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RSGB/RA Young Amateur
of the Year Winners

The winner of the 1998 Young Amateur
of the Year Award is 17-year-old Mark
Shepherd MOAGQ/G7ZWHL from
Brighton.

The Young Amateur of the Year Award
is organised jointly by the Radio Scciety
-of Great Britain and the
Radiocommunications Agency and aims
to encouage young people to take up
and further their interest in amateur radic.

Mark is involved with the organisation
of the amateur radio club at his school
and its emergence as a bona fide radio
club in 1996. He has been Secretary of
the club for the last three years. Among

the events he has organised this year are ' 3 =
contests such as IOTA (island on the Air) Winner old Mark Shepherd MOAGQ/G7WHL from Brighton

Photos Courtesy of the RSGB

and special events stations. He has also staged electronics and radio displays which have resulted in several pupils joining the
club. Having combined all this with his A level studies, Mark continues with revision classes for the RAE (Radio Amateurs'
Examination) and priactice Morse lessons. A particular interest is packet radio, and Mark has spent a great deal of time and
effort developing as a sysop and running a bulletin board station (BBS).

Mark was presented with the first prize of £300 by the RA's director of Spectrum Seérvices, Hazei Canter, at the RSGB's
annual HF Convention at Windsor in October. He also received a certificat signed by Peter Mandelson, Secretary of State for
Trade and Industry, and will be invited to the RA's Radio Monitoring Centre at Baldock, Herts, for the traditional conducted tour.

The worthy runner up is 16-year-old Peter Evans MOBOO from Orpington, Kent. Peter is a keen and active member of two
clubs, of one of which he is a founder member and Chairman. He is a qualified Novice insntructor and has recently facilitated
one to one Morse tutoring during his school lunch breaks. ETlis glad to hear that Peter is aiso a keen "homebrew"
constructor, building receivers and antennas.

Peter received a £50 cheque from the RA and will also be invited to visit the Baldock Monitoring Station. He was aiso
presented with an lcom IC-T22E 144 MHz FM handheld transceiver, donated by icom (UK) Ltd.

Dale Blackman, marketing manager at lcom, said "The Young Amateur of the Year Award is very important to us as it
| brings together the ham enthusiasts of the future.”

The Young Amateur of the Year Award is
announced in the spring of each year and is
normally open to any resident of the UK,
Channel Islands or the Isle of Man who had not
reached his or her 18th birthday by the 31st
July of the previous year. Applicants must
demonstrate an interest in some of the
following:

e Construction of radio equipment, good
operating skills, use of radio to help in the
community; and

* Encouragement of others and involvement in
a school or scientific project involving radio.

g5SH el Jo seuno) sojold

For further information please contact
The Radio Society of Great Britain, Lambda
, . House, Cranbourne Road, Potters Bay,
Runner up Peter £Evans MOBOO from Orpington Herts EN6 3JE. Tel 01707 659015.
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Lego Bricks Hook Up With PCs for
Robot Development Kit

Classic construction toy company Lego have invented a
programmable building brick.
At the heart of the new | ego Mindstorms Robotics

with an 8-bit microprocessor that accepts programs

512 bytes of internal sram and 32K cf external sram, and

built using the Mindstorms robotics pack.
Lego call the Mindstorms system "the challenge of the

Invention System is likely to attract the attention of more

to watch Dad play with.

can lifting mobile robot arm shown in the photograph.

A robotic arm built with parts from Lego Mindstorms and
Lego Technics

| 555

Invention System is the RCX, a special Lego brick embedded
downloaded from a PC. The processor also has 16K of rom,

to the PG via a serial port. The RCX Microcomputer has its
own CD-rom based RCX Code, a user-friendly programming
ianguage designed to create programs to drive mini-robots

future for 12- to 14-year-olds®, but the 700-piece Robotics

senior users, perhaps taking the time-honoured place of the
model railway set as the ideal Christmas present for the kids

The 700-piece set ncludes two motors, fight- and touch-
sensors, and building parts inciuding mechanisms, gears and . = —
wheels. It can aiso incorporate parts from the existing Lego
Technics series, including the hydraufics employed in the cota-  gensors and a light sensor

talks

The RCX Lego microcomputer with two motors, two touch

New owners of the Robotics Invention System also get a
"constructepaedia® building guide with suggestions on how to build
modules and achieve various effects. These will not be the
"complete building plans® included with earlier Lego sets. Achieving
a complete model wilt be "all part of the challenge” 1o the inventors.

However, to assist in their quest for new ideas, new owners will
automatically become members of the Mindslorms Internst
community, based at the website www.LEGOMINDSTORMS.com,
where users can create personal homepages, upload programs,
dispiay their inventions, talk to other users and consuit Lego
experts from Lego via chat rooms and message boards. Each user
will receive a Robotoics Network membership with their set, with an
exclusive number 10 log on to the website for the first time. The
website will present new robot-building challenges which can
downloaded.

The Mindstorms system is the result of co-operation with the
Media Lab at the Massachsetts Institute of Technology (MIT),
already famous for its walking robots (see The Robobugs of MIT in
ETl December 1996).

Expansion sets including Robo-Sports and Extreme Creatures
should be available before the end of the year.

To run the complete system, you need a minimum Pentium
90MHz processor, Windows 95, 50 MB hard disk space, a CD-
rom drive, 16 MB of ram and VGA display (256 colours) and
preferably a Soundbiaster sound card or compatible,

For information about stores seiling or displaying Lego
Mindstorms, contact 0845 606 2043. They can aiso answer
questions about computer compatibility, or pass you to someone
who has more detailed information.
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Vintage Valves Meet The Age Of The
Internet

Large scale integration may get larger and micro fabrication
may get smaller, but valves have not lost all their fascination in
the age of the Internet. Record-breaking student Ed Ross has
probably the largest collection of radio and TV values in the
ceountry. 18-year-old Ed, who comes from Shewsbury, has at
least 3,000 valves and pursues every avenue, from local
second-hand shops to the Internet, for information and
contacts to keep his collection growing.

It seems that Ed is not the only collector who places a
value on valves. Dr. Donald Klipstein, of a magnetics research

company near the city of Philadelphia in the USA, has his own
valve museum. Ed and Dr. Klipstein made international contact
via the Internet, and Ed's name now appears on a brass
plague in the museum, thanking him for a donation of rare
valves.

Ed says that his passion for valves was sparked off by his
father's own collection of vintage radics, and followed up by
reading electronics magazines. Keeping his feet firmly both in
the past and the future, Ed is now studying on a three-year
Network Information Management course at Bradiord
University. He's also staying practical by working on the
design of a Theramin, based on five valves and two aerials, for
a guitarist friend. No hoarder is he: "My collection is functional.
The valves are all there to be used or sold," he says.

Squires Model and Craft Tool Although you would need to look elsewhere for
catalogue Now Out specialised ics, mo:«';fets e!nd all surface mount
componenis, there is a wide enough range of
This is a catalogue intended mainly for model builders,  electronic components for many normal projects. There
but that does not preent it from containing a good is also a range of cases, electronic and mechanical
range of electronic components. There are no surface tools, and other items to make the rest of the project
mount components, and no power mosfets, or indeed easier.
fets of any description, but most other types of This is a very
electronic components are represented. useful catalogue; and
Of course, many electronics projects need more reading through it -
than just electronic components, and this catalogue may well make you SQUIRES
will be helpful there. If you want an electric motor and think of an _MODEL & CRAFT T0OLS
some sort of mechanical drive to agitate a pcb etching interesting project or SAIL QRDER CATALOGUE
tray, this is one place to try. two._ 1999
There are tools such as cutting discs, micrometers, Fpr a copy of the
more files and abrasives than | have seen before. Inthe catalogue and further
materials section there are plastic sections {such as U information contact
channel), metal rods and bars, brass wire, and other Squires Model and
items useful for the non-electronic parts of a project. GCraft Tools, 100
The catalogue has some components which are not - London Road,
very widely available, such as tuning capacitors and Bognor Regis, West
solar panels. There are also a couple of bench drills Sussex PO21 1DD.
which look as if they might be ideal for drilling printed Tel. 01243 842424 Fax
circuit boards. 7 01243 842525, NPT 1~ A G, 1o




Vann Draper Market Grundig instrument Range in the UK and ireland
Van Draper Electronics has signed an agreement with Grundig Test and Measuring System in Germany to market Grundig's
products in the UK and the Republic of ireland. This will make Van Draper the prime UK source for the Grundig instrument

range, previously no directly available in the UK.

Van Draper has marketed its own range of general purpose instruments since 1990,
and also provides a list of high quality instruments from a number of other sources

including the full Kenwood range. J
The Grundig range comes in three categories:

Laboratory and Service Measuring Instruments: including power supplies, function
generators, sine wave and arbitrary generators, universal counters, LF and RF
milivoltmeters, digital multimeters, automatic LCR meters and oscilloscopes, with
emphasis on micorprocessor control, RS232 and IEEE interfaces.

Video Measuring Instruments: including PALplus studio encoders/decoders, video
generators, terrestrial and satellite TV generators and monitor testers.

Antenna Measuring Instruments: inciuding combination measuring receivers,
antenna measuring receivers, satellite measuring receivers plus level and noise

measuring instruments.

For more information on the Grundig Yines and other products in the Vann
Draper range please contact Vann Draper Electronics Lid., Unit 5, Canat St., CAE
South Wigston, Leicester LE18 2PL. Tel 1006 2771400 Fax 0116 2773945. ?Fﬁ
Email sales@vanndraper.co.uk Web www.vanndraper.co.uk.

Test and Maasuring Instruments 1999.
Produes Survey.

- GRUNDIG

P

Motorists Rely More Upon Traffic
Warning Systems For Journey Planning

A detailed survey of its members carried out by the RAD (Royal
Automobile Club) revealed that motonsts change their journey
plans when given access 1o relevant, real-time trave!
information. The survey showed that motorists consider
alternative routes, times and even modes of transport if
provided with information sufficiently in advance of their joumey.

The research is related o the continued expansion of the
RAC's Traffic Alert 1210 telephone-based traffic information
service. Four key groups of travellers were identified, and the
differetn ways in which they use informaticn provided by traffic
information services. The information offered includes joumey
delay times, incident and roadwork information and altermative
route pianning. The four groups are:

» Motorway commuters: high level of local réad knowledge.
Joumey time is critical, and traffic information is used to avoid
short term delays and make informed decisions about
alternative routes.

« Motorway business travellers: regular motorway users with
limited local read knowledge. Use advance information to plan
routes and journey times, reinforced with an in-car unit during
the journey.

* Anxious motorway users: travel infrequently and dislike
motorway journeys. Use in-car congestion warning devices to
provide advance information about hold-ups, and adjust their
driving accordingly.

¢ Trunk road users: rarely use motorways. Require regular local
traffic and travel information for local roads. Trafficmaster's trunk
road sensor network will be launched in late 1998 and will be
linked to the RAC's Traffic Alert 1210.

RAC's Managing Director of Membership Findlay Caldwell
says "More than 1.2 million drivers are caught in congestion on
British motorways every day. The research ahs shown that,
given timely and relevant information, travellers do reconsider
journey plans and change them if appropriate.®

For more information on the RAC and RAC Traffic
Alert phone 0990 722722,

More motorists are turning to various phone-based and:in-
car traffic waming systems as congestion resulting from
accidents and other incidents traps more motorists in static
motorway queues without warmning from traffic authorities.
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Surplus aiways '
wan!ed for cashl
THE AMAZING TELEBOX

Converts your colour monitor Into & QUALITY COLOUR TVII

TVSOUND &
VIDEO TUNER

CAOLE CORIPATIBLE ™

The TELEBOX Is an attractive ful
taining all elactronics ready to piu

cased mains powered unit. con-
into & host of video monitoss
made by makers such as MICROVITEC, ATARI, SANYO, SONY,
COMMODORE, PHILIPS, TATUNG, AMSTRAD etc. The compasite
video output will also plug diractly into most video recorders, al
reception of TV channels not normaliy raceivable on most tals
slon receivers® (TELEBOX MB). Push button controls on the from
panel allow of 8 fully tuneable 'off air' UHF colour television
channels. MB covers virtually all television frequsnmes
VHF and UHF including the HYPERBAND as used by mast
TV operators. A composite video output is located on the rear panel
for direct connection to most makes of monitor or desktop computer
video systems. For complete compatibility - even for monitors with-
out sound - an integral 4 watt audio amplifier and iow level Hi Fi
audio output are provided as standard.
TELEBOX ST for composite video nput type monitars £36.95
TELEBOX STL as ST but fited with integral speaker £39.50
TELEBOX MB Multiband VHFAUHF/Cabl rband tuner 689 85
For overseas PAL varsions state 5.5 or 8 mHz sound
*For cable / hyperband signal reception Telebox MB should be con-

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

IC's -TRANSISTORS - DIODES

OBSOLETE - SHORT SUPPLY - BULK

6,000,000 items EX STOCK

For MAJOR $AVINGS - CALL OR SEE OUR WEBSITE

VIDEO MONITOR SPECIALS

One of the highest specification
* monitors you will ever see -
At this price - Don’t miss it!!

Mhtsubish! FAS415ETKL 14" SVGA Multisync colour monitor with fing
028 dot pitch huba and resolution of 1024 x 768, A

faceplals, ¢ swiching and LOW TION MPR
specification. Fully guaranteed, supplied in EXCEL-
fitle used conditon.
Tt & Swivel Base £4.75

Only £119 m \ooave
VGA cabie for IBM PC includact. Y g ol
Exiomal cables for other types of compulars CALL

LENT

As New - Ex Demo
17" 0.28 SYGA Mitsubishi Diamond Pro monitors
Full multisync efc. Full 90 day guarantee. £325.00 (E)

nected lo a cable type service. Shipping on all Teleboxa's, code (B)
State of the art PAL (UK spec)} UHF TV tungr modul
with composite 1V pp video & NICAM hi fi starec sound

ts. Micro glectronics all on one small PCB only 73 x

80 x 52 mm enable full software control via a simple 2 wire link

1o any |BM computer. Supplied complete with simple werking

program an owmentatm equires +12V & + 5V DC to operate.
EW - Order as MY00.  Only £49.95 code (B)

FLOPPY DISK DRIVES 2%" - 14"

Massive purchases of standard 5%" and 31" drives enables us o
prasant prime product at industry beating low prices! Al units (uniass
Stated) are SHAND NEW or removed from often brand new equip-
ment and are fully tested, aligned and shipped to you with a full 80

day guarentes. Call for over 2000 unbisted drives for spares or repair.
3%" Panagonic JU363/4 720K or equivalent RFE

£24.95(B)
£25.95(B

3%" Mitsublahi MF355C-L. 1.4 Meg. Lapt
£18.95(B

34" Mitauiblahi ME3350-D, 1.4 Mey. Non 1o top
5%" Teat FD-55GFR 1.5 Mog (for IBM pe's) RFE

ops only
£18.95(B
5%" Teac FD-55F-03-U 720K 40/80 (for BBC's etc) RFE  £29.95(B
S%" BRAND NEW Mitsubishl MF5018 360K £22 35(B

Table top case with integral PSU for HH 5%" Flopp or HD m B

8” Shugart 800/601 8" 5S refurbished & tested 00(E

&"” Shugart 810 8* SS HH Brand New 195 00 E

§"” Shugart 851 8" double sided refurbished & tested E

B" Mitaublshi M2894-83 double sided NEW

€ Mitsubishl M2896-63-02U DS slimiine NEW

Dual 8" cased drives with integral power supply 2 Mb 2499
HARD DISK DRIVES

2%" TOSHIBA.(19 mm H ] MK2101MAN 2.16 Gb. New £199.00

2%" TOSH.(12.5 mm H) MK1002MAV 1.1 Gb laptop. New  £115.00

215" to 3%4" conversion kit for Pc's, complete with cannectors £12.95

3%" FLLIE FK-305-26 20mb MFM I/F RFE £59.95

3%" CONNER CP3024 20 mb IDE I/F {or equiv.) RFE £59.95

3%" CONNER CP3044 40mb IDE LF (or equiv.) RFE £69.00

3%" RODIME RO3057S 45mb SCSI U (Mac & Acom £69.00

3%" QUANTUM 40S Prodirive 42mb SCSI I/'F New RFE

3%” WESTEAN DIGITAL 850mb IDE VF Ne

5% MINISCRIBE 3425 20mb MFM I/F {or equw ) RFE

5%* SEAGATE ST-238R 30 mb RLL I/F Refurb

5% CDC'84205-51 40mb HH MFM |/F RFE tested

54" HP 97548 350 Mb SCSI RFE tested

5%"* HP C3010 2 Gbyte SCSI differentlsl RFE tested

8* NEC D2248 85 Mb SMD hnterface. New

8° FUJITSU M2322K 180Mb SMD I'F RFE tested

8" FUJITSU M2332K 2 Gb SMD /F RFE tested £345.00

Many other drives In stock - Shiipping on ali drives !s code (D}

o DC POWER SUPPLIES

Just In - Microvitec 20" VGA {800 x 600 res.) colour monHora.
Good SH condition - from £289 - CALL for Info

PHILIPS HCS3S (same style as CMB833) attractively styled 14"
colour monnor wit m GB and standard composite 15.625
Khz video Inputs via SCART socket and separate phono jacks.
Integral audio powsrAmF and speaker for all audio visual uses.
Will connact direct to g and Atarl BBC computers. Ideal for all
video monltoring / securlty applications with direct connection
to most colour cameras. High auallty with many features such as
fmncti gg:;;:;sd'ﬂ;;'ggtdm!s, CRt az%rrecﬁon button etc. Good
use - fu - guaran;

Dimensions: W14* x H12%" x 15%* D, Only £99

PHILIPS HCS31 Ultre compact 9" colour video monitor with

dard composite 15.625 Khz video input via SCART sockal. Ideal
for all monitoring I security applications. High quality, ex-equipment
fully tested & guaranteed (possibla minor screen bums). In attrac-
tive square black plastic case measuring W10" x H10* x 13%" D.

