
Behind the Scenes at the 
Manufacturers 
David Weatherall visits four PLASA member companies Involved with the manufacture of 
electronic products for the entertainment Industry, and finds out how they have become 
International experts In high quality small-batch production, tailored to suit customer's 
precise needs . 

We've all got problems: venue managers 
have problems, installers have problems, rig 
designers have problems, retailers have pro­
blems. But I feel for the poor manufacturer 
• he ha.s the biggest problems of all. 

The manufacturer has to design good, 
reliable, marl<etable products; make them 
properly, provide good customer service. 
fight off the compet ition and make a profit 
· all at the same time! 

If he gets any of those things wrong, he 
goes to the wall. Getting them right is not 
just important · it is essential. 

Fortunately, Britain is in the forefront when 
it comes to the electronics side of the enter­
tainment lighting and sound Industry, and 
PLASA members are getting it right. How has 
it been accomp lished/ I visited four PLASA 
companies who have a .suong electronics 
product line, to discover the secrets of their 
success. 

Zero 88 Lighting Limited 
Zero 8a was started In 1972, in an attic. The 
original four partners all had an engineering 
bias, so although the company made good 
products it grew only slowly until 1976 when 
a sales manager was appointed. Then things 
started to take off. Since 1981 they have 
bee n growing at around 25% a year, and 
about two thirds of their production is 
exported. 

Zero 8a has a wide sange of products · 
from small power packs to the Eclipse 
modular lighting control system. The usual 
products number around 60, with three or 
four variants each, and the Eclipse range 
adds anot her 80 items to the list. "The main 
difficulty is supporting all the market-places, 
all with the right products, a.nd all al 
the same time," said Pete r Brooks, the 
company's managing director. 

Doing that takes a lot of o rganising, so just 
a year ago they installed additional corn· 
puterisation to help in controlling their work. 
Orde rs are typed into the compu ter as they 
arrive. The computer then calculates when 
stocks of those products will run ou~ and 
prints recommendations on what to 
manufacture next. Manufacturing needs raw 
materials, so they have to be orde red in 
good time. The computer prints out a 
schedule of o rders which takes that into 
account, so that the needed components are 
present on time · without being too ea rly. 

"The resulting improvement in control/' 
said Peter Brooks, "doesn' t only apply to us. 
People across the country are thinking about 
their businesses, and how they can do it bet· 
ter. Our new system, with programs we 
wrote ourselves, has enabled us to decrease 
overall stock by up to 2096, whilst at the 
same time we have increased output by 
35%. It has also changed the balance of 
stock. We used to hold vast quantities of 

Citronic Umited's MPX 9-31 top of the range 'no compromise' mixer. 

parts and part.finished products, whereas 
now it's much more in actual finished pro­
duct." 

Work in progress (partly completed work 
awaiting the next production stage) has also 
been reduced •from three o r four weeks to 
half a day: As space Is at a premium In 

Zero 88's St. Albans factory, the reduction in 
the piles o f part·completed products has 
been a great help. 
or course, before anything can be made it 

must be designed. Designing any electronics 
takes time, but much of it is sheer slog in 
drawing diagrams and planning how to lay 

'Technology in Controt' - the mes.sage from N)D Electronics of Nottingham. 
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Heads from Zero 88's Computer 
Productk>n Schedule: 

Production Numbc:r 
Description ol product 
Bal;an~ In stock 
Plannt.'<I to make 
Long mean (52 wefts} 
Short m(';v1 (13 wcd:s) 
Minimum stock le\•el 
Out tlme (in w~ks/ 
Order quantity on ~ctory 
M.ln hou.rs for batch 
A ·~.if column for priority 
(nie Minimum stock Jevtf and Order qu;intfty 
on facto,y are c.akulated statistically,) 

out the components and wiring tracks on the 
printed circuit boards (PCBs). Here also, 
computer technology comes to the rescue· 
with CAD, which is used extensively at Zero 
88. 

CAD is short for Computer Aided 
Draughting (or Design, depending on who 
you talk to). Orcuit diagrams and physical 
component layouts can be drawn di rectly on 
a computer sc,een. That is no faster than 
drawing it manuaJly. but once the drawing is 
in the computer, amendments can be made 
much faster using the computer than can be 
done by hand. In additio n, if the computer is 
to ld which components are connected to 
which other components on the circuit 
board, it can further reduce the tedium by 
having a stab at deciding where the printed 
wires should go. Once that job is done (with 
a bit of human help), it can even produce a 
drawing to be used as a master copy for 
making the PCBs themselves. 

