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GEC REVIEW

LLOYD, M. BH. and MASON, M.. Vol. 8(3), 1993, 131

A Process of Programmed Renewal

GEC ALSTHOM Large Machines Limited has recently been awearded the
1992 UK Manufacturing Effectiveness Award {ollowing the completion of
a programme of cultural and physical change at their Mill Road factory
in Rugby. The project invelved the complete redesign of the factory
layout, the inireduction of new products, equipment and concepis
resulling 1n dramatically improved leadlimes and sales per smployee
The success of the project 1s shown to be atinbulable to a properly
balanced programme addressing culivral and physical issues i a
helistic approach to overall business improvement,

Keywords: restructunng; total quality monagement; just in time;
design lor manuiacture, reorganization; world class manufacturing

GEC REVIEW

SCHWAHZENEERGER., P. M. Vol. 8(3), 1993, 147

Lasers for Space-Based Wind Monitoring

There is aneed lor detailed mapping of wind speeds around the world in
order to improve the gocuracy of weather forecasts and for the medslling
of chmate change and global warming Such information can be
provided using alrequency-stable, eve-safe laser, mounted anasatellite
together with a recsiver to collect lhe return signals, and direcied
towards the Earth's surloce This papsr presents an overview of
GEC-Marconis activities in developing a laser for space-based wind
measurement, lo a very demanding specification, carned outin support
af both NASA and European Space Agency programmes

Keyweords: lazer; COg laser; LIDAR; wind; space; NASA; ESA;
LAWS; foil

GEC REVIEW

GOODMAN, ]. E. Vol. 8(3), 1993, 162

The Cordless Office

Much has been written over many years about the use of cordless
connectivity in the office, The use of infra-red to link data terminals was
proposed by [BM in the late 1870s and, more recently, the replacement of
the ubiquitous wired telephone by the use of radio technigues has been
an inlense area of study. The question has to be asked whether technol-
ogy new provides o mobile solution attractive to the user oris there some
wery to go? This article explores the existing situction and alse locks into
the {uture for cordless telephony — widely regarded as one of the most
impoitant changes in the working environment since the intraduction of
the word processor

Keywords: cordless; PABX; mobility; CTZ: lelephony.

GEC REVIEW

SCANLEN, M. . B. ~ Vol 8(3), 1893, 171

Chain Home Radar - A Personal Reminiscence

This paper was written to celebrate the quthor's 50 years involvement in
the field of radear, concentrating meinly on his experience of the Chain
Home (CH) radar system in operation in 1943 The paper altempts o give
a broader piciure than that provided by the technical accounis © be
found in the literaiure and draws heavily on the auther's personel
recollections Aller reviewing the Doventry experiment’, in which radio
direction inding (R D.F) was first demonstrated, the author discusses the
technical cutline, operation, cablration, maintenance, anbi-jiamming,
security and training aspects of CH radar. Relerences to more deiailed
technical descriptions of CH radar are given

Keywerds: radar; Chamn Home; CH; radiclocaiion; CH transmitter;
CHreceiver
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A Process of Programmed Renewal

— Renaissance at Rugby

by Eurlng M R LLOYD, Rz, PhD CZag TIES
and M. MASON, ¢ Fag, KIITT
GEC ALSTHOM Leaige Mochines

GEC ALSTHOM Large Machines Limited is a
medium-sized enginsering company specializing
in the design and manufacture of large bespoke
electric motors end generators (fig. 1) in the power
range 100kW — 300 MW. The Company's major
markets encompass power generaton, marine,
oll, petro-chemical and process industries, and
over 60% of the preducts are exported. The
Company is located ot Mill Road in Rugby and
empleys 1000 peopls, with annual sales of
approximately £535 million. Since 1989 the
Company has been part of the GEC ALSTHOM
group of companies formed by the merger of GEC
Power Systerns in the UK and Alsthom in France

The Company started on the present site in 1902
(fig. 2) as the British Thomson Housten Compony
with [acilities to cater for a wide range of diverse
products, including light bulbs, trains, turbines,
domestic appliances and transformers, It was also

M R Lioyd groduaed e Elecirical Enginesring
from the Univorsity of Sar plonmn 197! He
ganmned nis PE D on tho o of eiecincal
rmocfines at the some wonversity in 1977 He was
rtraly employed os o Mochine Desgn
Engnneer wiith Lavrence Scad and
Electiomatons Lt 0 1874 progrosamag waltnn
tha! Caimpuarny b comnie (in tarn) Chief
Electricel En cd of Rosooec!: and

Deovelopment, Chiei Englnacr Engioneenineg
Directos und Productian Diractar In 1487 he
joined GEC ALSTHOM Large Machines as

ALSTHOM Trachan

M Mavon wined the Assoeictad Tngmnecning
Group m [96h bemdoasponsiblo for the
manuiociunng dovelopment of the ol
radiato:. He then jponed Stuart Dovis Mochines
i 197G as Dexign Manager, and mavod o GEC
ALSTHOM Laige M furics a5 Manago:
Production £nge n T9E3 Heds corently
Project Mancge: of the Programme Rorewa!
Project

1 10.6MW, 60rev./min. synchroenous motor
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2 Aerial view of the Mill Road site indicating present
ufifization (red)

the site where the jet engine was developed and
holography discovered in the UK. The factory grew
in line with the labour intensive technolegy avail
able and the extensive lacilities were arranged in
the accepted functional layeout of thet era. Follow-
ing anumber ol business reorganizations through-
out the 1970s and 1980s the majority of products
were movad o smaller well-equipped sites utiliz-
ing modern technology, leaving the manufacture
of motors and generators with inaporopriate faci-
littes amongst many separate buildings and o
surplus of old and inefficient equizment.

By 1987 it was clear that a major restructuring of
all sectors of the business activiies was sssential if
the Company was to survive in the flercely com-
petitive international market. It was alse clear that
the opening up of the Furopean Markels in 1993
would provide excellent opportunities for the
export of the Company's products.

However, lo achieve any significant improve-
ments, the facilities and company woerking culture
had to be totally redesigned to compete against
world-class competitors. This would require many
vears of commitment and investment in equip-
ment, product, factory layout, culture, training and
paople to intreduce the most appropriate technol-
ogy for the product. These changes were intro-
duced in several phases to ensure uninterrupted
and increasing producticn, the most significont
and lengthy phase involving the remoedelling of
the entire manufacturing facilities. In addition to
this physical relocation, the introduction of [IT (Just
in Time}, TOM (Total Cuality Mcmagement) and
DFM (Design for Manulacture) philosophies
involved a substantial training programme in
orderto benelit from investment in new equipment
and ensure ongolng improvements through
heightenad employes involvernent.

M, B LLOYD and M MASON

The Project

The target of attaining a world-class capability
required the co-ordination of a number of parallel
acticns across all business areas, whichresulted in
doubled sales per employee, halved factory space
and significantly increased return on capital
employed and operating margins in a process of
programmed renewal

In order to achieve the progress necessary by
the target completion date of January 1993, a multi-
disciplined project team of up tc 40 people was sec-
onded to achieve the co-crdinaticn of production
with the following cctivities:

1) a complete rebuilding of the manutacturing
and producticn testing facilities te bring about
reduced leadtime; removal of surplus
ocilifies; investment in new equipment cnd
enhancement of working conditions,

2) replacement of centralized site services by
modern  distributed  systemns, and
improvement of the environment by
elimination of environmentally damaging
processes and removal of all redundant
buildings,

3) the review of all compeonent manulfacture
against o make versus buy’ philosephy; and
the building up of « preferred supplier base
and reduction in inventories through a JIT
programme,

4) ensuring o company-wide iraining
programme for all employees to generate o
culture of delighting the internal and external
customer to improve quality,

) intreduction of company-wide TOM projects
to eliminate non-value added waste and
ensure a culture of ongoing improvements
supported by a single status workiorce,

6) streamlining of the ocrganization and
shortening of all process leadtimes by 50%
thrcughout by the introduction of
manufacturing cells,

7) introduction of a full CADCAM and system
support structure to reduce product
developmenttimes and costs by DFM projects,

8) introduction of new products to take adven-
tage of the new focilities and emerging
technology, in particular moters for electronic
variable-speed drives, and

9) re-orientation of the marketing eftorts to
Increase exports, particularly to support the
move from large to small power station
building programmes.
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The total Pudget of £21 million capital and
£54million revenue over the five year period was
justified on the basis of operational benefits and
increased sales, matching increased depraciation
during the period of change. Hence the planning
and phasing (lig. 3) of the physical relocation with-
oul disruption to customer commitments was fun-
damental to the success of the project.

Each move was planned in meticulous detail to
ensure support for increasing production and was
timed so that the maximum spare capacity was
released early in the programme to enabls
retraining of personnel to resource further moves
and prepare for the new operating practices.

A total of 130 person-years of planning and ore-
ject management was required for the successful
completion of the exercise.

Considerable ingenuity was required to keep
within the capital budget. Capital expenditure on
new equipment was limited to those areas where
new technology was required to fulfil the space
reduction requirements or support the reduced
leadtime programme. Such investment in the
press and machining cells totalled approximately
fomillion. The remaining capital expenditure on
machine tools was used to upgrade, enhance or
extend the capabilities of existing equipment.

It was estimated that a new facility on an alter-
native site would cost approximately £47 million to
build and hence such an eplicn was disregarded
at the outset.

||..- ﬁlﬂjﬁ@!ﬁl
Fabrigation oe(l
'Mmhinlﬁ'gﬁﬁll
Prassshppoel f
Corebullgosll -
Winding el
Small azsembly cal| -
Large asaambly cell
Testiacility. -
Stores

Caileell and labs
Cyclo farility
Renew senvicos -
Demolish buildings

—
Demolish power house m

1958

3 Phasing of major site relocations

Project Management

To ensure day-to-day control whilst maintaining
increasing output proved a major logistical prob-
lem. Two full-time project teams and « steering
group were formed to progress the project. These
teams reported independently from the oper-
ational management structure (fig. 4},

1) Site Reorganization Team - responsible for
planning and executing the physical
relocation, refurbishment, new equipment

Maneging Drecioe |
r I
Waridelsss e
steerirg group ree N on
SR g

Wi cfass Proqect

b ptijnet taam Vot
Taak Pmject

Ams \igarne

4 Project management structure
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purchase dnd installation, including the
co-ardinction of test plant installation.

2) World-Class Steering Group - respeonsible
for overseeing the introduction of JIT, TOM
and DFM concepts into the Company. All
activities relating to systems were also
co-ordinated from this group with the aim of
gaining Third Party 15O 9001 accreditation
by the project completion date. All training
was also co-ordinated from this Group.

3) World-Class Project Team — responsible for
introducing best practice and co-ordinating
TOM preojects across functions where
necessary. This [ull-time team was
fundamental to the success of the project as
the benefits from the physical changes
could be brought about only by the
acceptance of changes in working practice.

Worktlow

To increase overall effectiveness it was necess-
ary to reduce dramatically the leadtimes and inter-
operational times. This was achieved by
concentrating manulacturing operations into a
smaller number of self-sufficient manufaciuring
cells operating in one building. In order to reduce
leadtime further, a programme of set-up time
reduction, total preventive maintenance and
improved scheduling was also undertaken.

Whilst inter-cperation times had not tradition-
ally been considered a major direct cost element, it
was recognized at the outset of the project that
leadtime should be considered as a major influ-
ence. This was because the toial sales capability of
the Company would depend on reducing non-
value added cosis such as queueing, set-ups and
transportation times.

Fig. 5 indicates the sequence of operations [or a
medium-sized machine stator frame within the
tacilities in 1987, a direct comparison is shown in
fig. 6 in 1992, representing a 52% reduction in
distance travelled. Even more dramatic savings
have been achieved with other components, as
summoarized in table 1.

However, to achieve a legical arrangement of
cells to minimize inter-operation times and fit into
the required areas, considerable ingenuity in
layoui and investment in new technologies was
required. A summary of the space reduction
achieved for all major manufacturing areas is
shown in table 2, with an overall reduction of 39%
in floor space and «a reduction of forty buildings.
The most dramatic reduction was achieved in the
machine shop and press shop areas. This
necessitated the vacation of several buildings and

M R.LLOYD and M. MASON

TABLE1
Major Component Routeings
Component Distance | Distance %
and route in 1987 in 1992 reduction
(m) (m)
Fabricated frame 2005 957 52
to fincll assembly
Stator core,
lamingtions to 1010 341 66
final assembly
Rotor core
lamingtions to 773 341 56
final assembly
Field coil
manufacture 3000 184 94
io poling up
Segmental
lamination 1220 134 89
manufacture to
cere build
TABLE 2
Manufacturing Aredas
Call area
Cell 1887 1992 Heduction
fem®) fzir®) (%)

Fabrication 8047 4100 49
Machining 10293 4330 58
Press 6273 2410 84
Cere building 2859 2230 22
Ccil & insulation 9777 9850
Winding 4823 4220 9
| [ 7655 6430 16
Test 9841 3860 B1
Despatch & 4062 1480 64
transport
Total manufacturing £3430 38910 39
covered above
Office services 41803 24547 41
Total Company 105233 63457 40
covered area
Total Company 335818 133518 60
land area

termmporary siting of existing equipment while new
equipment was manufactured to exacting
specifications.

GEC REVIEW, VOL. 8 NO. 3, 1993
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150m

5 Frame workflow pattern 1967

Manufacturing Cells

Manufacturing was reorganized into twelve
self-sufficient manufacturing cells, each cell
placed into its logical position in the workflow to
minimize inter-operation times. .

Manufacturing costs were reduced by the
following techniques:

1} amalgamation of several areas originally
separated because of differing but similar
operator skills, for example medium and
large winding departments,

2) creating a business unit culture and
capability within the cell to shorten lines of
communication,

3) multi-skilling amongst support trades (for
example: maintenance, seli-inspection,
housekeeping, crane driving) to reduce
overheads,

150m

6 Frame workflow pattern 1992

4} provision of flocr-operated cranes in all
aredsto enable operators to be independent
of external services for moving work when
required (forty-one cranes were uprated or
replaced), and

9) modernization and refurbishment of
existing equipment and investment in
purpose-built equipment where existing
equipment was incapable of supparting [T
vhilozophies, All new equipmen! was
specified to combine operations.

The layouts of manufacturing facilities in 1987
and the manufacturing cells in 1992 may be
compared in figs. 7 and 8.

The manufacturing improvemenis achieved by
the introduction of manulacturing cells, improved
workilow and enhanced production logistics are
summarized in table 3.

In order lo optimize capital expenditure agminst
revenue benetits the manulacturing lacilifies were
grouped into cells in the following way:

GEC REVIEW, VOL 8, NC. 3, 1992
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M R LLOYD and M MASON

" ]-..- .I'I-a

7 Manufacturing areas 1987

1) feeder cells based on process, that is,
fabrication cell and machining cell,

7) sirategic items based on major compenent
cells, that is: press, core building, ceil and
winding cells, and

3) assembly and test cells based on product
size, that is, small machines assembly and
large machines assembly.

Such an approach enabled the support tacilities
{cranes, stores, engineering, etc.) to be optimized to
the relevant cell with the minimum capital cutlay.
However, duplication of cerwain facilities was still
beneficial to leadtime reduction and was used in

- shop
. —~ Winding
— .
— ;\\ ,
i Coil and
insulation

150 m

some cases, for example, separate test facilities for
coils and for windings.

Reduction of process times in the winding and
coil cells was achieved with a CNC (Computer
Numerically Controlled) ‘self teach’ robotic taping
machineg, 16-axis bar pressing machine and «
single process wedge cutting machine. These
investments enabled accuracy and quality to be
considerably enhanced whilst reducing lead-
times.

Major investment was necessary in the Machin-
ing, Press and Test cells to achieve the reductions
required, in all cases the capital equipment was
designed to the Company’s exact specification.

GEC REVIEW, VOL. 8 NO 3, 1883
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8 Manufacturing cells 1992

Machining Cell

A combination of new equipment and enharnce-
ments to existing equipment resulted in a 58%
reduction in floor area. Enhanced etfectivensss
has enabled a 60% reduction in the number of
machine tools to deal with the increased workload
by the utilization of the following techniques:

1) capability of some existing machine tools
extended to include in-progress gauging
and probing. All CNC machines upgraded
to DNC {Direct Numerical Control) linking,

2) machine tools arranged in product sub-cells
to ensure unidirectional workflow,

150m .

single hi-tech machine tocls acquired to
replace several separate machines,

major set-up time reduction programme,
including pallet systerm and magnetic work-
handling to allow rapid batch changeovers,

rationalization of tocling, introduction of a
computerized tool management system,
automated head, pallet and tool changers,

a rigerous planned maintenance pro-
gramme following re-siting of the Mainten-
ance Department into the Machine Shop,
and

GEC REVIEW, VOL. 8, NO. 3, 1983
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" TABLE 3
Manutacturing Productivity Summary
Annual 1987 1992 %

performance | change

LTEU I red 87 136 +56
COutputlemployee 861 1160 +35
(hours)
Production | 438156 408181 +4
(hours)
Argafemployee 98 35 -14
(m?) 1
Employees 509 395 -23
Production area 49527 33570 -32
(m?)

7} resiting of major machine tocls to enakle
one operator taking responsibility for
several machines.

In addition, three major DNC linked CNC single
hit machine tools, including a 3m shaft lathe, o

9 Two meire cube, 7-axis machining centre

M R LLOYD and M MASON

universal machining centre for 2m cube compo-
nents (flig. 9) and o 1 m cube machining centre for
disc type components were introduced, replacing
eight previous machines.