240 V AC mains powered. Only £79.00 (o)

KME 10" 15M10009 high definition colour monitors with 0.28' dot
pitch. Superb clarity and modarn styling. e
Operates from any 15.625 khz sync RGB
source, with RGB analog and composite sync
such as Atari, Commodore Amiga, Acorn#
Arehlrnades & BBC. Msasures only 13%" x 12° x
11", Good used condition. Only £125 (§)

20" 22° and 26" AV SPECIALS
Superbly made UK manutacture. PIL all solid state colour monitors,
complate with composite video & optione! sour\d input. Attractive
teak styla case. Perdect for Schools, Shops, Disco, Clubs, etc.ln
EXCELLENT iittle used condition with full 80 day guarantee.

20"...£135 22°...£155 26"..£185@m

Vrrtually every type of powar

supply you can imagine.Over
10,000 Power Supplies Ex Stock
Call or see our web site.

LOW COST PC

Always over 1000 PC's from stock.
1000's of spares and accassories.
Call or see our web slite for info.

TEST EQUIPMENT & SPECIAL INTEREST ITEMS
MITS. FASMSETKL 14" Industial spoo SVGA monors  £245 ol SSC 436/125C08 Enhanced Mullbus (MSA)NEW  £1450

TW 9200 kW - 400 Hz 3 phage power Sources - ex stock
IBM 8230 Type 1. Token ring base unit driver

Ba'ns Karr RA200 Audio frequency response anatysar

l 53F5501 Toksen Ring ICS 20 port loba modules

Token ring distribution panel 8228-23-5050N

Alli 501 Low digtortion Oscillator 9H2 to 330Khy, IEEE
At EGON 8380.11805-1880 MHz hybrid power combiners
Trand DSA 274 Data Ana ser wilh G703(2M) 84 Vo E£POA
Marconl 6310 Pri 2 t0 22 GHz sweep generator tssoo
Marconl 2622C 10l z-1GHz HFéﬁgal ganerator

Marconl 2030 opt 03 10KH2-1.3 signal ganerator, New 25150

£760
£2500
£750

£550
£250

HP1650B Logic Analysar £3750
HP3781A Pattern genarator & HP3782A Error Detector  £POA
HPE621A Dual Proprammable GPIB PSU 0-7 V 180 watts  £1800
HP6264 Rack mount variabie 0-20V @ 20A metered PSU  £675
HP54121A DC to 22 GHz four channal test sot £POA
HP§130A opt 020 300 MH2 pulse ganerator, GPIB stc £8500
HP A1, AD 8 pen HPGL high s drum plotters - from £950
EG+G ookdeal 85035C Fracision kock in amp £650

Mod 1200 computerised (nspection system £POA

Sony D)?'CFSWOA Righ quality CCD colour TV camera
Kslthlay 580 CV capacitor { voltage analyser

Racal CR40 dual 40 channel voice recordes system
Fiskers 45KVA 3 ph On Line UPS - New batteries
IC1 R5030UV34 Cleanline ultrasonic cleaning system
Meann Tally MT645 High speed tine printer
Intel SBC 486133SE Multibus 486 system. 8Mb Ram
Slemans K4400 64Kb to 140Mb dermux analyser

Zeta 3220-05 AC 4 pen HPGL fast drum plotters E 150
Nikon HFX-11 (Ephiphot) exposure controt unit £1450
Motorota VME Bus & Components List. SAE / CALL £POA
Trio 0-18 vdc linear, metered 30 amp banch PSU. New £550
Fujitsu M3041R 800 LPM band printer £1950
£1250

£500

Fujitsu M3841D 6800 LPM printeér with network interface

Perkin Eimer 2898 Infrared spectropholometar A

Perkin Elmer 567 Infrared spectiophotometer £3500

VG Elactronics 1635 TELETEXT ing Margin Meter  £3750

g&nﬂand 6€ output high spec 2u rack mount Video VDA'S £495
onlc SD 150H 18 channal digita! Hybrid chart recorder  £1995

Taylor Hobson Tallysurf amplifier / recorder £750

ADC $B200 Carbon dioxide gas detector / monitor £1450

System Video 1152 PAL waveiorm monitor £485

ANRITSU 9654A Optical DC-2.5G/ D wavsform monitor £5,650

ANRITSU MS90C1B1 0.6-1.7 uM optical spactrum analysar £POA

ANRITSU MLA3A optical power matar £990

ANRITSU Fibre optic chracateristic test set

ViSION ENGINEERING T53 Dynascopic micraoscope

R&S FTDZ Dual sound unit

R&S SBUF-E1 Vision modulator

WILTRON 66308 12.4 / 20GHz RF sweep generator

TEK 2445 150 MHz 4 trace oscil

TEK 2465 300 Mhz 300 MHz oscilloscope rack mount

TEK 1502 Portable TDA (time domalin reflectometer)

PHILIPS PW1730/10 66KV XRAY genemlo: & accessorios EPOA

CLAUDE LYONS 12A 240V la phase auto. volt. regs £325

CLAUDE LYONS 100A 240v415V 3 phase auto. volt. regs  £2900

urplus aiways
wanted for cash! §

19" RACK CABINETS
Superb quality 6 foot 40U
Virtually New, Ultra Smart
Less than Half Price!

Top quality 19 rack cabinets made in UK by
Optima Enclosures Ltd. Units feature
designer, smoked acrylic lockable front door
full height lockable half louvared back docr
and louvered removable side panels. Fully
adjustable interna! fixing $truts, réady punchec
for any configuration of equipment mounting
plus ready mounted integral 12 way 13 amg
socket switched mains destribution sirip maks
these racks some of the mos? versatife w=
hava ever =oid. Racks may be stacked side by side and therefor=
require only two side panels to stand smg}y or n mumple bays.
Cverall dimenslons are: 77%" H x 32 Order as:
OFT Rack 1 Complate with ramovab1e side panals. £345.00 (&
side £245.00 /G

Ove.r 100G raﬁks shelves accessories
19" 22" & 24" wide 3to 46 U htgh
Avallable from stock !

Mada by Eurocraft Enclosures Lid io the h|g{-|as‘l possible spec.
rack features all steel construction with removable
side, front and back deors. Front and back doors are  _<f
hlngsd for eagy access and all are lockable with
five secure 5 lever barrel locks. The front door £
is constructed of double walled steel with a [2%%
‘designer style’ smoked acrylic front panel to |
enable status indicaters to be seen through the &
l, yet remain unobtrusive. Internally the rack
leatures fully slotted reinforced vertical ﬂxmi
members to take the hezsviest of 19" rac
equipment. The two movable vertical fixing struts
(e)dras avallabla) are pre punchad for standard
‘cage nuts'. A mains distribution panel infernal-
Iy mounted to the battom rear, provides 8 x IEC 3 &
pin Euro sockets and 1 x 13 amp 3 pin switched <355
) ket. Ovorall ilation is provided by ,\ £
fully louvered back door and doubte skinned top section
top and side louvres. Tha top panel may be removed for fitting
of Integral fans o the sub plate etc. Other featuras includs: fitted
castors and floor levelers, prepunched utility panel at lower rear for
cable / connector access etc. Supplied in excellent, shightly used
condition with keys. Colour Royal blue. External dimensions
mm=1625H163501606w {64"H x 25" Dx23% W
Sold at LESS than a third of makers price Il

A superb buy at only £245.00 @
42U version of the above only £345 - CALL

BATTERY SCOOP - 50% off !!

A special bulk purchase from a cancelled e order
aha most amazing mir,:gs on these ultra high spec 12v DC 14 Ah
echargeable batiaries. Made by Hawker Energy Lid, type SBS15
featunng pure lead plates which cffer a far superior sheif & guaran-
1390 15 near SBMCG lits, Fully BT & BS6280 approved. Supplied
d boxed. Dimensions 200 wide, 137 high, 77 deep.
M6 balt remlnals Fully guaranteed. Current maksrs pnee over £70

sach ' Qur Price £35 each «, or 4 for £99 p)

RELAYS - 200,000 FROM STOCK

Save ££££'s b
stocks covering t

Hermatically Seal

chooalng your next relay from our Massive
pes such as - Mliitary, Octal, Cradia,
Contectors, Time Delay, Reed, Mﬂrcug
Wetted, Soild State, Printed Circuit Mounting, CALL US
YOUR NEEDS. Many obsolete types from st Save ££5%"s

LOW COST RAIM & CPU’S

INTEL 'ABOVE' Memory Expansion Board. Full length PC-XT
and PC-AT compatible card with 2 Mbytes of memory on board.

Card is fully seleciable for Expanded or Extended (286 processor

and above) memory. Full data and driver disks aug:gllad RFE.

Fullly tested and guarantesd. Windows compatible.

Half iength 8 bit memory upgrade cards for PC ATXTexpa.nds

mernory either 256k or 512k in 64k steps May also be used to fill

in FAM above 840k DOS limit. Com 40

Order aa: XT RAM UG. 256k, £34.95 or512k £39.95

SIMM
1MBx 9 SIMM 9 chip 120ns Only
1MB x 9 SIMM 3 chip80ns £10.50 or 70ns

1MBx9 SIMM9chipsons £10.50 or 7ons
4 MB 70 ns 72 pin SIMM_-with parity-
INTEL 486-DX33 CPU £13.95 INTEL
mumwco—mocsssonssxsrocx-mmm
MOTOROLA 25 Mhz 68040 (XC650401#C25M) CPU'S £59.00

shipping charges for RAM / CPU upgrades is code B

SOFTWARE SPECIALS

NT4 WorkStation, complete with service pack 3
and Ilcence OEM 'pac aged

Special Price ONLY £99.00
Microsoft - Windows for Workgroups 3.11 & DOS 6.22. S(%bd
on 3%* disks with licence & concise documentation. 95
DOS 5.0 on 3%" disks with concise books c/w QBasic . £14.95
Wordpertsct 6 for DOS supplied on 3%" disks with manual £24.95

shipping charges for software is code B

DISTEI. on the web I1 - Over 16,000,000 items from stock - www.distel.co.ak

Open Mon -

- ELECTRONICE -

Dept ET, 32 Biggin Way
Upper Norwood
LONDON SE19 3XF

Dmou'dsb‘\nkme Topcﬂsﬁﬁprmspadh'supbsgm

Fr 9.00 - 5:30

Open M
215 Whitehom Lano
South Norwood
On 63A Bus Route
N, Thomton Heath &
Selhurat Park SR Rall Staticns

A.lpumh'Ll(Manhnd Ll(c‘mnersaddﬁ.s%VATmTOTALaﬁarmrLMmadarﬂ
Uniarsitins and Local Authoritas -
)-4:&50 (C)-&&so (D)-£12CO (E)=£1503, (F)=€18m.(G)=CAIJ_
tedt quaranisod ganntes

on a natum 1 base

DISTEL®
Visit our web site

www.distel.co.uk
amall admin @ distel.co.uk

ALL T ENQUIRIES

0181 679 4414

FAX 0181 679 1927
Bona Fde account orders awepwd

over £100 ae subyect 10 10 days dearance. %w:mm (A1)=€4CO
appox & for shipping - faster CALLL Al goods suppied to
@Mﬁ&wmmmlm ap
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Changes to the 10GHz Amateur BanZl
In February 1999

The Radiccommunications Agency has announced the
date for future change to the 10 GHz amateur radio band.
Part of the band will be withdrawn, but there will be a
small overall increase in the spectrum allocation for
amateurs.
The current allocations is:
10.00 - 10.15 GHz and 10.30 - 10.50 GHz for the
terrestrial service
| 10.45 - 10.50 GHz for the amateur satellite service
From 1 February 1998, the allocation will be:
10.00 - 10.125 GHz and 10.225 - 10.475 GHz for the
terrestrial service

The amateur satellite
allocation will remain
unchanged.

The Agency states that it
will continue to balance the
needs of radio amateurs
with regard to this part of
the spectrum with the
demands of new and
existing radio services. The

Agency has recently
introduced an allocation at 136 kHz for amateurs.

For further information, contact the RA’s public
enquiry line on 1071 211 0211 (textphone 0171 215 6740
for people with hearing impairment).

Extended Frequencies for Low Power
Devices

New and extended frequency allocations for Low Power
Devices exempt from licensing have been announced bysthe
Badiocommunications Agency. The current frequency
allocation of 433.72 ~ 434,12 MHz will be extended to 433.05
- 434.79 MHz. The limitation of its use to Vehicle Radio
Activated Key Entry Systems will be relaxed to accommodate
General Telemetry and Telecommand applications. Audio,
speech or music is not permitted in this band. Equipment
must be Type Approved to ETSI specification EN 300 220-1,
as recommended in the CEPT/ERC recommendation 70-03.
Maximum power will be 10mW.

Controversy has previously arisen in connection with this
band when it was found that legitimate Amateur Radio
transmissions were capable of interfering with Vehicle Entry
Systems. In some cases users were locked out of their cars,
or vehicles immobilised, a considerable problem to car
manufacturers providing radio activated entry systems. The
ulimate origin of the allocation of an Amateur band to vehicle
entry systems has not been published. However, the
provisions for the extended
band state clearly that
“Manufacturers will be required
to make it clear to potential
customers that eguipment may
suffer interference from other
legal users of this band, such
as the Radio Amateurs, and
will not be protected from such
interference, The onus will be
on the manufacture to produce

equipment to an adequate standard.”

The current frequency allocatation of 863.00 - 864.00 MHz
for Cordless Audio Equipment will be extended to 865.00
MHz. Equipment must be Type Approved to the ETSI
Specificaticn EN 300 220-1 untit ETSI publish a suitable
product standard. Maximum power will be 10mw.

A new frequency allocation of 868.00 - 870.00 MHz has
been made for General Telemetry and Telecommand
applications. Equipment must be Type Approved to the ETSI
specification EN 300 220-1. The band is split into sub-bands,
and the maximum radiated power permitted will depend on
the specific sub-band in use. RA information sheet RA114
Annex 3 summarises the relevant information.

The current frequency allocation of 2.400 - 2.483 GHz will
be opened to General Telemetry and Telecommand
applications including Visual Image Transmission Equipment.
Equipment must be Type Approved to the ETSI specification |-
ETS 300 440. For VITE the maximum permitted bandwidth will
be 20 MH. Maximum power will be 10mW. The band will
continue to be shared with other applications. The
Specification remains ETS 300 328.

The relevant Licence Exemption Statutory Instrument will
be amended later this year. Users may operate type approved
equipment which complies with the relevant standard in the
appropriate frequency band. Users are being invited to apply
for a licence from the Technology Sectors Unit (Low Power
Section), which will be issued free until the new Statutory
Instrument is in place.

The updated allocations harmonise the UK with the rest of
Europe and were applied from 31 August.

For further information contact the
Radiocommunications Agency, Technology Sectars Unit
{Low Power Section) Tel. 0171 211 0153.

" OVERSEAS READERS _

To call UK telephone numbers, replace thé. initial 0 with your focal overseas access code plus the digits 44.
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@ nce upon a time, ladder diagrams were produced
" to specify the hard wiring of relay control
@l circuits. Despite a sometimes confusing
A resemblance, the meaning of the symbols used to
st represent the relay contacts and coils differed from
those used in electronics everywhers else, with a set of
normally open contacts, for example, being drawn very much
the same as a capacitor. This notation could be seen as a
primitive form of a diagrammatic programming interface. This
may have come about because Boolean algebra was not so
accessible to the people (usually electricians) who had 1o
program these systems (by wiring them up}. Consequently, the.
approach to designing these systems may seem unfarmiliar to
readers more comfortable with Boolean algebra, Next State
tables and so on.

However, as hard-wiring changes required significant costly
re-work, a more flexible approach was obviously needed.
Consequently, Programmable Logic Contraliers and relay
ladder logic were developed. These were evolved from the
original relay ladder legic used to implement industrial control
schemes, using relays to implement compound and sequentiat
functions.

Control functions could now be implemented and changed
in software rather than in hardware rewiring. The
Programmable Logic Controller now provided the electrical-
electronic interface between the field devices and the relay
ladder-control software.

History
The transition from hard-wired logic to Programmable Logic
Ceontrollers did not happen overnight, and what follows is a
brief history of this evolution.

To the industrial manufactures supplying the relay-based
cantrol equipment, it was obvious there was a need to develop
a more flexible and adaptive control philosophy. The first
products to result were hybrid systems, with the individual logic
elements AND, OR, TIMER, COUNTER, SHIFT REGISTER etc.

B ggbgrammable Logic
Controllers and

q

d er LOLIC

Programmable! logic controllers are a hardware means of controlling
\..nachinery by a circuit-like programming language that can be

- programmed tt,)rough an interface from a PC. Ladder diagrams look
disarmingly like ordinary schematics, but they are no such thing ...

Stephen Fleetham

assembled ntc small hardware modules about the size of a
pack of playing cards, with all the electrical connections
brought out to pns on the base of the module.

The first step in design was to draw up control schemes.
These allowed the necessary logic blocks to be determined.
The logic blocks were then mounted in a rack and the
electrical connections made by wire-wrapping the relevant pins
together.

As the technology ativanced, further logic was deveioped.
Probably the most important was the Sequencer, a means of
controlling the flow of logic sequentially by a program stored in
eprom memory.

The next stage in the evolution of the modem
Programmabie Controller was to incorporate all thesg logic
elements into one medule and control it with software.

Initially these controllers were very large, consisting of a rack
housing the backplane, power supply, central processing unit
(CPU}, memory (magnetic core in the earliest units} and all of
the input-ocutput modules.

All that now remained was a means of programming the
processor memory. This was accomplished using a hand-held
programmer consisting of a keypad and LEDs. Mnemonics
were used to represent the basic ladder instructions. These
early devices were sometimes difficult to use and restricted In
what they could achieve.

The technology developed rapidly over the years to what
we have today, Programmable Logic Controllers that are
physically compact (often arcund the size of an ordinary PC),

have a rich and powerful instruction set, allow networking;
support intelligent operator interfaces, and so on.

The future

Over the years Programmable Logic Control technolegy has
rapidly developed, 10 the extent that high level languages such
as G may be used as the preferred programming language. At
the same time, PC technology has been developing in the
opposite direction, becoming increasngly rugged and suitable
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for operation on the shop floor:

Clearly these two technologies have the potential to
combine and merge, providing processing and control
platforms that could only be dreamed of several years ago.

The future may well produce intelligent sensors with a 'PLC
on a chip', providing parallel distributed processing, and
allowing the sensor to provide the primary control function

At the start of the scan the inputs are read and the internal
input status is updated. The central processing unit now reads
the relay ladder program from memory and executes the
instructions. Internal devices (internal relays etc.) are updated
as the scan continues.

