stop) is dependent on three conditions: chute direction, position of
switch S, and the preset numbers.

When the 500th capacitor is delivered to Box 1, the “Box | Full”
lamp (LA,) burns, and the chute is automatically directed to Box 2.
The machine delivers capacitors, at normal speed, to Box 2.

Meanwhile, the operator sees that LA, is alight so he replaces the
full Box I with an empty, and switches over S5 to the “Box 2" position.
Switching over S extinguishes lamp LA ;.

Box 2 continues to receive capacitors until 490 have been delivered.
The machine then automatically slows down until the 500th capacitor is
received in the box, whereupon the “Box 2 Full” lamp (LA,) lights up.
This tells the operator to replace Box 2 with an empty one.

The chute now swings back to Box | and capacitors are delivered to

vsot1 —*

vVs02 > logic - counter
S1 — test
S2 —manual reset
programme programme
1 2
(490 capacitors) (500 capacitors)

| L

motor chute direction
(normal/slow) (box 1/box2)
relay relay

53— 1

logic

motor
(stop)
relay

7287032

Fig. 14-3. Block diagram.
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Box 1 again at normal speed. If, however, the operator has forgotten to
remove the full box at position 2, and has therefore not switched S5 to
“Box 17, then the machine will stops after 490 capacitors have been
delivered to Box 1. This prevents more capacitors being delivered to
the already-full box.

Circuit Description

Figs 14-4 to 14-8 show the circuit diagram. Pulses from VSO, (see
Fig. 14-4) via the logic circuit formed by U,, U,, Us, U, and Us, and the
pulse-shaper half of the PSR50, activate the four-decade counter (four
NIC50 units). With no capacitors available VSO, prevents the VSO,
signals reaching the pulse shaper; with capacitors present, i.e. the probe
vane not in the jaws of VSO,, VSO, can deliver ”1* level signals to the
PSR50 “B” input.

The memory (U, and Us) ensures that only one count pulse per capac-
itor is delivered to the PSR50, despite the fact that the VSO, vane probe
reacts to each of the two capacitor leads. The timing diagram of Fig. 14-5
shows this.

Programme | Buffer NOR (U,g) output (see Fig. 14-6) goes “1” when
all the SUS0 outputs of Programme 1 go to “07, that is, at the 490th
pulse. LRD50 (U,s) activates the “motor normal/slow™ relay (see
Fig. 14-7) and the motor decelerates to slow speed, if S; is at “Box 1”
position and the chute is in the Box | position.

The motor continues to work, at slow speed, and finally the 500th
component is counted, causing the Buffer NOrR of Programme 2 (U,-) to
give a “17. This causes the outputs P and Q of the bi-stable circuit in
Fig. 14-8 (U,, to U,3) to change and as result the “chute/box 1/box 2”
solenoid changes to the other position, that is, Box 2. With S5 being at the
“Box 17 position, lamp LA1 will light because Q = “1” (U, output =
= “17). The 1/0 output change from U,, which activates the bi-stable
also activates the Reset section of the PSR50 (Fig. 14-4) via U4 which
produces a signal D = “1”. The reset pulse C from the PSR50 terminal
Q. has the correct shape and duration to reset NOR memory U,q, U,;
terminal Qp of the PSR50 delivers, at the same time, a reset pulse B
to the four NIC50 units.

The memory (U,s and U,;) being reset causes LRD50 (U,s) to
deliver “0” and thus the “motor normal/slow* relay contacts switch
back to “normal”. Operation then continues in the manner described
above.
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Fig. 14-5. Timing diagram of output signals from input circuit.
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Fig. 14-6. Count control circuit.
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Fig. 14-7. OQutput circuit — motor control.
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Let us now examine what happens if the operator does not remove a
full box, say Box 1, and has not switched S; to the Box 2 position.
Box 2 is of course being filled with capacitors at normal speed, and
lamp LA, is alight. Switch S being still at “Box 17, the output of U, is
“1” and output of U,, is “0”. At the 490th capacitor to Box 2, the other
input to U, s also becomes “0”, so U5 output becomes “1” and activ-
ates the “stop” relay. The motor does not start, and Box 2 is not, as a
result, completely filled, until the operator empties Box 1 and switches
S5 over to “Box 27.
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14.2 Chemical Blending Plant Control

This section gives a description of a control circuit for blending three
chemicals in a specified sequence. A block diagram of the system is shown
in Fig. 14-9. The chemicals which are to be blended are stored in tanks
A, B and C, being fed sequentially into the main processing tank via the
flowmeter. A suitable time interval 7, must elapse before liquid C is
added in order to allow liquids 4 and B to complete their required reac-
tion. For the same reason, a further interval 7, must also elapse after the
addition of liquid C. Valve D is then opened in order to discharge the
main processing tank. During the above process the flowmeter produces
digital electronic pulses at a rate which is directly proportional to the
rate of liquid flow through it, and digital pulses are produced by an
oscillator in the control circuitry.

fank 8 ank ¢

X valve VA valve VB valve VC

main process tank

% valve VD
72504158

Fig. 14-9. Block diagram.

=]

The five measuring operations, that is of the three liquid quantities
and the two time intervals, are initiated and terminated by means of
various control functions, the complete process taking place in two
automatic sequences separated by an inspection interval. The sequence
of operations occurs in seven steps.
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Step 1. Depressing the “start” button closes valve D and opens valve A.
Liquid is measured from tank A4 and when the required quantity is
reached, valve A4 closes.

Step 2. Valve B opens, the agitator starts, and liquid is measured
from tank B. When the required quantity is reached, valve B closes.

Step 3. Timing signals start, the reaction time 7, is measured, and the
timing signals cease.

Step 4. An alarm bell is activated and a “Check” lamp illuminated.
Depressing the “Alarm Accept” button silences the alarm bell and
extinguishes the “Check™ lamp.

An operation check is now carried out.

Step 5. If the results of the inspection are satisfactory, the operator
depresses the “Restart” button, valve C opens and liquid is measured
from tank C. When the required quantity is reached, valve C closes.

Step 6. Timing signals start, the reaction time 7, is measured and the
timing signals stop. The agitator also stops.

Step 7. Valve D opens, the alarm bell is activated and the “Process
Complete” lamp illuminated, and liquid is discharged from tank D.
Depressing the “Alarm Accept” button silenes the alarm bell and ex-
tinguishes the “Process Complete™ lamp.

The Control Circuitry

A single electronic counter is used to measure the five quantities in-
volved in the measuring operations, the magnitude of each quantity
being selected by means of the appropriate group of three thumbwheel
switches.

The counter, which is reset to zero before each measuring operation,
is supplied - with digital measuring pulses produced either by the flow-
meter or by the oscillator, depending on whether a liquid quantity or a
time interval is being measured.

Each control function (or group of functions) is implemented by the
setting or resetting of one of the nine memories. When a particular
counter programme has been executed, signals produced by the counter
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are used to set the memory which implements the control functions
necessary to initiate the next measuring operation. At the same time, the
memory which implemented the function (or functions) necessary to
initate the completed operation is reset, thus terminating that operation.
The setting signals are applied to a particular memory in conjunction
with a gating signal from the previous memory so that the measuring
operations take place in the required sequence.

Functional Description

The circuit diagram is shown in Fig. 14-10. When the mains supply is
connected, the switch-on reset circuit Us;/U;, produces a “1” input
which resets the nine memories U,3/U, 4 to U,o/Usy.

Step 1. When the “Start” button is depressed by the operator, the
0 V connection to the input of U, 5 is replaced by a “1” level which sets
memory U,3/U,,. This “1” level is also used to reset the three NIC50
decade counters U, to “0” via NOR U, and the reset section of PSR50
(Uy).

The “1” output from U,, is fed to a power amplifier PA60 (U;,)
which operates relay RA, opening valve V4. The “0” output from U, 5 is
used as a gating signal for NOR U of the next memory, all other Buffer
NORs being inhibited by “17 levels from their respective previous mem-
ories.

With valve VA open, digital measuring pulses are produced by the
flowmeter directly proportional to the quantity of liquid through it,
and fed via NOR U; to the pulse shaping section of PSR50 (U,). The
positive-going output pulses are counted by the three NIC50 decades U,
until the value which has been set on Us (bank of three SUS0 switches)
is reached.

At this moment, the output signal from Buffer NOrR U, changes from
“0” to “17, setting memory U,s/U .

The “1” output from U, resets memory U,3/U,., thus closing valve
VA. This signal is also used to reset decades U, to zero.

Step 2. The “1” output from U4 is used to activated relay RB and
open valve VB. This signal also sets memory U,,/U,g, the “1” output
from U, being used to activate relay RE and start the agitator to mix
liquids A4 and B.
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Injection Moulding

Electronics oust electro-mechanical devices in this injection moulding control system.
50-Series modules are used to build up signal processing component assemblies incorpor-
ating such functional sequences as closing, injection, ejection, opening etc. on individual
insert cards. Output signals from the modules are fed via amplifiers to final control
elements (solenoid valves and motors).

(by courtesy of Dr. Ing. Fritz Sommer Nachf., Liidenscheid, W. Germany)
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Fig. 14-10. Control circuit.
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The “0” output from U, s is used as a gating signal for Buffer NOrR Us,
after a small time delay created by the 10 k€2/4.7 nF network which then
allows the next programme to be initiated. With valve VB open, pulses
from the flowmeter are counted by U, until the value which has been set
on U, is reached. At this moment, the output signal from Buffer NOR Uy
changes from “0” to “17, setting memory U,o/U,o. The “1” output
from U,, resets memory U,s/U,¢. thus closing valve V'B. This 17 level
is also used to reset U, to zero.