The above methods and equipment, together
with the single order processing, 'Kanban® and
flexible working arrangements have enabled
averdage Hloor-to-floor times for major components
to be reduced by 33%

Press Cell

New technolegy has enabled a dramatic 64%
reduction in flecor area. The new cell consists of two
new CNC hydrgulic blanking presses with NC roll
feeders and two new CNC tool-changing notching
presses, All four presses are integrated with robot
systems that load raw parts and deliver finished
iterns, The new plant was particularly chosen to
combine previously separate operations and

b

*Keanban is a system introduced [rom Japan whereby a visual
indication —such asd card, bin, container or spoce on the floor
- is used as a signal to take action. For example, an empty
stock bin is the signal to replenish stock. For further
information, see reference (1) for example

GEC REVIEW VOL 8 NO 3, 1943
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allow rapid batch changeovers (fig, 10 and fig. 11).
Cell manning was reduced by over 560% and
set-up times reduced in some instances from 8
hours to 8 minutes

Test Cell

Five separate test areas were concentrated into
two locations, The largest test bay was totally
modernized to enhance capakility and power

11 Automatic handling and NC presses 1992

ratings. New equipment includes the total replace-
ment of switchboards, control panels and test sta-
tions. All metering control was made "ofi-floor’ and
linked via data loggers to the enginesring system
of ‘Sun’ workstations.

An important enhancement included the uprai-
ing of the capakility to test motors and generators
at 60Hz for export markets. For synchronous
machines the power threshold was increased by
400%. Novel features in the test cell included an
epicyclic gearbox arrangement and electronic
converters to limit power consumption drawn from
the electrical supply to a minimurm,

Scheduling

All manufacturing cells operate as qutoncmous
units where llexibility within the cell is paramount
and has been achieved by multi-skilling. Work is
synchronized between cells on a ‘pull’ system
using Kanban'. Flexibility of rescurces between
cells is contrelled on a day-to-day basis by cell
supervision utilizing information from the TRACK-
STAR RCCP (Rough Cut Capacity Planning) sys-
tem. This system and the MRP (materials
requirement planning) manufacturing svstem are

GEC REVIEW, VOL 8 NO. 3, 1893
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o TR 7
July 1997
Oiet, 1994
Moy 1837
Dec. 1891
Jan 1982 |
Feb, 1992
Mar 1992
Apr 1982
May 1992

M R LLOYD and M. MASON

I T T
a 10 20

T T |
30 40 50

Leadtime/ weeks

12 Achieved leadfime (weeks}

updated via data pens taking information frem
bar-coded process control cards.

Orders ars all processed as single machine ord-
ers, encbling de-batching throughout the facility
and all items are made to order with no stock, The
use of Kanban' techniques enables synchroniz-
ation of components with the minimum of inven-
tories whilst still reducing leadtmes.

The use of the above techniques has provided
the most dramcatic results on the lower power
industrial induction motor range, as can be seen in
fig. 12 that covers the sales period July 1991 - May
1592.

Suppliers and Inventories

In order to reduce the leadtime and ensure mini-
mum invenfories, all major suppliers have besn
organized cn a ‘preferred supplier’ basis. The
number of suppliers has been reduced from 883 in
1989t 4091in 1991 and it is plamned to reduce to 350
by March 1933. The floor space of the incoming
stores area has been reduced [rom 4902m? to
1730m? in the same peried by the systematic
reduction of design variability and number of
suppliers. The new stores area consists of a high
density racking area for medium-sized compo-
nents serviced by a ‘manriser’ truck connected 1o
the computer via an infra-red link. A robotic silo
storage area is used for smaller components,
which is also linked to the computer to enable syn-
chronization of kit marshalling. Certain suppliers
have been put on ‘Q’ status (indicating no goods
Inwards inspection), with direct delivery to the

.
pointofuse enabling manufacturing cells to call off
deliveries when required.

In addition, all components made in-hcuse were
reviewed against competitive prices from outside
the Company and a number of components were
out-sourced. Particular erileria were procurement
leadtime and quality of supply. Local suppliers
were actively encouraged to take up the chal-
lenge, as is evidenced by sheet metal supply now
being manutactured by a company set up by
ex-employess. '

Key achievemenis in the purchasing area are
indicated in table 4.

TABLE 4
Materials Department Changes

1987 1992
Number of suppliers 883 409
| People employed | 28 . 21
Number of computer terminals 10 18
Supplier partnerships 0 12
Material spend/factory cost . 50% | 43%

Buildings, Services and Energy

In 1887 distributed services comprising heating,
compressed air and process sleam were provided
by a steam-operated boiler house and distributed
across the 42 hectare site by a network of pipes.
Steam was generated from coal-fired boilers with
consequent chimney emissions, coal stockpile and
use of water treatment chemicals.

GEC REVIEW, VOL 8§ NO. 3, 19983
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Ag these infrastructure costs represented a sig-
nificant proportion of the total product cost, it was
decided to improve and modernize the site
services with

*  energy mandagement, and
*  costreduction

as key elements, whilst also eliminating any
processes that were environmentally damaging.

Heating is now provided by 8§00 high efficiency
gas-fired radiant hedaters in the factories, and low
pressure hot water modular atmospheric boilers
for office areas. Local gas fired generators provide
process steam at point of use. Local electrically-
driven air comprassors are oparaled under com-
puter contrel. DC rectifiers have replaced old
rotary converters; modern 350MVA {fcult-rated
switchgear has been installed and electricity
substations reduced from 23 to 6. Computer-con-
trolled energy management of haating, com-
presscrs and lighting is in operation, with
automatic meter reading. Old lighting systems
have been replaced with high efficiency flucr-
escents in offices and Sonplus lighting in factories.
A programme to replace completely the use of
town warter by treated river water for process cool-
ing has resulted in an annual saving of 59% in
volume uge.

The overall enargy utilization and savings are
summarized in table 5. The 40% annual energy
savings achieved resulted in the Company being
awarded the highly commended category in the
1991 UK Energy Awards.

TABLE 5

Energy Wilization Improvements

Contribution to energy Energy utilization Improvement

usage {therms x |[7)* (%)
1987 1992

i distribution 590 50 95
ersrgy |
Space heating and . 1185 . 710 40
associated services
Energy used for 1400 1340 )
manufacture and test
Total energy 3475 2100 40
purchased
Water consumption 219 | 30 59
(m? x 10%

(* 1therm = 1087)

Working Conditions

To encourage the removal of internal barriers,
harmenization of terms and conditions of office
and factory employees has resulted in identical
contracts of employment and cashless monthly
pay. All work areas have been refurbished to
encourage pride in the workplace and individual
respengibility for house-keeping and guality
(fig. 13).

Training

Training to suppeort the programme of changs
was phased to match progress of the physical
relocation.

Phasel FExternal training of senior manage-
ment group by exposure to best prac-
tice, seminars and workshops.
Establishing a sieering group for
further training and train the internal
trainers required for phase [[ - o total of
228 person-days training + 58 person-
day visits to relerence sites.

Phase I  Company-wide awareness seminars,
to complete workioree, each employee
receiving 10 hours in two hall-day
sessions —lotal of 1 094 person-days + 54
person-day visits to reference sites,

Phase Il Further structured training focused at
those more directly involved in the
process, with the use of simple tech-
niques. This included CEDAC (Cause
and Effect Diagrams with the Addition
of Cards), DFM, TOM and Action Plan-
ning seminars and workshops — total of
386 persondays to June 1992 with an
ongoing vigits programme to build on
this.

.

Further details of this training programme are
given in reterence {2)

Communication

Atthe outset it was understoed by all concerned
that manpower would be reduced, but the reduc-
tion weuld be planned and those employees
affected would be retrained. Given the radical
nature of the changes proposed, communications
were exiremely important and handled in the
tollowing way:

1} daily meetings at functional head level to
co-ordinate working informalion lo ensure
rapid respense to questions and to guell
rumours,

GEC EEVIEW, VOL 8 NC. 3, 1953
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13 Winding cell

2) weekly meetings at departmenlal level to
encourage discussion and generate inputto
planned moves, and

3) rnonthly briefing sessions, carried outby the
Managing Director, to communicate the
business position and other relevant
information to a cross-section of the
workicrce, and then down through «
cascade structure.

Against this network of communications, rein-
forced with o company newspaper, extensive use
has been made of information boards detailing
performance measures and project pregress.

Flexibility

As a direct consequence of the need to encour-
age flexibility of skills, employees have annual
individual appraisals, measured against agreed
objectives. Skills matrices are actively encour-
aged; gaining increased numbers of skills is a
means of career progression and development. A
number of cross-lunctional teams were get up to

M R LLOYD and M. MASON
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encourage preblem selving. The aim has been to
involve 50% of the workforce in such an exercise by
Mecreh 1993 The present flexibility arrangements
between the skills is shown in fig. 14

Quality Assurance

The move Irom a culture whereby quality was
thought to be inspected into the product, to a
culture where all employees contribute, has been
difficult. But the change of emphasis as can be evi-
denced from o comparison of the 1987 and 1992
position (iable 6) has been effective in reducing
defect costs and encouraging the concepts of the
internal customer chain.

All emnployees have undergone training in TOM
technigues in addition to operator certification in
manufacturing arseas.

The Company has additionally updated all QA
procedures and systems to reflsct the new working
practices and, in June 1992, was awarded Third
Party Accreditation to ISO 9001 by Lioyds Register
Quality Assurance Limited,

GEC REVIEW, VOL. 8, NO. 3, 1983
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14 Diagram indicating the interchangeability between staff in manufacturing cells. Arrows reflect the direction of mobility.

TABLE 6
Quality Assurance Changes

1987 1992
Third party None Lloyds register
certification quality assurcance

CEGB Naticnal Power
Secend party Nertional Grid
certification MoD defence Powergen
contractors list

Hazardous area BASEEFA EECS licence

certification surveillance QUASCO!

Quality manual . Quality manual

Company instruction

Documentation letters | Company
structure Qudality control procedures
routines
Machine production | Department

routines routines

Quality Control

Chief Inspector Manager
Quality control 4 Quality
| 34 Inspectors Controllers

13 Cell Inspecters

Operation Nene 269 of 308 total

| certification

T The quality ergemization covering the oil industry - Quahty
Appraisal Service Company Limited

Technology

Whilst the heavy electrical engineering industry
has relatively long product development cycle
times, there is an increasing need to incorporaie
specific customer requirements into individual
orders on an ever-decreasing timescale. Hence
reduced leadtime and DFM philosophies were
essential to the success of this project. This was
tackled in the following wey.

Systems

A MEDUSA draughting, GNC (Graphical
Numerical Control) part-programming and in-
kouse engineering design system was introduced
cn an Ethernet network with the aim of reducing
pre-production leadtimes. A total of 75 'Sun’ work-
stations were introduced over a four year period
and manual draughting eliminated. The engin-
eering and draughling functicns were merged
with the mamulacturing pre-preducton areas into
a 'manufacturing support’ group which, coupled
with DFM training and projects, has done much to
eliminate non-value added waste in this area.

The introduction of the CAD system enabled the
redevelopment of six product ranges to be carried
out in parallel with the physical changes within

GEC REVIEW, VOL. 8, NC 3, 1993



144
TABLE 7
Engineering Department Changes

1987 1992
Number of Engineers 57 419
Number of Draughtsimen BB 49 41
Office area (m”) | a168 | 682
Number of draughting workstations 71 41
Number of drawing boards . 70 5 |
Mumber ol l_ngmeermg;;o*k slahons 0 34 I
PxO\;LI;j rarges devela-gped moy e;rg i ; G

the factory, enabling the full benefit of the DFM pro-
gramme to be available at the fime of product
introduction. Table 7 summarizes some kevy
changes in the 1987 — 1992 period.

Products

a) The market for DC motors was predictad to
decline as large multi-MW electronic AC
drives emerged as the new technology
(fig. 15). A new range of large induction
motors was developed to toke advantage of

MR LLOYD gna M MASON

this potentiad market. This led to the intro
duction ot the 6 MW Cycloconverer produc-
tion test facility that is the largesi facility of ite
ityoe in the world.

b The indusirial range of induction moters
was totally redesigned to take advantage of
the new facilities and, using DFM tech-
niques, a 30% part count reduction was
achieved. The new range went from
concept to full production in 18 months. This
compares with the criginal introduction of
the range in 1981 that tock three vears to
develop.

¢} The range of generators for gas turbines
was alse redesigned to take benefit of part
count reduction, together with increased
use of supplier paritnerships to reduce
leadtime

The new products, facilities and ncreased
competitiveness, particularly for the power gener-
atien markets of gas turbines and hydre turbine
applications has enabled the company to increase
s gales, in particular those {or export. Annual
sales have increased by 42% with export orders
(fig. 16} increasing from approximately £13million
in 1987 to £34million in 1992

15 Cycloconverter driven induction motor
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Direct W 4925 13575

“ ndirect | 8350 8000

16 Export orders 1987 — 1992

Management of Change

Whilst the changes in the business created
many logistical problems throughout the five year
period of change, the Company not only managed
to operate effectively and profitably, but alse
deubled sales per employee during the process.
Whilst good project management was tunda-
mental to the execution of the project, the final out-
come was lolally dependent on the wide scope of
the criginal plan.

It was recognized at an early stage that unless
parity of performance was cchieved in all

__I;_J_y_;:.T.-'t:.::lpgiiit:it;_s;:equipmen_t.:.wu_r_kfimur.-

il stz problai 5

22650 11850 16350 17458

4350 7300 9750 16480

functions and processes within the Company,
progress towards world-class business perform-
ance would be limited by the wecakest part of the
business. In a batch manufactiring environment
with customer specified variants, all activities are
inevitably closely interlinked and, whilst the site
layout and manufacturing logistics were the areas
of initiad focus, the changes were made in the full
recognition of the other changes that were necess-
ary. This is shown in diagrammatic form in fig. 17
where the horizontal bars indicate the five prime
business areas. The intensity of effort to achieve
parity of performance in all areas is shown as

o

s, LA, SO0, AP

':’:au;;h_},-_rn-_xtw-_lIh}m-I:w-ml*.-:;-nmn'r} Tetiinineg

1986 1988

17 Synchronization of performance

1890

1984
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darker shadingy Having achieved this parily or
synchronization of performance, a finm foundation
for achieving world-class performance based on
continuous improvement in oll areas has besn
recched. However, further progress will ke
dependent upon adopting the ‘learning
organization’ approach to business improvement:
accepting that staff learn as they experience
change within the organization, improving both
themselves and the Company - sometimes
referred to as 'empowerrnent’.

Conclusion

Following a major reappraisal of the Company's
operctions in 1987, a five year programme of
changes to all the Company’s operations has
enabled GEC ALSTHOM Large Machines Limited
to benefit from the application of the latest manu-
lacturing philosophies and technolegies, Con-
siderakble care was required tc ensure that the new
factory workflow and equipment would support
the concepts of reduced leadtime in a low volurme
batch manufacturing environment (fig. 18). It is
clear that the degree of improvement achieved
was a direct result of changes across all the
Company's activities in a farranging process of
programmed renewal covering both physical and
cultural issues, Without this holistic approach, the
degree of change would have been more limited
and short-lived. A firm foundation for a process of

continuous improvement has now been
established.

18 The 44MW synchronous propulsion metor capable of
powering the Q.E.2 af 32knots

M R LLOYD and M, MASON

Comparison of the 1987 and 1992 position
includes the key achievements given in table 8.

TABLE 8
Key Achievements from a Comparison of the
1987 and 1992 Positions

Manufacturing cells in logical layout to achieve:

s Shorter cycle times

e Less occupied space

s Fewer inventories/sales
* Loweroverheads/sales
» Higher productivity

50% reduction
40% reducticon
25% reduction
25% reduction
35% increase

All achiaved whilst increasing volume

Improved test facihties:

» Noise test facility
¢ Cycloconverter facility
» Increased power loading

unigue in Curope
largest in World
400% increase

Decentralized site facilities:

* Energy saving 40% reducton
e Reduced water consumption  60% reduction

e Improved envircnment NG emissions

Improved products and technology:

¢ New products developed
¢ Full CADCAM werkstations

B products
73 interlinked

Improved marketing and sales:

» Higher export
e Mere sales/femployee

150% increcise
92% increass

Better financial performance:

* Profit sixfold increase
s Return on capital employed fivelold increase

Firm foundation for future:

¢ Based on TOM, DFM and JIT concepts

e Further inventory and leadtime reductions
o Culture change

s Redalizing people's potential
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Lasers for Space-Based Wind Monitoring

by B M SCHWARZENBERGER, m A
Hirst Research Centre, GEC-Marcon! Limiled

There is a need for detailed mapping of wind
speeds around the world in order to improve the
accuracy of weather forecasts and for the model-
ling of climate change and glebal warming. Such
information can be provided by using o fre-
quency-stable, eve-sale laser mounted on o satel-
lite, together with a receiver to collect the return
signals, directed towards the Earth's surface. This
paper presents an overview of the activities of the
Applied Physics Division, Hirst Ressarch Centre,
in developing a laser for space-based wind
measursment, to a very demanding specification,
carried outin support of both NASA and Eurcpean
Space Agency programimnes.

Climate Change

The world's climate is a complex interaction of
atmosphere, seq, ice, land and life which, through-
outhistory, has resulted in natural climate changes
such as the Ice Ages, to which life has adapted by
migration and evelution. More recently, human
activities have grown to the point where they are
having asignificant effect on the world's climate. In
particular, the concentration of 'greenhouse gases’
in the atmosphere is increasing, reducing the
amcunt of infra-red radiation that escapes from
Earth to space which is thought to result in e warm-
ing of the lower atmosphere, land and sea sur-
iaces. The most significant greenhouse gas is
carbon dioxide, arising from burning of fossil fuels,
and delorestation reducing the conversion of car-
bon dioxide to oxygen by photosynthesis. Math-
ane, nitrogen cxides and chioroflucrecarbons are
also greenhouse gases that are increasing in con-
centration as a consequence of man's activities.

Scientists are secking to estimate the expected
global warming that will occur because of the
increased accumulation of greenheouse gases, and
to assess the impact that this will have on the
Earth’s climate and sealevel’t, Such information is
ol great importance io the world's governments in
order that intormed decisions on reducing the pro-
duction of greenhouse gases can be made.