At the end of a scan, all program instructions will have been
executed. This is the point at which the outputs are refreshed
or updated to reflect any changes brought about by a change
n input status. See figure 3.

For example:

The symbols

As noted above, the symbols used in ladder logic have quite
different meanings from those used in normal electronics. See
figure 1. Relay parts are numbered using a convention where
Yxx.refers to an input, and Xxx to an output. e

Figure. 3: a single scan ofithe Programmable Logic Contrgiler

Figure 1: a key to ladder logic symbols used in this article |  <START>
= = S, Read the input interface and update the iniernal input status
|
c=—] |—— NORMALLY OPEN RELAY CONTACTS | ¢—9% o—xo

Process the ladder diagram in program memory, and updzte the status

NORMALLY CLOSED RELAY CONTACTS of any devices (eg. auxiliary relays, intemal timars, counters stc.):

=/

e - —

| —( )— RELAY COIL
I o
__(Ym)___ THE COIL OF RELAY 01.

INPUT FROM THE OUTSIDE WORLD..EG. LIMIT SWITCH

| ——Ix/ml—

f
ANORMALLY CLOSED CONTACT FORMING PART OF THE
SAME RELAY |

i

This notation originated from a time when control panels were
wired up using relay logic. Nowadays the relay is used as a
logic symbol for this sort of control programming, in effect a
graphical method to input Boolean algebra. In principle, at
least, control functions specified in this way could be executed
by a box full of clattering refays instead of by a processor.

How it works
A Programmable Logic Conirolleris-made up of the foliowing
parts (see figure 2):

A central processing unit
A program memory
Input interface

An output interface

Figure 2: the internal functioning-of a programmable Jogic:
controller

!

X10 CENTRAL Y00 |
INPUT —» PROCESSING > QUTPUT
ADDRESS UNIT

ADDRESS I

INPUT OUTPUT

%10 YO0
lNTERFACEl—ﬂ }—-"( )—_IINTERFACE

A typical Programmable Logic Controller
Controller operation is reascnably siraightforward, and most
operate on a scan basis. This is in contrast to the approach
used in other types of controller, where interrupts may be used
to make the unit respond to changes on inputs. A scan based
system cannot cope with events which require a response in a
shorter time than one complete pass through the program,
This is unlikely to pose a problem when the item being
controlled is mechanical.

X10 Yoo
Write the intemal output status to the output interface:

e

<GO TO START>

-

The central processing unit and memory are the heart of
any Programmable Logic Controller, as it is here the
program instructions are read from memory and then
executed. All the processing and control is undertaken here,
There are a number of different types of memory available.
Most current controllers use random access memory (ram).

This type of memory is volatile. If the power is removed,
the memory contents are lost. To prevent this, controllers
employ a battery to take over automatically if the supply is
switched off, allowing the memory contents to be retained.

Some controllers use erasable programmable read only
memories (eproms). A programmer is needed to an eprom,
and, once loaded, it become a read-only device and
requires no battery to retain data when the power is
removed. The only way to erase the old program is to
expose the device to a powerful source of ultra violet light.

EEPROMS, or electrically erasable programmable read
only memories, are becoming more popular and function
very much like an eprom except that they are erased
electrically.

Input and output interfaces

As the input signals can vary from low power dc to high
voltage ac, these signals need to be conditioned and
isolated from the internal electronics of the controller.

Isclation excludes noise, and conditioning converts the
signals to a level the controller can safely handle. Most use
optical isolation, which converts the electrical signal to light
and optically couples them.

Conversely, the internal output signais need to be
changed to a level high enough to drive external field
devices. This is achieved by using transistors for dc, triacs
for ac, and relays for volt-free applications.

The concept of input and output Sink and Source
causes a great deal of confusion and needs to be well
undersiood. The input/output structure of 2 Programmable
Logic Coniroller consists of two main types: sink and
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source. Sink may be thought of as an open collector
transistor which, when driven ON, is able to *sink” a
voltage applied to it, so that any load connected between
the output and a suitable voltage would energise when the
output was turned on.

This also applies to inputs. Typically the electrical signal
is conditioned and filtered, and then passes through a
photo diode to sink the input and provide an ON indication
to the controller.

Source may be considered as an open emitter transistor
which, when driven ON, would "source® a voltage to the
load connected to it, so that a load connected between the
output and ground would energise when the output turned
on.

Other forms of output switching are relays and triac
devices. Relays depend on mechanical switching for
operation and isolation, while the triac is an ac device,
capable of switching on both sides of the ac waveform.

Ladder diagram programming
A ladder diagram consists of one line running down the left
hand edge with lines branching off to the right. A line
branching off to the right is cafled the Instruction Rung.
Along this rung are placed logical conditions in the form
of relay contacts that lead to other conditions. The logical
combination of these contacts determines the state of the
output coil on the extreme right hand side. See figure 4.

Figure 4: a typical ladder rung

i .__HX1 0l .__,_|X1 1‘2{\(00% y
| X13
| 5 11 =

Rungs can branch apart and rejoin. Vertical lines are called
OR branches (X10 or X13}); these combine with horizontal
AND lines containing further conditions (X10 or. X13 and
X11, and so on)

The characters above the condition indicate its type:
whether it is the input, the contact of a coil, and so on, and
also the address assigned to it. The state of the contact
{(open or closed) determines the execution condition of
following contacts.

The creation of an executable fadder diagram control
scheme is basically a three-stage process: (1) draw the
ladder diagram (2) compile it (3) download the software to
the programmable controller.

A PC is used to develop the ladder diagram, using an’
intuitive user-friendly graphical environment which provides
pull-down menus and dialogue boxes. Within this
environment a graphic window is opened allowing the
ladder diagram to be drawn using familiar ladder elements
such as contacts, coils, etc., which are selected and
displayed at the bottom of the screen.

When this process is completed, the ladder diagram is
compiled and downloaded to the programmable controller.
The relay ladder logic will now be executed when the
programmable controlter is put into RUN.

Basic procedures

There are a number of steps involved in creating an
executable ladder logic scheme using the pc based editing
tools. Obtain a list of ail the input/output devices and assign
an /O address to each device. Select EDIT from the ladder
editor main menu to open a new project file. Then, using the
function keys to select the relevant logic symbol, draw the
ladder on the screen.

For example, to monitor the state of an input in the form of
a limit switch, and to drive a relay output: First assign an /O
address, for example, X10 for the limit switch and YOO for the
relay. Using the function keys, select a normally open contact
and address it as 10, then select a coil and address it 00.

You have just created a ladder rung consisting of one
contact driving a coil, so that the relay will energise when the
limit switch operates. When the ladder diagram is complete,
exit the graphics window using F10.

This saves the ladder diagram and returns to the main user
screen. Finally, select COMPILE from the ladder editor main
menu. Once the ladder diagram is compiled, it can be down
loaded to the microcontrolier.

Make sure that the programming cable is connected
between the PC serial port and controller, and then power up.
Selecting PROGRAM DEVICE from the ladder editor main
menu now completes the process.

Timers and counters

Up till now we have only considered output coils as the {ink
between the program and the physical device attached to the
controller, We now develop the idea of special function cails in
the form of timers and counters.

The symbol for both is very similar to that of an ordinary
output coil, however, each device has a K constant associated
with it. In the case of a timer this value would be the pre-set
delay duration before the timer will operate, In the case of the
counter it would be the number of OFF to ON signal transitions
before the counter output coil would energise.

Before we discuss the operation of both the timer and
counter and introduce additional elements necessary to control
the devices output coil operation, it is important to understand
how the Programmabie Logic Controller handles timer and
counter data.

Most assign two data registers to the devices, one to hold-
the fixed K value, the other to hold the actual count or time:
This is the actual value that is manipulated. On reset this
location is simply loaded with the original K value, and when
enabled the data register contents decrement (or increment if
an it is an UP counter) on the OFF to ON signal transitions of
the counter input.

Commercial Programmable Logic Controllers provide a
number of ranges for both timers and counters, normally as
follows:

Timer
1-msec 0.001 sec’

10 msec 0.01 sec
100 msec 0.1 sec

Counter

8:bit byte 0 - 255 counts
16-bit integer word
32-bit double word
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integer words dllow a maximum of only 32,767 because bit 16
is used to supply the sign when equal to 1 indicates a
negative number in the range -1 to -32767.

Ladder diagram instructions

Throughout the next section new instructions will be
presented in a consistent form of title line, example ladder
diagram and finally an explanation of the ladder presented.
Figure 5 shows a sample title line for a normally open
contact.

Figure 5: an example title line.

is operated the output coil YOO is turned off, contact Y00 is
released, in tumn releasing auxiliary coil MO4, the normally
closed contact of MO4 now operates and turns YO1 on.

Output coil

Figure 8: OQutput coil

| F—H)>— A }— ourrurm o4-05 F4

—_wa! e ;AMMF -t

R e . S BN

Coils are the program output instructions that link the logical
ladder diagram in the form of software and the physical
devices connected to the controller and referenced by its
address.

In this example, when input contact X10 is made, output
coil YOO will energise and cperate the device connected to
that address on the output interface.

Internal relay

i_.?::mam.mam GRAPMICAL LADDER SYWBCL ELEMENT TYFE WALIUD ADCHESS RANGE EGITOA FUNCTION KEY
| e — NPUT X 10-17 F2
Normally open contact
Figure 6: Normally open contact
: : Q = P ; L
F—6o— | }—— mpurx {o0-17. f2 {
! X106 Yoa
i ~{ e
ey
i { e |
MG4 Ya1
l lr _._-.._f )—— 063
hes e Ui e S

-

When the controller simulates a ladder relay circuit, what it
does is to read any external inputs as already described, then
it executes each *rung” in turn, with the resuilts from earlier
rungs being available as inputs tc later ones.

A normally open contact is ON if the deVice assigned to its
address is operated and CFF if the device is released. When
input X10 is energised, output coil YOO is turned ON, and the
normally open contact of YOO in turn operates internal relay
MO4. The contact of MO4 then operates the coil of YO1.

Normally closed contact

Figure 7: Normally closed contact:

e H/F— NPUTX  10-17 £ |
e Ry
R 1 SR ,_,__(m)__ -
.y e o
= et |

A normally closed contact is ON if the device assigned to its
address is released, OFF if the device is operated.

In the inftial state with input contact X10 off, output coil
YOO is on and YO1 is off. Normally open contact YOO operates
turning internal relay MQ4 on, while normally closed contact
MO4 now operates, turning the output coil YO1 off. When X10

Figure 9: Internal.relay

HFHy>— K }— ouPurm oa-05 Fa

o MO4 ]
4/ (= |
Al e
L]

Internal relay coils only exist within the programmable
controller, and are used when additional logic is required,
gliminating the expense of additional hardwired devices. In the
above example, when input contact X10 is made and
provided X11 is not operated, coil M0O4 will energise and
operate. The coil will now hold on via its own normally open
contact M04 closing, and will remain energised until normally
closed contact X11 operates.

This is a typical use of an internal relay as a simple latch.

And

Figure 10: And

X10 X1 Y00
__l I I } = — L__<‘ )— 001
r — END:"

An AND program instruction may be considered as two or
more series contacts. In the above example, if both normally
open contacts X10 and X11 were made, then the output coil
YGO would turn on. If either contact is OFF then the output
coil would also be off.
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Figure 11: Or

X10 Y00
,_I I {
{ \

Xt

— oo

[ I'g RSB

The OR program instruction is just one or more contacts in
parallel. In the above example, if either of the normally open
input contact X10 or X11 were made, then output coil YOO
would energise. If an OR branch evaluates false, then the reset
of the ladder to the right of the OR branch for that rung would
also be false.

Timer

As mentioned earlier, the timer is represented as a special
function coil with an additional element, a reset enable rung.
This is the row of conditions to the left of the coil. If they
evaluate true, the timer is enabled but the coil does not
immediately operate, as would be the case with an ordinary
output coil. '
What now happens is that the pre-set constant K value will
décrement once every 0.1, 0.01, and 0.001 seconds
depending on the time base being used (which is nearly always
determined by the timer address). When the K vaiue reaches
zero, the timer output coil energises and remains on until the
reset/enable rung evaluates false.

Figure 12: Use of the Timer element
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I X10 is open, the timer is disabled and the pre-set K value
loaded into the actual value register. X10 now operating allows
the timer to decrement the actual value until zero is reached.
The output coil now energises and remains on until the
reset/enable rung evaluates false.

Gounter

The counter does not have a reset/enable nung as such,
instead it uses a special program instructicn called RST. If the
conditions to the left of its graphic program symbol {usually a
rectangle} evaluate true, then the counter is RESET to its
original K value.

The actual count rung is the conditions to the left of its
output coil and at OFF/ON transitions, up counters would
increment from zero up to the K value or for down
counters, would decrement down from the original K value
to zero.

If the condition to the left of the coil were true, this would
enable the count. Therefore, a means of preventing the counter
from counting on each scan of the ladder is needed. Counters
are only allowed to count on detecting an edge transition, that
is, going from logic O to logic 1, and a ladder scan could
spuriously register as such a transition.

These timer types, on reaching either zeroc or the K value
according to whether the timer uses a down counter or an
up counter, the counters output coil would energise and
stay energised until the reset instruction evaluated true.

Figure 13: Use of the Counter element. Rung 1 is the reset
gng. rung 2 is the timer one, with the timer "coil" designated
6.
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In the above example, input contact X10 made resets the
counter, turning its output coil off and reloading the K value
into the actual value register. As long as X10 remains
madethe counter will not be able to count.

X10 turning off allows OFF/ON pulses on X11 to
increment or decrement the counter actual value. When-the
count value 5 reaches zero the counter output coil
energises.

Counter: a special note

The software supplied treats the counter in a different way
to conventional programmabile controflers, in that it may
also be used as a timer and does not have a reset rung
associated with it. Selection of the operating mode is made
by defining the source of its OFF/ON pulises. For a timer, O
selects the internal 100ms time base, 17 selects the
counter mode and uses input X17 as the OFF/ON source.

Figure 14: the Counter used as a counter ...
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In the example above the count rung now becomes the
reset/enable line and the condition of X10 would determine
if the counter was enabled, that is, X10 operated counter
enabled.

OFF/ON pulses on input X17 would now decrement the
counter to zero and operate coil COB, this would stay
energised until X10 released.

Figure 15: ... and as a Timer
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When used as a timer the count rung still becomes the
reset/enable line and the condition of X10 would determine if the
timer was enabled, that is, X11 operated timer running. The internal
100ms time base would now be the source and, with a K value of
ten, would result in a 1 second delay. On reaching zero the timer
coil TO6 would operate and would stay energised until X10
released.

introducing Compound Ladder Logic
First | will look at nesting. Complex logic rungs often produce a
logic expression that cannot be evaluated without saving the resuit
of previous conditions already evaluated. When this occurs, the
result and its logic element need to be saved before the next logical
conditions are evaluated. Once these new condfitions are
evaluated, the previous result and logic element are recovered and
combined with the next condition or block of conditions.

As this may be confusing, lets take a look at an example (figure
16) and work through it.

Figure 16: a nésting exampie
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IF THIS LADDER DIAGRAM IS RENDERED AS A BCOLEAN EQUATION, WE GET:

Y00 = X74 + (X12.X13) . (Y00 + X10.X11)
THE LOGICAL ELEMENTS ARE: v
AND = +
OR =.
NESTING = ()
Xnn = LOGICAL NOT

Note: The Software made available for use with the project boards
that wilt appear in ET1 shorlly supports one level of nesting only.

As can be seen from the brackets, there are two occasions
when nesting is needed. If we start from the left hand side of the
equation, the condition NOT X14 and its logic element OR would
need to be saved before the condition (X12 AND X13) was
evaluated. After these two conditions are evaluated the previous
condition and logic element would now be recovered resulting in
{NCT X14 OR binary result), where binary result = X12 AND X13.

This new binary result and the logic element AND would need
to be saved while the next block of logic was evaluated Y00 OR (
X10 AND NOT X11), which will produce a new binary resutt.

We now recover the previous binary result and the logic element
saved with it, and evaluate the logic previous binary result and new
binary resutt. YOO would now be driven ON or OFF depending on
the result of the logic evaluated. The ladder example used would

contact X11 operating would energise internal relay M04, which in

tum would operate output coll YOO (figure 17).

Rung 3 is more compiex in that there are now two separate
AND paths, NOT X12 AND X16 and NOT X10 AND YOO. i
nomnally Closed contact X13 is not operated, either contact X10 or
YOO going true would result in the output coil YO1 operating,
provided both normally closed contacts X10 and X11 remainin the
réleased condition.

Figure 17: AND again
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Or again

As shown below, normally open contact X10 made, and normally
closed contact X11 not operated energises auxiliary relay coil MO4
{figure 18). There is also another OR path for the operation of M04,
nomally open ¢contact X10 being made. Again rung 3 is more
complex, as we now have multiple OR paths te operate output coil
YGO: the first path (X13 OR M 04) AND X14 and the second (X10
AND X15):

Figure 18: OR again
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result in one level of nesting, twice in one rung. it would therefore
execute correctly.

This illustrates that quite complex controls can be implemented
easily using a ladder logic representation of the function.

And again
if nommally closed contact X10 was not operated, normally open

Two example project boards have been designed to go with this
article. These appear in this issue of ETl on page 16.

TELL THEM YOU SAW IT HERE...
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microcontroller-
ased programmable
l0gIC controller

This logic controller and interface board provide a practical means of trying some
of the principles in the Ladder Logic feature in this issue.