Step 3. The “17 output from U, is applied via NOR U, to oscillator
Uy, Uy, Uy, which then feed timing pulses to U, via NOR Uj; and the
pulse shaping section of PSR50 (U,). The “0” output from U, is used
as a gating signal for Buffer NOR Uj4 so that when the value which has
been set on Ujss (time “t,”) is reached by the counters, the output
signal from Uj, changes from “0” to “17, setting memory U,,/U,s.

The “17 output from U,g resets memory U, /50, and so the oscillator
Uy, Uy, Uy no longer produces timing pulses.

Step 4. The “1” output from U,y is used to activate the alarm bell,
and also illuminate the “Check™ lamp LA ,.

When the “Alarm Accept” button is depressed by the operator, a
“17 level is produced which resets memory U,,/U,g thus silencing the
alarm bell, and extinguishing the “Check™ lamp.

Step 5. When the “Restart” button is depressed by the operator, a
“17 level is produced which sets memory U,s/U,.

The “1” output from U, is used to reset U, to zero and also to activ-
ate relay RC and open valve VC. Pulses from the flowmeter are then
counted by U,.

The “0” output from U,s is used as a gating signal for Buffer NOR
Us,, and so when the preset value on Us, is reached by the counter, a “1”
output is produced by Us;,, setting memory U,3/U,4. The “1” output
from U,, resets memory U,s/U,¢, thus closing valve VC. This “1” level
is also used to reset U, to zero.

Step 6. The “1” output from U,, is applied via Nor U,, to the os-
cillator Uy, U, U,;; which then produces timing pulses which are
counted by Us,.

The “0” output from U,; is used as a gating signal for Buffer NoR
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Usg, and so when the preset number on switches Uz, (time “7,”) is
reached by the counter, a “1” level is produced by Ussg, setting memory
Uz1/U,;.

The “1” output from U,, resets memory U,3/U,,4, and so the oscillator
no longer produces timing pulses. This “1” level also resets memory
U,,/U,s, thus stopping the agitator.

Step 7. The “1” output from U,, is used to activate relay RD and
open valve VD. This “1” level also sets memory U,o/Uso. The “17
output from Uj, is used to activate relay RF and again operate the alarm
bell, and to illuminate the “Process Complete” lamp LA.

When the “Alarm Accept” button is depressed by the operator,
memory U,o/Us, 1s reset, thus silencing the alarm bell, and extinguishing
the “Process Complete™ lamp L A4,.

Valve VD is closed when the “Start” button is depressed by the oper-
ator at the beginning of a subsequent blending process.

14.3 Clock circuits

Clocks frequently form an important part of process control systems.
Two examples are given.

14.3.1 CLOCK WITHOUT SETTING FACILITY

This is a simple type, requiring a 1 Hz signal source. Fig. 14-11 shows the
circuit diagram. The | Hz pulses at the left of the diagram are shaped
by the pulse-shaper section of the PSR50, and pass to NIC50 (U,).
Units U, and U, form a frequency divider of 60, indicating seconds,
but are reset in a different manner to that described for the units of the
circuit of 14.3.2. Output Q4 of NIC50 (U,) is taken to Buffer NOR (U-); on
reaching the 60th pulse, Buffer Nor (U5) output goes “1” and immedi-
ately a reset pulse from terminal Qp of the reset section of the PSR50
(Ug) is produced. The correct reset pulse duration is obtained via the
diode feedback from Q, to 7.

NIC50 (Uj;) receives, as a consequence, l-minute pulses. Buffer NOR
(Uy) output goes “1” when NIC50 modules U; and U, register 59 minutes
but, due to the time necessary to charge C, the input to Nor (U,,) does
not reach the “1” Jevel immediately. During this time one of the inputs
to NOR (U,,) has received a “0” reset pulse from the PSR50 because
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NIC50 modules U, and U, have just registered 60 seconds. Memory
(U;o—U,;) is not able to set, however, because NOrR (U,,) output is
still *“17. At the 60th minute, that is 59 minutes plus 60 seconds, another
reset pulse is received at the other input to Nor (U,,) and Nor (U,,)
output becomes “1”. NIC50 modules Uy and U, are reset via NOrR (U, ,).

A similar reset method is used for the modules registering hours, NIC50s
Us and Ug. These modules are reset every 24 hours, i.e. 23 hours plus 59
minutes plus 60 seconds.

14.3.2 CLOCK WITH MANUAL SETTING FACILITY

This circuit has provision for manual setting with thumbwheel switches
if, for example the supply should fail.

The circuit is shown in Fig. 14-12. A mains full-wave rectifier (not
shown) delivers 100 Hz pulses to input B of the pulse-shaper section of
PSR50 U, ; (see Fig. 14-12h on p. 136). The trigger output Q; delivers
shaped 100 Hz pulses to input 7" of NIC50 (U,). The four display
counters U,—U, act as a frequency divider of 60C0. At the 599%th
pulse, all four inputs to Buffer NorR (U,4) go to “0”. The 6000th pulse
causes B-NOR (U,4) output to return to “0” and this generates a nega-
tive-going reset pulse at Qg and positive-going at Q, from the reset
section of PSR50 (U, ;). (Terminal T'is held at “1” level). The four NIC50
modules are thus reset to zero and the first pulse appears at input 7 of
NIC50 (Us) via PSR (U,s) and the “set time” push-button which is
in the released (“normal”) position.

Further pulses appear at 1-minute intervals. NIC50 modules Uz and U,
actually indicate seconds. However, these modules were blocked off in the
unit in Fig. 14-12, as they have little practical use and lead to needless
complication in this case. (Units U, to U, can also be replaced by four
DCDS50 modules which perform the same function as the NIC50 mod-
ules but have no indicator tubes).

The NIC50 modules Us and Ug register up to 59 minutes, at which time
B-NOR (U, 4) output goes “17. Itreturns to “0” and thus resets NICS50 (Us,
U,) to zero at the 60th minute, similarly to the frequency divider of 6000.
Output Q, of NIC50 (Ue) subsequently going from “17 to “0” triggers
T of U,. Units U, and Uy register up to 23 hours, operating similarly
to NIC50 modules Us and Us,.

The “set time*™ circuitry operates as follows. The time to be set is
entered on the thumbwheel switches SU50 (U, and U, ) — units and tens

134



296462

qcl-rl MNHN uo asoy} 0} \Z\Qm\hm\kbb METSC&.S sy} 1o q pup D SJU10 “J1112410 MI0]7) vel-pl Nwﬁr\

0SHON
S b 0snS 0sns L
N N i
n 1 N |
0SHON N = R
N [ - [
g H = [ -4
| ITOm. o uo 1 |0J3u0d Buipjes awii |
VLT oin 6N | |
T | AO !
! vATe
o 9 _ 9
0SHON| —Ope ¥ [+, 0SUON|- !
- 748 -
8 F — 05uSd— g F _
! i 1S " |
8n T -O'to mNm v ain T I
Lin |
T |
|
|
I
LIt (RN |
T %) [ o [y ) [ E— !
L
IN o 059IN
05N | 05N SN | 59
en g ﬂ x wnlda n_* Y 9n n__o w N on L9a _m y
L |
Sua} s3un sua} s3un
- p— ) L4
N N
sinoy sagnuIw

135




[ 11 T 1113T||@

R F op|Y R F Dp|Y2 R F op|Y R F DP U4

u NICS0 2 NIC50 - NICS50 T NIC50
e Qg Qy=c====s Qg Qy------- Q Qy------- Qg
b= TIHIIIIJIIIIHIIJHIIIII T
39k

/‘L | a5 | | v
L Z

5 rs oo~ 1 - o]

—PSR50—

Ver—T R @G
RIO—
‘—OG QL ®

7257561

Il
z
o
Pl
o
=)

Fig. 14-12b

of minutes, and SUS0 (U,, and U,,) — units and tens of hours. Upon
pushing the “set time” push-button S, the pulse-shaper section of U, s
delivers an oscillating signal of approximately 50 kHz. This signal —
enabling the 24 hours to be displayed in about 1 second — is inhibited
when the counters NIC50 (Us to Ug) reach the preset time. All inputs
to B-NOR (U,4A) are then “07, its output is “17, and NORS0 (U,,B)
delivers “0” which is used to block the oscillator. The NIC50 modules will
then read the preset time. No further changes occur until the push-
button is released, at which normal operation is resumed. The “set zero™
push-button facility (S,) can be included if it is desired to measure
elapsed time after an event. Depressing the push-button before the event
applies “0” to all NIC50 reset “R™ terminals and all NIC50 modules
will display zero. Releasing the push-button at the event enables the
units to resume counting.

14.4 Serial Insertion of Count Pulses

In some applications it is necessary to insert a pre-determined number of
pulses into the counters before commencing normal counting. Fig. 14-13a
shows how this can be achieved. NOR’s U; and U, and the pulse-shaper
section of PSR50 form an oscillator. Before the preset count is reached
input G5 on NOR U, is “0”, and input G, on NOR U5 is “1”. Thus normal
input pulses are inhibited and oscillator pulses will be fed into the
counters. Upon reaching the preset count the Buffer NOR output goes
“0/1” and sets the memory. This puts NOR U, input (Gs) to “1” and NOR
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U, input (G4 to “07. The oscillator is now inhibited and count pulses fed
into NOorR Uj will be fed into the counter via the PSR50 module. The
value of C which determines the frequency is given in Fig. 14-135.
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Fig. 14-13a. Start of counting from a pre-determined number.
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Fig. 14-13b. Relation between C and frequency.
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14.5 Insertion of Preset Numbers

14.5.1 SERIAL INSERTION OF A PRESET NUMBER

Certain applications of preset counting are best fulfilled by inserting a
preset number into a reversible counter, and then substracting down to
zero, thus giving a fixed final position. Fig. 14-14 shows how the preset
number is fed into 7 on the first RIC50, whilst the counting input is
fed to Tk. The mode of operation is as follows.