Untortunately, accurate estimates of global
warming are difficult to make as the Earth's climarte
iscomplexand sensitive. Feedback processes axist
that can amplity or reduce the primary green-
house elfect, Tt is difficult to predict cecurately the
effect of clouds on the Earth's climarte, The world's

B M Schwarzenberger graduaind in Physics
from Oxford Umvarsity in 1982 s o
EC-spansored studen! and, afler graduntion,
joined GEC-Marcon: Aviomcs’ Applicd Physics
Drvisian fnow part of His! Research Centre)
After working on a vacely of laser projecis, m
1985 he was appointed Projec! Leader for
developmen! of o compact, rugged Joser for
el chons in lhe United Swates From (989 to
dote, he hos also Geen responsible for the
development of o loser for snoce-based wind
maagsuramen!, imhally for NASA ond, more
recamtly, ior the Europecn Space Agency

oceans act as a gliant heat-sink, which may cause
a delay in atmospheric warming.

osuch complexities can be understood and the
theoretical models refined to be consistent with
ohservation, but only by exlensive measurements
of significant parameters on a glebal scale.
Observations which are needed includs measurs-
ment of cloud density, direciion of evolution, wind
speed, direction, turbulence, temperature, ocsan
circulation, heat flux, forestation, ozone and ice.
such glebal measurements can be fed into climerte
models that can be moditied until their accuracy is
confirmed in the short term. The same models can
then be used with confidence to predict accurately
longer-term climate change.

For such data sets to be truly global, space-
based instruments orbiting the Earth are the most
effective sclution.

The Earth Observing System

In order to improve our understanding of the
Earth's climate and predict more accurately the
extent and impact of future climate change, the
International Council of Scientific Unions and the
World Meteorological Organization have jointly
undertaken the World Climate Research Pro-
gramme. The European Space Agency, NASA, the
Japanese and Canadian Space Agenciss are all
participating in this programme, and cn Interna-
tional Coordination Working Group has been
established io ensure a co-operative and coordi-
nated approach. The United States’ contribution to
the World Climate Resecrch Programme includes
NASAs Mission to Planet Ecrth, which consists of a
series of scientific studies, satellite and spacecraft
flights known collectively as the Earth Observing
ovstem (EOS). EOS isan information system with
number of satellite-based instruments providing
geophysical, chemical and biological information
to further our knowledge of the Earth's climate@ 3
such data will be coliected for at least 15 vears,

GEC REVIEW, VOL. 8, NO. 3, 1993
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1 The Earth Observing System EOS-A (left) and -B (right) polar platforms. The five discs show (left lo right) variable sea-surface
topography, sea-surface temperature, a composite of ocean chlorophyll conceniration and terrestrial vegelation index, mean
cloud cover and strafospheric ozone (courlesy NASA Headquarlers).

starting in 1997, in order to allow accurate model-
ling of climate processes over an extended pericd.
EOS instruments will map ozone, make thermal
medasurements, determine concentration of
chemicals, map clouds and winds, and study
water vapour and ice {fig. 1).

Wind measurements around the globe will dra-
matically improve climate models ~ in particular,
relating to movements of water vapour, At present,
direct wind speed data are provided only by land-
based Rawindsonde (weather balloon) surface
stations and some ship and aircratlt reports.
Indirect estimates can be made using satellite
imagery of cloud motion, but the usefulness of such
data is limited. A map of wind speeds and direc-
tions at different layers, regularly updated, can be
provided most cost-effectively by a space-based
wind measurement instrument.

Space-Based Wind Measurement
System

The wind measuring system (fig. 2) consists of a
frequency-stable, pulsed carbon dicxide laser,
mounted on a satellite with its ‘eye-safe’ beam
directed towards the Earth's surface. As the laser
beam passes through the atmosphere, some laser
radiation is reflected from tiny aeroscls carried by
the wind and detected by a receiver on the satel-
lite. A measurement of the Doppler frequency shift
of the return beam provides accurate information
on wind speeds. As the satellite orbits the Earth, a
three-dimensional map of wind speeds at different
heights and positicns can be built up and then reg-
ularly updated. As well as direct measurement of
winds, the instrument can provide valuable

GEC REVIEW, VOL 8, NO. 3, 1993
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information on aeroscl distribution and the
positions and movements of clouds.

such a system is known as a Doppler Wind
LIDAR (Light Detection and Ranging} and the con-
cept has a long heritage of ground cand airerat
systems and design studies.

NASA's Laser Atmospheric Wind
Sounder

The space-based Doppler Wind LIDAR instru-
ment under development by NASA for EOS is
known as the Laser Atmospheric Wind Sounder
(LAWS). [t is presently planned that LAWS will use:

* a coherent Doppler LIDAR with a pulsed,
frequency-controlled COy laser transmitter
operating at 9.11 pum,

s o continuously scanning transmit and
receive telescope,

s o heterodyne detector, and

» asignal processing system

Figs. 3 and 4 depict launch and pre-deployment
configurations for the LAWS system
. . The satellite will orbit at an cltitude of
e I e T R I 900 to 630km and provide measurements of wind
{courtesy DRA)

3 LAWS launch configuration (courtesy NASA farshall Space Flight Center)
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4 LAWS configuration prior to deployment (courtesy NASA Marshall Space Flight Center)

speed to an dccuracy of +1m/s, in edach
100km % 100%km horizontal areq, with o vertical
resolution of 1 krn. As the satellite orbits the Earth, it
will scan the atmosphere underneath it in a strip
that is 1000km wide. Fig. & shows the coverage
after 13 hours of successive orbits. After 72 hours,
virtually complete coverage has been obiained
and, from then on, the wind measuremenis are
regularly updated™.

NASA has now largely established the scientific
requirements for LAWS and, since 1989, has
funded two parallel contracts to define the LAWS
instrument, to carry out preliminary design, and to
breadbeoard critical items. These pregrammes
have now been successfully completed and many
of the risk issues resolved® &}

Improvements in Weather
Forecasting

As well as improving cur understanding of the
Earth's climate system for climate change
research, a space-based wind sensor will also sig-
nificantly improve the accuracy of every-day
weather forecasts.

Scientitic studies to determine the effectiveness
of a space-based wind measurement system have
been carried out as part of NASAs LAWS pro-
gramme and for the Furopean Space Agency. The
studies have included extensive modelling of the
expected data products from a Doppler Wind
LIDAR (figs. 6 and 7). These have been fed into
Observing System Simulation Experiments
(OBSEs) which simulate the effect of a LAWS
instrument on wind measurements and weather
prediction. An example, with an explanation in the
caption, 1s shown in fig. 8, demonstrating the sig-
nificant improvement in wind measuremenis that
would arise from the use of the instruments!”’. Such
detailed knowledge of wind speeds and directions
will, in turn, improve the accuracy of weather fore-
casts.

A good example of the positive impact of a
Spaceborne Deppler Wind LIDAR is the October
1987 storm in the United Kingdom, that British
weather [orecasters unfortunately failed to predict.
Anclysis by the United Kingdom Meteorological
Office concluded that a Spaceborne Wind LIDAR
would have detected o crucial jet structure near
Newloundland which, in turn, would have led to
an accurate prediction of the storm®.

GEC REVIEW, VOL 8, NO_3, 1983
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SAT. HT. - 526 KM
INC. ANG. - 98°
NADITLANG. - 45

5 LAWS 13 hour coverage at a 525km orbit (courtesy Simpson Weather Associaies)
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6 LAWS performance profiles (courtesy Simpson Weather Associates)
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8 Theimpact of a 20J pulse energy LAWS in polar orbit on the 400 mbar zonal wind, afler 24 hours of assimilation. Areas of blue
and green denole regions of positive impact, thal is, where the assimilation of LAWS data has reduced the wind error.

Scale shows reduction in r.m.s. wind error, units are m/s.

(courtesy NASA Goddard Space Flight Center)
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LASERS FOR SPACE-BASED WIND MCNITORING

The Applied Physics Division's
LAWS Phase One Study

The Applied Physics Divisions involvemnent in
space-based wind medasurement centras around
the laser transmitter; the Applied Physics Division
(now part of GEC-Marconi’s Hirst Research
Centre) has been carrying out laser research and
development since 1963, shortly after the invention
of the laser. Lasers developed by the Applied
Physics Division include helium-neon lasers, con-
inucus wave and pulsed carbon dioxide gas
lasers, deuterium fluoride, helium-xenon and dye
lasers, as well as carbon dioxide and solid-slate
laser systems.

The Applied Physics Division was selected as a
laser transmitter sub-centracter to Lockheed
Missiles and Space Company, prime contractor for
LAWS under contract to NASA. The Delence
Research Agency (DRA), Malvern, acted as con-
sultants to the Applied Physics Division for the
study and Matra Marconi Space (UK) provided
assistance on space aspects(gj.

Selection of Laser Type

The requirements for a satellite-based laser
fransmitter for wind measurement are demand-
ing. First, the laser must be eye-safe in case any-
one on the ground should inadvertently look up at
the satellite whilst the laser is transmitting. Any
wavelength below |.4pum is therefore undesirable,
as visible and near infra-red rediction is focused
by the lens of the eye onto the retina. At the laser
pulse energy needed for wind measurement,
damage to the retina could cceur. The eye safety
consideration therefore almost certainly pracludes
the well-established Nd-YAG laser emitting at
1.06pm. Two laser types were considered for
LAWS, an erbium- or helmium-doped YAG solid-
state laser, operating around 2.1 um, and a carbon
dicxide laser, operating at 9— 10um. While the 2 L
laser otters potenticl advantages of small size and
high reliability, at present the technology is not as
mature as that for a carben diexide laser,
especially at high energy levels. Therefore, a
pulsed carbon dioxide laser, emitling ot 9.11 um,
was selected for its proven technology, eye safety,
good atmospheric transmission and high back-
scatter from agerosels.

Laser Requirements

The required velecity accuracy of +1m/s and
the vertical resolution of 1 ki lead to a pulse length
requirement of 3 — S5pm and o laser Irequency

153

stability of better than 200kHz. In order to obtain an
adequate return signal from backscottered radi-
ation, alaser pulse energy of about 10] is required.
A 10Hz pulse repetition frequency and a 10¢ pulse
lifetime is necessary to obtain full coverage
around the globe continuously for three years.
Finally, limitations on the size of solar arrays
require an overall efficiency of at least 5%.

While these performance requirements have all
been demenstrated individually in the laboratory
{with the exception of lifetime), they had not been
demonstrated in a single, compact laser suitable
[or space use, prior to the LAWS programme. Clall
the requirements, the lifetime of 10° pulses is the
most demanding. as, tc cur knowledge, the maxi-
mum demonstrated lifetime of a COg laser was
previously 2 x 107 pulses?

Introduction to COy Laser Technology

Alllasers are based on the prineiple of establish-
ing a gain medium in which radiation of a certain
frequency is amplified. Feedback is provided by
reflectors at each end of the gain medium, one of
which is made partially reflecting in order to
extract radiation {fig. 9)

A COq gas laser takes advantage of the fact that
a COg molacule has three atoms, cne carbon and
two oxygen, which are normally static relative io
sach cther, acondition referred to as 'ground-state’
COs. It the gas is electrically excited, the oxygen
atoms can vibrate relative to the carhon atoms in
several possible ways; the molecule can either
bend cr streich. Stretching can be symmetrical,
that is, both oxygen alems oscillate away from the
cenfral carbon glom at the same time, or asym-
meitrical (fig. 10)

These various vibrational modes have different
energies and are referred to as vibrational states.
The COy is excited electrically to a high energy
vibrational state, then decays by spontanscus
emission to a lower energy vibrational state, in the
precess emitting radiation at wavelengths of 9.6 or
10.6pum (fig. 11). The molecule then decays back to
the ground state, by collisional processes, As well

Refiaciod
WEVES
Lazar

I | Inversd faser mashum GIJTPUT

Ly beam
100% Partially

reflecting transmitting

Lty mirror

9 Principle of laser oscillation
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10 CO; vibrational modes

as carbon dioxide gas, nitrogen gas iz added to
assist in populating the upper vibrational state of
(C Oy, This is because of the fortunate coincidence
that the excited vibrational state of Ny has almost
exacily equal energy to the upper vibrational state
of COy. Helium is also added to help provide colli-
sional depopulation of the intermediate CO4
vibrational level back to the ground state

The earliest form of continuous wave COs lasers
used apermanent DC voltage excitation of alongi-
tudinal discharge in low pressure gas. Such an
approach is still used for lasers in industrial mark-
ing, welding and cutiing. It provides a continucus
beom that can be used for short range, ground-
based Deppler Wind LIDAR, but iz insuificiently
powerbul for a long range, space-based laser, A
pulsed electric discharge is therefore applied in a
transversely excited (TE} conliguration. The signifi-
cance of the transverse nature of the discharge is

Symmetrie:
strefching,
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|
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11 Energy level diagram of CO, laser
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that, by operating with the electric field of the dis-
charge transverse to the axis of the laser cavity,
instead of dewn the full length, high electric fields
can be obtained without excessively high volt-
ages.

A pulsed discharge gives a pulsed laser ocutput
that can be o few microseconds long with « high
peak power and energy. In turn, a high backscat-
tered signal iz obtained and, because the laser is
pulsed, range information is chtained. The wave-
length produced by the laser will normally be 86
or 10.6pm, as described above, However, any radi-
afion resultiing from decay between vibrational
states of a COg molecule can, when transmitted
through the atmosphere, be absorbed by natural
CCqin the atmosphere. While this effect is slight, a
worthwhile improvement can be obtained by
using « rare isotope 2C!80, gas instead of the
abundant isotope 2C180,. Using the rare isotope
gas gives vibrational states with slightly different
energies, leading to « shifted wavelength of
9.11lpm that has improved atmospheric
transmissicn.

Whichever type of COq gasis used, as aresult of
electron impact during the pulsed electric
discharge, some CQsq dissociates as follows:

200 = 2C0 + Oy

such dissociation is undesirable because it
leads to loss of COy and eventually a reduction in
laser output energy. More significantly, a build-up
ol oxygen can be detrimental to the uniformity of
the laser discharge, in the worst case resulting in
an arc between the electrodes rather than a glow
discharge. In the very short term, that is, between
laser pulses, the dissociation products need to be
swept away by circulating the gas using a fan. In
the longer term, the dissociaticn products must be
removed and fresh COy supplied. For industrial

Bending  Asymmetic

stratching
Vi AE={Bem !
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LASERS FOR SPACE-BASED WIND MONITORING

applicationd and in the laboratory, this is often
achieved simply by flowing fresh gas in at a slow
rate and removing old gas. For a space-based sys-
tem, heavy gas cylinders would be impractical
and a sealed laser is required. It is intended that o
catalyst be used lo recombine CO and Oy,

One approach is o use a specially developed
solid catalyst, similar to that tound in cor exhausts
but capable of operating at room iempercture.
Such a catalyst is reterred to as heterogeneous, 1o
indicate that reactions take place between a gas
and sclid. An alternative method of recombining
COand Oy, described later in this article, is homeo-
geneous, and involves purely gas phase
reactions.

A side effect of the dissociation and recombina-
tion by use of catalyst, in the case of the rare1sotope
0150, Jaser, is that the procsss allows exchange
ef 0 atoms with any residual '°0 atoms in the
system that may be absorbed on the surfaces of
solid material used to construct the laser. Such an
effect, known as isotopic scramkling, is clearly
undesirable as it would result in chemges to the
output wavelength of the laser. It is particularly
likely to occur when a solid catalyst is used, as a
majer constituent is tin oxide, SnQy, containing 60
atoms. However, processing techniques have
been developed to overcome scrambling effects.

Study of Alternative Discharge
Technologies

The following COy laser discharge technologies
were considered for LAWS:

¢ Self-Sustained. A high electric field of
10 - 15kV/em .atm is used such that ioniza-
tion balances electron attachment. Pre-ion-
ization, usually ultra-viclet radiation
generated by a corona discharge, is
required tc provide initial electrons.

s Pulser-Sustainer. A short, high voltage
pulse provides initial ionization, often
augmented by pre-ionization. A lower
voltage long pulse sustains the discharge at
around 8 — 12kV/cm .atm.

¢ e-Beam Susiained. The electric field is
maintained at o reduced value near
4kV/cm.atm to provide excitation of the
upper laser level with maximum efficiency.
The gas isionized directly by a beam of high
energy electrons, produced by an electron
gun and injected through a thin metal foil.
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Trade studies were carried out to determine the
optimum discharge technology. An e-beam
sustained laser was selected by the Applied
Fhysics Division for the following reasans.

e [Lfficiency. The e-beam sustained laser is
inherently more efficient than cther
discharge technoelogies as the laser elactric
field can be optimized independently of the
electron source. The requirement for a 5%
overall efficiency can therefore be more
easily attained.

o Pulse Shape. A computerized parametric
model was used to predict the LAWS pulse
shape and optimize cperating conditicns.
Hg. 12 shows the characteristic top-hat
pulse shape cf the e-beam sustained laser,
with a sharp cut-off that prevents confusion
over returns from cloud. This is more
suitable for LAWS applications than the
pulse shapes produced by self-sustained
and pulser-sustainer lasers, which have a
sharp peak followed by a long taril.

o Gas/Catalyst Lifetime. CO3 lasers nor-
mally use low-temperature solid catalysts to
recombine CO and Cg produced by the gas
discharge. The oxygen generation rate for
an e-beam sustained laser is effectively 10to
100 times less than for seli-sustained. The
e-beam sustained laser therefore requires
less catalyst and is ideal for long-term gas
control and reduced isotopic scrambling.

Although the e-beam sustained laser has major
advantages, it also has drawkacks which were
analysed as part of the study:

o Foillifetime. Onepotential riskareaforan
e-beam sustained laser is the lifetime of the
thin foil that separates the laser head from
the electron gun. Analysis has shown that
with conservative icil design, lifetimes of
10? pulses should be achievable.

e . : —
i 2 3

Time /s

12 Pulse shape of e-beam sustained laser
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e Rodiatiow Issues. The high voltage
claectrons produced by the electron gun
generate X-rays which could be detrimental
to other compoenents on the satellite. Analy-
sisand testresults indicate that the levels are
less than the background radiation in space
for a polar crhbit.