Stephen Fleetham

irst an overview. Figure 1 shows how the
hargware components go together. At the heart of S

§ the system is the microcontrcller PCB, which is — iy
i - 3 L___wl
where the ladder diagram software is downloaded T ton by
N  and executed. To accomplish this we need to use
the ladder logic editor/compiler software running on a standard £k : P
PC RAD RgoHe X0~
\ RA I LI {F|
Now some form of interface between the microcontroller R B Clz
PCB and the external hardware must be provided. For this maf X3 —,
project a simple 'user hardware' eight-in four-out PCB is used. - S LT T Y
Connections between the two boards is made using a 16-way i mesfls — X18 oy,
ribbon cable, which plugs into the 16-way dil sockets on both PIC16C57P RBF’%CIT
. . 4 a 3 17
pcbs. The ribbon cable is terminated at either end with 16 way 5 “—‘—Gm 7 :
aE——
IDC connectors. - :? = i ';
. osct 1——]
For those not familiar with the technology, the connector R T2
consists of two parts, the main body and a top cover. The feaidl Y03 P
main body contains the insulation displacement pins which are oscz 0
forced through the ribbon cable by fitting the iop cover and S “i‘f Eg 1
compressing the assembly under pressure. This operation E
makes the electrical connection. . o]
The microcontroller PCB circuit is reasonably simple and P e
consists of three ics and a small number of discrete 2 o
components. It is easy 1o construct either on Vero board or - _l—g' ; e e T
using the PCB. 1000 i wwcs | T O™
& 222 (—D“
e A =y
MICROCONTROLLER PCB SIMULATOR PCB ~ e
| INNUT — oo : - =
PIC [ . A\ ] Mewecoe |
o — ouTPUT ——pt—— clo= P
§ iz A
[£] | i
cue= 1012
20, == 4 jzz;;
i |POWER RS232
R L
43V
ERIAL X + PDLT N iC4 |ouT
— PR =, - R P ‘L ZE05 -
- DCIN C7 GND| o wim I__l__‘ ce
MAINS ADAPTOR A R "-47n 100«1'{'I T 10p
SOFTWARE st = )
B
Figure 1; an overview: the microcontroller pch and simulator pch 5
connected to a mains adapter and a PC Figure 2: the circuit of the microcontroller board
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Babcock Materials Management
Disposals Division
Douglas Road, Rosyth Royal Dockyard, Rosyth, Fife KY11 2YD

Regional Marketing Contractor for the Ministry of
Defence in Scotland and Northern Ireland

The following Electrical Test Equipfent is offered for
sale by tender.
Close date: 15th December 1998. Many items have
been recently calibrated and come complete with
calibration certificates

003 1 x Fluke B000A digial muttmeter

005 1 xFamnell DM141 muitimeter

006 1 x Puisetek puise generator type 233

D07 1 % Gould 20MHz digital storage type 1421

008 1 x Hewlett Packard 400F AC voitmeter cal il 23/1/99

009 1 x Hewleti Packard 3400A mms voltmeter

010 1 x Hewlen Packard 3400A s voftmeter

011 1 x Tektronix type 321A oscilloscope

012 1 x Bridge megger tester series 2

013 1 x Hewlett Packard 8555A spactrum analyser rf saction

014 1 x Hewlett Packard 85538 spectrum analyser rf section

015 1 x Tekironix D755 oscifloscope OPTES

017 1x Hewlelt Fackard pulse generator modiel 214A

018 1 x Tekronix 212 csclioscaps calibrated filt 4 March 00

021 1 x Racal Dana 9301 universal counter timer

022 1 x Fluke Y2003 calbrator ET 264C

024 1 x Fluke BI3A ac/de differental voltmeter

025 1 x Fluke 893A ac/de differential voltmeter

026 1 x Fluke 893A ac/de differential vottmeter

029 1 % Fluke 9318 differential volimeter

030 1x Caklon 4 speed hygrothermograph

031 1 x Eurotheam 239 test unit

032 1 x Druck Ltd type DPI 600 digita! pressure indicattr

033 1 xFluke 931B rms differential vottmeter

034 1 xMarcen | In struments 10MHz 520MHz am/m signal generator
TF2015 .

035 1x Fluke 883A ac-dc differential voitrieter

036 1 x Fluke B33A ac-dc ditferential volimeter

037 1 x Fluke 893A ac-de differential volimeter

038 1 x Armstrong Heficoll workshop

04¢ 1 x Thermomeler prohe

041 1 x Benson Vemers height ruler

046 1 xJenway 3020PH meter

047 1 x Neotronics Lid oxygen sensor type: OTO x 8t

048 1 x Techne iluminated magnetic stirrer IMS-1

049 1 x Teledyne Brown portable oxygen analyser

050 1 x Tacussel pH-meter milivottmater type: P61

051 1x Melertab PHM 201 portable pH meter

052 1 xMetarizb PHM 201 portable pH meter

053 1 x Meteriab PHM 201 portable pH meter

054 1 x Meteriah PHM 201 portabie pH meter

0855 1 x Tektronix type 284 pulse generator

| 056 1 x Fluks B200A digital voltmeter

057 1x Hewlett Packard 53284 Univarsal counter

058 1 x Hewleft Packard 141T display section, 1 x Hewlett Packard 85528 IF
section

059 1 x Hewlett Packard 85554 spectrum analyser RF section

060 1 % Hewlet! Packard 80058 pulse generator

081 1 x Hewle! Packard 3430A multimeter

062 1 x Hewlet: Packard B616A signal generator

063 1 x Tektrone 7633 oscillascope

064 1 x Hewlati Packard 400F ac votmeter

065 1 x Dana model 5000 digtal mujtmeter

066 1x Dana model 5000 digital muttimeter

067 1 x Spectral dynamics SD375 aynamic analyser lI

068 1 x Dana model 5000 digital multimeter

069 1 x Texdronix 7633 oscilloscope calibrated trifl 25/7/99

070 1 x Hewlett Packard 8660C signal generater calibrated til-122/00

€71 1 x Hewlett Packard 53456 electronic counter

072 1 x Fluke mode! 887AB ac fd¢ diferential voltmeter

073 1 x Maury siding temination model: 2505C

074 1 x Racal Dana 9904M universal counter timer

075 1x Racal Dana 9904M universal counter imer

: 076 1 x Philips PM3240 oscifioscope

077 2 x Tacussel pH meters P80 chw spares

078 1 x Tektronix type 453 oscilloscope

079 1 x Gould Digitat storage oscilloscope 054000

080 1x Geuwd Digita storage oscilloscopa type: 051100-51
081 1 x Hevdett Package type: 180G oscilloscope

382 1 x Hewlett Packard esciloscape

083 1 x Hewell Packard type: 180C pscitioscope

084 1 x Hewiett Packard 3500 altenuator set

085 1 x Bender PRD3001 insutation montoring device
086 1 x Hwiett Packard mode! 4268 clio on demilliammeter-
087 1 x Crypion electrical tesler

083 1 x Tawatsu S5-5416A gyncrosoope de-40MHZ

089 1 x Tnvatsu S5-5416A syncroscope de-40MHz

€90 1 x Tnvatsu S5-5416A syncroscope de-40MHz

CALIBRA

001 1 % Fluke 8050A digital mutimeter calibrated till
07/10/99

002 1 x Fluke 8600A digital muttimeter calibrated fill
07/10/99

004 1 x Fluke 8600A digital muitimeter cafibrated il
07/10/99

018 1 x Gould OS 1100-5I oscilloscope calibrated till
11/10/99

019 1 x Racal Dana 9916 UHF frequency counter calibrated
till 06/10/939

020 1 x Racal Dana 9916 UHF frequancy counier calibrated
till 06/10/99

023 1 x Tektronix D755 oscilloscope OPTE6 calibrated il
1110es

027 1 x HSA avometer type DA116 calibrated till 07/10/99

028 1 x Philips OM 3217 S0MHz oscilloscope calibrated till
11410099

039 1 x Solastron 7051 digital voltmeter calibrated till
11/10/99

042 1 x Edgeumbe voltage tester calibrated il 12/10/99

043 1 x Heme Intemational ac/dc clip-on ammeter
calibrated till 12/10/59

044 1 x Heme intemational ac/dc clip-on ammeter
calibrated till 12/10/99

045 1 x Heme Intemational ac/dc clip-cn ammeter
calibrated till 12/10/99

133 1 x Philips oscilloscope calibrated till 28/09/99

134 1 x Philips PM3217 S0MHz oscilloscope — calibrated
tili 28/9/59 — limited use

135 1 x Telequipment oscilloscope D755 OPTE6 —
calibrated till 28/9/99

136 1 x Telequipment D83 oscilloscope calibrated till
27/09/99

137 1 x Teleguipment D83 oscilloscope calibrated tilt
29/9/99

138 1 x Gould 0S1100-S1 ascilloscope — calibrated till
29/9/99

139 1 x Datron 1041 multifunction volimeter calibrated il

9/99

140 1 x Philips PM3217 50MHz oscilloscope calibrated till

29/9/99

1 x Philips PM3217 S0MHz oscilloscope calibrated tifl

29/9/99

160 1 x Tektronix model 212 JOPT 2) oscilloscope —
calibrated till 11/10/99

163 1 x Racal Dana 9916 UHF frequency counter calibrated
tilk 06/10/99

164 1 x HSA avometer type DA116 calibrated till 07/10/99

165 1 x HSA avomater type DA116 calibrated till 07/10/99

166 1 x HSA avometar type DA116 calibrated till 07/10/99

184 1 x Metrohm model 9A test set calibrated till 20/10/99

185 1 x Metrohm model 9A test set calibrated till 18/10/99

186 1 x Metrohm model 9A tast set calibrated till 20/10/99

187 1 x Metrohm model 9A test set calibrated till 18/10/99

188 1 x Metrchm model 9A test set calibrated till 21/10/99

189 1 x Metrohm model 9A test set calibrated till 21/10/99

190 1 x Metrohm model 9A test set calibrated till 18/10/99

191 1 x Edgcumbe modet V8 Insulation and continuity
tester calibrated till 21/10/99

192 1 x Edgcumbe modal V8 insulation and continuity
tester calibrated tili 21/10/99

193 1 x Heme model 1000 clip on ammeter calibrated till
21/10/99

194 1 x Tektronix model 475 osciiloscope calibrated till
18/10/99

185 1 x Gould made! OS5 1100-SI oscilloscope calibrated iill
18/10/99

196 1 x Philips PM3217 oscilloscope calibrated Bl 15/10/99

197 1 x Philips PM3217 oscilloscope calibrated till 15/10/99

198 1 x Fluke model 77 digital multimeter calibrated tifl
15/10/99

199 1 x Fluke model 77 series 2 digital multimeter
calibrated ill 15/10/99

200 1 x Fluke mode! 77 digital multimeter calibrated till

15/10/99

1 x Tektronix mode! 212 (OPT 2) mini oscilloscope

q calibrated till 18/10/98

202 1 x Thorn EMI model: B183 LCR meter calibrated il
21/10/99

203 1 x Racal Dana model 2916 UHF frequency counter
calibrated fill 15/10/99
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081 1 x Metrohm model 9A vottage ester

082 1 x Metrohm madel 9A voitage tesler

083 1 x Metrohm model 9A voltage tester

084 1 x Metrohm model 9A voltage lester

095 1 x Metrohm mods( 9A voitage tester

086 1 x Metrohm model 9A voitage lesier

087 1 x Metrohm mode! 9A test unit

088 1 x Metrohm mode: 9A test unit

089 1 x Metrohm mace! A test unit

100 1 x Edgoumbe 250U test unit

101 1 x Edgeumnbe line/earth foad testas

102 1 x Metrohm V8 test unit

103 1 x Edgeumbe test unit

104 1 x Edgeurnbe test unit

105 1 x Hewlett Packard 4328A high resistance meler caflbrated tit 17 Jan
1393, ilmited use only

106 1x Hewlatt Packard 52538 freguency converter 50-500MHz

107 1 x Megger elec test unit BRE Mi2

108 1 x Megger elec test unit BM8 Mk2 calibrated fil 19 Dec 1898

168 1 x F akerscops 2500 cafbration not required

110 1x Wayne Kerr migge temperature meter

111 1 x Crockatt salinometer test meter

112 1x Puke 3030A multimeter

113 1 x Hewielt and Packard 6299A dc power supply

114 1x Hewlett and Packard 62994 dc power suppiy

115 1x Hewlett and Packard B299A dc power supply

116 1X Metrohm Herisan E588 pH meler

117 1X Metrohm Hensan ESS8 pH meter

118 1x Puke 8334 ac-de drfferential voltmeter

119 1x Fluke 893A ac-gc differential voltmetar

120 1 x Fluke 833A ac-de differential voitmeler

121 1x Fluke B93A ac-gc differential voltmeter

122 1x Marconi 10MHz-520MHZ signal generator TF 20154

123 1 x Fluke 90318 rms diffsrential voltmeter

124 1 x Fluke 50318 ms differentia! voltmeter

125 1 x Compact optical dighal tachometer

126 1x G alienkamp anglahead centrifuge

127 1x HSA DA118 Avometer calibrated 6l 1 Aug 1893

128 1 x Adjustable height caiper calibrated t 21 July 2000

129 1 x Metertab PHM201 portable pH meter

130 1x Meteriab PHIM201 portabie pH meter

131 1 x Meterdab PHM201 portable pH meter

132 1 x Meterlab PHM201 portabie pH meter

142 1 x Tektronix D755 OPT66 osclloscope

143 1 x Tektronix D755 OPT86 oscilloscope

144 1 x English Electric Valve Co Lid P442US charger unit

145 1 x Thander TM451 multimeter calibrated till 12 March 98

146 1 xHSA DA116 avometer calibrated till 20 July 93

147 1 x Metrobm model 9A voltmater

148 1x Comark C9007 dgital thermometer

148 1 x Comark C9007 digital thermormeter

150 1 x Comark C3007 digial thermometer

151 1 x Comark C8007 digtial thermometer

152 1 x Comark 2007 thermemetar

153 1 x HSA Avometer type: DA116 callbrated til 01/08/9°

154 1 x Fluke 80 voitage divider

155 1 x Phiaps PM 32/7 osciloscope

156 1 x Phiips PM 32/7 oscioscope calfbrated il 2011198

157 1 x Wandel & Goltermann OF-84 eror rafio measunng set

158 1 x Kent Industries electrolytic conductivity measuning set

159 1 x Kent Industies electrolytic conductivity measuring set

181 1 x Tektronx meded 212 (OPT 2) osal ]

162 1 x Tektronix model 212 (OPT 2) oscilloscope calibrated ll 22/01/39

167 1 x Solantron 7050 dignal musimeter calibrated 1l 29/61/99

158 1 x Marcon? TF 16008 vottmeter

169 1 x Marcon: TF 16008 voltmeler

170 1 x Marconi TF 15008 vottmetsr

171 1 x Met One Inc particle countet complete with model 219 printer

172 1 x Metrohm Herisau pH meter model: E588

173 1 x Metrohm Herisau pH meter moded: E588

174 1 x Marcon: TF 26008 voiimeter

175 1 x Mareoni TF 26008 vottmeter

176 1 x Marcon: TF 26008 voitmeter

177 1 x Metrohm model 9A wltmeter

178 1x Philips RM 2518 RMS multimeter

179 1 x Philips PM 2518 RMS muttimeter

180 1 x Philips PM 2518 RMS multmeter

181 1 x Facal Dana 9916 UNF frequency counter

182 1 x Fluke 8030A muftimeter

183 1 x Fluke 8030A multimeter

204 1 x Metrohm mode! 9A vofimeter

205 1 x Metrohm model SA woltmater

205 1 x Metrohm mode! 9A voltmeter

207 1 x Metrohm model 9A woltmeter

208 1 x Metrohm mode! 9A voitmaler

209 1 x Fluke 86004 digital multimeter

210 1 x HSA model DAI16 avemeter

211 1 x Marconi 2833A dgital line monitor

212 1x Margoni TF 258074 PCM muftiplex fester

—

For further information, viewing
arrangements and tender docurments,
guote ref DSA/O71/98

Contact;

Stephen Watson or

LouiseBoye  Babcock
Tel: 01383 422258 International
Fax: 01383 423022 I
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Figure 3¢ the circuit of the simulator board

if we now refer to figure 2, the microcontroller IC1 controls
the hardware cperation and is supplied pre-programmed with a
'runtime’ software package. This sofiware determines the
condition of the inputs, then reads in a byte of binary code
from eeprom IC3.

Looking at the main ic first, IC1 is a PIC microcontroller
which is a programmable device here configured to provide the
input/output and serial communication ports. Thisalso
generates the necessary timing and clock signals to program
the on-board memory device IC3. The on-chip one time
programmable memory contains a runtime software package.

This software controls the operation of the pcb by reading
the input ports evaluating the eeprom stored binary logic and
driving the outputs as necessary. The logic instructions along
with input and output address are embedded in this binary
byte.

Serial communications is also provided by IC1, which takes
the internal data and generates, through software, the timing
necessary to send and recgive start/stop and data bits to and
from I1C2. This software implements an on board UART, saving
the cost of an additional external component.

As the pcb provides a R8232 serial port a means of
changing the +5V TTL level signals to the positive and negative
voltages defined by the RS232 specification is needed. This is
provided by IC2, which contains a charge pump circuit. This,
with the use of a small number of external capacitors can
generate +/- 10VDG and convert between RS232 and TTL
voltage levels.

This only leaves the operation of IC3 to be explained. Thiss
an electrically erasable pregrammable read only memory.
Eeproms are programmed serially as opposed to conventional
memory which is either byte or word paralle! format. Some
means of synchronising this serial transfer is required. 1CG1
provides this timing by generating a clock signal on pin RAQ,
allowing the hit data on RAI to be transferred to IC3.

The LED on the microcontroller pcb gives an indication of
the current state of operation. If it temains on or off it indicates
microcontroller execution hafted; if it is pulsing then the system
IS running.

Finally, IC4 regulates the input voltage down to the 5V DC
for the operation of the hardware, by converting an unregulated
input supply in the range of +8 to 15VDC down to +5VDC. Its
input voltage should not fall below 8V during the lowest point
of the ripple (if an unregulated supply is used) at the maximum
load. If a voltage above around 10V is used, it would be
advisable to use a heatsink on the regulator.

If the power supply is towards the higher limit specified
above, the heatsink on the voltage regulator, IC4, may need to
be quite substantial.

Microcontroller pcb construction

To enable a single sided pcb to be produced there are a
number of wi re links to be fitted, using scrap component
leads. It is best to fit and solder these first.

Next fit and solder all resistors before the other
components are inserted. The ic sockets and PL2 are next,
note the orientation of the pins, pin 1 of each socket is
towards the top of the board. Insert and solder the remaining
capacitors and IC4. Care must be taken to ensure the voltage
regulator 1C4 is inserted correctly; the metal tab for an optional
heatsink must be to the right when locking down from the
top.