That speeds thing$ up • especially when 
changes need to be made at late stages in 
the design process. But where this system 
really helps is In imposing discipline on the 
designers. Many electronic products reach 
the market-place with the original circuit 
diagrams virtually drawn on the backs of 
envelopes, so dealers can't make needed in· 
formation available to purchasers. CAD, 
however, forces the diagrams to be drawn 
correctly long before the circuit is produced. 
That improves the product documentat ion, 
which itself improves customer service. 

The design is very Important in o ther ways. 
The Eclipse lighting control system, for ex· 
ample, is designed to be modular. That 
design decision has resulted in quite 

Running a test ptogra.mme prior to 'hol room' 
treatment. 
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A rtight-c;1ffd Ecl:ipse - Zero 88'$ renowned moduJ.ar lighting control system. 

Tidy and accasib&e • the 'inside' of • Zefo 88 Rackma.ster 260, 



remarkable customer service. Zero 88 can 
often provide a custom-made Edipse within 
48 hours, by putting the modules together 
almosl as if it were Lego. 

But before any item can be sent to the 
customer. its reliability needs to be confirm· 
ed. The most usual way for electronic 
products to fall is through getting too hot, so 
at Zero 88 each completed item is left on in 
a hot (86° F) room overnight. After having 
spent the night in that room, the unit is 
tested again. If it passes the tests, that piece 
of equipment will prove reliable in the field, 
and it is ready to be packed. 

Naturally, any failures at this stage cost 
money to rectify, so it Is in everyone's best 
interests to ensure that the final test is little 
more than a formality. To quote Peter 
Brooks: "At the moment (touch wood) it's 
not catching much at all, which is good news! 
And there is precious little returned · it's so 
small an amount we don't even count it." 

NJO's Ke\in Hopaoft "'We ue ~"°"$ .about 1he indus.try, 
.:and wt .art doin3 things property."' 

Abn 8olton, produdlon m,1nage-t tlf NID, t~ in.Ates a 
flncly,hin~ m.anuf.-.ct.t.uing $4::ht dulc. 

N.J.D. Electronics Limited 
A smaller company, with a turnover of 
roughly £1 million a year, is N.J.D. Electronics 
Limited, based in Nottingham. They are such 
a good success story that their bank has 
made a video about them • but at the start 
they werent so well known. 

Kevin Hopcroh and his partner, Brian Binns, 
set up N.J.D. Electronics limited in 1973 and 
became contract electronics manufacturers. 
From their factory came all sorts of con­
trollers to be marketed under other names 
· Squire, RSC, Venue. Damon, Norman and 
others. Then, in 1980, they put their own 
badge on some equipment: the SA220 
sound amplifier and some popular lighting 
controllers (the SC4000 among them). The 
same year they shared a stand at the BADEM 
exhibition. 

That was the turning point. Kevin Hope.raft 
explained: ''People kept coming up to us and 
saying 'Oh, it's you! We've been wondering 
where these products came from.' • Since 
then, the company has developed well and 
is currently growing at around 18% a year, 
and now that the name ls known in Britain, 
N.J.D. are also auacking the export market. 
Their first exports were made in 1984, and 
have grown to represent about 10% of their 
total output, exporting to 12 countries. Plan,s 
are also under way to acquire the premises 
next door, which will double their factory 
space. 

Reliability is very importMl in any product, 
as the people at N.J.D. are well aware. for 
that reason, only branded components are 
ever used in N.J.O. equipment. •1rs simply 
not worth it to save a few pennies on 
cheaper components when they are not so 
reliable; says Kevin. "The customer must be 
able to rely on the equipment working: 

Another factor in the quest for reliability is 
the number of separate items In a product. 
The more items, the greater the number of 

Three in the NJD range ..• 

Logic 8000 . 'tol• I lighting control for •U appico11tlom'. 

The M400 Mosfc-1 proftsSiofWf power ,lfflplilitr. 

Computc,s pl• y • major role "' NJO • e<ven with Mmple 
tub such .u t-i.ble cuuing. The Midi Un castcr twin d« k conw lt. 

things to fail • even including thing.< like 
wires. For that reason,. as much inter­
connection as possible is done by using the 
printed circuit board, and wires are kept to a 
minimum. Nol only does that reduce the 
number of potential fault points, but 
assembly time is also reduced, which helps 
keep the price down. 