Concept

The above trade studies led to the sslection by
the Applied Physics Division of an e-beam sus-
tained laser for LAWS. Cther design consider-
ations are summarized below:

s [requency Chirp. Analysis of the expected
frequency stability wess carriad out by the
Applied Physics Division and compared
with experimental data from DRA . Laser
Induced Medium Perturbation (LIMP) effects
can be controlled by the correct choice of a
large cavity aperture. Plasma effects
require the current during the laser pulse to
be maintained constant to about 1%. Cavity

GunFEN

Thyratron

power supplies
HH"'\-\.

Gunswitch —

Laser PFN

(Laser high voit

power supply unit) /*

Gun high voltage.
power supply unit

Master oscillator switch

P M SCHWARZENBERGER

length effects are controllable by correct
mechanical design of the resonator

¢ [Besonagtor An unstable resonator was
selected as the buaseline concept for good
transverse mode selection from a large
aperture cavity and high efficiency.
Injection Irom another laser controls the
single longitudinagl mode of the high-power
laser.

Configuration

Alaser configuration was established (g, 13)to
provide information on laser power requirements,
weight and physical dimensions. These were then
fed into Lockheed's preliminary instrument design.

The study has led to the selection by the Applied
Physics Division of an e-beam sustainad laser for
high efficiency, good frequency contrel, low CO-
dissociation and atop-hat pulse shape, AINASAs
requirements could be met with o compact, light-
welght design. The lifetime of the eleciron trans-
mitting foil was identified as a risk area that
required further study and testing

Elsctron gun

/7 Auilliary discharge
power suoply unif
&

Laser head

Master cscillator

(PFN = Pulse forming network)

13 The Applied Physics Division’s laser transmitter configuration for LAWS
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LASERS FOR SPACE-BASED WIND MONITORING

Foil Lifetime Studies

A programme of work has recently been under-
taken to identify the optimum foil material and foil
support structure for a space-based e beam sus-
lained laser, and carry out aceelsrated foil

rork was undertaken by the

company, lollowing on from the LAWS Phase One
Study Programme.

In an e-beam sustained laser, the eleciron gun
operates at near vacuum, and the laser at between
tLyand | bear Theluser and gun are separated by a
metalicl] streng enough to mointain ogas seal but
sufficiently thin to permit eleciron tronsmission. As
each laser discharge produces a pressure pulse, it
is possible for the foil to become fatigued with
repeated laser pulsing, and then brecak, which
would result in « failure of the entire laser.

A simulator has been designed and built to
mimic the pressure pulse generated by tha |aser

petition res

bt io operate at much greater puls
guencies. The electron tramsmissions of matericis
investigated in the simulator have alse been deter-
mmed1in om e-Deam sustdined lassr, over o remoge
of eperdling voeltages. The squipment built is
shown in figs. 14 and 15.

The simulator is mounted on g powerful vibro.
tion testing machineg or ‘shaker’ that vibrates it in o
vertical direction at frequencies of up to 4kHz, As
the equipment moves upwards, so does the col-
umn of licquid contained in the upper section. The
torce required o move the liquid is provided by the
foil which is thus subiscted to an equal and oppoe-
glie reaction. This reaction constitutes the pressure
puise; Changing the height of the liquid column or

157

the density of the lguid changes the o mplitude of
the prassure pulss applied to the foil.

Initially, a very careful calibration procedure
was undertaken to provide confidence in the
representativeness of the simulation teats. It was
found that the required pressure pulse could be
accurmtely simulated up o g frequeney of 4kHz
which allows 107 pulse lifetests to be comple
just a few days,

terel A

o - id
| ifl .
‘ ‘ il
Clamp ~—
Vacuum \ Foil
chamber — "‘Hxh support
~ grid
h
|
Interface ;]— — Shaker
plate —

14 Liguid is used to simulate the laser pressure puise and
permit accelerated fatigue testing of candidate foif
materials,

15 The Applied Physics Division’s laser pressure pulse simulator
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Aluminium, titamium and titanium alloy foils of
appiopriate thicknesses for use in a laser (23, 15
and 12 5um respectively) were all lifetested using
the simulator. A permanent pressure differential of
1 bar was maintained and pressure pulses of 0.7,
Ldand 2.1 bar applied. Thesa test conditicns repre-
sent one, two and three times the real laser pres-
sure pulse, respectively.

Aluminium foils behaved variably, some foils
lasting 10% pulses, others failing at 108 pulses
(fig. 18). The variation in aluminium foil lifetime,
and the failures observed, are o be expected, as
the material is being used above its elastic limit.
The iltanium and titanium alloy foils, being used
well below their elastic limits, both survived
10% pulses at all three test pressures, with no fail-
ures whatsoever.

The simulation tests indicate that the titanium or
titanium alloy foils are preferable from the fatigue
viewpoint, as aluminium is being used above its
elastc limit. Itis highly encouraging that 10° pulse
lifetimes have been routinely demonstrated, even
at much higher pressure pulse levels than on the
real laser

However, it must be remembered that these tests
were carried out ot room temperature. Any elec-
trons not passing through the foil (about 75%) are
absorbed, resulting in foil heating. Aluminium has
a high thermal conductivity, resulting in tempera-
ture rises of only five to 10°C at a lager repetition
rate of 10Hz. Titanium has a thermal conductivity
an order of magnitude less than aluminium; also a
foil of half the thickness is used to obtain electron
tfransmission equivalent to that of aluminium
Temperature rises of 200°C are therelore possible.

s

;=2
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e E o7
EI:! v T i3 '..1. ¥
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10 10 2] 10
Puisas
Failure Nofallure

16 Results of accelerated foil fatigue tesis
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Titanium alloy is even worse with o thermal con-
ductivity one quarter that of pure titenium. At pres-
ent, therefore, pure titanium is the preferred choice
of foil. Ultimately, a clad metal consisting of a layer
of titanium alloy for strength, and aluminium for
high thermal conductivity, may prove o be the
ideal material.

Development of COj; Laser for
Spaceborne Doppler Wind LIDAR

The Applied Phyvsics Division, Hirst Research
Centre, is a member of an international team
carrying out a significant part of the European
Space Agency (ESA) programme for development
of a COq laser for Spaceborne Doppler Wind
LIDAR, with DRA as prime contractor, and CISE
SpA and Dornier GmbH as the other sub-con-
tractors. The work is being funded both by ESAs
Technology Research and Development Pro-
gramme and by 118 Earth Observation Preparatory
Programme

The systern requirements for velociiy accuracy,
data coverage and instrument liletime lead to a
laser specification of: 10] pulse energy, 10Hz
repetition frequency, a Sus pulse width, frequency
stakility of 200kHz, an efficiency of 5%, and « life-
time of 10° pulses, The eventual wavelength will
be 9.11pm, obtained with 120180, but, during the
current programme, a wovelength of 106um or
9.25um will be demonstrated using 2C160,,
because of the high cost of the rare isotope gas.

During earlier phases of the project, an 2-beam
sustained laser concept was selected, with anovel,
DRA designed; compact electron gun, The present
programme, which started in July 1991, is of three
and o half vears' duration, Experiments with exist-
ing equipment, critical component analysis, and
the laser, electron gun and resonator design, have
been carried out in the first vear; construction of
equipment commenced in the second year, and
testing is to take place in the third and final years.

The Applied Physics Division's role has been to
undertake validation experiments using an exist-
ing e-beam sustained laser, and to design a com-
pact breadboard laser, working closely with DRA
who are also designing the electron gun, and
CISE, who are designing the optical resonator, The
Applied Physics Division has procured compo-
nents and assembled the laser, and will scon inte-
grate the laser with the DRA built electron gun,
and then carry out test and analysis, including fre-
quency stability measurements and monitering of
output characteristics over a period of extended
operaticn.
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LASERS FOR SPACL-BASED WIND MONITORING

Gas Lifetime Experiments

One particularly promising area being explored
is that of homogeneous catalysisi”. DRA have
recently discovered an effect present in e-heam
sustained lasers in which the primary electron
beam from the electron gun directly ‘burng' the CO
back to COz, under correct conditions. li may
therelore be possible to dispense with a solid
catalyst altogether, with significant advantages of
no flow impedance, no particulate shedding, no
additional mass, lower cost, and elimination of iso-
topic scrambling. Even if solid catalyst is required,
# will be a very much smaller quantity thon that
needed for an equivalent self-sustained laszer,

The experimental work that the Applied Physics
Division has undertaken to date has included
modification of an existing e-beam sustained iest-
bed {fig. 17} to use representative operating para-
meters for o Spaceborne Doppler Wind LIDAR,
and carrying out lifetests of up to 107 pulses to
aeiermine the long-term effectiveness of horme-
gensous catalysis!' . Oxygen and carbon monox-
ide concentrations and discharge current = which
correlates closely with laser pulse shape — were oll
monitored throughout the test. Og and CO build up
rapidly atthe startof the first test and then reach an
equilibrium leve! because the recombination rate,
caused by the primary electron beam, increases
with CO concentration (fig. 18). There is a slight
fall-off of oxygen over the 107 pulse tun, because
of oxidation of surfaces. A seccond lifetest of
107 pulses is shown in fig. 19 in which CO was
deliberately added at the start of the run to maxi-
mize recombination and hence prevent oxygen
formation, The achievement of demonstrated 107
pulse lifetimes for o full-scale laser is notable, even
though they are two crders of magnitude less themn
the ultimate lifetime requirement It iz intended to
extend the lifetests further towards 108 pulse life-
times in the near future.

Laser Design

The cbjective of the laser development pro-
gramme is to design, construct and test a laser
creadboard with the necessary performance
parameters lor Spaceborme Doppler Wind LIDAR,
which will require no major re-design for eventual
space use, I other words, it must opercie salisfoae-
wrily and have o similar physical configuration to
the space hardware, but need not use space-
qualified components or light-weight meterials

An important part of the design approach was,
therefore, the drarmatic reduction in size of the gas
dlow loop from thet of the e-beam sustained test
laser, leading to a compact, light-weight design

158

17 The Applied Physics Division's e-beam sustained laser
tesi-bed
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19 Second 10 million pulse lifelest, with CO added at the
start of the run to prevent build-up of O,

An alality to tolerate the severe launch vipration
was also a major consideration, A cross-section of
the laser design is shown in lig, 20 The laser gas
discharge itself is formed in a volume of gas whose
square cress-section con be seen in the centre of
the diagram, between the electron gun and on
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Laser cathode/
foll structure

Foil support
struciure

Augxiliary discharge
leadthrough
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o Auxiliary discharge

elecirode

E— ———— Electangil

= Rlantrongun
nighvoltags
‘mihrouet

20 Cross-section of the Applied Physics Division's breadboard laser

electrode to which a 10 - 20kV pulse is applied (the
laser bearm is normal to the plane of the diagram)
lonizaton to sustain the discharge is provided by
elecirons from the pulsed gun, transmitted through
the foil. Either side of the discharge are ceramic
moncliths to act as discharge limiters, thermal and
flow equalizers, and acoustic attenuaters. Above
the elecirode is a ceramic insulator to isolate the
high voltage electrade. Gas is circulated around
the laser by a tangential fan aiong the full length of
the laser discharge. The gas is then ducted to an
integral heat exchanger {to remove the L2EW of
electrical energy that is not converted to laser out-
put) and then hack to the fan, resulting in a closed-
cycle systermn. The cverall size of the gas loop is a
fraction of the size of the large external ducting of
the e-beam sustained test laser. The gas envelope
coemprises a case and heat exchanger/cover, both
machined irom solid aluminium for high vacuum
integrity and rigidity under vibration (figs. 41
and 22).
Other important design {actors are:

o CGas Contaminagtion,  All materials must be
vacuum compatible, eliminating rubbers
and plastics.

e Vacuum Integrity. The gas envelope must
be helium leaktight to prevent leakage of
gas in gpace.,

21

22

i sielope

7 Electrangun

Laser case with tangential fan installed.

Integral heat exchanger/cover machined from solid
aluminium

Opto-Mechanical Stability. The laser
cavity optics must be kept parallel to within
five arc-seconds.
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23 Breadboard laser with stable resonator mount

This last consideration hasled to the designofan
external rescnator structure on which the laser
optics are mounted. Tt is vibration-iselated from the
laser itself to prevent coupling of fan vibrations
and laser pressure pulse effects to the resondtor; its
length is maintained by three low-sxpansion invar
tubes (fig. 23). The resonator structure is mounted
on an aluminium honeyeomb breadboard thet
also carries the injection and local oscillator lasers,
fold optics, and detectors.

At the time of writing, the laser has been
assembled and is currently undergoeing initial
tests.

Conclusion

A Spaceborne Doppler Wind LIDAR will have o
major impc:[ct on climate change modelling and
_____ al % n'-l:J'll-é'I r"'-"'- i T| 3 The Appliad
Division, Hirat Ressarely ( tre, has been
developing a 10tser transrmtter for thls appliccttion
lo a demanding performance and lifetime specifi-
cation. In the LAWS Phase One Study, it hcxs been

shown that the e-beam sust Jll ved lorse S Many
advaritages for bpneebome Doppler Wind LI AR,

but foil lifetime was identified as a risk areq. The
Lockheed-funded programme addressed this risk
ft] li'n:::.'_nu:—s.-;-j ¥ pulssswerg routinely

111 |

TTET, I
demaonstrated

iyl ful=] 'r"thJJ'
Hme hae |—"—"l

In the Europe

ramimie, o 100 pulse |
ad using a r"JII- il lazer omd gos phase
cortalysis. Finally, & compact, rugged e-beam 2us-
tained laser brectdboqrd has been cdesignedand is
currently being tested.
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The Cordless Office

by J.E.GOODMAN, Bse ¥ EL
GPT LIMITED

Much has been written over many years abeout
the use of cordless connectivity in the office. The
use of infra-red to link dala terminals was pro-
posed by IBM in the late 1970s and, more recently,
the replacement of the ubiquitous wired telephone
by means of radio techniques has been an intense
area of study, The question has to be asked
whether technology now provides a mobile sol-
ution attractive to the user or is there some way 1o
go?

This article explores the existing situation and
aiso looks into the future for cordless telephony -
widely regarded as one of the most important
changes in the working envirenment since the
introaduction of the word processcr.

The Marketing Case —or “‘Why do I
Need a Cordless Connection?’

Communications can be broadly divided infto
three categories: voice, videofimage and data. The
most important of these at present is volce, fol-
lowed closely by facsimile, which can be regarded
as a combination of imags and data.

Voice communication is vital becouse most
actions are initiated by people after consiceration
of information which is held either by the decision-
taker or in the mind of someone else, not in some
data bank. No doulbt this will change as machines
become more sophisticated to the point where they
can initiate actions reliakly. Until this iz possible,
people will continue to rely on volce contact lo
amass information in determining a course of
action. Personal contact is the only trusted
mechanism.

There are, however, many obstacles to direct
communications between people, especially in
the office situation, Meetings, enforced chsences
from the deskand sheer bad luck resultinup to 70%
of business calls not reaching the intended person
first time. How mcmy times have you answered d
colleague’s telephone only to have to give those
lame excuses:

‘His (o1 her) coat is here’,
‘He/she can't be far away’, or
T sure hefshe'll be back in a moment’,

ending of course with that defeatist:

Mary [ take a message or get him/her to ring you?

1 E Goodman goud
FEngincermg ! Mor

moved o Morco

Baddow to work on displays and
precessing . He jomaod whut wos ther Plessey
Telecommunications 1 1873 hosed ot Brestan
Natingham Apail fiom o poriod of leo yeois
with: Newos Qffice Syatems m Bristol, e hos
bean involved in privale swrching svsloms and
networks cver since. His mieres! i the s of
radio in the office begon in 1882 when e first

less tolophone products began o Gppasr

This is the starting point of the telephone tag syn-
drome — an endless cycle of left messagss and
missed calls — which can mean that it is several
days before contact is made. Given thisneed, why
is it that, up untl now, the use ol portable tele-
phones at the workplace has not been wide-
spread?

The answer lies in achieving the right balanes
between technological sclution and cost. In the
case of the cordlass office, a practical solution has
not previously been available and definitely not at
the right wrice.

Paging has gone some way to satistying the
need, but it does not provide full two-way spesach
which is required for business applications. Sec-
ond generation cordless telephony, however, now
sotisfies this requirement and, moreover, was
specifically designed to do so.

The Technologies

Fundamentally, cordless telephony consists cf a
portable handset which is connected by radio to a
base-station connected o an incoming telephone
line. The radio power used is very low — typically
0mW — and therefore distance is limited, even in
open space, to around 200m

Most readers will be familiar with the domestic
cordless telephone. These CT 0 models have
proved the convenience of mobility in the home.
Cordiess Telephone Generation 0 (CT0) phones
operate on eight fixed channels at arcund 1 8MHz
in the base to-handset direction, and 47 MHz in the
handset-to-base direction.,

To clarify any confusion, the more secure version
— with security coding to stop anyons else making
calls on your base station - was called CT1
However, this designation is more universally
applied to a 900MHz product specified by CEPT
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(Committee Curopean Fost and Telephone) and
used mainly in Germany.

The use of CT0 in the office is severely limited by
the number of channels and the lack of encoding of
the speech and signalling. Any other CTO tele-
phone on the same frequency will directly inter-
fere with o user, creating noise and lack of security.
These problems are overcome with later systems
such as CT2 and DECT (Digital Burcpean Cordless
Telecommunications standard). CT2 is now a
Furopean standard and is being rapidly adopted
in the world — not just for the office, but also for
Telepoint public services (described later).

DECT is ancther standard which, with CT2, is
being adopted in Europe, DECT will emerge later,
and products will be commonly available by
mid-1995, by when the two standards will jointly
satisfy requirements for cordless telephony in the
office environment,

A comparison table is shown in fig. 1 which sum-
marizes the characteristics of both standards. It is
worthwhile noting that CT2 cperates at a fre-
quency of 864 — 868MHz, whereas DECT is at the
higher frequency of 1.8GH=.