Now visually inspect the pcb for dry joints or short circuits,
which are the most common causes for a circuit to fail to
operate correctly. Also, check that all component. leads and
wire links are soldered.

With IC1, IC2, and IC3 removed, connect the external
power source (between +9 to +24VDC at around 250mA) and
check with a meter the voltage regutator is delivering +5VDC
+/- 10 percent. If excessive current is drawn from the 5V
supply, a heatsink may be attached to the metal tab on IC4.

Finally fit IC1, IC2, and IC3 and ensure that pin 1 of the IC
matches pin 1 of the sccket installed. The power supply to the
pcb should be greater than 8VDC and less than 15VDC at
around 250mA.

To program, power up the pcb and attach a 9-pin serial
lead to the PC. Run the Editor/Compiler software (com1 is the
default communication port. Use the cemmand line argument
/com2 to select com2) and using the menu, select the
operation required.

Simulator pch construction

If we now look at figure 3 & 4, the secend small /O pcb is
very simple, and consists of an 8- way dil switch DIL1
simulating eight digital Inputs, and LEDs 1,2,3,4 providing fouir
simulated digital outputs.

The construction of the PCB is easy. Fit and solder ail the
components making sure RP1 and SK1 pin 1 are in the correct
location as indicated on the layout, and take care to ensure the
LEDs are fitted comrectly with the flat side going to R1,2,3,4.

The simulated inputs and outputs are connected to the
microcontroller pch by the 16-way IDC ribbon cable assembly
mentioned earlier

Figure 4: the component layout of the microcontroller pch
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R1 10K 0.25 watt resisto

| R2 22K 0,25 watt resistor
R3 22K 0.25 watt resistor
{ R4 3K0 0.25 watt resistor

- Capacitors

| C1,2,6,8100nf ceramic disk
C3.4 15pf ceramic disk es
€5,10,11,12 22uf 40V electrolytic s 8
Cc7 47uf 35V electrolytic s .
Cc9 10uf 10V electrolytic

Semiconductors o

L IC1 PIC 16C57P Microcontroiler - see below

- ic2 MAX232CPE TTL to RS 232 conversion

IC3 24C02A EEPROM relay ladder logic data =~ |
_IC4 7805 voltage regulator ]
{ XTL1 4MHZ Ceramic resonator

- LED1  general purpose LED

- Miscellaneous

1 2 way power

~ 8 pin D type female

40 pin DIL sccket

- 16 pin DIL socket
DIL socket

- 16 pin DiL socket

A REAL WORLD APPLICATION: A MOTOR
CONTROLLED ROLLER BLIND

This example of real-world programming discussed may be
programmed into the microcentroller board, and using the
project PCBs the ladder logic software may be run and
menitored using the software package mentioned previously.
The purpose of this example is to show how ladder diagram
pregramming and microcontrollers can replace conventional
hardwired control schemes. The design of associated hardware

All compdh‘é;léf

S e i

RP1 4k7 8-way re:

R1,2,3,4 1k 0.25 watt |

C1 100nf ceramic

LED 1,2,34 Fr—

SKT1 16 pin dil socket .
DIL1 8 way direct in fine switch
PCB1 printed circuif board

{optional) .
Cable assembly 6way IDC ribbon cable

IC1 contains a 'runtime’ scftware package
and zlso a software key to allow the o
supplied Ladder Editor/Compiler to run in
_full development mode, The ladder logic
-';compilerleditor software and the self
eaching/user manual, on which these
rticles are based are also available from
 Technical Services (see the end of this

is not covered, arid is left as an exercise for the reader,
however, the input - ocutput simulator may be used to allow the
ladder diagram to be run and the resuiting operation monitored.
Figure 5 shows an example of the power wiring needed to
control a conventional heavy-duty motor driven roller blind.

An example of a hard wired relay control scheme to control:
the operation of the roiler blind is given in figure 6, the
operation of which is quite straightforward.

The next thing to be dene is to put together the control
scheme. First draw up an input output schedule which
specifies the electrical nature of each input output as in table
1.

Input Description Tay
X11 Up push button PB1
X12 Down push button FB2
X13 Emergency stop ES1
X14 Upper limit switch ULSW
X15 Lower limit switch LLSW
X16 Motor over current oL
X17 Safety switch SFW
Output Description Tag
YOO Up relay RU1
Y01 Down relay RL2

Table 1: the 1/0 schedule

The hard wired relay control scheme is then translated to its
ladder diagram equivalent, figure 8. Obviously the two are very
similar, however, on this diagram certain devices only exist
within the Programmable Logic Controller, such as auxiliary
relay M04.

This is the software that links the logical intemnal elements,
the contacts coils etc., to the real world physical devices, the
relays, limit switch etc. It also provides the sequential control
and operation of the external components based upon the
condition of the inputs of the Programmable Logic Controller.

The actual wiring diagram is now drawn up figure 9. Notice
the simplicity of the layout when compared to the hard wired
relay control scheme. Any mistakes in the logical operation of
the roller blind can now be quickly rectified by altering the
tadder diagram, and reprogramming the Programmable Logic
Controller. This is significantly easier and cheaper than having
1o rewire a conventional hard wired relay panel.

Hardwired circuit description

On pressing the up push button PB1 control relay RLA
operates and normally open auxiliary contact of RL1 operating
holds the control relay in. The push butten may now be
released.

At the same time the three-phase contacts make apply
mains to the motor which now starts to raise the roller blind.
The motor continues to operate until the normally closed upper
fimit switch ULSW operates. This releases relay BRL1 and the
motor is stopped.

To lower the roller blind the down push butten PB2 is
operated, RL2 energises and normally open auxiliary contact of
RL2 operating holds the contrel relay in, the push button may
now be released. This drives the rolier blind down until its
closed position is reached, which is detected by the normally
closed lower limit switch LLSW.
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Figure 5: an example of the power wiring needed to control a
conventional motor-driven roller blind

To provide a measure of safety, the motor is protected from
over current by overload OL.. An emergency stop switch ES1 is
provided as a means to release both up and down relays,
stopping any roller blind movement,

As an added precaution a 'bump strip' SFW is fitted to
detect any contact with an object while the roller blind is being
lowered. Any contact detected would stop the roller blind by
releasing the down relay RL2 removing the drive to the motor.

Ladder diagram circuit description

Master current overfoad normally closed contact X16 operates
internai relay M04, this acts as a safety circuit to release output
coils YOO and Y01 should X16 operate due to overcurrent.

Rung 2 provides the door up logic as normally open contact
X141 operating energises output coil YOO, this causes output
coil YOO to latch on via its own normally open contact YOO.
Normally closed contact YOO ensures that the down coil YO1 is
not able to be driven while the door is opening.

The door will now open until the normally closed contact
X14 upper limit switch operates. This releases Y00, removing
power to the motor via RiL1 contactor.

The down control is taken care of by Rung'3, operation is
sirmilar to the up control already discussed, however, for safety
sake a 'bump strip' is attached to the ieading edge of the door.
This operates normmally closed contact X17 in the event of the
door making contact with an object while being shut, which
releases YO1 which in tum removes the power via contactor RL2.

F4
Llo—a /o—e
oL
ES1
SFW
PB1D—I o/FlL1 AL2 I—Dpsg
i ]
VLSW LLSW : L l
RL2 ALt ‘LHLZbJ‘FILZa
RL1 RL2
up DOWN

Figure 6: a example of a straightforward hard-wired relay control
scheme

An example of the ladder diagram needed to control the
roller blind was given in figure 8.

An important note

In practice, the emergency stop button should ALWAYS be
hardwired to allow physical disconnection of the mains power
to the control relays, and normally the switch will be
mechanically latched off until reset.

| hope that these practical examples and the previous feature
on the subject have helped to open the door to Programmable
lLogic- Control and ladder logic.

Hardware and Software

The following items are available to accompany this article:

IC1 and IC3 {IC3 is initialised with a default ladder run so
that there is no need for the bootstrap lcader): £14.99 plus
£2.75 post and packing.

Software £14.99 plus £2.50 post and packing.

Orders and enquiries to: Micro Technical Services,
Unit 13, Graham Potter Enterprise Units, Pinehurst,
Swindon, Wilts, SN2 1RL.
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Figure 7: the component layout of
the simulator pcb

Figure 8: the hard-wire control scheme of figure 6
translated into an equivalent ladder diagram

Figure 9: the actual wiring diagram gene-
rated from the ladder diagram in figure 8
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" FED’s PIC BASIC products - srralghrforward capable, powerful rapld
development. Operating in a Windows Development Environment our
modules need no assembler or UV eraser to program your PIC's, and operate
from a serial link 10 your PC. The 16C74 module features - 8k EEPROM, up to
2000 lines of BASIC, 27 lines of programmabile /O, 8 A/D inputs, Interrupt
driven serial RS232 interface, Peripheral IC bus interface, LCD display driver
routines, up to 178 bytes for variables and stack, extendible with optional
external RAM and all the standard 16C74 features. 16C57 version still
available - ask for detais. =5

PIC & AVR Microcontroller Programmers
PIC Serial - Handles newer PIC devices in a 40 pin multi-width ZIF socket.
16C55X, 16C6X, 16C7X, 16C8x, 16F8X, 12C508, 12C509, PIC 14000 etc.
Also In-Circuit programming. Price : £40/kit, or £45 built & tasted.
PIC introductory - Programs 8 & 18 pin devices : 16C55X, 16C61, 16C62X,
16C71, 16C71X, 16C8X, 16F8X, 12C508, and 12C509 etc. Price £20/kit.
AVR - Programs all current DIP devices in a 40 pin ZIF. Price : £35/kit £40 built
& tasted.

| NEW ! ! -- PIC BASIC MICRO MODULE
Run 16C74 FED PIC BASIC on a module which is only 65x27mm and is
plug compatible with the 16C74 device
Uses Surface Mount techniques and includes power supply, serial interface
and oscillator. Operate as a standalone module, or plug the module as a

| daughter card directly in place of a 16C74 into your application circuit.

All programmers operate on PC, using standard RS232 serial interface. No
hard to handie paralle! cable swapping ! Programmers are supplied with
instructions, Windows 3.1/85/98/NT, and programming software for the AVR
or PIC.

AVR, PIC, & HC11 Windows Based Development:

32 Bit Development environment. Qur PIC BASIC development environment
is how supplied as a 32 bit Windows version with code highlighting and
improved faciltties, and makes use of long filenames and W95/98 controls.
Supplied free of charge with any of our BASIC products or upgrade for
£5.00.

COMPILER HALF PREVIOUS PRICE - The FED PIC BASIC compiler for the
16C74. It produces hex code to program your 16C74 directly with no need for
external EEPRCM. Compatible with the EEPROM versions of PIC 16C74
BASIC modules - develop on an EEPROM based module then compile angd
program your PIC chips directly.

PIC BASIC Micro-Module Pre-Built (8K EEPROM) 4MHz, £35.00, 20MHz £40.00

16C74 Module Kit (3k EEPROM, 4MHz) £35.00, Pre-bulit £42.00

16C74 Module Kit (8k EEPROM, 20MHz) £40.00, Pre-built £46.00

| Compiler - £30.00

Simulator allows assembly and simulation of your AVR, PIC or HC11
projects in one Windows program. Incorporate muitiple files, view help file
information directly from code, edi within project, build/track errors directly in
source, then simulate. Simulator has many breakpoint types, follow code in
source window, set breakpoints in source. Run, single step, or step over.
Logic Analyser Display ! Track variable values and trace for display on the
Trace Analyser. Input stimull includes clocks, direct values and serial
data. Profiler - examine and time frequently called routines use the
information to optimise out bottle necks. PIC Version Simulates up to 50
times faster than MPSIM !

Cost £20.00. Specify W3.1, or W'35/98 (32 bit) and AVR/PIC/HCT1
version

AVR & PIC devices
PIC16C74/JW Erasable 20MHz £18.00 PIC16C558

£5.00

Forest Electronic Developments

60 Walkford Road, Christchurch, Dorset, BH23 SQG.
http:/idspace.dial. pipex.com/robin.abbot/FED

01425-274068 (Voice/Fax)

Prices are inclusive, Add £3.00 for P&P
and handling to cach order. Cheques/POs
payable to Forest Electronic
Developments, or phone with credit card
details.

MasterCard

e S

_ Tmsrsyaveyqood | TEXTROMX MESAACH 3500 Daty Swaop Curscrs o 2800
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{GOULD 05300
Dual Trace

DMS 3850A Dlgltal
Storage/DMM

SPECTRUM ANALYSERS

HP 85822 1KHz - 226Kz rmcm
HP.B565A .04 - 22GHy. —-£3500
P 25504 10KHz - 1 8GHe (TSokms) 250
HLP, 8558 wit s Frarma 001 - H1GHE s Hendheld LCD display. 2 Channels 50ms/s. Amorange4

Digit DMM/Capacityfirequancy count
Battery operation or extemal 7.5-9.5V ie. AC adapaor {nat
swphed) RS$232 comes in black camying pouch compiete
with 2 scope probes; DMM leads; Manrual. For unry £400

FP. 8588 wip Main Frams 1000z - VS0MHe . . E1500
OVANTESTTRUST OG- 0SG£S0
ADVANTEST TRA1Z2 100KH: - 1GHz £120
AARCONI 2352 100Hz - KONz High Resoiion . 00500
MARCOMIZETOXGHZ- 19Oz om0
HPIAS Systorg BSS3TKHZ-T0MMz ———_ som £SO
8554 S06KYZ - 150Nz trom E750: 6555 10T - 10GHE..... .. SO £1000

THIS IS THE BEST
SHEAP SCOPE

. MARCON| 2019 Synihesised AMFM
i YOU WILL EVER BUYIl!

Sig Gen 80KH2-1040MHz LCD Display
Keyboard entry. ONLY

MARCONI 2017 Phase Lock AM/FM

Sig Gen 10KHz-1024MHz  £1200

Marceni 20224/G Synthessad AMPM

Sig Gen 10KHz-1GHz £1500

H.P. 8672A Synthesised Sig Gen 2-18GHz  £8000

d

GOULD 081100 Dual trace, 30MHz
idelay, very bright. Supplied with
manual and 2 probes. @
ITEKTRONIX 2215 - bual Trace 60MHz
Sweep Delay,
Includes 2
probes, Onty

H.P. 86F40A aM/FM Sig Gen
500KHz-1024MHz
500Mz-512MHz Version - £250

H.'-_EKTRONIX
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[ e o ————
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FARNELL LF1 Sine/Sg
E—-ﬁw‘_( 5,1 Oscillatar 10Hz - 1MHz

LEVELL TG200)DMP RC Osciligtor 1HzZ - IMHZ
Sine/Square. Meter. Battery Operated @

(Blatteries not supplied)
- Classlc AVO Meter- A Digital AVO 118

- 3.5 digit Compiete with Batteries & Leads.
-

Only

METROHM 9A - scov
Battery Meggar {a useful back-up .P e
for fault finding) Complate with 4
Batteries & Leads. Onl

Dual Trace 40MHz 20 MS/s Storag Cursors + On scrgon
readeut, , interface ele ete.
Supplied unused in ongnnal box complete with 2 probes
and manual.
Amazing Value £400

g T, 00KGHz - 100MHZ, P34 0 - 1000KCHE, Quiput - 1908 99dB AM 0-60%; 32

Solatron 7045 - 45 Dig. praset memory; Digital display frequency and output
l Bench Muttimeter Used £450 Unused £750
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iDual Trace 20MHz DEI&V eI D2 sexs | PHIPS PUBZ Swaop Furc Gan PP TT—
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FARNELL AlM2000 Ausomete Moo Mele' IOHZ -24GHz. Unused.....
£1250
RACAL 5008 Automatic Mod Meter 1.56MH2-2GHZ. e, 2200

Un-Used @

STEWART of READING ==

o—
VISA | 110 WYKEHAM ROAD, READING, BERKS RG6 1PL K,
Telephone: (0118} 9268041 Fax: (0118) 9351696 '

| Callers welcome 9am-5.30pm Monday fo Friday (other times by amangement)

Solatron 7150 DMM 6.5 digit FLIBCA WOW/FLUTTER

\ 3
True RMS IEEE £300 IRl T o e P 3R 10
Used £400 Digital Esplay of qm; 4 digt Freq counter
@ i WAYNE KERR “M"szm’ Unused E500  0.01KHz9.909KH. 01Kz S5KH2
g === »?; AMFM 1.5MHZ2GHz 3.5 digh == POWER SUPPLY Model HSP3010
— B Unused 0-30 voits; 0-10 2mps currert
% imiting. 2 maters
GOODWILL GFG B0T0G FREGUENCY COUNTER Ronoe B8 Used £160
1z - 120MHz 8 gt display 15mY
RMS sensitviy - GOODWILL GVT427 DUAL CHANNEL AC
Unused £75 . < | MLLIVOLTMETER
ANALOGUE MULTIMETER Model HC280TR AG/DC vets DG | 10py %00 1142 .

cument 10 amps; 17 ranges; Continuity Buzzer; Transistor

Tester Unused £15 i ROz

Used £100 Unused £125

Used equipment — Guaranteed. Manuals supplied
This is a VERY SMALL SAMPLE OF STOCK SAE or telephone for lists. Piease check availabilty before
ordering. CARRIAGE &ll units £16. VAT to be added to total of goods and camiage
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This neat little Christmas Box helps to track down those elusive '
detecting an electric field. It can also be used for continuity-testing
components.

Bart Trepak

hristmas comes but once a year-and when it

does ... as well as bringing good cheer it also

brings the usual crop of seasonal questions.

Wil the mother in law be coming to stay again

this year? ... what will Santa bring me? ... is it
worth putting a fiver on a white Christmas? ... will the
Christmas lights fight? ... Being an electronics designer, |
am unable to give a solution to many of these problems but
this article should help to fix the last one shouid it occur -
and experience shows that it usually does.

Murphy's law - the one that states that if anything can
go wrong then it will - operates all the year round. With a
40-lamp set of Christmas tree lights, there are at least 40
things to go wrong (41 if we count the mains fuse), so it's a
fairly safe bet that they will not work first time when they
are brought out of hibernation. As the lamps are connecled
in series, any one lamp failing or not making a good
contact with its connector will result in the whole chain
failing to light, Many newer lamp sets are fitted with special
lamps which go short circuit when they fail so that even
when one lamp fails, the circuit is maintained and only that
lamp fails to light. This makes it easy to spot and replace
the offending lamp. If more than a few lamps fail in this
mode, howeverI] and go unnoticed (as can easily happen
with smali bulbs on a large tree), a greater stress is placed
on the remaining lamps as the current through the chain
increases. This may eventually cause the fuse (or the fuse
lamp) to blow.