NOR’s U, and U, form a memory circuit. After an insert command
the PSR50 oscillator starts, gate inputs Cr are opened and Cy inhibited.
When the correct number is reached the Buffer NOR output goes to “17”
level and sets the memory, which in turn stops the oscillator, and allows
the reverse count input to function. In a multi-decade system two alter-
native approaches are possible. Firstly, the counters may be coupled
in the normal manner, and the forward count inserted into the first
decade, as above. This is the most economic solution, but can require
quite a long insertion time for large numbers, e.g. 500 000 at 10 kHz
maximum gives an insertion time of 50 seconds.

>
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—T T T
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i e ce
"""" Q=======Qy Q===
oL )L W)
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T
w —Ols R QrlO—

Q-
1
Z
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count —B
input —PSR50 — = [

_6 ; R Qg O— “INORSO| 72532102
QL

Fig. 14-14. Serial insertion of a preset number.
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The second solution inserts pulses into each decade separately, and
hence the maximum insertion time is 10 times the oscillator period, i.e.
I ms at 10 kHz. This system is described in the next section.

14.5.2 PARALLEL INSERTION OF A PRESET NUMBER

Fig. 14-15 depicts a scheme for three decades. The memories are reset by
push-button R, thus opening gate inputs Crof the three RIC50 modules, and
inhibiting the Cy inputs. The pulse generator formed from the PSR50 at
the top of the figure now starts, due to the “1” level at D,. Pulses are then
fed to all the 7 inputs and drive each RIC50 until its preset count is
reached. The associated memory is then set, and the corresponding Cp
input is inhibited. When all memories are set, all inputs to NorR U,
becomes “07, and inputs Cy are brought to <07, thus enabling the input
count pulses to drive the counters in the reverse direction (sequentially).
The pulse generator can drive up to 6 decades. For details on how to
increase the number of inputs to NOR U, see Section 13.3.1.

14.6 Count Position Detection

When using reversible counters it is often necessary to take action when
the count goes above or below a preset number. Fig. 14-16 shows a
circuit which signals these conditions. When supply is switched on,
the whole system must be reset. NOR U, output goes to “17. At the preset
count the Buffer NOR output goes to “17, and the output of NOrR U,
to “0”. The output of NOR U, becomes “1” and hence NOR’s Us and Ug
outputs become “0”. Depending on which of the control inputs 4 or B
is at “0” level, the memory formed by Nor’s Uz and U, will feed a
“17 level to one of the two inputs of NOR’s Us and U,. For example,
if input 4, the forward or adding input, is at “1”, NOrR Us output becomes
“17, because NOR U, delivers a “0”, as does NOR U,. If 4 remains at 1"
while continuing to count forward NOR U, output goes “1” when the
RIC50 modules move off the preset count and the memory output remains
as before, because both memory inputs are now at “0”.

14.7 Frequency Measuring Circuit

Fig. 14-17 shows the circuit diagram of a simple frequency or speed
measuring circuit. Pulses of 50 Hz are fed to a two-decade counter sys-
tem. (NIC50 modules are shown here to illustrate the operation, but as
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Fig. 14-16. Count position detection.
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the display is not necessary in this case the NIC50 modules can be re-
placed by DCDS50 modules). Counting is designed to take place in the
interval from Ol to 51 pulses, as this has been found to give the most
economical solution in terms of components, and avoids resetting
problems. It should be noted that when no input pulses are applied the
input to NOR Ug must be kept high.

At the count of Ol from the interval timer U,-U;, Buffer NorR Us
output goes to “17, setting the memory circuit NOR’s Ug-U-. The output
of U, goes to “0” which opens NOR Ug. Frequency or speed measuring
now takes place. After exactly 1 second i.e. at the 51st pulse from the
interval timer, B-NOR U, output goes to “1” which resets the memory
NOR Ug-U,. The “17 level output from U, inhibits the NOorR-gate Ug and
at the same time triggers the reset section of PSR350 U,, producing a
transfer pulse from output Q. which is delivered to the MID350’s. At
the count of 52 from the interval timer, one of the inputs to B-NorR U,
goes to 17, giving “0” levels at both the inputs of U,,. The “1” level
output from U,, then resets the interval timer to 00 via PSR50 (U,).
The “0” level from B-NOrR U, which resets the interval timer also pro-
duces a “17” level at the NOR Uy output, and after a time-delay makes
one of the NOR U, inputs go to “1”. The resulting “0” level output
from NOR U/, removes the interval timer reset signal and allows another
frequency or speed measurement to be made.

14.8 Automatic Bi-directional Revolution Counting

Counting the number of passes of an object and indicating direction of
motion is a common requirement in practice. Fig. 14-18a shows the
scheme of a circuit giving the basic requirement of “total revolutions”
indication (total forward minus total reverse revolutions) and Fig. 14-18b
that of a circuit giving, in addition, indication of the direction at a given
instant. Input signals are supplied by a PHiLIPS transducer type PE2270
(see Fig. 14-18¢). A multiplier-by-4 increases the counting accuracy by
raising the maximum pulse repetition frequency to 10 kHz. Counting
direction of the RICS50 is controlled via two LRDS50’s by the direction
discriminator. Fig. 14-19 shows the complete diagram; its operation is
explained with the timing diagram of Fig. 14-20. Sign indication is
provided by a SID50, and zero detection is carried out by a Buffer NOR.
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Fig. 14-18c. Input circuitry.

Fig. 14-18b. Revolution counter with indication of direction.
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The alarm circuit of Fig. 14-21a may be used to give:

— a flashing signal when approaching the maximum p.r.f. that can be
counted.

— a steady light indication when the maximum permissible p.r.f. has been
exceeded i.e. when the contents of the counter no longer correspond
with the input information.

The timing diagram of Fig. 14-21h shows the operation of the alarm
circuit.

Fig. 14-21a. Alarm circuit.

90ps

e
Ut0e mmmp—m_
(i sl |
u1gd ! LI I I 0 I N 8

] |
|

| : 2ps I |
u20d U 1] U u ] 1} 1] HU U U 1]
|

U19a | _ 1N
‘ . i
It
u2ta 1 0 I
| I ]
u19d ; I, ‘ :

U21c Jl
|

7258767

Fig. 14-21b. Pulse diagram.
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14.9 Indication of difference between two independent pulse sources

Co-ordination between two independent processes requires a compen-
sation procedure applied to one or both; the situation is encountered in,
for example, attempting to keep horizontal a beam lifted by two cranes.
The circuit of Fig. 14-22 provides a means of making this compensation
by indicating the difference (positive or negative) between the number
of pulses received from the two sources. Pulses of 10 us from the wave-
shapers U,-U,-U; and U,-Us-U, set memories U, -U,, and U, 4-U,;
respectively. Complementary pulse-trains from the 5 kHz pulse generator
U,-Ug-U, reset each memory alternately and simultaneously specify the
counting direction by levels on the inputs Cy and Cp of the RIC50’s. A
low-going signal from the reset memory produces, via pulse circuit
U,6-U,; or U,g-U, an 80 ps pulse at the trigger inputs of the RICS50’s.
The use of memory circuits reset by anti-phase signals means that
simultaneous input signals will produce pulses 100 us apart at the RIC50
trigger input, thus ensuring unambiguous input conditions to the RIC50.

> <50
- 5°“SI<-— 200ps ——l i “‘i— 200ps —>| >80ps =

i | [l ] n_n

-« 333ys max ———————>

w1
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Fig. 14-22. Time relations of input signals.
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Fig. 14-22. Time relations between C and T inputs of RIC50.
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14.10 Automatic Motor Control

Fig. 14-23 shows a circuit designed to control the number of revolutions
of a motor in both directions. Pulses from the motor revolution trans-
ducer are fed via a PSR50 to RICS50 counters. When the count N,
(preset on SUS0’s) is reached, a “slow” command is given via U,. On
reaching the preset count N,, a signal from Uy stops the forward count,
gives a “reverse direction” command and starts the reverse count.
On reaching the preset count of N a signal from U, gives a “slow”
command, and at the count of 0, U, stops the motor. A new cycle will
commence on pressing the “Start” button.
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PART 3

Practical Considerations







15 Operating Speed

Pure counting systems will work at up to 50 kHz. However the intro-
duction of preset outputs slows the maximum operating speed due to an
intentional delay built into the Buffer NorR module. This is necessary to
suppress spurious output pulses which could occur during the transition
from, for example, 499-500 at the transit counts of 490 and 400, supposing
that these had been selected as preset outputs.

This delay of maximum value 18 ps, is produced by connecting D,
and D, (pins 9 and 10) on the 3.NORS50 module and it is recommended
that this practice be observed whenever more than one NIC50 module
is used.

This maximum value of 18 us may be reduced to 5 us by inserting a
suitable capacitor between D, and D, (see Data Sheets).

The maximum time taken for the NIC50 module to step between
numbers is 4 ps. Thus spurious signals to the Buffer NOR cannot last
longer than this time, and as the Buffer NOR delay is longer the system
will function safely. However, in a counting system longer delays occur
due to counters switching in sequence when carry pulses are generated,
e.g. in the transition from 99 to 100.