With either system, the handset must be regis-
tered on the base station before the user can make
and receive calls. Unique identities are pro-
grammed in during manufacture, so that handsets
have PIDs (portable identities) and base stations
have BIDs (base station identities). By recognition
of these identities in the signalling between
handset and base station, the correct call can be
set up

The Cordless Concept

It we look at the benetfits of cordless connectivity
to various occupations we can picture the require-
ment as a matrix (see fig. 2). There is a range of
users, varying from a requirement for very low
functiondality given by a single cordless telephone
extension, all the way through to the multi site
business, in which many users move around.
Somewhere in between is the single, but larger,
site where a number of coverage areas are
required, including small offices which may still
require high functionality and be part of a larger
network

We can illustrate this using fig. 3, where the radio
coverage is represented by the areas covered by
the ‘circles”. In any of the circles a user can be given
radio coverage; but only where numerous circles
overlap (as at top right) does the user obtain true
total coverage and maobility.

The tunctional user aspects are summerized by
fig. 4. Obvious cost benefits flow from increased
contactability.

163

e

o IRy
-

=

P

1 CT2and DECT compared (ETSI is the European
Telecommunications Standards Institule)

CT2 Applicability to the Cordless
Office

In the office environment, most people require a
telephone, but only some will have cordless
handsets. Most will be connected to the office tele-
phone system or Private Automatic Branch
Exchange (PABX). Some users will have both a
wired telephone and a handset. Tt is necessary,
therefore, to integrate the radio aspects with the
usual PABX functionality. This is generally done by
the use of separate radio controllers (called Cord-
less Concentrators by GPT) connected by several
speech and signalling paths into the main switch

Why, then, are the new cordless technologies so
sultable to both business and demestic applica-
tions? Again, looking ot tig. 1, we con see the
similarities of CT2 and DECT. The technical
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4 User benefits

attributes of CT2 that make it suitable are
apparernt.

The first reason is the number of channels avail-
able (40} so that pelentially, in ¢ given radius, 40
simultaneous users could be supported, which
would give a practical figure of well over 100 users
where each one makes average use of the
telephone.,

The second reason is that CT2 {and particularly
the Common Air Interface protocol) dynamically
allocates channels as they are required. That is to
say that the handset finds o sutteble channel on
which it can tramsmit and agrees this with the base
station, whereupen a call can be made, This elim-
inates the need for a very large Mokile Switching
Centre (MSC) which controls the channels. The
need for an MSC is one reason why cellular radio
systerns cost so much. [t also means that there isno
need for frequency planning when laying out the
cordless office coverage which, for economic
Teasons, nesds to be a short and simple exercise.

The third reason is that the burst mode trans-
mission eliminates the need for an expensive
diplexor filter at the RF front end, making cheaper
solutions for radio parts possible. This ‘ping—pong’
technique, technically known as Time Division

Duplex, means that the handset takes up 1 ms and
the base station also takes up 1 ms of the 2ms mess-
age period. The complication here is that it is much
better if all transmissions are synchronized, that is,
all transmissions from base staticons start at the
same Hme sc handsets respond at the same time,
otherwise handsets in close proximity may
interfere with each other

These three advantages therefore enable CT2 to
scrtisty the needs of the office user, No list of techni-
cal benefits would be complete without dealing
with the user, who will wish to move tfrom floor to
floor while using his or her handset.

The ability to make and receive calls at any point
depends upon the system recognizing an identity,
and its ability to track the user from location to loca-
tion - known as roaming. It is perfectly possible for
users to be registered on the system in such a way
thatthey can move from site to site. If these sites are
all part of the same private network, users con
make and receive calls at any of the locations.
Once acallis in progress, a user may wish to move
from one coverage area to ancther. Provided thert
the areds overlap, this move can be made without
dropping the call. This process is called hemdover
and is perfectly feasible with CT2 or DECT,
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The Systém Concept

The introduction of @ radic connection in the
office requires changes in the PARX. Calls must be
routed to the apprepriate radio base station com-
municating with the hemdsst. In larger systems,
polling to locate handsets must be done to ensurs
that the incoming call can be sent to the rigrh b are,
Thee last known location, as well as the normal
"home' location, needs to be stored,

In a network such as tig. 5, sophisticated inter-
node signalling needs to be employed - as in, for
sxample, a Digital Private Network Signalling Svs-
tem (DPNSE) usad for private networks in the UK.
Recards alvalid handsset identities need to be kept
1nd, as each one {5 treated as though it were o nar-
mal extensicn, they must be included in the
numbering scheme, Sophisticated interfaces such
as the ISDN standard S Interface (S /) need to be
used in order to ensure a fully-integrated signal-
ling capdbility between nodes in the system.

Provision needs to be made for an aliernative
answering peint ior situations when the handset
doesn'tanswer because the user has moved out of
ranges (ol site, or simply switchad off), Hoving ance
lost’ @ homdset, the systerm must expect 1| 1= ammive’
anywhere in the network and must therefcre be
continuously trying tolocate itunless, of course, the
uset makes a call, thereby telling the nerwork

whare heor she ig,

5 Cordless working in a private network

I E GOODMAN

User Benelfits

The principal benefit to the user is increased
contactability. There is the freedom that comes
from knowing vou won't miss « call simply
because you are not in earshot of the telephone
Cordless communications will change the work-
ing habits of a lifetime. It is now possible to pick up
a cordless handset and walk to the task in hand or
towards the person vou wish to see. Secretaries
and recepticnists are no longer chained to one
location, and the pattern of work will change to
reflect this new-{ound freedom. Other benefits
referred tc earlier in fig. 4 can be seen to relate o
the occupations illustrated in fig. B.

Experience bears this out. In early field trials,
pecple soon found the ability to move arcund the
office while in conversation with a caller was a
considerable advantage. Mobility not only makes
cemmunication more flexible but also more per-
sonal and, hence, of a higher quality. Some users
found that to be abie to walk across the room while
talking and asking questions provided a much
better perscnal service than the hold-and-enquiry
facility provided by conventional PABX services.
The off-hook telephone lying on top of a vacant
desk quickly becomes a thing of the past,
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6 Use of cordless telephony in the workplace

Below ¢re some examples of use

* A person working in a confined location,
such as a dentist, can answer the telephone
anywhere in the surgery, or be handed the
portable phone by the receptionist should
the call be urgent

* Cordlessness in schools overcomes the
problem of directing calis to teachers as they
move Irom class to class. It alse does away
with the need to provide static telephones,
which may be stolen or vandalized.

* In the factory environment, the role of the
production manager may extend to several
areas of the plant, Equipped with a cordless
handset, he orshe can go cnywhere and still
be reached when the need arises,

*+ The ireedom to move aboutl the office
considerably improves the effectiveness of
critical business activities and enhances all
aspects of customer relations. The cordless
PABX is, without a doubt, very good lor
business,

User requirements make other demands on the
system and terminal, The mobility of users within
private networks has required that special

attention be paid to the user interface with PABX
services. As handsets become personal ilems,
users will demand that the same interface be pres-
ented, regardless of the host PABX. Similarly, the
multiple applications nature of the cordless
handset requires that handsets have common
interfaces between public Telepcint and PARX
applications.

There are of course times when users, or the
people around them, may not wish to be disturbed:
in this case they always have the ability to switch
off the unit.

Radio Propagation in the Office

One of the major problems facing the devel-
opers of cordless PABX products is achieving
integration of the cordless elements (radio fixed
parts) inte the overall architecture of the PARY. For
the very small, single-cell, cordless PABX this is
relatively simple, as the radie fixed part and
antenna may be collocated within the PARBY
central unit.

Larger systems that need to encompass large
areas or higher traffic volumes require multiple,
strategically-located antenna systams and radio
fixed parts to achieve the necessary service
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charaetensties, However, large PABXe are typi
wrally hidderyin |'-:T-"l' reoms and bassments, along
with nistwork connection aoparatus. A the arehi-
tectural convenience of collacation cannot be
achieved, designers of integrated cordless PARY
systems rely on digital connection and signalling
methods to allow tha PARX lo control the cperation
of the radio fixed part properly.

[tis interesting to note thatthis is one applocation
thal benefits frem the needs for [SDN-lke signal
ling and access protocols. In order to integrate the
cordless facilities closely into the operation of the
PABX, while supporting user mobility patterns
across several radio coverage areas, a high-speed
fransmission system is required which is capable
ot handling sophisticated control address SiTi e
logistical signalling. GFT's experience in DASS
DPNES, IPNS and the Q931—based protocols is
invaluable in providing a suitably-integrated
product affering.

The basic elements of radio propagation cannot
be ignored. In order to encourage re-use of fre-
quencies, the effective range of the radio is limited
by restricting the power provided to the aerial, In
the case of CTZ, this is 10mw. Although this would
give a distance of over 200 metres in an open
space, most oifices have obstacles such as walls
anc cooinets which abserb or reflect the slanal,

Planireng for deple yroen | must o e, 1m well
15 the freeditional _r1_1|_|||| path elfec
o .
ctilear loootiog ia ':n_'r d by
{erence effects. Flg. 7 shows the
Rayleigh Fading (Probability Distribunon Funec-
tion) diagram. The vertical axis gives the probabil-

watad by

=171 -'I""‘-11=.'.1. I .

“Tha i

.'l:'.l”lr.-:_r._; ints

Ity of a particular value of the signal strangth,
which is shewn on lhe horleontal axis and is ner
mirlizedt o be unity at the point of mmomum pob-
ibility. As an example we may examine the fade

margin relative to unity signal strength. If we
choose a fade margin of 10dB, the chances of

Probatility density

n_ : . -
Normaized relative signal amplititude.

7 Rayleigh fading probability distribution function

L E.GOODMAN

[elling Within that margin are 93%. Conversely, if

we wish to have a better thon 99% chones of bein 1
within e particular margin, we must use o fade
margin of 18.9dB

To understand further the planning of cordless
PABXs for deplovment in the workplace, it is
necessary to realize that the environment deesn't
just change as a short-term dynamic, but can
change after installation on a long-term basis. A
filing cabinet, or screen, or other piece of office
urniture introduced into the environment may
chatige the pattern of propagation on a DETITI-
nent basis. This sometimes causes losses nearer o
4th order, as in fig. 8.

Nevertheless, it is possible to droaw up a simple
set of rules which satisties most environments,
although more sophisticated planning methods
are needed for very complex buildings. It may be
necessary to revisit installations from time-to-time,
buta coverage survey can, of course, be included
in the annual maintenance contract,

An experiment looking at the effect on propaga-
tion of furnishing a previously empty office build-
ing best illustrates the problems of installation
performance guarantees. An initial cropagation
study conducted whilsl the office was empty
showed extremely good propagation characteris-
tics, achieving better than free-space propagation
as a result of the unobstructed tunnelling effect of
the office construction. A similar propagation
study carried cul after the office block had been
furnished showed a marked attenuation in signel
as signal absorption and the Interference eftects of
reflections increaszed.

However, compensation for different environ-
ments can be made by the use of different aerial
types. lllustrated diagrammatically in fig. 9 are
soms ¢l the possible aerial radiation patterns.
These, of courss, are mars shapaly and three-d
men51onc11 in practice, but enable coverage to be
tailored to the shape of the room and to suit the
available mounting positions.
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9 Aerial radiation patterns

Security

There are several aspects which come under
this heading. First, there is the ability to make calls
on a system to which the handset should not have
access. Thisis avoided by the need {or the registra-
tien process during which time a handset is auth-
crized to use the system. This, of coursze, is
particularly pertinent to the domestic situation, Tt
could prove very expensive i a private telephone
were to be used by anyene with a compatible
handset.

Second, there is the chance ol being overheard -
avery comon problem with CT0. This is elimin-
ated on CTZ and DECT as channel allocation is
dynamic, and therefore channels already in use
will be automatically aveided. Even the use of a
radio receiver tuned to the same frequency will be
baifled by the encoding system.

Benefits to the Business

The benetits of cordless telephony do not necess-
arily all apply directly to the handset user.
Customers benefit because calls reach their

intended recipienis at the first attempt. The com-
pany benetits because there is no need to return
calls, for which it has to pay. Tramsactions are
cuicker, and the efficiency and productivity of both
customer ang supplier of goods and services is
improved.

That awkward proeblem of moving people
around on a large site is solved by giving them a
cordless handset. Staff no longer have o be left
stranded without a phone while waiting for one to
be installed. Furthermore, impertant business visi-
tors to a site can be provided with a handset for the
duration of their stay.

Telepoint

This is best visualized us a complementary ser-
vice to the cordless office and, for that matter, to the
use of the handset at home. The service enables
users to make calls at convenisnt points distributed
around the country in such o way that most com-
monly-used areas are well covered, and those
with light use, less so.

The practical range of CT2 outdoors is around
2001, so a suitably-registered handset can make
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calls easily in the vicinity of banks, restaurant
chains, petrol filling stations, railway and bus sta-
tions, and major stores, which will all eventually
be equipped with a Telepeint base station. This
means that a business or private user will event-
ucally be able to make calls easily at convenient
points on his journey to and from business appoint-
rments or the office.

In other areas, service is not as easy to chiain,
but once a user establishes o knowledge of avail-
able service points, then it becomes easier to judge
from where to make calls. In city centres, users can
use handsets almost anywhere: selectively in
small towns, and on motorways by stopping at ser-
vice stations. Telepoint is not generally a two-way
service, so that one cannot usually receive calls —
but there are exceptions. Some operaters offer a
feature by which the user can register that he/she
is atone location and, provided they remain there,
the system can route incoming calls to them

The Future Developments

The move towards mobility at work will continue
because of increasing pressure to provide quality
customer service {fig. 10). Furthermore, some tasks
will change on the agssumption that the person
doing the job is more mokile. Technology will pro-
vide ever smaller handsets (the current size may
be seeninfig. 11} until only the physical limitations
of keyboard size and earpiece remain. After all,
until voice recognition replaces the keypad, most
of us will prefer to push buitcns with our fingers,
and the earpiecce demands a certain size to
repraduce enough sound.

10 A GPT 2000 cordless handset in use in the workplace

1. E GOODMAN

The cordless handset of the future, therelere, is
likely to be flat and twice the size of our average
credit card. For office applications, it will still
require a good display and feature buttons. But
outside the office, a very limited function product
will be sufficient to keep people in touch. Most
probably 1t will be registered on a number of sys-
tems giving coverage in the office, home and
street, as well as fitting into the car adapter for
access to the cellular networks when on the move
GPT products for the office fit into the matrix in
fig. 12,

Unfortunately, the radio spectrum is a limited
resource and is only expanded by moving to
higher frequencies and new coding techniques
This means that, for many years to come, ditterent
transmission techniques will continue to co-exist
cnd the factors determining their use will continue
to be availability and cost.

L)~

11 An operative conducis the final test on a batch of
GPT 2000 handsels and chargers.
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12 Cordless GPT products for the office
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Chain Home Radar — A Personal Reminiscence

by M ] B SCANLAN, BSc ARCS

Formerly at GEC-Marconi Research Centre

This paper was written to celebrate 50 years in
radar. It was begun in October 1992, fifty years
after my first awed, ignorant and bewildered intre-
duction to my first radar (an 'A’ CH station at New-
church in Kent) and finished in the spring of 1893,
fifty vears after my first real radar job as S T.O. (sta-
tion technical officer) at Ottercops Moss in North-
umberland, an East Coast CH station. My position
was immensely privileged, since after a degree in
physics I was commissioned directly into the RAT
VR: in even the lowest commissioned rank, [ had
relatively easy access to all classilied documents,
could mix easily with calibration and quarterly
overhaul parties and learn on equal terms from the
WAAT officer supervisors, who were highly skilled
and experienced in CH operations

There are good technical accounts of CH radar
in the literature, but this paper attempts to give o
broader picture, based on personal recollections
as well as the technical accounts already noted.
CH operation at Cttercops Mass in 1843 cannot
have been as hectic or as important as cperctions
at a South Coast station in 1940, yet the stations
were virtually identical technically, and the modus
operandi cannot have changed much either.
Therefore itis hoped that this broad-brush account
of CH radar will have some interest and value: ina
relatively few years, there will be no oneleftto give
a first-hand account.

This paper deals with only one aspect, albeit the
most interesting technically and important oper-
ationally, of the complete CH (Chain Home) sys-
tem. The East Coast stations described here were
the first to be built and covered the south and east
coasts from the Isle of Wight to the Orkneys, with
the greatest concentration in 8.E. England and the
Thames estuary: with their massive free-standing
steel towers and their gigantic, complex and hor-
ribly inefficient transmitters, they convey some-
thing of the urgency underlying their building. For
the rest of the country, the same coverage was
achieved by the West Coast stations, with much
simpler guyed towers and a smaller, simpler and
more efficient transmitter. Small gaps in the cover-
age were finally filled in by atew "A’ (cquxiliary) CH
stetions such as that at Newchurch: this design
was similar to that of the mokile stations, one of
which, allegedly left behind in France alter the
Dunkirk evacuation, supposedly led the enemy to

Altar greduaiing i Physics from Imperial
Colicge London M ] B Scanlan served four
yoars in tha RAF radar branch, working on
decaman ie and centmelne radars m the UK
and the Far Eas! He joined the Moicom
Company in 1952, and ron the Applied Physics
Group in whe! is now the GEC-Marcon
Research Centre from 1963 lo 1982 warking on a
great vanety of systems sub-systams and
componens Ho began editing the Marean:
Review in 1878 ond became the first editar of
the GEC Journal of Resecrch i 1985 and of the
GEC Review m 1985 He retired from full time
employment in 1986

believe that he had nothing to fear from British
radar.

These CH stations, all working on a wavelength
ofabout 10 metrez (30 MHz), were supplemented by
CHL (Chain Home Lowilying) stations, which,
working at 200 MHz and often’sited on cliffs or
towers, ollset the one great wedakness of the 10m
stations, that is, the lack of low cover. There wers
also GCI {Ground Centrol Interception) stations,
rather similar technically to CHL, but sited inland
and designed for the direction of night fighters.