Even with these lamps fitted and the fuse intact, it is still
possible for one or two lamps to fail to make proper
contact with their connectors. Even one faulty contact,
irrespective of the condition of the lamps, will cause the
chain to fail, Most lamp sets have a rather crude
arrangement for connecting lamps to their holders, relying
on a tight push fit and a specially shaped plastic lamp base
which causes the two bare lamp wires to come into
contact with two small brass or copper plates within the
holder. Having been stored for a year in what are probably
not ideal conditions, the lamps can easily work loose or the
contacts oxidise resulting in the set failing the following

Figure 1: a Christmas tree lamp chain, showing a break at X
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Figure 2: the circuit of the Christmas lamp tester

year. You are then left scratching your head to try to decide
on the quickest way to pinpoint the trouble.

The normal procedure adopted is to start at one end of
the chain, remove each lamp in turn and re-seat it in its
holder, testing the whole chain each time to see if this has
cured the fault. With the older lamps, each lamp will also
need to be tested to ensure that it has not gone open
circuit. Typically, the fault will be located in one of the last
lamps in the chain. Add to this a failure when the set is
already on the tree, with sharp pine needles sticking intc
your fingers each time a new lamp is removed or fitted, the”
children anxious to get on with decorating the tree and the
dog sniffing around the base. This is something you can d¢
without, isn't it?

The answer, of course, must be to pick one end of the
chain and then quickly nip round and start at the other end
... in which case the fault will be found in one of the first
lamps to be tested. If it were only that simpie!

The best present from Santa?

Surprisingly, the electronic answer is nearly that simple, as
the following circuit shows. 1t will enable the problem to be
pinpointed quickly and easily without the need to
disconnect all the bulbs or any of the other aggravation.
Not only that, but the unit will probably be found very
useful during the rest of the year for a variety of tests on
fuses, lamps, mains cables and so on.

Any conductor such as a chain of Christmas lamps
connected to the mains will have an electric field
associated with it. This is true even if no current is flowing
in the conductor, and it will also be the case if there is a
break in the chain. This circuit is designed to detect this.
Figure 1 shows a set of lights connected to the mains with
a break in the circuit at point X due to the lamp being
blown or not fitted correctly. Beginning at the live terminal
therefore, the field will exist at points A, B, C, etc. all the
way along the conductor until point X is reached. At this
point, there will be no field and the circuit will indicate this
problem area. All you have to do then is test the lamp,
clean the contacts or simply push the lamp firmly into its
holder. If more than one lamp or connector is faulty, the
first one in the chain will show up. When this has been
rectified, subsequent ones can be found.

There is a small problem with this arrangement, and this
is due to the fact that most lamp sets, if not all, are wired
exactly as shown in figure 1 and not with the [amps
spaced equally along whole the length of the conductor.

The long neutral tail is then twisted around the other
conductor, so that it is impossible to test one wire without
the other being present. As long as the chain is connected
to the mains as shown, with the lamps nearer the live end
there will be no problem, as it is the Live wire which is
responsible for the electric field.

The neutral wire is of course at (nearly) earth potential
and so the field due to this is at most very smali - the
tester should then respond only to the field due to the Live
wire and the absence of this field can therefore be easily
detected. Assuming that the chances of a break in the
actual neutral wire are small (and indeed, if this were the
case, the chain would probably not be worth repairing), any
fauits will therefore lie either with the lamps themselves or
with their holders. With a break at X, all the wires to the left
of this point will show a field while those to the right will
not, as they will be at neutral potential.

If the chain is connected to the supply the other way
around, however, with the terminal marked L on the
diagram going to N and N to L, there would be an electric
field along the whole length of the chain irrespective of a
break, because the conductor connected to L would run
along the whole length of the chain. Of course, on
Christmas lights both conductors are usually coloured
green, so that it is impossible, without unravelling them, to
tell which is which. Should the chain fail to work, but a field
is nevertheless detected along the whole length of the
cable, the connections to the chain should be swapped
either by reversing the plug in the case of a 2-pin mains
connector, or by re-wiring the mains plug.

Detecting electric fields

An electric field can be detected simply by placing a
conducting probe (that is, a piece of wire or a plate) within
it. Once in the field, the probe will assume the potential of
the field at that point. With an alternating voltage, the field
will of course also be alternating. The problem is to
produce a meaningful display from this. Connecting a
normal voltmeter to the probe and earth will not usually
show a reading because this will load it too much. What is
needed is a high input impedance buffer or amplifier if we
want to drive some sort of indicator.

This circuit consists of a very high gain amplifier with a
high input impedance consisting of only three transistors;
two resistors and an LED, as the diagram of figure 2
shows, The first two transistors are connected as a
Darlington, giving a combined current gain egual to the

FRl o S
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Figure 3a: the back of the above layout, showing track cuts

product of their individual gains. With the devices specified,
this should be around 10,000. The input impedance will be
around 10 megohms.

The current from this is fed directly to the base of a PNP
transistor which drives the LED. An optional piezo sounder
can also be connected if an audio indication of the field is
reguired.

The circuit will operate on any voitage down to around 3
voits, so that any battery from a 9-volt PP3 to two 1.5-volt
AAA cells can be used although, at the lower voltages, the
sound obtained from the piezo will not be so loud. The
current consumption of the circuit, even when it is
operating, is so small that no on/off switch is required and
batteries should last for virtually their shelf life.

Construction and uses

The circuit is small enough that the unit could be
conveniently constructed on a piece of strip-board. A
suitable layout for this is shown in figure 3 but the layout is
not critical and can easily be altered. Most of the
components will probably be to hand, but they are all of
easily obtainable kinds. Almost any other high gain NPN
and PNP transistors may be used (note that the pin-outs
may vary) and Darlington transistors such as the BC517
could also be used in place of the two NPN devices. Note
the pin-outs of the 2N33904 (figure 4), which differ slightly
from many other small signal transistors, This should be
borne in mind if other types are used instead.

The sensor TP1 | orginally breadboarded consisted of a
drawing pin connected to the base of the first transistor by
a short wire. The one on the cased unit (see photograph} is
simply a strip of strong copper foil folded over the edge of
the lower part of the case. (We had one of those
component supply problems here: the technician couldn't
find a drawing pin.} The sensor is mounted on the outside
of a plastic box at a convenient point together with the
circuit which may be secured to the box by means of the
LED clip as there are no heavy components to be
supported. The size and internal layout of the box is ieft to.

the construcior as this will depend to a large extent on the
type of box availabie, the battery used and whether a piezo
sounder is fitted or not.

if the two other sensors TP2 and TP3 (not on the
prototype) are also fitted to enable continuity tests to be
made, these should be connected on opposite sides of the
box so that they will not be accidentally shorted out if the
unit is stored in a metal tool box.

Once construction is complete, the circuit may be tested
by bringing the sensor close to a cable connected to the
mains. The LED should light when the sensor is within 3 or
4 mm of the live conductor. If the sounder is fitted, this will
give a 50Hz buzz. The circuit does not require any
adjustment and any fault should be easy to trace.

The use of this circuit for fault finding Christmas tree
lights (or tracing any break in a live conductor) is guite
simple and consists of running the sensor along the chain
between the lamps until the LED fails to light which will
indicate the position of the fault. The tester will also be
useful in general electrical work around the house such as
testing if a mains cable is live prior to carrying out some
work near it. This has a great advantage over using, for
instance, a mains tester screwdriver or a voltmeter, which
require a direct contact with the conductor, as the insulation
does not need to be removed. However, you must
REMEMBER TO TEST THE UNIT BEFORE USE especially if
any work is to be carried out on a conductor, as the LED
could fail to light because the battery is flat or disconnected
(for example). It may also not work with cables inside a
metat conduit, as these often produce no external field to
be detected.

Another function which is often required'is testing the
mains fuse in a plug fitted to an appliance. Plug the
appliance into the mains socket (make sure the mains
socket is switched on) and use of the tester will indicate
whether the appliance cable is live. If it is not, unplug the
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appliance and check whether the mains fuse has blown.
Don't dismantle mains leads or appliances, even apparently
"non live" ones, until the appliance is switched off and
disconnected.

The tester unit should not be used as a cable detector
for cables buried in a wall. Although it may indicate the
presence of a cable, this is not reliable due to its short
range and other effects such as damp in the wall

Testing component continuity
The versatility of the unit can be increased by providing
another pair of contacts (shown as TP2 and TP3 on figure
3). which will enable continuity to be tested. Bridging the
contacts by touching one pad while holding the box in one
hand and touching the other with the other hand will cause
the LED to light by providing a base current for Q3. This will
allow fuses and lamps to be tested by touching the sensor
with one lead while holding the component by the other.
With a bit of practice, diodes, LEDs and even capacitors

¥ may be tested. Diodes

and LEDs will cause the
LED to light when

E c connected one way
B B
c E around but not the
other while with
2N3904 BC558

capacitors, the LED will

light briefly as the

capacitor charges
although with larger
values the LED may
stay on for several

Figure 4: the pin-outs for the
2N3904 and BC558. Other
transistors can be used, but note
that the 2N3904 has a slightly
unusual pin arrangement and adjust

Resistors
| Ri 1k
R2 100R

Semiconductors

Q1,02 2N3904 NPN transistor
Q3 BC558 PNP transistor .
LD1 Red LED '
Miscellaneous

" Stripboard {9 strips x 13 holes), battery
= connector, metal-headed drawing pins, Piezo 1

= L, = i i -
With electrolytics which have a higher leakage current, the
LED may remain on with a reduced brightness while smaller
capacitors (less than 100nF) may not light the LED for tong
enough to be noticed. If the test points are shorted
together, the maximum current will be limited by R1 to
around 9mA with a 9-volt battery so that semiconductor
junctions may be tested safely. LEDs connected directly to
the test points will light if connected the right way around
(cathode to TP2) so that the polarity of diode components
can also be determined.

Unlike many Christmas presents which may lie forgotten
after a few days or weeks, this one could still be in use the
following November and turn out to be the most useful

accordingly if substituting seconds. present from Santa - even if you had to make it yourself!
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This meter measur®s actual power, rather than volt-amperes. Designed to measure
audio power delivePed to a loudspeaker, it can measure ac (or dc) power over a

Robert Penfold

easLring the output power of an audio ampifier is

something that is actually quite easy in principle if you

are prepared to do some simple arithmetic and use

accurately known load resistances. Power is equal to

volttage muttiplied by current, so it is basically just a
matter of measuring the output voltage from the amplifier, and then
using Ohm's Law to calculate the current. Multiply the output
voitage by the output current and you have the output power of the
ampiifier.

Matters are not quite so straightforward when using an actual
loudspeaker rather than a resistor to act as a dummy load. Atthough
a loudspeaker may have a nominal impedance of (say) 8 ohrns, it
represents a complex foad having impedance which varies
significantty with changes in frequency. This is partly due to the fact
that the coil of a moving coil loudspeaker is inevitably inductive and

does not provide pure resistance. It is also due to the mechanical
nature of a loudspeaker, complete with its mechanical resonances
and all the rest. A loudspeaker does not provide a straightforward
load that can be expressed in terms of simple inductance and
resistance. You can calculate the output power of an ampiifier
working on the basis of the loudspeaker genuinely having its
marked impedance, but the power rating derived using this methed
could be well wide of the mark. It is for this reason that power-rating

‘measurements are normally made using a resistive dummy load and

not a loudspeaker.

Life would clearly be much easier if audio output power could be
measured using a piece of test gear that measured the true output
power regardiess of whether the load was resistive, capacitive,
inductive, or any combination of these. it would also be helpful if 1
did the calculating for you and provided a direct readout of output
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Figure 1: the audio power meter block diagram

‘power. This is precisety the function of this project, which measures
average output power from zero to 100 watts. The reading is
provided on a moving coil meter that has a normal forward-reading
linear scale. Consequently, there is no need to recalibrate the scale.
The unit is powered from a 6-volt battery, which means that none of
the inputs of the unit are earthed. it should therefore work perfectly
well with ampilifiers that have neither output at earth potential, such
as-bridge types.

The cument measuting section of the circuit places 30 miliohms
in series with the output of the amplifier. Any additional resistance in
series with the load is clearly tindesirable, but the power loss
through the unit is less than cne percent with a four ohm load, and
is onty 0.375 percent with an 8- ohm load. This is totally insignificant,
as is the affect on the damping of the loudspeaker. The unit can
therefore used to monitor the output of an amplifier while it is in
nomal use without preducing any significant degradation in
performance. In order to calibrate the unit a high-power 4- or 8-ohm
dummy icad is required, together with a meter capable of
measuring AC voltage accurately.

System operation

In order to produce an output power reading, the circuit must
measure the output voltage and curent muttiply the two readings
together, and then average the resuftant signal to produce a DC
cutput voltage. This voltage is proportional to the average output
power of the amplifier: It is possible to cbtain the desired effect using
digital or analogueé techniques, but the design featured here uses
purely analogue circuitry. The block diagram of figure 1 shows the
general scheme of things used in this cutput power meter.

The power meter is added into the two feads, which connect the
output of the ampiifier to the loudspeaker or dummy load. This
enables both voltage and curent to be measured. R1 is included in
series with one of the leads, and the voltage developed across this
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Figure 2: with in-phase input signals the multiplier provides
frequency doubling and effectively full-wave rectifies the input signal
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resistor is proportional to the current flowing through it. The value of
R1 must be very low so that it does not significantly add to the load
impedance or significantly impair the damping factor of the amplifier,
but this gives only a modest signal voltage even when high output
currents are present. An amplifier is therefore used to boost this
signal to a level that wil drive the multiplier property. The other input
of the multiplier is fed with the output voltage from the amplifier, but
at high output powers this signal will exceed the maximum usable
input voliage for the multiplier. In fact it could be high enough to
damage the multiplier chip. An attenuator reduces the input voltage
to a more suitable level for the muttipfier, and a imiter circuit ensures
the safety of the multtiplier chip if a severe overload should occur.

Phase relationships

When the load is purely resistive the inputs to the multtiplier will' be iff
phase, as in the top waveforms of figure 2. Although one might
expect the output waveform to be much the same as that of the:
input signals, this is not the case. The output is actually at double
the input frequency. The salient point here is that muttiplying two
negative quantities produces a positive result. This produces positive
peaks on the output signal for both the negative and positive peaks
at the input, and a consequent frequency doubling action. Of more
importance in the present context, the output signal is always
positive. There is no need to provide any rectification prior to
smocthing the signal to produce a DG output level. The output of
the multiplier can be fed direct to the lowpass fitter:

If the load is not purely resistive, but includes capacitive and/or
inductive reactance, the voltage and current signals will not be
precisely in phase. In an extreme example the two input signals
would be 90 degrees out of phase, giving the waveforms of figure
3. This still gives a frequency doubled autput signal, but we are now
multiplying voltages that have mixed polarity for 50 percent of the
tme. This means that the output signal is negative for 50 percent of
the time, and the average output voltage is zero. The circuit
therefore registers zero output power. This is comect, because the
power supplied to the load on one set of half cycles is being
retumed on the other, and there is no power dissipation in the load.
The output current that flows is so-called “imaginary” current, and
not the "real® output current that flows into a resistive load. Whatever
combination of resistance, inductance, and capacitance the load
provides, this power meter will ignore “imaginary” outout current and
accurately refliect the true output power of the amplifier.

Retuming to the block diagram of figure 1, the lowpass fitter
smoothes the output from the multiplier to produce a DC output
potential that is proportional to the average output power of the
ampilifier. The time constant of the fiter is kept reascnably short so
that meter responds quickly to changes in the power level, but with
some types of input signal this could give rapid movements from the
megter's pointer, making it difficult to read. A peak hold circult is
therefore used between the output of the lowpass fitter and the
input of the meter circuit. This has a fast atiack time but a much
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Figure 3: with the inputs 90 degrees out of phase the average
output power is zero

lower decay time, so that peak readings are displayed long enough

for them to be read easily. The unit therefore reads in terms of what |
suppose could be termed peak average output power, but not peak

output power. A buffer amplifier ahead of the meter circuit ensures
that the peak-hold circuit operates into suitably high load
impedance.

Power supply circuit
Ideally the unit should be battery powered so that it is "floating”, with
no part of the circult earthed. Unfortunately, the circuit requires dual
balanced 15-volt supplies, which makes direct battery power rather
impractical. These days there are no difficulties in deriving this type
of supply from a low voltage battery using a switch mode power
supply. The supply circuit used here (figure 4} is based on the
Maxim MAX743 switch mode power supply chip, which can be set
o provide dual balanced 12- or 15-volt supply ralls. In this case 15-
volt supplies are required, and the refevant control input at pin 11 is
therefore connected to the O-volt rall. A 4.5-volt battery is not quite
up to the task of powering this circut, but a 6-volt battery would
exceed the maximum permissible input potential of 6 voits. The
output voltage of a fresh B-volt battery is actually about 6.4 to 6.5
voits. A 6-volt battery is used to power the circuit, but rectifier D1 is
included at the input to provide a voliage drop of about 0.6 10 0.7
volts. This ensures that IC1 is kept within its proper working limits.
This is not really the place for a detailed discussion of switch
mode power supplies, but the basic way in which this circuit
functions is quite straightforward. Generation of both the boosted
positive supply and the negative supply is reliant on the fact that &

high reverse voltage is produced when power is removed from an
inductor. L1 is the inductor used to generate the boosted positive
supply, and an internal switching transistor of IC1 repeatedly
connects this across the input supply and disconnects it again.
Fach time the transistor is switched off, a high pesitive potential is
produced at the bottom end of L1. This is coupled through D2 and
into smoothing capacitor C7. D2 prevents C7 from being
discharged when the transistor is switched on again. A regulator
action is built into the switch mede supply, and this senses the
output potential via pin 16. The negative supply is generatedin a
similar fashion, with L2 being connected across the input supply via
ancther intermal transistor of IC1. The top end of L2 goes negative
each time this fransistor switches off. The negative pulses are
coupted to smoothing capacitor C8 via D3, and the feedback input
of the regulator circuit is at pin 9. The other capacitors are various
decoupling and compensation components.