The maximum delay thus introduced will be nx4 us where n is the
number of counter modules in the system. Assuming that the number to
be decoded is the one immediately following this delay, the total delay
introduced could be, worst case, (4n + 18) us. Allowing Z us for the
Buffer NOR output to switch further logic the complete delay introduced
will be (4n + 18 + Z) us and the maximum operating speed:

106

Thus for a worst case calculation for the circuit of Fig. 15-1 the maximum

speed would be:
10°
———— Hz = 23.8 kHz,
12 + 18 + 12

155




programme 3

7

]
(IITECT,
E

i
i

_OSUSD SUS0

1

S
@

programme 2

Iy

i

(T

cS“----i"
=

Lo
SUS0

SUS0

=)
[5

programme 1

(T
@“ﬁfﬁfiﬁ
(T,
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Fig. 15-1. Three-decade three-programme scheme.

and with a suitable capacitance between D, and D,:

108
————— Hz = 32.2 kHz
1247412
This calculation assumes worst case figures for all modules in the system
but this is most unlikely to occur in practice. Typical values give the
following operating speed:
10° 10°
Hz = Hz = 43.5 kHz.
2n+7+Z 6+ 7+ 10
The addition of further logic as shown in Fig. 15-2 inhibits the spurious
signals generated and hence the intentional delay of the Buffer NorR need
not be used, i.e., D; not connected to D,, resulting in only a 4-9 us
delay.
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The operating speed in this case is typically:

106 106
— Hz=——— ——Hz = 55.5 kHz.
2n+ 74+ Z 64+7+5
It is recommended however that D, and D, be always interconnected
unless speeds in excess of 25 kHz are required.

1
= i 000
—NoRs0
Z
p 5
1 o 1 P o0&
| norso LRD50
o [ ]
4. Oazo !
—{NoRso NORSO
X
from
decoding
circuit 1
L =]
| —{NORs0
= i
= 1 1 1 >
= 256 3 0— 0—®
—INORS0 NORS0 NORS50 -1 LRD50
v =]
L— 1
O
| —{NORs0
q 1
d B -
E S TR 1' o4l o
L —{NORS50 NORS0 NOR50 ~| LRD50
¥ 72526430

Fig. 15-2. Inhibiting the spurious signals in Fig. 15-1.
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Industrial microscope

Automatic precision measuring system used in domestic appliance manufacture.

A counter[recorder with printer output linked to a microscope, form an automatic
precision measuring system which carries out the following tasks more quickly and
neatly than a team of operators and clerks could:

— measuring tool displacement accurately to 10 microns.

— providing a direct display of the measured values.

— printing-out these values.
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16 Loading Table
16.1 Rules governing Loading of the Modules

The loading table is actually a summary of the input and output data for

the various modules of the 50-series.

By expressing the input requirements and output capabilities of most
modules in “Drive Units” (D.U.), system design is greatly simplified.

The input requirements of all driven modules are additive. Therefore
it is sufficient to examine whether the available output of a driving
module can cover the input requirements of all driven modules.

The following rules should be followed when calculating loading.

— Add all input requirements;

— Follow the special input requirements which are mandatory for some
modules;

— Where possible, input requirements and output capabilities are ex-
pressed in Drive Units (D.U.). A load requiring a certain number
of D.U. can be driven by any module whose output has a greater or
equal number of D.U. available.

159




* 1A 9 _

7 ‘n'al

YON ndur

"0-'0 219-15 dldnipenb  [SYON'Y
*N°A9 ‘0/*0 na | *o-tp ¥ON Indur ¢ [enp
0SOIY 10 0SDIN YON
n'ac | '0 J0 °9-°0 woiy uoAup aq % %o-'p oyng indur 9 0SUON'E
| | | oqm
,, 7 | IorrIEYd 10)BDIpUI SNuTW
orqeordde ou suou A ‘nail —pue | pue snjd 1oALIp 0sdiIs
_7 05ASd
| 3oL 10 ¥ wouy udALIp aq 0} or Aedsip
OSAIN X ¢ Jo -7 + OSAIN 10 0SDTY ‘0SDIN| FO2UIP I1a
0SNdd Jomdur [BwIoap aALIp 0y °0-°0 jJo °0-°0 wo1y udALIp 3q 0) op-0r Arowaw I1aynq 0SAIN
sa[npow [¢/0SYON Jo O 10
0SANUT JO O WOlj UGALIP 2q 0)|  ¥H/d5
0SOI Jo °0-°0 10
°0-°0  0SUSd Jo LD woi usAmp oq 03 Apjip
osnad +| 10)un0d
OSATIN X 9JO 57-°T + 0sDI1Y-L! Aeydsip 19011p
X[ - SMON I9fng X 9 9ALIp o; 50-0 0S¥USd Jo ¥ woiy uoALp oq 0) bYA [BUOI12IP-1q oSO
7 0SDIN Jo °0-°0 10
[ 0S¥USd Jo L0 woiy uoALp oq 0} Az
osnad + | 193unoo
OSATIN %9 JO °1-97 + 0$DIN-L , Aefdsip 10911p
X SHON J19yng X 9 9ALIp 0} 65-00 |0SUSd JO ¥O woly udALIp oq 97 b4 [BUONAIIP-TUN 0SOIN
J[qe[ieA® [euruId) 7 patibai _ [RUTWIO}
=== e uonouny adKy
ndino A ndur

d[qe L, Suipeo] Y], 79[

91 219vL

160



Suneoy sAemje yndur suo 10 [orreaed up sindur 0M}

0SO1d

J0 ¥ 10 45 sowir) OM) ALIP O} J[qeINS OS[®

199ysS BIBp IS
osuSd-d X1 + nd b

Q@I .Q@ .—x@n
UU .U@

‘ 7

10 0sada-L X1 + 'n'd 9(|*"0 "0 o) ‘naos L)
, ap ‘10 ‘n'asl s
0SOTU/0SDIN-L X [ 2ALP Ok 90 20 10 ‘nat eqrveL I9PIAIP pue
N ‘40 Yo VO ‘n'ao arPrlfL 191unod apeddp  0sADA
j sk o—:_uOE UON— ,
0saod — ,
, 0SOTY 10 0SDIN Jo °0-°0 — ,
1W01) UdALP 3q 0} £g-1¢ |
/ sk 2:_UOE JAON !L |
10 0S¥YSdJo o —| |
<OmDQL ,«O 71 a:Qz_ o>_.:u Oul m\N-TN ..EO.C :u>_|_0 00— Of U i amcs 0>_._ﬁ .—3:_.:“_ mOmDQA_
| gosndad f
To €7-T7 wWol) UGALP 3G 0O} T _
# 0SATN 10 0sDTY ‘0SDIN f yun
‘nact °0-°0 io 60-00 wWOolj UdALP 3q o; -9 | oaup suud - VosNdAd
0sO1d-"D /1D %9 , , |
10 (XU 'Sq¥) A 0 VW ooM’ 0 nat | fo-'p | IAUP Aepoa/duwey  0SAWT
| |
‘nar 0 / ‘nat ) ,
0SATW-2L %9 i
10 0SOTI/0SOIN-T <9 40 ‘n'al I , JERLI
0SATN-"L %9 10 ,W
‘N°d ¢ + 0SDIN-LX ¥ 10 (O 6€
‘nraz +o0sord — (L + 1) X ¢l Lo , ‘n'ac =yeng , 1odeys osnd 054 Sd

—

O

—




16.3 Examples

16.3.1 NOR FUNCTION DRIVING 2 NORSO0 pLus 1 x LRD50 (F1G. 16-1)

Avaible at terminal Q of NORS50: 6 D.U.
Required at terminal G, NORS50: 1 D.U.
G, NORS50: 1 D.U.
G, LRDS50: 1 D.U.
Total required: 3 D.U.
Reserve ; +3 D.U.

This is allowed.

~{norso

— ! 1 4
|Norso ~|NORS0 o
1> o

-] LRD50

Fig. 16-1. Logic circuit.

16.3.2 PSR50 DRIVING 3 X NORS51 pLUS 2 < NIC50 (F1G. 16-2a)
Available at terminal Q; of PSR50: 2 D.U. + 4 XT of NIC50

Required at terminal G, NORSI: 1 D.U.
G, NORS1: 1 D.1,
G, NORS5I1: 1 D.U,
Total required: 3 D.U. 42 XT of NIC50
Reserve 2 —1 D.U. 42 XT of NIC50

This is not allowed.
Fig. 16-2bh shows an allowable arrangement using two extra NOR functions.
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NIC50
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A Norst

O

72526381

Fig. 16-2a. Counting and logic.

1 Il
R F DP
NIC50
Qy--==-=-- aQ
TTTTTTTTTT
1 L 1
1 R F DP
z T Nicso
Ps arfO—t
Q==-=--- Qo
=—~PSR50— LA EA
T 3
s ® 9fO- = Ml - o
al- - i NOR51
= O—[
Nors1 NoRs1 p
» NoRs1
E NOR51 o_ 7258729
Fig. 16-2b.
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16.3.3 PSR50 prIVING 8 x NIC50 pLUS 4 x NORS1 (FIG. 16-3)

Available at terminal Q, of PSR50: 6 X R of NICS50
Required at 8 terminal R of NIC50: 8 X R of NIC50
This is not allowed. A second PSR50 must be paralleled with the first
in order to reset 8 X NIC50 modules.
Available at terminal Q, of PSR50: 4 D.U.
Required at 4 NOR INPUTS : 4 D.U.
This is allowed.

|
R F DP
1T nieso
Qy-==-=-- Q
(R E RN
I
== I
=
== i 8x
——— I
———
|
1 J
& 2 b
g PSar R F DP
[—PSR50— 1T wnieso
—6 R O Qy----=--- Qo
a TTTTTTTTT
q 1
JNors1
1' o
L nors1
1! lo-
3 NoRst
o= [l
I C-
72526001 —| NORS1

Fig. 16-3. Counting and logic.