All these ground stations were controlled
administratively by Wings which were more cor
less coterminous with the fighter groups to which
the staticns reported. Each radar station was
autonomous on a dav-to-day basis, but Wing H.Q.
provided technical services (calibration, quarterly
cverhauls, etc.) and administrative back-up with
such things as pay and personnel services. The
whole country was covered by about eight Wings,
which in turn reperted to the H.GQ 80 Group at
Leighton Buzzard, At Ottercops Moss, we reported
administratively to HQ., 73 Wing, which was then
at Malton in Yorkshire, and later at Bosten Spa.
Operationally, we reported to the 13 Group Filter
Room at Newcastle.

The Daventry Experiment

The so-called ‘Daveniry experiment’, cn 26th
February, 1935, has attained the status of folk-lore
in British radar history. In the experiment, carried
out at Weedon, 6km SE of Daventry, an RAF
bomber at a height of 1800m flew down the radic
beam of the BBC transmitier at Daventry: the trans-
mitter frequency was S0MHz, and the wavalength
therefore comparable with the size of the aircratt.
At Weedon, two parallel horizontal wire aerials
were erected perpendicular to the beam, and
phased tegether so that the direct signal from the
transmitter was almost cancelled out. The small
residual signal was received, demodulated and
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1 The sceneis an artisl's impression of radar pioneers Wilkins and Watson-Watt about to perform their historic experiment on

26th February 1935.

applied to the Y-plates of a cathode ray tube (CRT).
which was itsell g rare instrument at the time. The
passage of the aircraft modified the signals to the
two aerials, causing the CRT spot to move,

The experiment at Weedon, which tock less than
24 hours Irom arrival on site, is portrayed in fig, 1.
A, P Wilkins was one of the four men present, and
{one suspects) the architect of the experiment, the
other three being A P Rowe, B, Watson-Watt (both
higher-ranking than Wilking) and the driver of the
grandiloguently-titled travelling laboratory in
which the receiver and its display were housed.
The scattered signal was detectable even when
the aircraft was more than 12km distant, a result
which was taken to be very satistactory.

This account of the Weedon (or Daventry) experi-
ment is bazsed on a little-publicized account by
Neale'!, who in turn got it first-hand from Wilking
many yearsafter the event. It was Wilkins who had
done the calculations which showed, first, that the
idea of a radic 'death-ray’ (that is, a ray which
would disable or destroy an aircraft) was impracti-
cable, and, second, that the detection of aircraft by
some radio-based system might be possible, The
Weedon experiment was designed to verify this
second set of calculations: unfortunately, there
appears to be no record of the calculations
themselves,

By 1935, of course, there was abundant evidence
that unseen objects scattered incident radic waves
sufficiently to be detected. In his initial work on
radio waves in the 1880s, Hertz had shown that
they were subjecttoreflection, refraction and inter-
ference, just as light was. In a speech in 1922,
Marconi commented that:

(courtesy Marconi Radar Syslems)

‘Il have noticed the effects of reflection ofthese waves
by metallic objects miles away’,

and went on to suggest that a ship, suitably
aquipped, could detect the presence and bearing
of other ships. Meoreover, in the 1920s, the presence
and height of the E and F-layers of the ionosphere
had been detected and measured by radio tech-
nigues closely analogous to radar. It may ke of
interest to note that the height of the E-layer is
100k, while the F-layer shows a maximum in the
rcnge 200 - 400km. Thus the range of the E-layer
corresponds roughly to the minimum radar range
useful for early warning (giving 20 — 30 minutes
warning of the approaching aircraft atthe cruising
speeds of the 1930s), while 200 - 400km is the maxi-
mum range which might be expected, allowing for
the curvature of the Earth, and depending on the
height of the aircraft,

All these facts, and others leading to the same
conclusion, were weil known in 1935. Why then
was the experiment needed? Perhaps to convince
some burecucrat who held the purse-strings?
Neale suggests that the experiment was needed to
verify Wilkins' calculations, which, despite the
ionospheric work and the rather casual comments
ol Marceoni, were the only quantitative estimates of
what might be possible.

For whatever reason, the experiment was car-
ried out - after all, it cannot have been costly — and
the results were received euphorically — Watson-
Wertt 1= said to have remarked that Great Britain
had once more beceme an island!

The euphoria is difficult to understand, unless
the results indicated a far greater range than the
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12km actually recorded, at which range the target
aircraft pvrobably cleared the bhottom of the
Daventry beam. The aircratt would then have
been at 18km from Daventry, at an angle of elev-
ation of 5 or 6 degrees: the Daventry beam was at
10% elevation, according to Neale, but
Baker@suggests that such beams were at 15° elev-
ation. The signal-to-noise ratic as the aircraft flew
through the peak of the beam was the key result,
and must have suggested that the maximum
range would be well beyond 12km. The minimum
useful range for an air defence system could be set
at, say, 120km, giving 24 minutes” warning of air-
craft approaching at 300kmh . The radar equa-
Hon, as such, did not appear untl about 1941, hut
Wilking caleulations must have shown an R term
where [1 is the range to the target, (the transrnitter
flux fells off as B2, and the scattered power from
the target also falls off as B2 on its way back to the
receiver). If the maximum range in the experiment
had been only 12km, an insurmountable gap of 104
would have remdained between what had been
achieved {12km range) and the minimum useful
range of 120km. [t rmust be assumed that the experi-
ment promised o range of, say, S0km: this would
leave a gap of about 40 times, which it would have
been reascnable to expect to {ill after some devel-
opmment.

Even supposing the maximum range problem to
have been solved by the results, there remained
the formidable hurdle that what had been
achieved was merely detection, without any hint
of how the position or height of an uncooperative
aircraft might be found. (In the experiment, the
position of the aircraft at any time was known only
from the pilot's dead-reckoning). It is not known
whether there were already ideas on how the
location and height problems might be solved.
What is known is that enormous sums of money
were immediately granted to cover the develop-
ment of RD.F', or radio directien finding, under a
Most Secret’ classification. The title was meant to
conceal the fact that it also, and for the first time,
covered the location of uncooperative targets.

The Roots of CH Radar

Asrecounted in Baker’s book!? to which this sec-
tion is greatly indebted, two developments in radio
(or wireless, to use the contempeorary name; in the
early 1920s had profound and unforeseen effects
many years later. The first of these was broadeast-
ing, which led to the growth of radio shops to main-
tain and repair domestic sets, and to large
numbers of amateurs who could build, operate
and maintain their own receivers, and even

transmitters. This created a civilian peol of skilled
radio cperators and mechanics, besides those
already in the armed services, The Marconi Com-
pany was prominent in this development, and the
first broadcast station in the UK was the Marconi
station 2 MT, transmitting from a wooden hut at
Writtle, As Baker™® recounis, 2 MT was allowed, by
a grudging and belated licence, to transmilt lor half
cn hour per week {on Tussdays, 8-8.30p.m.) with
maximum power of 250W.

The second, mare important, development was
the use of short waves for long-rangs communica-
tion. It was believed at this time (¢ 1920) that the
way tolong range in a wireless link was to use high
power and long waves. Indeed, Marconi’s Wire-
less Telegraph Company (abbreviated to
MW.T Co,, atitle which lasted until 1953 - here we
shall use Marconi) had entered into contracts with
the governments of Australia and South Africa to
build long-wave high-power staiions for com-
munications with the UK. the UK government
dithered, being unwilling for such a powerful tool
to be in private hands. (As Colonicl Secretary,
Winston Churchill had o hand in these negoti-
ctions). As an indication of the techneology at the
time, the Australian station was to be of IMW
power, and the aerial would be supported on 20
steel masts, each 240m high.

However, in 1923, Marconi himself began a
geries of experiments between short-wave trans-
mitters at Poldhu in Cornwall and his vacht ‘Elet-
tra’. The term ‘short wave’ here is relative: the
initial tests were on a wavelength of 97m, and
further experiments were on wavelengths of 972, 60,
47 and 32m. The conclusion of these tests was that
over long distances, the shorter the wavelength,
the greater the range. Accordingly, Marconi'’s pro-
posed a short wave beam system to the govern-
ments involved. These proposals were accepted
readily by Australia, South Africa and Canada,
cand somewhat grudgingly in July 1924 by the UKL
The UK contract was so severe in its terms that Mar-
coni made ne profitfrom it: the Company was chvi-
ously run by risk-taking engineers rather than by
lawyers or accountants. The work was technically,
if not financially, successful and links were opened
to Canada in 1926, and to Australia, South Africa
and India in 1927, At the end of that year, traffic
over the four routes averaged over 100000 words
per day, that is, about two and a half issues of the
GEC Review.

The Daventry transmiltter was, of course, adirect
descendant of these short wave beam stations,
and the CH system itself incorporated many fea-
tures first seen there. Thus Frankiin invented
coaxial cable as a means of distributing power o
his beam arrays: in CH, it was used to carry the
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receiver signals oyer 100m or so from the tops ot the
receiver towers to the receiver itself. Another
innovation was the cooled anode transmitter
(CAT)valve, in which the anode of the transmitter
valve was o massive water-cooled copper block
This was needed to overcome deficiencies in the
glass in valves with glass envelopes: under the
influence of heat, high voltages and high EF
power, some glass-to-metal seals developed lecks.
(An allernative sclution, adopted by the British
Admiralty, was to use silica envelopes, despite the
difficulty of working this material),

Another 1920s innovation by Marconi which car-
ried over directly into CH was the use of a gonio-
meter (literally, angle measurer) for directicn
finding. In 1922, Marconi introduced an airborne
direction finder, the Type 14 ADF, in which two
large orthogonal coils, one running up and down
the fuseiage of an aircraft, the other across the
wings, were connecied via o gonlometer to
receiver. By tuning in to various radio stations,
becrings on them could be taken, and the position
of the adreraft established. The goniometer was the
key compenent, since it allowed the use of large
colls fixed to the framework of the aircraft. Previ-
ously, directien-finding (D/F) stations on the
ground used the aircraft’s signals to fix its position,
wlhich was then radioed to it

[t is clear that well before 1930 many of the key
parts of the CH aystem were in routine use. By 1935,
when the query arose after the Davenry experi-
ment where togo from here?’, it must have seemed
nertural end sale te develop a system of which so
many compenents weres familiar and well-proven
The time-scale was so tight that the less the devel-
opment needed, the better.

Technical Outline of CH Stations

Neale's paper™, published in 1985 under the edi-
torship of the present quthor o celebrate the fiftieth
anniversary of the birth of British radar (that is, the
Deaventry experiment), is by far the best overall
technical account of a CH station, and should cer-
tarinly be read, if possible, by thoge interested. Here
only a much shorter account is given; if this leads
readers to Neale's account (which may not be eas-
ily accessible to some), so much the better. Techni-
cal accounts of the transmitter” and receiver!™
have been given in post-war papers by the
developers of these components.

The most striking features of an East Coast CH
station were the towers: three steel towers, each
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2 Eastcoastlype of Chain Home aerials. 3607t (110 metre)
steel towers at lelt for transmitting. 2401t (73 metra}
wooden receiver towers al right.

3 A CH transmitter tower, formerly localed on the Essex
coast at Canewdon, now at the GEC-Marconi Research
Centre, Great Baddow.

110m high and with three cantilevered platforms
on each side (fig. 2) carried the transmitter arrays?,
while four 73m wooden towers carried the
receiving arrays. The two sets of towers were

T One ol these transmilter towers, perhaps the last to survive, can be seen al the MRT sile ai Greal Baddow and is shown in fig, 3
Iiwas ariginally mstalled o Comewdon in Zzsex, one of the earliest CH stations, and was transferred to its sresent site in 1958 when

the Canewdaon stalion was demolished The tower is therelore about 55 years old
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perhaps 300m apurt, and each group had a low
building, surrounded by an earth-banked anti-
blast wall, nsar the foot of the tawers and housing
the two lransmitters, In the one dase, and the twa
receivers and the operations rocm in the other. By
comparison: with the lowers, the buildings were
incongpicuous and bomb-proof, except for o direct
hit. Even the towers, with their lattice construction,
were difficult to damage by bombing or gun-fire
from the air.

The twe transmitter arrays comprised a main
array (eight horizontal dipoles stacked vertically at
A2 intervals to give a mean height of 65.5m) and a
gap-tilling arrey of four dipoles at a mean height of
29m: each dipole was backed by a reflector. The
power from either transmitter could be switched to
either array, and between the main arrays and the
gap-filler in either case. The complete transmitter
array system is shown in fig. 4, based on Neale's
fig. 3.

The receiving aerial systems were three in
numkber, denoted ‘A", 'B' & 'C’ (tig. 5, based on
Necle’s fig. 8). The ‘A’ system, at a mean height of
66m, consisted of two pairs of crossed dipoles, with
two pairs of 'sense’ dipoles: the B’ system, at a
mean height of 31m, was similar, but the 'C’ sys-
tem, at a mecm height of 13.7m, had oniy a pair of
stacked dipoles with fixed reflectors.

In the horizontal plane, the transmitter beam
was 100° wide, centred on the so-called 'line of
shoot'. In the vertical plane the coverage was
determined by the ground reflection pattern. As
the lowlisst CH operator scon learnt, an array of
dipcles at a mean height of h feet gives a ground
retlection pattern, with afirst lobe at 474/h°, A being
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4 a) CH transmitter array, and b) stub switching
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the wavelength in metres, a gap at 954/h°, o sec-
ond lobe at 141 A/h° and so on. These formulce, and
their proot, were a standard part of a CH operator's
trade test, by which she (operators were usually
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WA ATs) might progress in pay and prospects. The
phencmenon involved is exactly analegous to
Lloyd's mirror in optics. In purely metric terms (h
and A in metres), the first lobe 1s at 14.34/h°, the tirst
gap at 28.6A/h", and the second lobe at 42 94/h°. As
applied to CH, A taken to be 10m, the formulae give
lobes at2.2°and 6,6 with agap at 4.4°, for the main
transmitter array and the "A' receiving system. For
the gapfiller array and the B’ receiving syslerm,
there are lebes at 4.9% and 14.7°, and a gap ot 9.89,
This pattern of lobes and gaps forms the vertical
polar diagram (VPD.) as shown in fig. 6, which is
reproduced from Neale's fig. 6. Of course, thisis o
thecretical diagram, and assumes that the reflect
ing ground in front of the arrays is flat, smooth and
highly conducting. If these conditions are not met
{as they never are completely), then calibration
will be needed, and was in lact always carried out,
howeaver good the site might appear to be. Further
discussion of the VPD. will be deferred until the
operating procedure of the station is described
Incidentally, Neale's assertion that the pre-war sit-
ing instructions laid down that chosen sites must
not ‘gravely interters with grouse-shooting’ is, [
think, apocryphal: at least two thirds of the 22 East
Coast stations, and all the most important stations
operationally, were well away from traditional
grouse-shooting areas.

The East Ceast CH transmitier, type T.3026, hos
been fully described by iis designers'¥, and more
briefly by Neale!®. The tremsmitter hall contained
two transmitters, each consisting of two large cakbi-
nets and a control console fig. 7. The transmitters,
although based on a design for a short-wave
beam transmitier, needed extensive modification
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for radar purposes: in particular, in order to gener-
aie o well-shaped pulse, the transmitter must be
turned on and ofl quickly at the required tirmes, and
the power radiated between pulses must be low
when compared with the receiver sensitivity
These were formidable and unfamilicr problems
at the iime

several features of these transritiers are worthy
of special note. The RE power was generated in a
master oscillator at hall the operating irequency,
then amplified and deubled in frequency in a
driver stage, then amplified to full power by o pair
of tetrodes in push-pull. The driver and the twe out-
put valves were water-cooled and demountable,
continuously evacuated by oil-vapour vacuum
pumps, backed by mechanical rotary pumps
These three valves were CATs (cooled anode
transmitter), the anodes being so heavy as to
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6 Typical theoretical CH performance represented by a vertical polar diagram (V.F.D.)
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require a cnain dnd pulley for lifting. The purpoge
ol this elaberats cooling, pumplng and lifting SYE-
temn was to allow the valve filament to be replaced.
The filament began life as a thick (5mm hair [in
ol thorialed tungzten, 3em long, and ended it life
when it became so thin as to fracture under the
inevitable vibration. The power consumsd by
thes= filaments was enormopus; 2.6kW for the
driver, 5.5kW for each output valve. Since even the
standby transmitter ran with its filaments hot, the
total filament power for the six main valves alone
was over 27kW, as compared with the mean RF
power output of abeut 200W (25 pulses per second,
16us pulse width and a peak RF power of 500kW).
When all the other power supplies are added in,
together with power for vacuum pumps, water
pumps and klowsrs, it will be appreciated that the
overall efficiency (that is, the ratio of mean RF cut-
put to mains input power) was only about 0.5%.

Replacing a filament was a lengthy and error-
fraught precedure, which | went through cnly
once: fortunately, my C.0. at the time was an
experienced TH enginesn who had done this job
betore. The valve was allowed to cocl, the puImps
switched oft and the anadelifted againstits weight
and the atmespheric presaurs acting on it. With the
anode remaeved, the screen and control gridscould
also be removed and the new filament bolted in
place: finclly, the grids and anode were replaced
and the vacuum pumps restarted. Absolute
cleanliness was essential, since the grease from o
single finger mark would delay final evacuation
for hours, besides leading to the suspicion of a leck:
the preferred cleaning agent was ether. The final
vacuurn sedl was between machined metal sur-
faces, and the anode muat be |oweared exdcty in
Piace and aquars 1o s mating surface: needlessto
say, any grit or lint betwesn these surlaces was
latal to any hopes of an adequate vacuum. Then
ring of "Apiezon’ (the name conceals a nect Greek
pun) was added around the anode base seal, the
filament and grids ‘conditioned’ by heating to high
temperaturss, and the valve was ance mors ready
to run. Considerlng the novelty and complexity of
the vacuum systerms (mest vacuum pumps up to
and including the 1930s used mercury vapour), the
successiul replacement of o filament was someth-
ing of a triumph: fortunately, it was not somsthing
te e carried out every weekor menth.