Every piece of equipment leaves the fac· 
tory thoroughly tested. Each circuit is tested 
once assembled, using equipment with elec· 
trical characteristics matching those found in 
real use. Once confirmed as working cor· 
rectly, the circuits are then assembled into 
the casing and wires attached to the bits and 
pieces inside the cabinet. But before screvr 
ing it all together it goes to the final test area, 
where it is tested with real lights and sound 
to ensure everything is working perfectly. 
Only then is the cabinet finally screwed shut 
and the unit packed. The customer can be 
confident the equipment will work first time 
out of the box. 

N.J.D. make 60 products that carry their 
own label, plus another 30 or so manurac· 
tured for others, with each product having 
three or so variants, ma.king a total of almost 
300 products. But the space available is only 
enough to make five different products 
simultaneously • which means that properly 
organised production is essential! 

To help with that, computers have been 
brought Into the N.J.D. offices. Kevin and 
Brian ran into difficulties when they first tried 
to find some programs with the facilities that 
they needed. There just weren't any 
available, so they sat down with some soft­
ware people and designed the entire system 
from scratch. Now orders are entered direct· 
ly into the computer, which immediately 
allocates items in stock to that customer, 
decides if any more need manufacturing and 
decides when they should be made. It also 
helps with scheduling production, as the 
time needed to make any item is known by 
the computer. Multiplying the time needed 
for one item by the number of Items in a 
batch gives an idea or how long that batch 
will take to manufacture. Priorities are also 
advised by the computer, and that informa· 
tion is very useful in deciding what to 
manufacture and wheo. 

Efficient production isn't just about corn· 
puters, though. People are important, and 

-­On ltil at NJO, using one of th~ tompany't In-house 
deMgl\~ ,md progr.tmmtd unlls tlul u lcs All the 
'""«ssa.,Y questions. 
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good quality work canl be produced by un· 
trained people. So N.J.D. take on some YTS 
employees each year to start a two-year 
course. To date, every one who has com· 
pleted the course has been taken on as a fut~ 
time emp loyee . That's good news for N.).D., 
and good news for the local youngsters, too. 

i7 
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Pulsar Light 
of Cambridge Limited 
Pulsar light of Cambridge limited is a larger 
company, started in 1970 in a bedsit and 
now situated in a 20,000 sq. ft. factory turn-

ing over E3.S million a year. They make 
lighting controllers, lanterns, strobes and 
disco spots· over a hundred products, each 
with four variants, making a total of 400 pro .. 
ducts . In the past few years they have been 
growing at around 2096a year and two thirds 
of their production is eJ<ported · mainly to 
France and Germany. 

I talked to comme rcial director, Ken 
Sewell, who formed the company with his 
partner Paul Mardon. On the subject of 
quality assurance, he pointed out that it is 
not profitable to have equipment returned 
for repair; so they lay heavy stress on ensur· 
ing that once equipment has left Cambridge 
it never returns. The company evidently has 
a good measure of success with that, 
because only one man in the company looks 
after all the repairs, and it's only part of his 
work•load. With over 100,000 units out In 
the field, that is a testament to the reliability 
of Pulsar kit, 

Pulsar is the most 'vertically integrated' of 
the four companies visited. That is, almost 
everything is actually made on the premises· 
including the circuit boards and meta lwork. 
The resulting extra degree of control ensures 
good quality results. 

Much of their meta lwork and PCB 
manufacturing equipment is computer­
controlled , which has two benefits. First, it 
makes for a more accurate job. Holes can be 
drilled and punched very accurate ly · much 
more so than would be possible doing it by 
hand. Secondly, compu ter-control means 
that the machine,y can follow a complete 
sequence or instructions without human 
intervention. For example, the computer• 
controlled punch can punch unlimited 
numbers of holes in stainless stee l sheet at a 
rate or roughly three a second, using up to 
15 different tools, totally automat ically. That 
saves a lot of work • which reduces the cost 
to the customer while increasing the quality 
or the product. Pulsar's computer-controlled 
drills prod uce similar benefits in the 
manufacture of their PCBs. 

Once the PCBs are made and the corn· 
ponents are Inserted in the correct places, 
they need soldering. That is done on a whole 
board a l once using a flow solder machine. 
This machine has a bath of molten solder 
with a wave in it abo ut 5mm high, made by 
pumping solder up through a channel into 
the bath. The boards are passed over the top 

I ' . Ken Sewel: "Applk,1.Uon of computen to o~nlsJitlon b 
p,ob.t.bly more import.1ot than their .1pplieation in actu.11 
p,oduaion, • 



of ii and wherever meta l on the board 
touches the wave it comes away solde red. 