16.3.4 LRDS50 prIVING THE RIC50 (FIG. 16-4)

Available at term. Q of each LRD50 s 6 < Cp(Cy) inputs.
Required from terminal Q of each LRD50: 4 X Cp(Cy) inputs.
This is allowed.
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LRD50
it | L1 i
CeR F DP CrR F DP CFR F DP CeR F DP

T T 7 T
-1 RiC50 -7 RIC50 —1: RIC50 —Ts RICS0

Cr Cr Cg Cr

Qy------- [ Qp------- Qg Qy------- Qg Qy------- Q|

IRRRRRARAR TTTTTTT TTTTTTTTTT TTTTTTTTT
o . . nzsaaon

Fig. 16-4. Control of reversible counter.

L1l
v

LRD50

16.3.5 NIC50 DRIVING 7 PROGRAMMES (FIG. 16-5)

Available at Q, of NIC50 : 6 xB-NORS0 + 1 xT-NIC50
Required for counter trigger drive: 1 x T-NIC50
Required for Buffer NOR drive . 7xB-NORS50

This is not allowed. therefore the number of preset programmes must be

limited to six. For more than 6 programmes see chapter 13.6.3.

-
N 0
\__-O-.' [
N1 '
N—] ! 1
N ]
=k 1 = jol—
' —4
N 1: NOR50
o,
SUS0
| |
pre7set !
programmes 7x : 7x
|

0
E-?—o-—-l—, |
N} ! 3 1
N
Sk 1 o
N ! -
\C1: -{NORS0
i
- SU50 72325463

Fig. 16-5. Counting with preset outputs.
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16.3.6 RICS50 priving MIDS50 (F1G. 16-6)

Available from each RICS50 output: 6 x Buffer Nor’s + 1< T-RIC50
+ Iy to Iy) of 6 x MIDS0 -+
1 x PDU50

Required from each RICS50 output: 6 x Buffer NorR’s - 1 x T-RIC50

-+ Iy to Iy) of 1 x MIDS50
This is allowed.

| 1 l | | |
CeR F DP HcrR F oP
T T

°‘m@"pﬁ T

b (|

S T J[' ——————— Ty

S Mipso opf S mioso op|
¢ Tc

[ — Q, Qi im= q,

A RRREEREER TTTTTTTTTT

72531981 6 of f pre-set programmes

Fig. 16-6. Storage with MID50.
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Fig. 17. Exploded view (from the rear) of a typical 3-decade|single-programme system.
(Left) NIC50 display units. (Centre) preset switches. (Right) logic units.
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17 General Installation Requirements
17.1 Mounting Details

17.1.1 THE INDICATOR MoODULES NIC50, RIC50, MID50 aAND SID50

The modules are housed in plastic cases, whose dimensions and terminal
locations are shown in Fig. 17-1. The dimensions in Fig. 17-1 are given
in mm; for inch values see the tables.

"
—_ﬁ =
I
83 : 3 2
l
L =
9 3 T 72524121
89 18
Fig. 17-1. Dimensions of indicator modules.
mm [ inches mm inches
3 0.118 60 | 2.362
3.81 ‘ 0.150 63 2.480
9 0.354 67.7 2.665
18 0.708 78 3.070
252 | 0.992 89 3.504

54 2.126

These modules are fixed to the panel by means of two screws butting
against the rear face (see Fig. 17-2). A simple rectangular cut-out is
required, whose dimensions in mm and inches are given in Table 17.1.
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mounting panel (max. thickness 4mm)

indicator module

Fig. 17-2. Panel mounting.

Table 17.1 Panel cut-out.

sl width A
of modules ~ mm | inches

1 254 4+05 | 1+ 0.02

2 50.8 + 0.5 | 2 + 0.02

3 76.2 + 0.5 | 3 +0.02

4 101.6 + 0.5 | 4 +0.02

5 127.0 + 0.5 | 5 4+ 0.02
- 6 1524 +0.5 | 6 + 0.02

The front fagade clips into the main body. Front facades are available
in single and multiple sizes up to a maximum of size 6 (see section 19.4).
If the front facade is not required the modules may be mounted as shown
in Fig. 17-3.

B\W/A B[

N

-

7253173

Fig. 17-3. Two methods of mounting the modules (if front facade is not required).
A — mounting panel; B — text panel; C — auxiliary mounting strips; D — housing;
E — metal mounting bracket.
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The modules may be installed using the following procedure. They
should firstly be secured with the clips provided, such that the screws are
only finger-tight. The appropriate fagade may then be fitted and the screws
tightened without using force. If the fagade is not now flush with the
panel, the spacing between the modules may need to be increased. Finally,
the fagades should be checked for alignment. To make any adjustments
the facade must be removed.

17.1.2 THE AUXILIARY MODULES 3NORS50, 4NORS5I, PSR50, LRD50,
PDU5S0 A aAND B AND DCDS50

Module dimensions and terminal locations are shown in Fig. 17-4. Dimen-
sions are given in mm; for inch values see the tables.

126
[
I
I
| @l
| G ©
I
|
e
48, 2 7252671
52 18
mm inches
2 0078
QB0 0.1 0.004
-t self tapping screw 3.6 0 0.142 0
4 % (N x1/4") |
=1 . 3.81 0.150
15 4.8 | 0.189
T l 12.6 0.496
5 X |
A
w |
|
e = mm inches
Ln - i
asher
S.EZf%‘%aEi.ng bar 18 0.708
_mounting panel 47.6 1.874
52 2.047
Fig. 17-4. Dimensions of auxialiary modules. 56 + 0.1 2.205 4+ 0.004
65 2.559
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These modules may be fixed to the same panel as the other modules or
remotely using Mounting Bar type MB50 (see Fig. 17-5, and section 19.3).

o o} Fig. 17-5. Mounting Bar.

r\‘
&
©

T

17.1.3 THE SwitcH UniT SU50

Dimensions and terminal location of this unit are shown in Fig. 17-6.
Dimensions are given in mm; for inch values see the tables.

8 ok 2
L s
== | :
' q \ 7
£le8 '
il =asd 5 |Ie
gr i 34 1 5
N N
3 7-0
2 415 12720
525
709 —
Fig. 17-6. Dimensions of thumbwheel switch.
mm inches mm inches
‘ |
2 | 0.078 —0 —0
3 | 0118 46.5_ 45 1831 402
3.81 | 0.150 47.5 1.870
5.5 0216 52.5 | 2.067
P 5 56 - 0.15 | 2.205 - 0.006
12.7 | 0.5 65 2.559
—0.1 | —0.004 70.9 2,791
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This module requires a panel cut-out as shown in Fig. 17-7. Dimensions
are given in mm; for inch values see the table.

i W (i I S

24 7251686.2

Fig. 17-7. Panel cut-out.

mm | inches
5 —0

5.5_0.1 0.21670.004

9 0.354

12:7 0.5

24 0.945

29 1.142

47 1.851

56 +0.15 | 2.205 4 0.004

65.7 £ 0.2 ‘ 2.587 -+ 0.008

The main housing butts against the back of the panel. Self-tapping screws
which are provided pass through the panel and screw into bosses on the
rear of the fagade, as shown in Fig. 17-8.

panel
== washer
;7 screw
mounting fagade 2 i
- N e I
|
I
!
q |
|
|
|
;:l
72434861
jib
Fig. 17-8. Panel mounting.
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Power supply unit.
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17.1.4 THE POWER SUPPLY MoDULE PSUS50

Terminal locations and terminal spacing dimensions are shown in Fig.
17-9; mounting hole spacing and unit dimensions are shown in Fig. 17-10.

mains transformer

vutput terminals

=
al
a3
[ =F
>
> 2
(=3
o 3 o~
23 s
'y o
Q
&

7252021

Fig. 17-9. Transformer connections and output terminal locations.

120 (4.72")
100 (3.94")
i —— e T
a — — 2
@ [ 5(0.197") M&(sx) g
o 1 |
o : LF =
w - @
___4,#*._._‘% B
~170 (6.7")
Py p--t
o
w
=}
3
2
i i - R
! . g 7252823
& 5
- |

Fig. 17-10. Mounting details.

174



17.2 Interwiring Considerations

17.2.1 TYPICAL INTERWIRING PATTERNS

Consistency of pin function and careful pin layout makes interwiring
between units straightforward. For example, logic supplies always use
pins 1 and 2 (with the exception of the LRD50), allowing straight busbar
connections, and logic interconnections are frequently between adjacent
pins. Thus a Buffer NOR driving a memory would need interconnections
as in Fig. 17-11.

Fig. 17-12 shows the interwiring pattern of a three decade counter with
preceding PSR50.

I
A NOR50
s Oj
Fig. 17-11. Typical interwiring pattern T1NOR30 q

— Buffer NOR driving a memory. NORSD

z Ill IIJ

‘;Pso-r R F DP R _F DP

.
I PSRS u NIC50 U NIC50

— o ; R Ggl Q------- Qo Q-------

Q- TTTrrrTr TTTTTTTT

18nF

/ [ / +2uv
=4 —~ 7
4 e 4T T e
(= ] 1 nadil
reset || H 1 1™~
I 11 Il [ |
+ trigger [T I H I H
| [} [ | T 11
input | [} 11 11
| I 1 [} [
I [ [ [
I |1 [} 11 [}
—O0 00— I H Ik [
—1 l 72526381

carry carry

Fig. 17-12. Typical interwiring pattern — 3-decade counter plus PSR50.
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Note that the display units have an additional 250 V connection (Vp3)
placed well away from other pins. Care must be taken that this Vp3 con-
nections does not touch other pins as damage will inevitably result.

17.2.2 WIRE-WRAP DETAILS

All terminal connections in the 50-series can be made with the Wire-
wrap* process. This section gives a description of the process, and tool
types required for various wire gauges.

Pin dimensions are given in Fig. 17-13.

Fig. 17-13. Pin dimensions.