The circuit provides well stabilised output potentials, and the
MAX743 can handie output curents of up to 100 miliamps. In this
case the output current is little more one tenth of that figure, but the
voltage step-up provided by the circuit means that the input current
is much higher than the cutput curent. The MAX743 provides the
high efficiency associated with switch mode supplies, and the drain
from the four AA cells is only about 100 miliamps or so. This should
give around 20 hours of operation from each set of four AA cells. 1t
would probably be more economic to use larger cells if the unit wil
be left running for iong periods. If mains power is preferred, the
eastest solution is to use a 5-volt regulated battery giminator as the
power source. This must be a type having a properly regulated
output, and # must be rated at about 150 miliamps or more. Do not
use a non-regulated five-volt battery efiminator as this could resutt in
damage to IC1.

The main circuit
The main circuit for the audic power meter project appears in figure
5. R1 is the resistor in series with the load, and IC2 is the ampiifier at
the cument input. This is a straightforward non-inverting amplifier
having a vottage gain of just under 50. The bifet operational amplifier
specified for IC2 provides a good combination of low noise
performance and DC accuracy. its output feeds the appropriate
input of the multiplier via a simple lowpass filter (B4 - C9), but this
fiter has no significant affect at audio frequencies. It is intended to
prevent any stray pick up of radio frequency signals from reaching
the multiplier and causing emoneous resuits. The multiplier wil
accept input signals of up to 10 volts peak (positive and negative),
which eguates to a peak input current of just under seven amps.
Note that the unit can only operate
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property if the peak input cument is kept
within this limit.

Resistors R5 and R6 form the
attenuator at the volitage input of the
multigiier. The maximum input potential that
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ON/OFF 1004 - -t 1 the circuit can handle is 43 volts peak, or
I T E T > ;j ",:‘—1—_——*1__0 AR some 86 volts peak to peak. Once again,
, adt. 1 - i____l- ot e D;H_z%? G the unit can only function conectly if the
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: — Lv i S P ! &V out | vottage input of the muttiplier. The muttiplier
1 is accuratety scaled internally to provide an
1 e - output potential that is equal to (X * Y)/10.

Figure 4: the ciréuit diagram for the supply voltage generator

For exampie, with 6 volts at input X and 5
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Figure 5: the main circuit diagram for the audioc power meter

volts at input Y, 3 volts is produced at the output (8 * 5 = 30, 30/10
=3). The guaranteed precision of the ADB33 makes it easy to obtain
accurate and repeatable resutts. Of course, the choice of which
input handles the current signal and which handles the voltage
signal is purely arbitrary. Whether you mulitiply vottage by current or
current by voltage you end up with the same answer! In this case
the voltage signal is applied to the X input, and the current signal is
applied to the Y input. The ADB33 actually has two sets of
differential inputs, but this fadility is not required in the present
application. Therefore, the two inverting inputs are simply connected
10 the zero volt supply rail. There is a summing input at pin 6, but
this is of no use in this application and is alsc connected to the O-
volt supply rail. The ADS33 is not totally free from the usual DC input
and output offset voltages, but these are too small to be worth
trimming out. In this application the meter reading falls to an
insignificant level long before the offset voltages start to have a
noticeable affect on accuracy.

R7 and C11 form the lowpass fitter at the output of the muttiplier.
The time constant of this network has been kept quite short so that
the unit has a fast response time. Some users may prefer 1o use a
longer time constant, and this is easily achieved by increasing the
value of C11, Operational amplifier IC4 is used in a standard peak-
hold circuit which has D6 to prevent capacitor C12 from discharging
into the output circuit of iIC4. The diode is included in the negative
feedback circuit so that the feedback compensates for the non-
linearity through the diode. The relatively low value of resistor RS gives
the circuit are fast attack time, and the very much higher value of R8
produces a much slower decay time. With a rapidly changing input
ievet this holds peak readings long enough for them to be easily read.
IC5 is used as the buffer amplifier ahead of the voltmetey, and this
ensures that the meter circuit places minimal loading on C12. Preset
potentiometer RV1 enables the sensitivity of the voltmeter to be

varied, and acts as the calibration control. D7 and D8 protect the
meter if IC5 should produce an excessive output voltage.

As a point of interest, the circit is DC coupled throughout, and
will therefore measure DC powers that are within its maximum
voltage, current, and power limits.

Construction

The component overlay for the printed circuit board is provided in
figure 6. This also shows the small amount of hard wiring. R1 is not
mounted on the circuit board, but is instead connected direct
across sockets SK2 and SK4 so that the resistance in series with
the load is minimised. This method also avoids having any high
currents on the circuit board, Construction of the circuit board is
largely straightforward, but bear in mind that the MAX743 is a MOS
device, and that the usual antistatic handling precautions must be
observed when dealing with it. The ADG33 is not a cheap
component, and it should be fitted in a hoider rather than being a
soldered direct to the board. In fact, | would strongly recommend
using holders for af the integrated circuits.

Several of the componerts in the switch mode power supply
cireutt are worthy of special mention. The MAX743 itself is available
from Mapilin, as are the 1N5817 Schottky diodes. There are defintte
advantages to Schottky diodes in switch mode power supplies due
to their low forward voltage drops and fast switching times. Ordinary
silicon rectifiers would at best give very much reduced efficiency,
and might fail to work at all in this circuit. Inductors L1 and L2 must
be miniature radial components intended for operation in switch
mode power supply circuits. Due to the very low output currents
involved here there is no need to opt for high current inductors. In
fact high current components are unlikely to fit into the available
space. Simple radio frequency chokes are unlikety to work
adequately in this appilication, and could resutt in damage to 1C1.
Maplin "miniature radial lead inductors” are used on the prototype,
but any similar components should work equally well. Smoothing
capacitors C7 and C8 must be low ESR components, and efficient
operation of the circuit cannot be guaranteed using bog-standard
capacitors. Note that IC1 may be destroyed if the circuit is
operated with C7 or C8 absent. The ADB33 is available from
Famell.

Any medium-sized metal or plastic instrument case should
comfortably accommodate this project, The meter and on/off switch
are mounted on the front panel, and the four sockets are fitted at
the rear of the unit. In practice the four "sockets” will have to be
spring connectors or some other form of heavy-duty connector that
is suitable for use with high power amplifiers and loudspeakers. As
pointed out previously, R1 is mounted between SK2 and SK4.
There should be no difficulty connecting it reliably, provided the tags
of the sockets and the leadouts of R1 are generously tinned with
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solder prior to making the connections. Sockets SK1 and SK3 are
linked by an insulated wire that must be-a heavy-duty type capable
of canrying currents of several amps.

Fitting the meter on the front panel is rather awkward, as a large
round cutout of about 38 millimetres in diameter is required. The
slow way of making this cutout is to use a miniature round file,
coping saw, or something of this general type. Unless you are very
skifled at this type of thing it is better to cut just inside the line
marking the required cutout, and then file out the hole to exactly the
required size using a large half-round file. The quick way is to use
one of the hole or "tank” cutters that are available from most DIY
superstores. These can be adjusted to cover a wide range of hole
sizes, and will complete the task in a matter of seconds. However,
they are only usable in something like a brace or a power drill that
can preduce very slow rotation speeds.

The printed circuit board is mounted on the base panel of the:
cass, leaving sufficient space for the battery pack to the rear or to
one side, depending on the design of the case. The board is
mounted using the usual plastic stand-offs or mounting bolts plus
spacers. To complete the unit the small amount of hard wiring is
then added.

As described here, the meter can only monitor one output of a
stereo arplifier. For stereo operation it is basically just a matter of
making up two units, one for each stereo channel. if desired, the
two circuits can be housed in one large case, with a commoen
on/off switch having separate poles for the two circuits. it is
preferable to keep the two circuits efectrically isolated from one
another so that problems are avoided when testing awkward
ampifiers such as bridge types. This means having a separate
battery and switch mode power supply for each channel.

Calibration

In order to calibrator the unit it is necessary to use the basic set up
outiined in figure 7. The signal generator feeds a sinewave signal
into the audio amplifier, which drives a resistive load {not a
loudspeaker) via the power meter. An AC voltmeter monitors the
voltage across the load so that the audio output power can be
calculated. The test frequency should be chosen to be within the
frequency range which the AC voltmeter can meagure accurately. if
the specification of the meter is not available, it is a safe
assumption that i will be designed to work well at mains
frequencies, and that 100Hz should cause no problems.

To caiculate the output power simply square the output voltage
and then divide this figure by the lcad impedance in ohms. In order
to calibrate the unit accurately it is necessary use an output powey
that represents scmething like 50 to 100 per cent of the full-scale
reading, or around 50 to 100 watts in other words. Presumably
anyone building a project of this type will have access 1o suitably
beefy power amplifiers.

The resistor used for the dummy load must have a power rating
that enables it to take the calibration power without sustaining any
damage. In practice this means using several resistors connected
in series or parallel, or using a single high-power resistor having a
close approximation to the required value. Note that high power
resistors are nomally refiant on a large heatsink, and should not be
operated close to their maximum power ratings unless fitted on a
suitable heatsink. The resistance of the dummy I0ad should
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obviously be approximately equal to the normal load resistance of
the amplifier in use. This will normally be either 4- or 8 ohms. An 8-
ohm dummyy load could consist of eight 1-ohm 10 watt resistors
connected in series (giving a total power rating of 80 watts), or a
single 10 ohm 100 watt resistor. A 4.7 ohm 100 watt resistor is
suitable for amplifiers that require a 4-ohm load impedance. When
calculating the output power of the amplifier remember to use the
actual impedance of the dummy lcad and not the amplifier's
specified I0ad impedance. To be strictly accurate the 30 miliochms
of R1 should be added to the load resistance, but the resistance of
R1 is so low that its affect is not really significant. If you have a test
meter that can measure very low resistances accurately, it is
possible to improve calibration accuracy by measuring the
resistance of the dummy load rather than trusting its marked value.
The tolerance on high power resistors is nomally five percent,
incidentally.

As an example of calibrating the unit, suppose that a 10-ohm
100-watt resistor provides the load. Adjusting the controls of the
signal generator and the amplifier to provide 30 volts across the
load would give an output power of 80 watts (30 * 30 = 900,
900/10 = 90 watts). RV1 in the power meter circuit would then be
adjusted for a reading of 90 on the meter.

If required, the full-scale value can be reduced or increased by
gltering the sensitivity of both the current and voltage sensing
circuits. Bear in mind that it is not simply a matter of (say) halving
the sensitivity of both circuits in order to double the full-scale value.
This is something where the square rule applies, and doubling the
iull scale input voltage/curent quadruples the full-scale power
reading. To obtain a full scale value of 200 wetts the full scale
voltage and current would have to be increased by a factor of
1.414 (the square roct of two). This requires RS to be increased to
avalue that raises the total resistance through RS and R6 by a
factor of 1.414, which works out at 6.08k. RS would therefore have
to be increased to just over 5k, and 5.1k is the nearest preferred
value. The sensitivity of the cument sensing circuit can be reduced
by iowering the closed loop voltage gain of the input amplifier (C2)
or by reducing the value of R1. Reducing the value of R1 is
preferable as it keeps dissipation in this component to a minimum.
Finding a suftable component might be difficult, but adding a
resistor in parallel with R1 provides an elternative. Adding a 0.05-
ohm resistor in parallel with R1 gives a combined resistance that is
slightly too low, but raising the value of R2 to 56k would
compensate for this.

Reducing the full-scale value to 20 watts requires a five fold
increase in sensitivity, which means an increase in sensitivity by a
factor of 2.24 (the square root of five} at each input. A large
increase in the voltage gain of IC2 is undesirable because it could
produce problems with offset voltages and generally compromise
performance. Raising the value of R1 is also undesirable, as it
could significantly reduce damping of the load. Probably the best
solution is to use a mixture of increased gain and a higher value for
R1. A value of 0.05 chms for R1 and 68k for R2 should give
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Figure 7% the setup used when calibrating the audio power meter

satisfactory results. This would accommodate a maximum curent
of just under three amps. The total resistance through RS and R6
would have to be reduced by a factor of 2.24, giving a figure of
1.92k. R5 would therefore have to be reduced to 910 ohms, which
would accommodate input potentials up to 19 volts.
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i | Resistors
b | All 0.25W 5 percent carbon film unless noted
[ 1 R1 0R03 2.5W 5 percent silicone coated
1 | R29 47k
| R3,4,6 1k
i | R5 3k3
i | R7 470k
; | Rs 2M7
i | R1C 2ok
. | RV1 22Kk min hor preset
1 |
} | Capacitors
i | c16 10n disc ceramic
| C2 10u 25V radial elect
-" 4 Cc3,7,8 100u 16V low ESR
§ | C4,13,14 100n disc ceramic

C5 1u 50V radial elect

A | c9,10 1n polyester
| 3 Ci11,12 100n polyester
i b
I | Semiconductors
s 1C1 MAX743
| 1C2 LF351N
1 1C3 ADE33.JN
, 1 ic4 TLO71CN
3 | ics5 741C
| 1 D1 1N4002
i { D2,3 1N5S817
i 1 D4dtoDB 1N4148
Bt oh
. = | Miscellanecous
i | Swi Rotary on/off switch
i i ME1 100uA moving coil panel meter
i | Bt 6V (4 x AA cells in hoider)
; SK1 to SK4 2-way loudspeaker connector
- L1, 2 100uH

1919\ Jamod oipny Y} 10y 1SI17 S18Yd

-

Plastic or metal instrument case, printed circuit
| board, 4 x 8-pin dil holder, 16-pin dil holder,
control knob, battery connector (PP3 type), wire,
solder, etc.

A 4- or 8-chm dummy load is also needed for
calibration purposes.

L-m [ e

F'“ =
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CROWNHILL ASSOCIATES LIMITED
The Old Bakery, New Barns Road,

Ely Cambs. CB4 7PW
Tel: +44 (0)1353 666709 Fax: +44 (0) 1353 666710

Low cost professional quéllty Smart Card Systems

secure smart cards .
ACCESS CONTROL cards.
T=0or T=1 @ 3.5679MHz
RS232 @ 9600 -11500 bps
Internal Supply f NI-MH
Size: 100x70x80 mm Weight 660 Gram

Supplied with Cardserver.dil API for easy
developrment of SmartCard Applications
using Visual Basic. Delphi or C++

CE Compillant

CHIPDRIVE EXTERN

Intelligent programmer for Smart Cards using the International Standard
T=0 or T=1 protocols also Memory and Sacure Memory using 12C. 2 -wire &
3-wire imarfaces
Supplled with software to read and writa 10 most popular
inc GSM, PAY PHONE and

£69 + VAT

P&P £7.50

Chip Drive Intern

3.5" floppy bay verslion of the CHIPDRIVE.
Applications are available to provide SmanCard con-
trolled access of data on Hard drives or “PC-LOCK”, 10
control actess to the who'e PC Fully Compatible with
TOOLBOX for gystems development. Supplied with

cardserver.dil A!E;i £85 + £5 P&P + vaT

Most popular srart
cards are plastic,
the size of a credit
card, with an embed-
ded microprotessor
containing an oper-
ating system and
erasable non-voiatile

rized tamperning with
the card is provided
through the foliowing
scharne:

+ VAT

NEW CHIPDRIVE - micr©

Fully Compatible with TOOLBOX tor
application developmaent. Featuring the
same functionality as Chip Drive Extermn
but in & small neat low cost package,
similar in size to a smart card. Supptied
with cardserver.dIl'A

£65 + ¢85 P&P

The microprocessor

and memory are created as a sin-
gle chip. This ensures there are no
data paths that can be monitored
or probed. This chip is connected
to a thin circuit board and encap-
sulated with an epoxy. The
“module” is then glued within a well
mifled Into the piastic card. This
prohibits physical access to the
microprocessor and provides a
mare durable medium than mag-
nelic stripe cards.

ChipDrive Developar Kit:
rmicro, sampie cards and Toolbox
£99.95 + P&P + VAT

http:/www_towitoko.co.uk

http://www.crownhill.co.uk
http://fedsim.cambs.net

G

SUBSCRIBE & SAVE

WITH ELECTRONICS
DIRECT

OQur subscription deals just get better and better - ne
you can save almost £20 if you subscribe today!

ETl, code: 0215

Electronics Todoy tnternation! - The Project Mogazine for oll
Fledranics Conslridors.

The singfe source guide ta eledtranics for today and tomormow,
pocked with numeraus projeits for enthusiosts of all abilies.

The defoiled features and up-to-the-minute news tems keep all

e readers fully informed of the lotest, exdting developments in
Physical protection 4 2 3 _ :
against unautho- this ever thanging hobby, whikt the equipment reviews ensure

that you always know exactly what fo buy.

15 issves for the price of 13

UR: NOW ONLY £35.75 YOU SAVE £5.50
Europe: £43.42, Overseos: £47.84, USA: $79.00
30 issues for the price of 26

UK: NOW ONLY £71.50 YOU SAVE £13.75
Europe: £86.84, Overseas: £95.68, USA: 5158.00.

ELECTROHIC A-3
- Wordgames, laker ond Pisz

ACORN ARCHIMEDES WORLD, code: 0215
In the constoatly changing world of IT, it is vile! to keep
abreast of all the latest trends and developments. OF course,
this is easier said than done. However, you CAN keep fully
infocmed by reading Acom Archimedes World, Britain's most
respeded computing mogazine devoted fo oll Acom 32-bit
RISC 0S systems. The wide ranging editoriol brings you in-

-depth hardware ond software reviews, eveluates new produds

ond forecasts what will happen next, ond indudes  dedicated

Yy The microprocessor operates educational <ection. Eﬂ[h issue also comes with @ free COVEr-

T under control of a “Built in® pro- - - &
o gram calied an operating sys- mounted dise, offen containing complete, usable progroms as
o :;’“’;;ez lsﬁ’:;,é :;{se;'gl?fo-az:hsiiz well os workable and playable demos.-

the memory directly — is 15 issves for the price of 13
L empioyed to communicate with P
B the card. An SO (international ~ UK: NOW ONLY £51.35 YOU SAVE £7.90
o fgqgamsdo,rgﬂﬁg?ggpcrg:- £urope: £60.45 Overseas; £66.56, USA: $109.00

IS uUse o o . -

X o TES mands and data with the card. 31 issves for the price of 26

Driver and applica'ion software is availabla for
the CHIPDRIVE family of terminals including
the command set DLL for Windows 3.11/95/NT,
easy to use 16 and 32 Bit DLLs with just one

function calt to the

“CardServer’, a powerlul

Background task which relieves the application
programmer from device and card administra-
tlon. Featurlng auvtomatic protocol and card
type detection. Allowing several applications to
access ons terminal depandent on tha type of

card inserted.