The CH receiver was comparatively orthodosx,
apart from its bandwidth: however, the recsiver
cabinet, perhaps 2m high by 2m wide by a metre
deep, also contained all the timing and time-base
circuits, the CRO and its power supplies, and the
goniometer and range switches. It progressed
through various stages of morsasing complexity,
i 1943, the current versions were the R.F B, A7
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and 8(R.IF. stood for ‘receiver fixed’, as distinet from
airborne). The circuitry {all thermionic, of course)
was arranged on shallow trays, valves above and
other components below; the trays were attached
to front panels, which might carry switches, meters
and controls, and which were attached by their
vertical edges to the uprights of the receiver frame.
Viewed from the front, these panels formed an
unbroken surface. The display, a 33cm oscillo-
scope tube, protruded at the left, with its face per-
hape a metre from the Hloor, and sloping at 30° to
the horizontal. Thus, the seated observer viewed
the tube squarely, with the gonio knob o her left
hand and the range knob to her right, Various con-
trols, for example, for switching the transmitter
from main beam to gap-filler, or for switching the
gonio from direction-finding to height-finding,
wersoperated by push-buttons within easy reach
Also within reach were the bandwidih switsh
(three bandwidths were available, 500kHz, 200kHz
and 50kHz, to conform to the pulse-width in use)
and the receiver tuning controls (all three of the RF
stages were tunable and the tuning was checked
frequently). Since the display CRT was electro-
static, it was relatively easy (atleast by comparison
with a magnetically-deflected display) to have a
very linear and easily-expandable time-base. This
was important, especially with manual plotting,
when the ime-base was aligned as well as poss-
ible with a linear scale; from which the operater
read off the range of the target.

The time-base was calibrated with range
markersgenerated from a 9.3kHz erystal ascillator,
which gave marker pips at 10 mile (16km) inter-
vals. Range accuracy was of considerable import-
ance in the CH system, since despite the
undoubted skiil§ of the cperators, bearing accu-
racy was unreliable on very small echoes at
extreme range. However, if the same target was
picked up by two or more stations, the filter room
could often take a 'range cut’ on the various plots
and so establish the position of the target with
some accuracy. In any case, of course, early warn-
g was mors important than sxireme QoCUTaTy:
the accuracy of pesition-finding, even from a
single staton, wrould mprove o2 the larget grew
cloger and the slgnal strangth ncreased.

The signals received on the dipole arrays dat the
top of the tower were fed, via ot least 100m of
coaxial cable, to the staters of the goniometer,
picked up by the rotor and transferrad vig slip-
rings to the receiver input: inevitably there were
severe losses along this path, losses which might
seem at Hrst sight o invalidate the whole system.
However, the loss in signal-te-naise ratio would be
much lower, because of the very high level of
galactic nolise present at 30 MHz. Assuming a
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galactic level of, say, 3000K at 30MHz and «
receiver noise factor of 3dB (= 300K), then a signal-
to-noise ratio of ten, say, at the dipoles will be meain-
tained through the cable and the gonic, but the
levels of both signal and neise will have been
reduced by the losses of, say, 10<4B. The lotad noise
at the receiver will be 600K, and the signal will be
one tenth of its level at the dipoles: the signal-to-
noize ratic through the receiver is now five, thatis,
¢t loss of 10dB has enly reduced the signal-to-noise
ratic by 3dB (rom ten to five).

The very rapid increase in galactic noise with
increasing wavelength, especially as the wave-
length exceeds one melre, lavours the lower fre-
guencies, when there are severe losses between
aerial and receiver, and may have been one rea-
son for choosing 30MHz, «s compared, say, with
B0MIHz, the frequency of the Daventry experiment,
In any microwave radar system, a loss of 10dB
between the antenna terminals and the receiver
input would ke catastrophic, and every effort
would be made to avoid losses of even « fraction of
a dB

The receiver room of a CH station was also the
operations room, where the raw data measured by
the CRT operator were converied into the positicn
and height of the target. The raw data consisted of
the range, and two genio readings, cne for bear-
ing, the second for height. These were converted
into position and height either manually or by an
electro-mechanical calculator, the so-called ‘fruit
machine’, which was based on banks of uni-selec-
tor switches, as found in Strowger telephone
exchanges. These machines were cared for by
ex GPO personnel, usually sergeants in the HAT;
these gentlemen were a law unio themselves who
looked down on the ordinary RAF mechanic and
were in turn treated with great deference by sta-
tion technical officers, nominally their superiors.
Of course, both the manual pletiing table and the
wiring of the Strowger switches were modified to
callow for calibration results.

Besides its main complement of towers, trans-
mitters and receivers, as already described, a full
Tast Coast CH station had its so-called buried
resarve’. This consisted of a pair of small auxiliary
towers, and an quxiliary transmitter and receiver,
each buried in a deep pit. The burled reserve
tromsmitter was an MB2, much smaller and mere
orthodox than the main transmitters {for example,
all the valves were sealed off in glass envelopes,
and the transmitier was air-cooled); its power out-
put was much the same as that of the main trans-
mitters. The receiver was one of the RE series, often
one step behind the main receivers in the oper-
ations room. The aerials were also smaller and
simpler, without the elaborate switching
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arrcngements of the main arrays. The buried
reserve system was intended as o last-ditch slop-
gap, in case the transmitter hall or the operations
room of the main system was knocked out by
bombing. The reserve system was periodically run
up and checked as a system, but was rarely used
operatonally because of the duplication in the
main system, and because, as it turned cut, the
main system towers and buildings were difficult to
damage from the air.

The Operation of a CH Station

Every CH station worked at least 23 hours a day,
day in, day cut: an hour a day was normally
allowed tfor maintenance, but this could only be
taken by agreement with the tilter room, and
would be cancelled if an adjacent station were off
the air for any reason, or it heavy air activity were
expected. A table (in eftect, o black list) was pub-
lished every month, giving every station’s
unscheduled time off the air, and geood reasons
were demanded if this exceeded a few minutes

If a station was fully up to strength, it would have
four watches of operaters, sach of six WAAFs and
led by an NCO, and four watches of mechanics,
each of three men, two in the transmitter hall, one
in the cperations room. Ideclly, a WAAF officer, a
highly experienced and skilled ex-operater, was
orasent on each watch as a supervisor, and a sta-
tion technical officer and the senior NCO mech-
anic would be present all day, and on call
throughout the 24 hours. Very often, of course, the
sicrtion was not at full strength, and weuld be
reduced to a three watch system, in which every-
one worked a full 24 hours every three days: such a
regime could not be sustained tor more than a few
weeks. Mechanics were in even shorter supply
than operctors, and a watch would often be
reduced to o single mechanic, who would haunt
the transmitter hall, accompanied by an operater
for safety. Under such circumstances, the daily
maintencance routine became something of a
scramble.

Asan aid to an understanding of CH operations,
consider a statien whose ‘line of shoot’ was due
east, that is, on a bearing of 90°. The transmitting
arraysfaced E, of course, and the receiving dipoles
of the 'A" and ‘B’ systems ran N-3 and E-W: the 'C’
system dipoles, used only for height-finding, lay
N-S. The sensing dipecles lay N-8, to determine
whether a target was in front of, or behind, the sta-
tion, and E-W, to sense whether the target was
north or south of the station. The coverage of the
station was determined solely by the width of the
transmitted beam, about 110°: in our example, this
would be from 35° to 145°, The receiving arrays, of
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course, received signals equally from any
direction.

Now envisage the receiving dipoles connected
to the goniometer coils as in fig. 8, where the stator
coils also run N-5 and E=W: in practics, of courss,
the coils could lie in any direction, with suitable
adjustments of the gonioc peinter and scale.

Atarget dus east of the stalien would give a sig-
ncl only in the N-S dipoles, and this would be
fransterred to the N-8 coils of the gonicmeter. The
goniometer would pick up a maximum signal
when itg search coil also lay in the N-S direction,
and a minimum, (ideally, zero) signal when the
search coil lay E-W. Hence, if the gonio pointer is
aligned with its search coil, it will point to the east,
that is, to the bearing of the target, when the gonio
is set for minimum signal. An ambiguity could
arise here, since the goniometer would alse give a
minimum for a target bearing due west, or even
when its search coll was 180° from the rue bear-
ing. In practice, the ambiguity was resolved by the
use of the sensing dipole before any attempt was
made to take a bearing.

In the height-finding mode, of course, the gonio
measured, not so much an angle, as the ralio
between the signals on dipole arrays ot different
heights: this ratic gives the angle of elevation of the
target, and this, combined with the range, gives
the height a via simple formula.

The most important operator, by far, was the girl
‘on the tube’ (fig. 9). It was her duty to update plots
on existing tracks at regular intervals, while at the
same fime watching for new echoes; to this end,
the gonic was swung continuously. Since the bear-
ing of a target was determined by swinging the
gonio for a minimum (zero) echo, the station was
blind on that bearing, orindeed on any bearing on
which the gonio rested: hence, the first rule for
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8 Schematic diagram of signal path from aerials to
receiver, (Line of shoot is assumed to be due east,
orientated as shown in fig. 5, and the gonio is shown for
minimum on a target also due east.)
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operators was that the gonie must always be
swinging over the full 100° or so cf the station
coverage. The girl on the tube, togsether with the
others of the team, were paralleled together on the
telephone to the plolter in the filter room, who
would accapt the plots, allocate track numbers (H-
for hostile, F- for friendly, X- for unknown), allot
priorities (‘anocther plot on X, please’, ‘can you get
a height on H- ?) and probe for information ' Sterx-
ton has a plot about 120 miles from you: can you
see anything? (Staxton being the neighbouring
station),

Theroutine of establishing a new track was quite
complex. [f the operator noticed o new echo, which
would first show as o tiny break in the noise, she
would at once ‘'sense’ it to determine that it was in
factin frontof the stetion before announcing Thave
anew echo at such and such a range’. She would
then sense again, to determine whether the target
was north cr south of the line of shoot'. She would
then attempt, by swinging the gonio for a mini-
murm, to take a bearing, and then a height. Cn a
very small echo, as first picked up, the bearing
would probably not be very accurate, and it might

9 The ‘gitl on the tube’ responsible for updating plots and
watching for new echoes. Her left hand should be
operating the goniometer, whose wooden handle is
clearly visible, (courtesy the RAF Museum, Hendon)
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be impossible to #ike a height, singe the signal on
the lower of the height-finding dipoles would be
much smaller than that on the upper, which was
itselfonly just detectable. However, aven the range
informeation was valuakle as early warning and
because ttmight enable a range cut with an adjac-
ent station: also, knowing the station VP.D. and the
range of pick-up, a skilled operator {or her supervi-
sor) could estimate a height with surprising accu-
racy. As the target grew closer in range, the signal
strength on both upper and lower dipoles would
imonrove, and height measurements and more
accurate bearings would bacome available.

Calibration

The theory of CH direction- and height-finding is
simple enough, but depends heavily on the site
being ideal. Many sites were obviously far from
ideal, and even for those which promised well, it
was difficull to be sure about surface slopes and
conductivities in the critical areas in which ground
reflection cccurred. For this reason, CH stations
were always calibrated,

Calibration began with a careful check over the
receiving system, from dipoles to gonio: in particu-
lar, it was important that the feeder runs betweean
pairs of dipoles were of the same electrical length
By injecting signals inte the dipoles and adding
short lengths of flexible cable in a ‘phasing box’,
equality of electrical length was achieved. The
gonicmeter was also caretully checked for sensi-
tivity and a high cross-talk ratio between the pairs
of coils

Finally, calibration ilights were carried out,
using either an autogyre (a predecessor of the heli-
copter) which would hover over local landmarks
such as churches, or ¢ small aireraft, which would
fly a succession of radial flights at various heights.
The position of the target aircraft was often
checked with a thecdolite. The radar transmitter
was not involved in this process, since the aircradt
carried a ‘squegging’ escillator, which gave an
unmistakeable and relatively large signal, which
could be 'D/F d out’ relatively easily and accu-
rately by the gonio,

Needless to say, calibration was carried out, not
by station personnel, but by a peripatetic band of
specialists. While calibration, or re-calibration,
was in progress, normal operations were in abey-
ance, and the station routine disrupted.

Technical Maintenance

At the heart of the RAF system of maintenance
for all radar stations (notonly CH) was Form 1497, o
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large pre-printed sheet of paper which on cne side
carried notes and comments on any repairs or
modifications carried cut, and on the other side a
list, on a day-by-day basis, of the routine mainten-
cnee operation which had been carriad cut. A sep-
arate Form 1497 was made out sach month for
every major piece of equipment (recelver, trans-
mitter etc): the form was clipped like a loose leat in
a book, the covers of which were two pieces of ply-
wood, hinged along one edge and painted black
on the outside faces. One side bore alarge "5 (ser-
viceable), the other a large 'U/S' (unserviceable);
when the boards were hung in some prominent
position on the equipment to which they referred,
the serviceability state was immediately obvious
to all. Details of the fault (for example, ‘no time
base') could be locked up on the Form 1497 inside,

Every item of equipment also had a schedule of
‘Daily Routine Maintenance’ operations. Thus, on
Mendays, eperations 1, 4, 7, 11 and 15 might be
calied [or on a receiver: tor detailed instructions on
these, recourse must be had to the handbock,
which was of course a secret docurment. The meach-
anic weuld therefore sign cut the handbook, carry
cut the prescribed operations, enter them as com-
pleted en F.1497 and return the handbook. In this
wery and over a petiod of time, every operation
would be carried cut, entered con the form and
signed for as complete and satistactory. Over o
longer period, the senior N.C.O. mechanic and the
station technical officer would also work their way
through the routine, either independently or by
supervising the mechanic: these tests would also
be entered and signed for.

Olten, a maintenance operation such as ‘clean
and inspect the time base panel’ would be called
for, which seered to hark back to the maintenance
of an aircratt engine. In that case, cleaning might
have some point, and inspection might reveal an
incipient fault. With a tray holding perhaps a
dozen valves with their associated components,
inspection was not likely to reveal much; it might
detect a loose top cap or a ‘soft’ valve, but was
unlikely to show that a valve was near its end of
life, or that there was an incipient dry joint in the
panel. While inspection did little harm, if not much
good, cleaning did little gocd, and could do much
harm: for instance, a displaced valve might lose
contact to cne of its pins, cousing a difficult and
quite unnecessary fault.

Test gear was provided, of course, but the bare
minimum to carry out ihe prescribed tests. Essen-
ticlly, it consisted of a signal generator and « mult-
meter: there was no oscilloscope, so that for any
out-of-the ordinary fault, for example, in the time-
base circuits, recourse must be had to Wing head-
quarters, perhaps {and very desirablyl) a hundred
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miles away: there there was an oscilloscope,
unless it were already outon a panic call from else-
where.

Fortunately or not, the perennial shortage of
mechanics often meant that only o minimum of
tests could be carried out: ettorts were then con-
centrated on those tests and checks which had
immediate bearing on the technical health of the
station. This was no bad thing, it turned out: a
panel thick with dust would carry on quite happily,
while attempts to achieve the surgical cleanliness
demanded by visiting senicr officers did not
improve serviceability. Hence the desirability of
being far away from Wing H.Q.|

At intervals, nominally every three months, o
Quarterly Overhaul party would descend on asta-
tion and carry cuta complete check of majer iterns:
these were teaims of two or three engineers, rela-
tively well equipped with test gear, and specializ-
ing in receiver or transmitters. These people would
carry cuta fairly thorough overhaul, extending, for
instance, to checking the recelver bandwidths and
recaligning as required. The transmitter team
would check every aspect of the lransmitter,
including, forinstance, the cenductivity of the cocl-
ing water, which was held in a vast and rather
inaceessible tank under the transmitter itsell.

Anti-Jamming Provisions

It was clear from the design of a CH station that
considerable thought had gone into protecting the
system from jamming. Some of these provisions
rnay now be mentioned.

The cathode ray tube itself was specially built to
reject transient signals, in favour of target echoes,
which would be lenger-lasting. This was achieved
by using two phosphors in the tube: a blue phos-
phor excited immediately by the electron beam,
and on orange phosphor, excited more slowly by
the glow of the blue phosphor. I the tube was
chserved through an orange filter, transient sig-
nals which excited only the blue phospher were
not seen, while the long-lasting echoes were easily
visible.

The IFRU {intermediate frequency rejection unit)
consisted of a pair of very narrow band rejection
filters, which could be tuned separately across the
intermediate frequency bandwidth. They were
present to reject any accidental or deliberate CW
interfering signal.

The AJBO {anti-jamming blackout) circuit was
designed to counteract swept frecuency jamming.
In this very damaging torm of jamming, an oscil-
lator is swept in frequency across the pass-band of
a receiver, to give a bell-shapad respense on the
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CRT, and completely obliterating any echoes. The
AJBO circuit, which worked at videc frequency,
was designed to discriminate against the slow rise
time of the bell-shaped response and blackout the
tube: some of the signal time-base would be
blacked cut and lost, but some would remain,
unless the sweep frequency of the jammer was
locked to the staticn PRE (pulse recurrence
frequency).

The IJA] (international jitter, anti-jamming) cir-
cuil was designed to introduce a slight randem
jitter to the PRF of the station, so that jomming
pulses triggered by recention of cne's own trans-
mitter pulse would not be synchrenized with the
time-base. bince true echoes would be steady, they
could be distinguished from the false pulses Irom
thejammer, which would vary in time from pulse to
pulse because of the jitter

CH stations were also equipped with frequency
agility, in that, ot least in principle, both the
receiver and transmitter could change to any one
of four pre-set frequencies in a few seconds under
push-butten contrel. In practice, since a need for
this facility never became apparent, it was never
seriously tested.