Wire-Wrap Connections

A wrapped joint consists of a sharp-edged usually rectangular terminal
around which an electrical wire is secured by a number of close fitting
turns. This number depends on the wire size which is used (minimum
8 turns for 30 gauge wire). The action of wrapping the wire round the
terminal applies a hoop stress to the wire, the reaction to which is a
torsional force on the terminal. This results in the sharp corners of the
terminal bitting into the wire producing gastight joints which withstand
severe environmental conditions. Two versions are distinguished (see
figure 17-14).

Fig. 17-14. Terminal types.

7258712 (b)

* Wire-wrap is a registered product of Gardner-Denver Pty.
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(a) The conventional type where the wrapping consists entirely of non-
insulated wire.

(b) The modified type where (min.) | turn is insulated and the remainder
of the wrapping is non-insulated.

The size of the terminals varies as a rule with the thickness of the wire.

Advantages:

— The spacing of the terminals may be close

— The reliability of a wrapped connection is extremely high; the estimate
is 10 times that of a soldered connection.

— The influence of human factors is small, provided adequate tools are

used.

The time and cost involved in making a wrapped connection is less

than with a soldered connection.

Disadvantages:

— Automatic wrapping-machines are very costly.

— The wrapping method is not suitable for stranded wire.

— Mechanically testing a wrapped connection is destructive.
Necessary Equipment

Table 17-2 gives the type numbers of the Gardner-Denver tools required
for various wire sizes.

Remarks:

— Each 50-series wire-wrap terminal can contain three wraps, consisting
of 6 turns per wrap;
— The use of modified wraps is recommended for all types.
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250V | IHv
PIA'R R R
ov|i2
11| R
Fils 60| T
171|DP
Qs |17 181| Qs
Qg8 191]Qy
Q3|19 201| Qg
Qy| 110 211 | Qq
Qqfin 221 Qo

|14 |5 |nv |7
R

=T

NIC50

Q; G; G30405 Q5 Q7 059 Qg
J11 Jo[s & [7 [18]te [20]21 |22

7258717

Fig. 17-15. NIC50.

250V | IHV Al|LS
Bl| Tc

cl|Io

pZAA B B 121 | Ig
ovil2 1311

I3 1l I,

I, (14 51| 1g

Is|ls 161 1s

I 171|DP

Qs|17 181 | Qg

Qglls 191 Qy

Q3|19 201 | Qg

Q|10 211| Qg

Qeftn 221 Qg

|3 ]4]s |6 |6 ] ]2]c

I il T 1 B I ta To 1o

A

1" mioso Vey
8 DP
L1

Qs Q2 Q3 Q4 Qs Qg Q7 Qg Qg Qo

110 [s [8 [7 [18]19 [20]21]22

7258719

Fig. 17-17. MID50.

250V [ IRV

IAA R B

ov|i2

Cells wl|R

Cr|1s 51| T

Flls 161 Te
171|DP

Qg7 181 | Qs

Qe 191|Qg
Q3|1s 201 | Qg
Qa1 211 | Qq
Qqfin 221| Qg

|14 |5 |Hv |7
2 R F Vpy DP
16 —
e g
ETR RIC50
Llcq
Q1Q2Q3 Q405 Qg Q7 Qg Qg Qo

[ ]10]9 |8 [7 [18 ]t [20[21]22

725878

Fig. 17-16. RIC50.

250V | IHV Al X
Bl|Y
cl|z

PIAA N B 21|~

ovi|l2
+ (18
=1
| v
o, Vey
5660600
| s | =
N~ XY

74
lz [a [e [c

7258720

Fig. 17-18. SID50.
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ov|lz 131|Gg oviiz 131]Gyp
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Ga|ls 150Gy Gy |la 151Gy
Gi|Is 161|Q3 G3|1s 181|Qp
Gylls 171] Q2 Qz|1s 171|Q3
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Dyf1s 2001 Gy3 Gg |09 201Gys
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L | 0 P 5% ]G
g L b 273 16 —{6¢ I [P
] P D; 65 0™ e, %[0~ Do Ca
11 21 11 2
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Fig. 17-27. Examples of flexible prints. The following types are available:

Type VSS50 — for interconnecting thumbwheel switches 10P1C in various program-
mes, when mounted vertically.

Type HCS50 — for interconnecting ten outputs of NIC50 or RICS50 to the ten inputs
of thumbwheel switches 10P1C, when mounted horizontally.

Type HSS50 — for interconnecting thumbwheel switches 10PI1C in various program-
mes, when mounted horizontally.

Type VCS50 — for interconnecting ten outputs of NIC50 or RIC50 to the ten inputs
of thumbwheel switches, when mounted vertically.
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18 General Electrical Considerations

18.1 Introduction

Two supply rails are needed,namely +250 V d.c. ++ 189 for indicator
tubes and +24 V d.c. 4+ 109 for logic units. PSU50, which supplies 40
and 250 mA respectively at these voltages, is adequate for many systems
as it will supply twelve counting display units and supporting logic. It
is advisable to provide a separate +24 V -+ 259 supply of suitable
current rating for the output devices. Experience has shown that the use
of a separate load supply minimises interference problems and avoids
swings on the logic supply; this practice is therefore recommended.
Interconnections between supplies are shown in Fig. 18-1.

Fig. 18-1. Typical system supply and earthing connections.
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18.2 Precautions against Interference

18.2.1 GENERAL

The 50-series direct display counters have been developed for application
in the professional industrial field. This becomes evident after an appraisal
is made of their main characteristics, such as supply voltages, counting
rate, temperature range and the mechanical design of units and their
mounting arrangements.

Most important, the 50-series design incorporates a high degree of
protection against interference. Moreover, the 50-Series operates at the
comparatively high supply voltage of 24 V, which has allowed extra
protection against interference. These two qualities distinguish the 50-
Series from other currently available counter ranges.

In spite of the precautions to assure trouble-free operation in environ-
ments with heavy interference, it should be realized that transistorized
circuits are not completely immune. Noise pulses with amplitudes of
100 V, or even 1000 V, are by no means exceptional in industrial environ-
ments, and therefore additional protection measures might be necessary.
If these measures are taken right at the start of design, they are neither
costly nor time-consuming.

In general, interference signals enter a system by direct electro-magnetic
radiation in the system, by induction in the cables between input devices
and the system, and through the mains supply. Extensive testing and
analysis has provided ways of eliminating interference from the above
sources, and the knowledge thus gained is given in a number of recom-
mendations, grouped according to the severity of the interference. (The
numbers in the drawings Figs 18-2 and 18-3 refer to the recommenda-
tions listed.) The recommendations given in the first grouping (“Normal
Precautions™) should always be carried out, no matter what the situation
may be. The user of the 50-Series. by considering his specific application
and circumstances, can then easily find out what precautions are most
applicable to his case. With these recommendations, we are convinced
that the 50-series direct display counters will operate reliably under all
circumstances of interference normally encountered in industry.
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18.2.2 NORMAL INTERFERENCE PRECAUTIONS

a.

The equipment should be built into a closed metal cabinet. The
cabinet must be connected to mains earth (E) at the point of cable
entry.

All 0 V points of the various system parts should be connected to a
single Central Earth Point (CEP) by thick leads, which should be
kept as short as possible. The CEP should be situated close to all
units and be kept insulated, at that place, from the metal equipment
cabinet.

The CEP is to be connected by only one lead to the point where the
metal equipment cabinet is interconnected with mains earth (E).

Keep incoming and outgoing power leads inside the cabinet as short
as possible.

Leads with high voltages or switching currents must be separated from
the logic lines.

The constituent parts of the equipment must be mounted as close as
possible to each other and interwiring should be kept as short as
possible.

Use a mains filter (see Sub-section 18.2.6). In Fig. 18-3 the mains
filter case is electrically separated from the C,-C, interconnection and
this interconnection is brought to the CEP. If, however, the filter is
of a type having the case already internally connected to the C,-C,
interconnection, then the case must be insulated from the metal
equipment cabinet, and connected to the CEP instead.

Mains switches, fuses, mains indication lamps, etc. must be inserted

either in the filtered mains leads between mains filter and power
supply unit, or housed in a separate metal case preceding the filter.
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18.2.3 HIGH INTERFERENCE PRECAUTIONS

a. All recommendations stated under 18.2.2 should be observed.

b. Leads from input transducers are to be screened outside the cabinet
and filtered immediately after entering the cabinet. Only the signal
line should also be screened after filtering inside the cabinet.

c. TheTrigger and Reset lines between PSR 50 modules and counters must
be screened.

d. Outgoing leads from output power units should be screened outside
the metal cabinet, particularly if :
— no separate 24 V power supply is used for the output power units,
or
— the output power units are mounted close to the logic circuits.

e. Outgoing leads from output power units should be twisted inside the
metal cabinet.

18.2.4 EXTREME INTERFERENCE PRECAUTIONS

a. All recommendations stated under 18.2.2 and 18.2.3 should be ob-
served.

b. Connect small electrolytic capacitors between the 24 V and 0 V
terminals of the PSR50. This should also be done with the LRDS50,
if a separate power supply unit is not used.

c. Connect capacitors of 0.1 uF between terminal F of the counters and
the CEP.

d. A filter similar to the mains filter must be inserted in the outgoing
leads of the power output units inside the equipment cabinet. See also
18.2.3b. Screening of the leads outside the cabinet is not necessary
when the filter is used.

e. Under certain circumstances, improvement may be realized by inser-

ting a resistor, value between 1 and 10 k€2, between CEP and mains
earth E, or even allowing CEP to float with respect to mains earth E.
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18.2.5 TEST METHODS

To demonstrate the immunity of the 50-series counters to extreme inter-
ference, a simple counter has been built.