Supplied on CD ROM containing

cardserver.dll, applications and scurce code

axamples.

£29.95 + £5 P&P + var

I

PREERS . LT

Finally, Holograms, signature
stripes, photos, ete can be
appifed to the card for additional
security. And the card can be
custom printed with your artwork.

Crownhill can supply OPEN
ARCHITECTURE cards, that
will allow you, the end user 1o
create your own operaling sys-
tern, o control access to the
EEprom memory of up to
64Kbits (8Kbytes) in size.
Crownhill have off thé shelf
operating systems for Control
access. Electronic purse and
Portablo Document applica-
tions. Others can be wrilien to
your specification.

SMARTCARDS Available from Stock:
GamPlus, Atrnel, Xicor, Siemans, SGS Crownhill and more.......
SLEA442,4432,4478,4420,4404. ATE885Cxx, AT24c01-16.
| GPM103,GFM1K. 2K, 4K.GPMA16 Phome Cards, Loyalty Cards

UK: NOW ONLY £102.70 YOU SAVE£19.75
Furdpe: £120.90, Overseas: £133.12, USA: $218.00

REMEMBER, it's alwoys cheaper to subscriba- and you cvaid future cover price inereasest

All savings are based upon buying the some number of issves from your newsagent, UK only.

Keep your favourite magazines in mint condition in one of
our sturdy binders.

Each binder will hold up to 13 issues.
Code: bind 02

THE SMARTEST SOLUTION
|Crownhh'l can offer a broad range of smart cards from just £1.00. and
-Smart Card sockets for fust £1.45 ea. PIC Mlcrochlp based Smart Cards
now available at just £4.50 eaq........ DEVELOP YOUR OWN SMART CARD 1
Crownhlfl can supply over 150 different types of IC from more than 12
silicon suppliers, which can afl be incorporated Into smart card format.
Some cards are avallable from stock, most are manufactured to the
( customers’ specificatior.

£7.50 U.K. £8.00 Overseas
BINDE'RQ AVAILBALE
@ £l @ ARCHIMEDES WORLD

Y ¥



’Electronics Direct’ is the One Stop Shop for all your
computing, electronics and amateur radio needs from
Nexus Direct. We are offering some sensational deals on
Subscriptions, Books & Reader Offers - all available direct
by mail order. Remember, all our prices incdude postage
and packing - so there are no hidden extras to add! You
can order by phone, fax or use the coupon.

- SAVINGS ON BOOKS

—__——] AN INTRODUCTION TO ROBOTICS.

ROBQOTICS | Alostinating and nigue book thot breaks new graund by exploring the

S — exciting world of robotics in o clear and concise «ay. Both the theorefica! and
practicol ospects ore presented in an uncomplicated fashion using everydoy
Fngfish, which mokes this an ideaf book for he amclevr.
Divided into two sections, the first part exploins hove and why rabots work and
et +t ore controlled, while the second shows you hovs 10 make @ simple two legged
humonoid robot that can be programimed 10 velk. Therc are no complicoted
formulas or equations to grapple with or incomprehensible dircuit diograms to
detipher - this robot can be built o your kitchen table and con be run from
any personal computer! All you need are model aeropfone serves, a contralles,
o powes supply and some plywood - and-all poris ore ecsily evailnble in she UK
and the USA. This is a book that wilt be of inferest to modellers ond everyone
with a fascination for things mechenicel and electranic.

LIER Code: NB299 :
ORLY £11.95 UK £12.95 Overseos

3] ETI BOOK OF ELECTRONICS

8 This is the perfect book for beginners, offering o dear and concise introduction
tq bath the theories end principles of elzctranics. Each chupter alsa allows you
o put this fheary into pradtice with on easy to follow projedt to make, including
a loudspeaker diviter, continuity fester, ‘brown-ut’ olorm, freezing olorm,
toudspeaker, mini-omplifier ond o burglar alarm.
B (ode: NB214

§ ONLY €£12.95UK . £13.95 Overseas

SCANN&

Putting Scanners into Practice

Peter Rouse

SCANNERS 3 - PUTTING SCANNERS
INTO PRACTICE

Thés 7s the fourth revised ond completely updmted edition of Scanners, the complete
. VHF/UHE radio listeners guide, containing everythiing you need fo kaow to put
your scanner to better use. There is o great deal more information than ever
before on frequency fisting: in porficulor, nduel frequencies used by coostel
stotions, airfields and the emergency services. Alsa imluded for the first fime s o

| section an the HF (short vrave) band o5 many stonners now cover this range.

Code: HB217
S ONLY £11.95 UK

SCANNERS 2 INTERNATIONAL

The componion book ta ‘Sconners’ provides even more information on the use
of VHF and UHF communication bands, ond gives details on how to construat
atcessories 1o improve the performance of scanning equipment. The book is
inteenotional in its stope ond contains frequency ollocations for all shree ITU
regions, incuding country-by-couniry voriations.

(ode: NB216
ONLY £11.95 UK

BOOIKS

DIREECT

£12.95 Overseos

£12.95 Overseas

HECTRONIGS

Please order all your goods using the coupon

below ensuring You #ill in all sections
OR simply use our order hotline. Thank you.

Magazine No. of Price

REBDERS OFFERS/BEOONS/BINDERS
Code Qty Price

| Total Order Value £

METHOD OF PAYMENT

The total value of my order is £

I enclose a Cheque/P.O. made payable to

Nexus Special Interests Ltd. or please debit my
Mastercard/Visa/AMEX account

CadNo L 1 L 1 I L b4 ¢ ¥ 1 111!

Your Details

Name: (Mr/Mrs/Miss)

Initial .......... Surname
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Postcode/Zipcode
llelephone: e .. ot FokRii e i

Please Note
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appropriate. All subscriptions start
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up to 28 days for delivery. Individual
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These offers are not to be used in
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If can park legalily without lights, but you are still concerned about the saféty of
your car, the Vigilante will deteet approaching traffic on your side of the road7and
switch your parking lights on for a predeternbine@ time.

Bob Noyes

| he Vigilante was designed to help protect my
car from accidental damage when parked at the
& roadside overnight. The law says that a car can
B be loft at the roadside at night without its lights
meRresaes) on under certain circumstances, but even then
there is always a risk of another driver not seeing it until toc
late. Although it is preferable to leave a parking light on
overnight, the continuous drain of around 2 amps for up to
fifteen hours at a time in the winter can play havoc with the
battery, so that the car will not start in the morning - playing
havoc with your day.

This project was designed to detect an approaching car
from the rear of your car by detecting the oncoming
headlights. When the photo sensor detects a light, it
switches on the parked car's side lights for a period of time
that is pre-settable; both near and offside lights can be
activated, although some cars only have an offside parking
light facility.

The circuit in detail

The circuit of the Vigilante is shown in figure 1, and the
component layout in figure 2. The Vigilante uses a modern
mini pheotocell which is available from ali main component
suppiliers such as Rapid, Maplin, ElectroMail and so on.
Unlike the old "ORP 12" and similar devices that required

=

e —

loads of candle power to turn on or conduct, this little
beauty reads over 1 megochm in total darkness, falls to
around 20 kilohms at light levels where it is just possible to
read its resistance on a liquid crystal multimeter display and
falls to below 5k in bright sunlight. Somewhere in that range
is near total darkness but a noticeable reduction in
resistance when in the outer limits of a car's headlights. To
reduce the effect of background light such as moonlight or
distant street lamps and to focus the photo cell on to traffic
approaching from the rear, the LDR is mounted on the PCB,
but at least 20mm from the hole in the outer box {figure 3).

When light does fall on the photo cell or LDR | the
voltage across it falls; this is due to the potential divider
effect of R1, BV1 and the LDR.

If R1 and RV1 stay the same but the resistance of the
LDOR decreases, the voltage fed to pin 3 of IC1 must fall. R4
produces some level of hysteresis, which stops the Vigilante
from triggering several times at dusk and dawn as the
natural light levels change slowly.

The effect of R4 is that, starting in dark cenditions, the
LDR has a high resistance and R1, RV1 relatively low so the
output of IC1 is high. R4 is now effectively across R1/RV1,
making it even lower. However, when light falls on the LDR
its resistance falls below that of R1, RV1/R4 and the output
of IC1 goes low, causing R4 for all intents and purposes to

_4" k D4
, 1N5401

- 01 LED +VE
=TI VIA PRESS
; Q1 1k SWITCH
RV1 MAY NEED TO BE INCREASED BC307 (OR ANY W
FOR VERY LOW LIGHT LEVELS R GEN. PURP.PNP) sy
4k7 R
4+ 4 =% f‘ i — ge—q [To—=03 412V
xﬂ T 7 I ] a? Fg
|"'H, iz Rs R7 - iﬂ.z 1220k
10k 0K 47k ‘ ka
| ~—pt—o0 5 LEFT TAILLUGHT
6.
! o2 DS
| 1N4001 1N5401

c2 :L & D3 few:
1N4001 | RELAY

¢-—Jpt—0'6 RIGHT TAIL LIGHT

{
|
i
|
iy PEFEE — S — e S

0.1 TIOO
k = 12v
10A -
: #04 OV ORCHASSIS

ALL EXTERNAL CONNECTICNS TO THE PCB
ARE VIA 0.2° SCREW CONNECTOR BLOCK -
EITHER 1 x 6 WAY OR 3 x 2 WAY

®2 LED -VE

Figure 1: the circuit of the Vigilante. The normally closed contact of the relay is not used
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the high to low transition of IC1.
R7 maintains the high condition

BOX *

SETTO
CORRECT
THRESHOLD

SMALL OR LARGE 0.1uF MOUNT ICs IN
MAY DIFFER IN APPEARANCE ‘ HOL;’ERS the rest .of the time, allowing the
-\ 555 to time out. D1 prevents any
@_ spikes generated from damaging
FRONT TO FACE the 555.
HOLE IN OUTER

The output of the 555 is
limited to around 200 mA, which
is not enough to power the side
lights of a car directly. Around 2
amps steady current is required,
so some sort of power switch is
needed. Normally a solid state
solution is better than one that
contains moving parts. Cutput of
the 555, pin 3 could be
increased with the use of a
power transistor or darlington,

3.5mm @
MOUNTING
HOLES

and a couple of amps steady
state is no problem. However -

Figure 2: the component layout of the Vigilante pck

be across the LDR, and reducing its eftective resistance in
the potential divider. Athough this change is relatively small,
it has the effect of accelerating the voltage swing at pin 3 of
IC1 through the threshold of half volts set by R2/R3 (see
figures 42 and 4b).

The output of the op amp IC1 is capacitively coupled to
the input of IC2. IC2 is a 555 timer wired in monostable
mode, the time constant of which is set by R9 and C3; this
may be altered to suit prevailing conditions. Reducing the
value of R9 shortens the time period that the car's lights are
on and increasing it lengthens the time period. IC2 must be
capacitively coupled to IC1 or, under daylight conditions,
the output of IC1 being low would cause the input pin 2 on
the 555 to be low. This would prevent it from timing out,
causing the car's lights to stay on, rather defeating the
object. Using C1, only a low pulse is generated at pin 2 by

and this must be taken into
consideration - when a light bulb
turns on, it draws several times its normal current because
the element is cold. This high initial current is why mains
" bulbs normally fail on switch-on and seidom fail in
continuous use. In this case we have four bulbs in parallel,
so the initial switch on current could easily be 10 amps or

—EnT

. Switches on your parking S |
. when traffic is detected from

MOUNT LDR PROUD OF PCB SO AS TO BE NEAR:
THE MIDDLE OF THE DEPTH OF THE BOX

DRILL OUTER BOX TO
TAKE MOUNTING BOLTS
10mm x M3 - COUNTERSUNK

HOLE DOWN
FROM CENTRE

NOTE: THE BOARD IS NOT MOUNTED IN THE MIDDLE OF THE BOX,
BUT RAISED UP TO ALLOW MORE ROOM FOR THE WIRES AND
BACK TO ALLOW ONLY DIRECTED LIGHT TO THE LDR

POSITION OF LDRt
AND HOLE
9mm il
!
- T
i //
= : ‘
‘ LID SCREW
— 4 =
up
MOUNTING
) BC7TS
i
. 3Bmm >
|

Figure 3: mounting positions for the peb in its box
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+

vV
Ri
10k
R4
100k
RV
LDR1

.
5 HIGH

1IC1

R4
100k

IN UGHT R4 1S ACROSS LDA1
AS OUTPUT OF OP AMP IS LOW
(INPUT PIN 3 BELOW 6V OUTPUT LOW)

Figure 4a and b: hysteresis around IC1

more, atbeit for a fraction of & second, so an extremely high
power device would be required. lf would have to be driven
hard in order to make sure that when turmed on there was
no appreciable voltage across it, to reduce any heating
effects.

A far easier solution in this case is to use a relay, which
can be quite small yet switch very heavy currents, with no
heatsinking required. The one chosen is a small, relatively
cheap and very reliable single pole two-way, aithough only

DARK
NO
LIGHT o8
HIGH st
HESSIANCE IN DARKNESS R4 1S AGROSS R1 & RV
'AS OUTPUT OF OP AMP IS HIGH |
(INPUT PIN 3 ABOVE 6V OLTPUT HIGH) J
+V +V
'T— ——
R1 R1
10k 10k
AV
RV
{
N Sslrm
N : Y o
Low LDRY \ 100k
RESISTANCE 1o

one way, normally open, is used. The relay’s output goes to
two forward-biased power diodes, D4 and D5. The reason
for this is that in some modern cars the nearside and offside
lights are not connected directly together and if connected
could adversely affect the electrical system. To prevent this
direct connection, these two diodes will allow both sides to
light up when powered by Vigilante, but stili retain their
independence when powered by the car's own electrical
system.

A built-in fuse is a safety precaution and under
normal conditions it should never fail, but as
extremely high currents are available, one ¢an ngver
be too careful.

Having opted for a relay to do the switching, & couple of
safety precautions are required. The working part of the
relay is the coil, which is in fact an inductor, although it has
a resistance of around 300R. Inductors are strange,
because when they are placed across a voltage almost no
current flows at once, but then the current builds up 1o a
steady state. Even more strange, when switched off they
generate a voltage opposite to the one that has powered
them. This voitage produced by the coil is called back EMF
(electromotive force), and without the presence of the
protection dicdes it can give quite a kick. To prevent this
induced voltage from doing any damage to the 555 which is
powering the coil, two diodes are used. One of these, D3, is
across the relay; this is normally reversed biased to the

voltage powering the relay. The other, D2, is in series with

the relay. This is normally forward biased. These protective
diodes prevent the back EMF from getting into the 555 and
dump it safely into the supply.

Setting up and testing
After the PCB has been assembled and cleaned it should
be inspected for dry joints, unsoldered joints, shorts and all
the usual suspects. All components should be checkeg; the
diodes, IC1, IC2, the transistor and C3 are all polarity-
conscious and must be mounted the right way round. When
you are happy that everything is OK, set RV1 provisionally in
the mid-position. if you set it to minimum resistance, even a
searchlight aimed at the circuit would not trigger it!

A 12-volt bench supply can be used to power the
Vigilante while testing it, because even with the relay

e v B y
& PINNO. | EUNCTION ' CONNECTED TO
- T +VE TO LED LIGHT MONITOR
O s > -VETOLED | LIGHT MONITOR
o — +12V IN POWER IN VIA SWITCH
‘_ =N ) oV IN GROUND OR CHASSIS
{ e i 5 LEFT OUTPUT | TAIL LIGHT
| Lo b RIGHT OUTPUT | TAIL LIGHT
3 . - —_
.
~ LED1 - INDICATES OP AMP OUTPUT — DARK OFF
| LIGHT ON
‘ [ j LED2 - INDICATES OP RELAY ON - LED 2 ON
. . RELAY OFF LED 2 OFF '
i, T T i}
& Qo022
L v
+12V DC SUPPLY 100mA - LR
LED1 Lepz| |RA Figure 5: the Vigilante test circuit (not all components shownj.
L 1k This simple test circuit tests the output at pin 6. To test pin &
output remove wire from pin 6 and connect to pin &
ov- =
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ST - —r - : 5 ;
AN 5150 = 209 STR 44115 - 475 =
AN 5515 = 160 STR 80120 = 400 NEW STOCKsSS 1998/1999
COMPONENTS

AN 5521 = 100 STRD 5441 = 400 ;
AN 7174 = 495  STRD6802 = 375 (A) SMD Transistors Kits - 7 types. CATALOGUE
S erlSd ) ingSTAMEE - 775 | 100f each BC 807v40, BC 817v40, BC 8468,
BU 27515 = 1400  STRM6549 - 725 A e e o 335 PAGES A4 SIZE
CNX 62A = 080 STRM 6559 = 800 hls ] 2 AVAILABLE FROM
CNX 82A = 060 STRS 5701 = 1700 {B) SMD 0.2W Preset Kits - 13 vaives,
CNX 83A = 080 STRS 5717 = 550 5 of each 100R, 220R, 470R 1K, 2K2, 4K7, SEPTEMBER 1998
AR R s
pels7? 2220 SR e Order Code: SMOPreset. Price £32.50. To secure your copy please send
KA 2101 = 100 STRS 6309 = 550 {C) SMD Electrolytics 105 PBG Kit - 15 £3 p&p and is refundable after
KIA 6289H = 200 TRS 6525 = 1350 valves of 5 each 22/471100 at 6.3V, b
LA 3180 = 120 STRS 6545 = 725 10/22/47/470 al 16V, 33/100 at 25V, purchase of £100 within
S 21008 ySIES R T $/2.214 THO/22/47 at SOV. 3 months
LA 4505 = 220 STAS e;og - 850 Order Code: KIT20, 