Pulsar bo.1rds are o ften double-sided • with 
switches, for example, on the reverse side. 
Those are manually fixed after the board has 
been through the solder bath . Then comes 
the testing of each board, their interconnec· 
tion and further testing. 

Meanwhile, the metalworking shop cut out 
the box from metal sheet, ·bend it to the re· 
qulred shape, do the necessary welding, in· 
sert any extra items Oike bolts), spray-paint 
the whole thing and do the printing on the 
front. All that is needed is 1.0 marry the elec­
tronics and the case, give the whole thing a 
final test and pack it for shipment. 

As with the other compan ies visited, the 
production and stock control is automatic.a} 
ly controlled by computer. Production is 
planned for up to 1S weeks in advance, and 
the ordering of supp lies is based on that pro· 
duclion schedule. An in1eresting feature of 
this system is that it keeps statistical lnforma· 
tion on buying patterns to help ,vith 
forecasting the likely dema nd for various 
products. That helps to optimise the produc· 
lion schedules and keep stocks down. 

"The key is the production scheduling and 
the way it r~acts to orders as they come in," 

Prolession,11 louring. the Port,1,p,lk J lllght-iue d dimm,, 
$ysttm from Pu1$11,. 

" /,. ~ ·~ .. 
\ , ~ .. 

ZC"ro 88'• Ptct'r Brooks demonlolr,11,e,c the YllCUd.lmp. 11 
shrink wr,ips printed cimi it l>Nub in ord~ lo kttp the 
components In pi.II~ IO th.111 ~cess "ire c.111 be removc-d 
prior 10 flow JOlderlng. 

-,,. 
The teA .utll .tl Puls.it, C.mbridgt-. 

lM'O computer controlled PC8 driUlng mathlnet ln 
O~r~t ion ~t Puk.l,. 

- - l John Whtu.d:er (1bo\•e) kttps • d m tyt on tvel)1hlng 
1hat ha.ppens ~CfOSS t.ht wtdt t.xp,n.ses of Pulur's pro­
duct-On .art.is. 

flow .soldering In .adion. 

Detailed product testing was a high priority for alJ four compani~ interviewed. 

Zero 88"s latest . a flow soldering machine in the company's colours. 
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said Ken Sewell. · Even with a very full order 
book orders will only be two weeks away al 
mosL It's not 100% foolproof , but it is very 
good. 

'1t also means we carry lower stock in rela· 
tion to turnover. We currently hold the same 
level of stock we held eigl,t years ago, when 
tumover was 40% of what it is now. And 
bear in mind we've improved on delivery 
dates and we have many more prod ucts. In 
1979 we had some six month delivery dates -
now most items can be delivered from 
stock . Nothing sits around, but on the other 
hand we are not held up for anything." 

Lastly, I asked Ken Sewell how long it took 
to get an idea from the back of an envelope 
into production. The answer quite took me 
aback · anything from one 10 three years! 
This was until recently the main bot tleneck 
in the company. Now, however, due to in· 
vesting something in the region of E70,000 in 
CAD equipment, that bottleneck has been 
considerably reduced, and this should in­
crease the Oow of new produclS from Pulsar. 

Cltronlc't Tony Akers. In the middlt:: ol • new £70,000 
COmpb.ny-wide ntCYi~td tomputerfMtlon sdltme. 

Citronlc Limited 
Among Cittonic's products are disco con­
soles, mixers and amplifiers, and with a turn­
over of over £2 million, a thir d of its produclS 
are exported. 

As part o f a pol icy of concentrating on 
what it does best, the company sticks as 
closely as possible to designing and produc­
ing electronics. The naked PC6s are pro· 
duced outside, but making the boxes is an in· 
house activity. They cut, bend and weld the 
frames and boxes for their equipment, but 
the painting and anodising is sub-contracted. 

The printing on the front panels also used 
to be contracted out in the early days. Unfor· 
tunately, the work wasn't always of the re­
quired quality. For example, if the ink used is 
mixed wrongly it might look fine lo begin 
with but wear off over six months or so. 
After having that happen, it was decided to 
bring the printing in-house, where the com· 
pany's devotion to quality could be brought 
to bear on the job. Now all Otronic's front 
panel printing is done in-house. 

Citronic also use a CAD system to help 
with the design stage, but even then It can 
take anything up to 18 months to take 
something from idea stage to getting it rol­
ling off the production line. The PPX900, 
their popular sound amplifie r, took 18 
months to develop . 