Figs 18-2 and 18-3 show the circuit diagram and associated interwiring
diagram, respectively, of the equipment — a simple 3-digit, single preset
programmed counter. With the precautions shown in the diagrams, this
equipment operates reliably while being subjected to the high electric and
magnetic fields produced by the tests described below. These test condi-
tions are the severest to which electronic counters are normally exposed,
even in heavy industry. Although the precautions taken were very simple
and cheap, they were extremely effective.

WARNING: The brilliant fire-work display produced by the first three
tests should be warning enough that high currents and voltages exist.
This is dangerous —

TAKE THE APPROPRIATE PRECAUTIONS!

Very strong magnetic fields are produced in test 4, as you can see for
yourself by placing a steel key in the coil. Watches and sensitive instru-
ments should be kept well away from the coil!

Equipment used for the tests:

— a capacitor 50 p.F (min.) 250 V r.m.s.,

a coil 120 turns, coil diam. 51.5 ¢m, wire diam. 1.6 mm, total coil
resistance 0.5 Q,

|

a push-button switch,

- two relays 36 A rating,

a rough file,

some hook-up wire.
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Test 1 (Fig. 18-4)
Strike the end of wire 4 over the neutral lead, the earth terminal and
the earth lead connected to the counter chassis.

f'—\A

metal case
of system
under test

active
0
earth

Fig. 18-4. Interference tests 1 and 2.

Test 2
As in test 1, but with the coil and capacitor in series.

Test 3 (Fig. 18-5)
Stroke the active terminal over a file as shown in Figs 18-5a and 18-5b.

j

acxive metal case

0 of system
earth under test ((I)

7258713

\

active metal case

0 of system

earth under test
(b)

Fig. 18-5a, b. Interference test 3.

Test 4 (Fig. 18-6)

On closing contact A4, relay B is activated and, after 10-20 ms, relay C
is de-activated. During this period a current of 220/0.5 = 440 A flows,
giving a magnetic flux of 440 <120 = 50,000 AT. Test both with the
coil placed close to the equipment, and with the coil magnetically coupled
with coiled input and output leads.
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A slow-blow 10 A fuse is sufficient provided tests are made not more
frequently than one every 4 -1 s.

-0 | O 5+ 00—

testing

T
H
i
i
i
i
i
|
i c coil

q —0 ' o——
) D
active ——0
A
B

ov

VAAAS

Fig. 18-6. Interference test 4.

18.2.6 MAINS FILTERS

Even away from high-interference environments, mains supplies are
seldom free from transients and noise. This type of interference is
effectively reduced by the use of a mains filter.

Mains Filter MF0.5A4

The MFO0.5A is rated at 0.5 A. It reduces the amplitude of interference
voltages by more than 50 dB between 100 kHz and 10 MHz (see graph
Fig. 18-7). The unit is shown in Fig. 18-8 and its dimensions given in
Fig. 18-9.

Rt

o W
A

e

i
2

Mains filter 0.5 A.
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_______ L
[ output to load
mains S
" I _— to system.earth point
input
1 I
]_ output to load

Fig. 18-8. Circuit diagram.

39 e

8l
- L
d

Fig. 18-9. Filter dimensions.

Technical Data

Maximum current 0.5 A
Maximum voltage 250 V
Test voltage 2 kV for 1 min.

Attenuation
(for input frequencies between 100 kHz and 10 MHz) > 50 dB
Temperature range

operating —25to +70 °C
storage —40 to +80 °C
Weight 250 g
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Mains Filter MF 2.0 A

The MF 2.0 A is rated at 2 A. It reduces the amplitude of interference
voltages by more than 50 dB between 300 kHz and 15 MHz (see graph
of Fig. 18-10).

Dimensions of the unit are shown in Fig. 18-11.

Mains Filter 2.0 A
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L
005 01 1 MHz 10

Fig. 18-10. Attenuation graph.

153
‘ | 140

72573161 ©

Fig. 18-11. Filter dimensions.

Technical Data

Attenuation

(for input frequencies between 300 kHz and 15 MHz)> 50 dB
Maximum a.c. input voltage 250 V
Maximum a.c. input current 2A
Test voltage for 1 min.
a) across input terminals 2 kV
b) across input terminals and case 2 kV
Operating temperature range —25to +70 °C
Storage temperature range —25to +85°C
Weight 570 g
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17

General batch Counters

1. from Numerics Corp., Tewksbury, Mass. U.S.A.
Applications:

— batch counting on packaging machines

— carton counting on straight-line gluers and waxing machines
— length measuring — paper-steel-wire-aluminium

— corrugated box manufacture on printer-slotters.

II. from Darcon Controls, Westcliffe-on-Sea, England.
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19 Accessories

19.1 The Empty Case Assembly ECAS0

The ECASO0 consists of the normal plastic housing for auxiliary units, a
rear bar, and a general-purpose glass-epoxy printed-wiring board as
shown in Fig. 19-1. The ECA50 may be used to mount special-purpose
circuits of the user’s own design.

‘11

i
i
i

o}
i
L

VY47

:
§
iVl

138
1

§
:
}

printed -wiring board

(component side) Fig. 19-1. Printed wiring board and enlarged wiring pattern.
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19.2 Sticker Symbols

The drawing of a logic circuit often entails a large amount of repetitive
work, as the same symbol may be used many times in a single circuit.
To speed the drawing of such circuits, sheets of “stickers™ are available,
each sheet consisting of a stiff paper backing with a transparent adhesive
sheet on which the 50-series module symbols are printed. Fig. 19-2
shows one of the sheets. Each symbol is readily detachable from the
backing without cutting.

There are six different sheets, the type and number of symbols on each
being given in the list below.

Sheet 1: NIC50 (4x) + SU50 (8 x),  cat.no. 4322026 70260

Sheet 2: LRD50 (3x) + PSR50 (2%) +
3NORS50 (3%) + 4NORSI (2x), cat.no. 4322026 70270

Sheet 3: RICS50 (4 <) + SU30 (8 x),  cat.no. 4322026 70430
Sheet 4: MID50 (8 x) +  SID30 (4 x),  cat.no. 4322026 70440
Sheet 5:  PDUS0A (9 ) + PDUS0B (3 <), cat.no. 4322026 71910
Sheet 6: DCD350 (12 x), cat.no. 4322026 71920

The catalogue numbers for sheets 1 to 6 are for 50 sheet packages.
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19.3 Mounting Bar MB350 (Cat. No. 4322 026 70170).

The MBS0 is available in a standard 21-position length for mounting
auxiliary modules. Two bars are required each unit being attached by
two self tapping screws (4N < 1/4"") and washers. Bar and mounting di-
mensions are shown (in mm) in Fig. 19-4, inch values being given in

the table.
[1.08+01
T self tapping screw
4 (4N x1/4")
‘NL ? @
= fe—0
= |
-
$ washer
+— mounting bar
3 ;ouwltmg panel
635 J27, 240
5 6 5 o o o o
o> o @D DD e o —
&
3
m‘ v bl @ = f—
T rie o = o o o
Fig. 19-3. Mounting Bar dimensions.
mm inches mm inches
0.8 = 0.1 ‘ 0.032 - 0.004 244101 | 0.094 - 0.004
6.35 0.25
5 1 8'2 097 T 8'008 12 £02 | 0.472 - 0.008
12.7 0.5
12002 | 0472+ 0.008 19 0.748
56 4+ 0.1 2.205 -+ 0.004 56 + 0.1 2.205 - 0.004
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19.4 Front Facades

Front fagades, type FIC, are available for one to six indicator modules
type NIC50, RIC50, MIDS50 and SID50. The facades are provided with
a coloured polarized screen. Fagades, type FMF, for mounting from one
to six switches are also available. The dimensions in mm of both types
are shown in Fig. 19-4, varying dimensions being given in Table 19-1.

66

[N
1
I
1
1
i

<—j‘>

66
I
1
]
I
e 31

1 24 7252650

Fig. 19-4. Front fagades.

Table 19-1

indicator modules thumbwheel switches

number

P —— fagade | Jidth B, facade width B,
type mm inches ‘ type | ‘mm | inches
1 - FICI 5.4 1394 | EMF1 | 24 0.945
2 | FIC2 60.8 | 2394 | FMF2 36.7 1.445
3 ‘ FIC3 86.2 i 3.394 FMF3 49.4 1.945
4 FIC4 111.6 4.394 FMF4 62:1 2.445
o3t ‘ FICS 137.0 5.394 FMF5 | 74.8 | 2.945
6 FIC6 162.4 6.394 ( FMF6 87.5 3.445
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Page

. 110
18

. . 184
. . 189
- 175

. 175
83

11
.18
. 106

83
. 82
« 159

- 159
- 162

36
40
53
18
10-11
18
19

. 113
28

. 191
84
» 139
10
11

: 93
.+ 150

.17
199
. 168

18
97
« 98
10-11

Section

13.8
4.2
18.2
18.2.5
17.2
17.2:1
12.2.6

2.2.4
4.2
13.6.1
12.2.5
1223
16.1
16
16.3
6.1.3
152
9.5
4.3
2.2.1 and 2
4.3
4.3
line 7
13.9
5.2.1

18.2.6
12.3
14.7
2.2.1
2.2.2
2:1:3
13.2
14.10
1.1.2
17.1.2 line 2
19.3
17:1

4.3

13.3.1

13.3.2

2.2.1 and 2.2.2
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NOR outputs, increased capability

Numerical indicator counter module NIC50 .

Operating speed, uni-directional .
Operating speed, bi-directional
Oscillator, crystal

Oscillator, RC

Oscillator using NOR’s and PSR50 i
Output drive, direct from B-NOR to LRD50
Output drive from LRDS50 3

Output drive from more than 6 decades
Output drive via intermediate logic
Output interface circuits .

Output level modification

Output levels of NIC50

Parallel insertion of preset numbers
Physical characteristics . .
Photo-electric detector CSPD .

Pin connections .

Position detection

Power amplifier PA60

Power supplies

Power supply leads

Power supply module PSUS50

Power supply module PSU50, mounting
Pre-determined outputs, counting with
Pre-determined outputs, fixed .

Preset numbers, parallel insertion of .
Preset numbers, serial insertion of .
Preset outputs, fixed, DCD50 .

Preset outputs, variable, SU50

Preset outputs, variable, DCDS50
Presetting the DCD50 . . . 3
Printer drive modules PDUSOA + PDUSOB
Printer drive with PDUS50A and B .
Printer drive, typical 3-decade circuit .
Printer drive with MIDS50

Programme control, more than 6 programmes .

Programme selection, sequential .
Pulse generator, scan
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Page

98

25

» 155

35
89
85
86

. 136

28
20
28

. 100

. 110
. 106

25

- 139

82

. 139
. 110
. 183
. 188

188
12

. 174

27

- 139
. 138

75
28
75
77
12
54
54
50

. 108

32

. 106

Section

13.3.3
2.1.1
S

15

6 line 12
12.4.4
12.4.1
12.4.2
14.4 line 4
5.2:1

4.4

5.2.1
13.3.5
5.2.2
13.8
13.6.1

5

14.5.2
1.1
12.2.4
1% |
14.6
13.8.1
18.1
18.2.3d and e
18.2.4b and d
226
17.1.4
6.2
5.1.1
14.5.2
14.5.1
11.5.1
512
11.5.2
11.6
2.2.5
10
10.2
9.2
13.6.3
53
13.6.2



Pulse shaper-reset module PSR50
Pulses, coincident output .

Quadruple NOR module 4NORSI .
Quality and reliability

Radiation detector .
RC input filters

RC oscillator

RC pulse generator

Reset lines

Resetting at a pre- determmed count
Resetting at mains switch-on

Resetting from PSR50 .

Resetting from the mains .
Resetting, manual .

Resetting of D.C. memories .
Resetting the DCDS50

Resetting the NIC50 .

Resetting the RICS0 .

Resetting with PSR50

Re-starting after loss of supply
Reversible indicator counter RIC50

Revolution counting, automatic bi- dlrectlona]

Scaling factors, DCD connections .
Scaling, variable .

Scanner for printer drive . .
Serial insertion of a preset number
Serial insertion of count pulses
Sequence control with PDUS0A .
Sequential programme selection .
Shift register with MID50

Shift pulse circuit for shift register .
Sign indication -+, and —

Sign indication, X, Y, Z and ~

Sign indication and direction control .

Sign indicator driver SID50 .
Sign shift with SID50
Silicon controlled switches

. 114

Page

11

. 107

84
79
80
85
86
88

. 188

46
48
48
20
48
46
48
72
31

38
45

. 109

. 143

59
34
57

. 138
.« 136
. 106

32
52
52
40
44
42
10

18

Section

2.2.3
13.6.2

(85
(5]
(58]

12.2.%
3708 I |
12.1.2
12.4.1
12.4.2
12.4.3
18.2.3¢
8.2.2
8.3.1
8.3.2

4.5

8.3

8.2.1
8.3.1
11.4

5.2.3

6.2 line, 7
8

13.7:2
2.1.2
14.8

11.2
5.4
10.3
14.5.1
14.4
13.6.2
5.3
9.3
9.4
7.1
7.4
7.2
2.1.4
13.10.1
1., 4.2
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Speed measuring system

Spurious output pulses .

State indicator

Sticker symbols .

Storage with MIDS50 <
Supply failure, precautions agamst .
Supply voltages .

Switch unit SUS0

Switch unit SU50 mounting
Symbols, sticker

Symbols, schematic

System examples

Tachometer

Tape punch drive, dec1mal to bmary code converter for

Temperature range

Terminal numbers .

Test specifications .

Thyristor drive

Time delays

Time delay of negatlve going sngndl
Time delay of positive-going signal
Transducers, electro-mechanical,
Transducers, electronic .

Transfer of information to MIDSO
Trigger lines

Triggering DCD350 w1th NOR
Triggering DCD50 with PSR50
Triple NOR unit 3NORS50

Uni-directional counting with NIC50
Vane switched oscillator VSO .
Variable frequency inputs

Variable preset outputs

Variable scaling .

Wire wrap details .
Wiring capacitance,

Zero setting
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Page

- 139
. 155

19

. 196

50

. 109

3
13

. 171

15
15

. 116

139
101
8

s 179

2

« 112

90
90
92
79
81
50

. 188

72
72
10

25

81
85
28
34

. 176

50

Section

14.7
15line 4, line 14
4.3
19.2

(%)

== Wi
AFS)

B LW gD = w0

14.7
13.5.1line 10
1.2.2

17.2:3

13.8.4
13.1
13.1.1
13.1.2
12.1
12.2
9.1
18.2.3¢
11.3.2
11.3.1
2.2

o}

12:2.1

12.4
5.1.2
5.4

see resetting






Technology relating to the products described in this publication is shared by the following firms.

Argentina
FAPESA Iy.C.
Melincué 2594
Tel. 50-9941/8155
BUENOS AIRES

Australia

Philips Electrical Pty. Ltd.
Miniwatt Electronics Division
20. Herbert St.

Tel. 43-2171

ARTARMON. N.S.W.

Austria

WIVEG

Prinz Eugenstrasse 32
Tel. 65 16 21

1041 WIEN

Belgium
PHILIPS S.A.

Place de Brouckére 2
Tél. 19.18.00 - 19.30.00
1000 BRUXELLES

Brazil

IBRAPE S.A.

Rua Manoel Ramos Paiva 506
Tel. 93-5141

SAO PAULO

Canada

Philips Electron Devices
116 Vanderhoof Ave.
Tel. 425-5161
TORONTO 17, Ontario

Chile

Philips Chilena S.A.
Av. Santa Maria 0760
Tel. 39 40 01
SANTIAGO

Columbia
SADAPE S.A.
Calle 19, No. 5-51
Tel. 422-175
BOGOTA D.E. 1

Denmark

Miniwatt A/S
Emdrupvej 115

Tel. 69 16 22
KOBENHAVN NV

Finland

Oy Philips A.B.
Elcoma Division
Kaivokatu 8
Tel. 10 915
HELSINKI 10

France

RT:C:

La Radiotechnique-Compelec
Avenue Ledru Rollin 130
Tel. 797-99-30

PARIS il
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Germany

VALVO G.m.b.H.
Valvo Haus
Burchardstrasse 19
Tel. (0411) 33 91 31
2 HAMBURG 1

Greece

Philips S.A. Hellénique
Elcoma Division

52, Av. Syngrou
ATHENES

Hong Kong

Philips Hong Kong Ltd.
Components Dept.

St. George’s Building, 21st FI.
Tel. K-42 82 05

HONG KONG

India

INBELEC Div. of

Philips India Ltd.

Band Box Building

254-D. Dr. Annie Besant Road
Tel. 45 33 86

Worli, BOMBAY 18 (WB)

Indenesia

P.T. Philips-Ralin Electronics
Elcoma Division

Djalan Gadjah Mada 18

Tel. 44 163

DJAKARTA

Ireland

Philips Electrical (Ireland) Pty.
Newstead, Clonskeagh

Tel. 6933 55

DUBLIN 6

ltaly

Philips S.p.A.

Sezione Elcoma
Piazza IV Novembre 3
Tel. 69.94

MILANO

Japan

1.D.C.C. Ld.

Kokusai Building, 7th floor
Marunouchi

Tel. (213) 6751.7

TOKYO

Mexice

Electronica. S.A. de C.V.
Varsovia No. 36

Tel. 5-33-11-80
MEXICO 6. D.F.

Netherlands

Philips Nederland N.V.
Afd. Elonco

Boschdijk, VB

Tel. (040) 43 33 33
EINDHOVEN

New Zealand

EDAC Ltd.

70-72 Kingsford Smith Street
Tel. 873 159
WELLINGTON

Norway

Electronica A/S
Middelthunsgate 27
Tel. 46 39 70
OSLO 3

Peru

CADESA

Av. Abancay 1176
Tel.'7 73 17
LIMA

Portugal

Philips Portuguesa S.A.R.L.

Rua Joaquim Antonio de Aguiar 66
Tel. 68 31 21/9

LISBOA

South Africa
EDAC (Pty) Ltd.
South Park Lane
New Doornfontein
Tel. 24/6701-2
JOHANNESBURG

Spain

COPRESA S.A.
Balmes 22

Tel. 23203 00
BARCELONA 7

Sweden

ELCOMA A.B.
Lidingovagen 50

Tel. 08/67 97 80

10250 STOCKHOLM 27

Switzerland

Philips A.G.
Edenstrasse 20

Tel. 051/44 22 11
CH-8027 ZUERICH

Taiwan

Philips Taiwan Ltd.

Plastic Building, 10th FI.

No. 1, section 2, Nanking East Rd.
Tel. 5597 42

TAIPEI

Turkey

Tiirk Philips Ticaret A.S.
EMET Department
Giimiissuyu Cad. 78-80
Tel. 45.32.50

Beyoglii, ISTANBUL

United Kingdom

Mullard Ltd.

Industrial Electronic Controls Div.
Manor Royal

Tel. 0293-28787
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United States

Mullard, Inc.

100 Finn Court

Tel. (516) 694-8989
FARMINGDALE
Long Island, N.Y. 11735

Uruguay

Luzilectron S.A.
Rondeau 1567, piso 5
Tel. 9 43 21
MONTEVIDEO

Venezuela

C.A. Philips Venezolana
Elcoma Department
Colinas de Belle Monte
Tel. 72.01.51
CARACAS
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