The actual manufacture of electronic cir­
cuits is very similar in most factories. The 
component leads are inserted into holes 
made ready for them in the circuit boards, 
they are soldered by hand or in a How solder 
machine, and then tested. But popu lating 
the boards with the electronic compone nlS 
is a very labour•inten,sive process. To speed 
this up (and keep coslS dow n), Citronic use 
several semi-automatic insertion machines. 
These are programmed with Information on 
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where the componen ts are 10 be placed in 
the circuit board; the operator sits at the 
machine with the board in front of her and 
all the necessary components within easy 
reach. 

In operat ion, the machine shines a light on 
to the appropriate spot on the board where 
the next component is to go. The operator 
inserts it, and the light moves on to the next 
spot By giving the operator help in this way, 
the time she would normally take 10 look for 
the correct place on the board is almost 
eliminated . The job is thereby made much 
more efficient, and the cost of inserting the 
components is brought down . Once all the 
components are in, the component leads 
poking 1hrougl, the board are cut by the 
machine to a standard length and the board 
is then ready for sending to the flow solder 
machine. 

Once ihe boards are completed , it is time 
to test them. Compute" help here as well , 
by partially automating the job . Every board 
must be tested, so anything that helps speed 
up the process or make it more reliable is a 
worthwhile thing. This constant attention to 
quality and efficiency is helping Citronic gain 
a secure foothold in the pro-sound market. 

Otroni c have always used computers, and 
are currently in the midd le of getting a new 
£70,000 13 terminal netwo rk system up and 
running, and staff are busy learning new pro­
cedures. As managing director Tony Akers 
explained: •vou are expecting people to still 
get on w ith the job, (Otron ic's staff totals 70 
people), but they've also got a whole new 
way of thinking 10 learn. It's managing that 
that is the main problem. Otherwise corn· 
puterisation is easy! 

· All production is based on careful sales 
forecasts,• said Tony Akers, •and sales direc· 
tor Mike Gerrish runs a very detailed sales 
forecasting program every month which 
takes into account four year's sales. Our new 
system will be able 10 tell us about problem 
areas much faster, and management deci· 
sions can obvio usly be ma.de quickly 100, as 

Getting down to fine ck:1•11 • p,r1 of the manu(.aidurin8 
a.re-a .at Otronk. 

a result. Our next project is to link our CAO 
system to manufacturing for quality 
assurance - they use the same basic data. 

· Everything we are doing obvious ly in­
volves a level of commitment, and shows a 
degree of confidence in the industry, and I'm 
sure this applies 10 many other PLASA com· 
panies:," he said. 

• b.teMn'e testing {.tbove .tnd below} •t Cillonic', fiKtory 
td i\~ lkth.am ia Wltshlrt:. 

Sf:tting u:p fo r a rur, on Otronlc't CNC pun(h m.aidlint. 
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and Finally ... 
Three important ingredients for success 
stand out from these brief views. They are: 
good design, high product quality, and effi• 
ciency in production. Good design makes a 
product marketable; attention to quality 
makes for a reliable product and a good 
reputation; and production efficiency keeps 
the price down to fend off the competition . 

And good design is absolutely essential; 
nobody will buy a poor product, however 
cheap it is. It also makes production easier. 
Peter Brooks remarked on Iha~ saying: "We 
try hard to design in such a way that it is very 
easy to Install one of our products, and also 
very easy to service. We are trying to design 
products that are quick and easy to install, 
and quick and easy to make." 

It's also evident from my visits that whi le in· 
vesting in production technology (like 
computer-controlled punches) is important , 
the primary way of ensuring production effi· 
dency is the use of computers to organise 
the factory properly, Ken Sewell agreed, 
commenting that: "Application of computers 
to organisation ls probably more important 
than their application in actual production ." 

It is encouraging to see these factors being 
successfully put into action by PWA corn· 
panies. That they are doing so is 
demonstrated by the way they have grown 
from a cottage Industry to the level of other 
companies in the electronics industry in the 
space of only a few years. "What is different 
about our industry is that we are expected to 
provide exactly what the customer wants at 
the drop of a hat, and we have become ex· 
pert at quality small-batch production ,• said 
Tony Akers. "And we are successful in doing 
just that." 

The manufacturing side of our industry cer· 
tainly deserves its high reputation both at 
home and abroad. As N.J.D.'s Kevin Hopcroft 
said: "We are really serious about it, and we 
are doing things properly.• 
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