Security and Safety

As has been noted above, the Daventry experi-
ment heralded a very large eflort towards the
implementation of RDF (radic direction linding).
The deliberately misleading name was the first of
the security measures intended tc cover all the
developments and their outcome in a cloak of
secracy. Britain was thought to be alone in this
tield, or, at very least, well ahead of the field. Of
course, this wds a misapprehension, since as scon
as the technelogy became available, the forecasts
{(for example, by Marconi himself) of radar were
implemented in different ways by almest every
advarnced industrial nation.

Security, in the sense of preserving secrecy, tock
various lorms. All the documents concerning the
system were classified as ‘Secret’, and elaborate
procedures for their destruction in emergency
were laid down: for instance, some documents
were printed on rice paper, and were to be
destroyed in a bucket of acid. Training sessions for
operators, and mechanics could ke held, but no
nctes could be taken. A muster of secret documents
by an officer from Wing H.QQ. was carried outevery
quarter: this was supposed, impossibly, to account
for every page of every document,

security alse extendead to control of entry onto
the technical site (the living quarters were usually
some miles away, and relatively easy of cccess).
The technical site, half a kilometre or more in
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digmeter, was surppunded by a so-called ‘unscal-
able’ steel fence, 2 metres high, in which the only
gap was the gate and guard room. Every authenti-
cated visitor, including the watch personnel as
they arrived for duty, was given the watchword for
the dary, without which the doors of the transmitter
hall or operatiocns room should not be opened. Of
course, this system was a challenge to some senior
visitors, who were wont to try to bluft their way in
by announcing themselves by their (very senior)
rank, or as 'G.PO.". A particular offender in this
respect was the Senior Technical Otfficer, cne Wing
Commander Scott-Taggart, who had achieved
considerable fame in the 1920s by designing DIY
domaeslic receivers under titles such as the J5-T (a
one valve receiver), [5-T2 ete. If he succeeded in
bluffing his way in, the door-opener (usually the
most junior of the watch) was invariably put on a
charge. He felt justified in these tactics, no doubt,
by the need to emphasize security, but i did not
take long for the news to get around and for the
deors to remain firmly shut unless the password
was given

Inside the 'unscalable’ lence, each building was
protected by a barbed wire apron abeut 3m high
cnd thick, complete except for a narrow access
gap. Early in 1843, alter the Briineval raid ona Ger-
man Wirzburg' radar station, concern was felt
about ¢ possible reprisal raid on o British station.
Accordingly, some men (including the author)
were sent on courses of weapon training etc., by
which it was hoped that a station could hold cutfor
an hour or two, until help could arrive. This was a
ridiculous hape, as was proved in a night exercise
when o hall dozen of us, opposed by the alerted
military might of the station, penetrated to the door
of the operations room without detection. A dozen
paratroopers, operdating without warning, would
certainly have done much more.

By far the mostseriousrisk to the safety of person-
nel was that of electrical shock, To guard against
this, all dangerous areas were closed off by doors,
the keys of which must be withdrawn and used to
enable the equipment in question to be switched
on. Needless to say, this precaution proved too
cnercous in practice: after all, the equipment must
be accessible and switched on if faults were to be
found. Therefore, dummy keys were always avail-
able, presumably, since the keys were of an
unusual pattern, with the connivance of the auih-
orities. The transmitter was of course the main
danger, and in particular, the main EHT smoothing
condenser; at 2uF, and charged to its working volt-
age of 35kV, this demanded the utmost respeact,
cand was provided with its own earthing stick’, that
s, @ metal chain, earthed at one end. The other
end, held on along insulating wand, could be held
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to touch danger points, so connecting them to
earth,

The only other serious danger was in climbing
the towers, especially the transmitter towers. This
had to be done from time to time as part ol rouline
maintenance; although it could be an unpleasant
task, accomplished without a safety belt, no seri-
ous accidents wers ever reported to my knowl-
edge. In the gales and mists of Cttercops Moss (the
site was 300 m above sea level), one climbed
slowly and held on very tightly!

Training for Radar

Fermal training for technical officers destined
for service in ground radar ook place ata 14-week
course atone or other of the RAF s wireless schools.
The course covered all ground radar (CHL and
GCIL as well as CH) and was very intensive — eight
hours a day, six days a week, There were formal
lectures on the theory of the system, and on the
operation of exch unusual circuit, for example, the
time-base. These were supplemented by practical
sassions of familiarization with the layout of the
equipment, and of fault finding: here the instructor
would simulate « fauli and the trainees be
expected to diagnose it. Here also we learnt the
distilled wisdom of the experienced serviceman:
‘always keep one hand in your pocket’, resistors
go open-circuit, capacitors go short-circuit’, and so
o,

1t could not be expected that everything would
be covered, and the main CH transmitter (the
T.3026) was lelt cut, although the much less com-
plex mobile transmitter was included. Such
omissions were no doubt necessary and carefully
calculated, butit was disconcerting to arrive at
Ottercops Moss never having seen the trans-
mitiers. Fortunately, | was privileged in having
aeccess to the handbooks, and in being able to
haunt the gquarterly overhaul party.

Radar mechanics were poorly served on the
whole: if they arrived at a station with unfamiliar
equipment, there was much less time or opportun-
ity Ior them to learn. Since they were so few and
their work more technical than that of the oper-
ators, there was no formal training on the station as
there was for operators. The unfortunate mechamic
must pick up what he could from the maintenance
manual, and Irom watching those with more
experience.

Operators, on the other hand, were well cared
for: if on a four-watch system, there was some 'free’
time, and this was used for training by a WAATF
supervisor or senior NCO, or on occcasion by the
technical officer. The theory was of course much
simpler than for a mechanic, and could be taught
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without classified documents: nevertheless, no
notes could be taken. Regular trade tests were
held, so that it was possible to progress by two or
three stages relatively quickly. Alas, no such easy
progression was available to mechanics

Conclusions

Atfirst sight, the CH radar would not promise to
be avery effective system. The PRE was very low at
25 p.p.s, giving a non-ambigucous range of about
6000km: under 'anaprop’ (anomalous propaga-
tion) conditions, even this PRF proved too high,
and returns from one pulse appeared on the next
time-base. This phencmenon, aided by modern
data processing, is the basis of overthe -herizon
radars: in CH, the nuisance was overcome by
halving the PRF to 12.5 p.p.s. As a result of the low
PRF, the mean power was also low (200 W at
25 p.p.s., only 100W ot 12.5 p.p.s). At 30MHz, the
galactic noise level is very high, but as explained
above, this was not as serious as it might appear,
given the high losses between dipoles and
receiver. The aerial gains were also low: 8 or 9dB
for the main transmitter array, perhaps 3 or 4dB for
the receiving arrays. However, the saving grace of
the system was that it was a floodlit system, which
meant that 25 pulses were received from every
target within the coverage in every second, save
for the brief intervals when the gonio passed the
bearing of a target; the mean strike rate was there-
fore at least 10° per minute. A rotating beam radar,
on the other hand, would put ten to twenty pulses
onthe larget in every revelution, which would take
10 - 15 seconds: the mean strike rate was at most
about 100 per minute, moreover, returns from suc-
cessive revolutions would be completely uncerre-
lated. One concludes that CH was designed not so
much by theory as by a series of careful step-
by-step experiments.

Whether by awe-inspiring foresight, or merely
by serendipity, the CH radar system, for all its
shortcomings, proved ameoest valuable factor in the
air war over southern England in 1940. The battle
was fought as dictated by the enemy, an assaultby
massed aircraft flying at considerable height in
davylight. These were ideal conditicns for a
defence guided by CH, which gave early warning
of high flying aireraft, together with o sufficiently
accurate indication of position and height for the
defence to be deployed in good time and in com-
mensurcte strength. Another great strength of the
system was the fact that all the stations in o given
sector reported to one filter room, which therefore
had an cverview of the complete picture: it did not

matter too much if a single station was out of action
for any reasen. If the enemy, having monitored the
radar transmissions and measured the heights of
the towers (the towers at Dover were plainly visible
from across the channel) had appreciated the lack
of low cover and attacked much nearer sea level,
or had expended more eftort on iamming the sta-
tions instead of trying to destroy them by bombing,
the outcorme might have been very different.

It is perhaps worth recalling that the com-
manders on both sides were veterans of the air
battlesof 1914 - 18, where superior heightwas gen-
erally decisive. The British were therelore content
with the cover given by CH; the enerny, for his panrt,
even if he appreciated that CH could not give low
cover, evidently decided that superior height was
too valuable an asset to be scacrificed, even if this
meant early detection. They probably underesti-
mated, not so much an individual CH station, but
the integrated and centralized defence system in
which detection, plotiing and heightfinding by
CH was only the first, if vitally important, step.
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In Brief

GEC-Marconi Materials Technology
and GEC-Marconi Avionics

GEC and DRA, Malvern Jointly Win
Prince-of-Wales Technological
Innovation Award

GEC-Marceni Materials Technology Ltd., GEC-
Marconi Avicnics and DRA, Malvern are the joint
recipients of this year's Prince-ol-Wales Award for
Technological Innovation for their work on
uncooled pyroslectric imaging technelogy. Two
yvears ago, GMMT Caswell and the Defence
Research Agency at Malvern jointly were selected
as one of six finalists in the competition. Owver the
last two years, the exploitation of the respective
technologies has been reviewed by a panel of
experts. A prototype thermal imager was devel-
oped into two products by GEC-Marconi Avionics
at Basildon; namely a hand-held camera for
industrial/security use and a helmet-mounted
imager t¢ enable firemen to see through smoke,
This was judged by the panel to be the best of the
finalists. GEC-Marconi has received a large crder
(more than £10 million) for the fireman's camera
from the USA.

GPT

FOCUS 500: New Videoconierencing Unit
from GPT Video Systems

GPT Video Systems has launched a new stan-
dards-based ‘mobile studio” videoconferencing
unit: the FOCUS 500, The unit is a complete com-
munications centre, incorporating flexibility,
mobility and global connectivity. FOCUS 500
allows meelings io take nlace between partici-
pants in different locations, even on different conti-
nents, without any of them leaving their offices.

Major Chinese Videoconierencing
Network Order

The first videoconierencing network in the
Peoples” Republic of China is to be supplied by
GPT Video Systems. The Hunan Post and Telecom-
munications Administration, responsible for tele-
communications within the Chinese province cf
Hunan, will link 14 cities across the region. The
announcement comes less than a year after GPT
Video Systems secured other major contracts in
Malaysia, Indenesia, Kerea and Hong Kong. Cen-
tral to the agreement is the supply of the FOCUS
range of videcconferencing equipment, with its
plug-in-and-switch-on design philosophy.

Submarine Cable World First for GPT

The world's longest high-fibre submarine cable
- manufactured by GPT Submarine Communica-
tions, the underwater cables division of GPT Tele-
phone Cables Limited — is expected to go into
service later this year. The contract, worth inexcess
of £Zmillion, has been awarded by main controe-
tors BT (Marine}, The cable, containing 24 fibres,
will be installed in the Irish Sea from Girvan in
seotland to Larne in Northern Ireland — and is to be
specially armoured to withstand trawling by lish-
ing vessels, treacherous rocks and fisrce currents
for which this region is well known.
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Videojet

Videojet Eggshell Ink Now Available as
Government Accepts Proposals to Code
Eggs Individually

The UK Government has accepted the recom-
mendations of the Advisory Committee on The
Microbiclogical Bafety of Food (ACMSE)
concerning salmonella in eggs, with important
implications for the packaging industry. In particu-
lar, the Committee proposed that eggs should be
consumed within three weeks of lay and that
use-by dates should be provided on egg packs
themselves. Videojet Systems International Lid,
manufactures a Red Eggshell Ink which has been
approved by the United States Department of
Agriculture (ESDA) for printing onto eggs, The new
16-9301 ink is an alcohol-based, food grade ink
specifically formulated for application to
processed eggs belore packaging. The Videojet
Eggshell Ink can be used to display a range of
useful information, including the use-by date, or
date of laying.

Emmy Award for Videojet Systems
International

The Nationa! Academy of Television Arts and
Sciences has awarded to Videojet Systems
Interncational, Inc. the 1992 Engineering Avward for
Outstanding Achievement in Technological
Development. The prestigious award was primar-
ily to honour Videojet for ‘Electronic Character
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Generation for Television'. The technelogy behind
the award was first developed in the mid-13960s
and the most famous example of its use was when
itenabled a world-wide audience to read the voice
transrmissions of Neil Armstrong, Eugene Aldrin
and Michael Colling from the first manned landing
on the moon in 1969. The winning product, the
Videograph Display Control Unit, and its technol-
ogy permits digitally coded messages to be
convertad into a picture or video forrn suitable for
mixing with astandard television signal. The result
is a television display with the digital input mess-
age displayed as an overprint of the normal TV
picture.

NNC

European Industrial Grouping Awarded
Design Contract For Fusion
Demonstration Device

The European Fusion Engineering and Technol-
ogy Grouping (EFET), of which NNC Ltd. is a
member, has been awarded by the European
Commission a Framework Contract covering EEC
industrial contributions to the overall design of the
International Thermonuclear Experimental Reac-
tor (ITER). Thisis the first exarmple of a major world-
wide colleboration (USA, Russia, Japan and the
European Community} in the field of applied
research, The goal of the ITER projects is the
demonstration of the scientific and technical
feasibility of a fusion power reactor.

GEC-Marconi Avionics

GEC-Marconi Oil & Gas Awarded
Hudson Order

GEC-Marconi's Oil & Gas Group have been
selected by Amerada Hess Limited, on behalf of
the Hudson field partners, to supply a subsea pro-
duction control system for ihe second phase of the
two-phase Hudson field development in the North
Sea. Hudson is o development in 160m of water
with Phase 2 incorperating a subsea manifold with
eight cluster wells linked to the Shell Tern platform
11.5km gway. GEC-Marconi Oil & Gas 1= to supply
a multiplexed electro-hydraulic control system
that will control preduction of hydrocarbens at the
subsea manifold. The equipment will include nine
subsea control modules and associated tree and
manifold instrumentation together with platiorm-
based hydraulic power units and master control
station computers
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Marconi Speech & Information
Systems

New Facilities for Speech Recognition on
Flexicall

Mareoni Speech & Information Systems, Porls-
mouth, has made an exciting addition to its world-
leading Flexicall system by introducing a
multi-language third generation speech recogri-
tion system. The result of extensive research and
investment into speech recognition technology
over many years, this package is one of the most
powerful of its type available. The recognition sys-
tem is based on Marceoni's own continuocus word
recognition technology and can allow the speaker-
independent entry of either isolated, or continu-
ously-spoken words or phrases. It has now been
expanded to cover major European languages,

EASAMS

Ground Segment for UK Satellite and
ADS Trials

EASAMS has won a contract from the UK Civil
Aviction Authority (CAA) to supply a compleie
enhanced Air Tratfic Control Ground Segment
(ATC GS) for the continuing CAA National Air
Traffic Services (NATS) Automatic Dependent Hur-
vaillance (ADS) triads. The NATS ADS trials are in
support of the International Civil Aviation Organ-
ization ICAQ) global Communications, Naviga-
tion and Surveillance/Air Traffic Management
system to meet the needs of aviation into the
tweniy-first century. EASAMS' system design will
comprise two major segments: the Ground Com-
rnunication Terminal, and the ADS Data Processor.

Marconi Radar and Contirol
Systems

Marconi Simulation to Supply Power
Plant Simulator for China

GEC ALSTHOM hasordered aFull Scope Power
Plant Training Simulator from Marconi Simulation
for the Shaijiae 'C" Power Station Project. The
Marconi simulator will use accurate, physics-
hersed medels and detailed operations intertaces,
as well as large arrays of parallel processors. The
powerfiul Marconi ‘Graduate’ processing system
coupled with the SCUL programming language is
being used in the system. A set of high fidelity
models of plant systems and processes encbles a
complete range of exercises to be developed, rom
normeal operating procedures to complex fault and
emergency situaticns.

IN BRIEF

GEC:-Marconi Communications

Sri Lankan Broadcasting Station for
The Voice of America

A contract for $35million has been awarded to
Marconi Communications Inc. of Reston, Virginia,
USA by the United States Information Agency on
behalf of The Voice of America (VOA) for a com-
plete turnkey broadeasting station in Sri Lanka.
This is the first turnkey station ordered by VOA as
part of its ongeing modernization programme and
includes all civil work — buildings, feeders,
matrices, antennas, audio and control systems.
The Contract includes the nstallation of 3 trans-
mitters already supplied to the VOA through Mar-
coni Communications Inc/Cincinnati Flectronics
Joint Venture, Marconi Communications Inc. is
already installing short-wave and medium-wave
broadeast transmitters and antennas for VOA in
Moroceo, Thailand, Greece and Botswanda,

Marconi Instruments

Microwave Test Set Wins Design Award

Marconi Instruments has won a British Design
Awrard for its 6200 Microwave Test Set (MT3). The
award recognizes Marconi Instruments achieve-
ment in integrating many separate instruments
into ene compeact and portable unit, The MTE is an
integrated test equipmeant package which revol-
utionizes field maintenance measurements of
microwave communications and radar systems —
replacing the many instruments traditionally
requirad to make tests and determine faults,

GEC ALSTHOM

GEC ALSTHOM Wins Gas Turbine
Orders Worth Over £50Million

GEC ALSTHOM's Furopean Cas Turbines UK
subsidiary, EGT Lid., has won orders world-wide
worth over £50million to supply 15 industrial and
aercderivative gas turbines to o total of six
countries. Two Modular 29 MW RLM 5000 ceroderi-
vative gas turbine generating sets have been
ordered for an offshore platiorm in the Arabian
Gulf. This is the most pewerful gas turbine in the
world for ollshore application. The orders include
a number for EGT's 13MW BLM 1600 ceraderiva-
tive gas turbine. Four of these are for cogeneration
installations in Spain and the other for gas com-
pression in the Scuth China Sea. These bring to 28
the total sales of the RLM. EGT has also been
awarded a number of orders for its 4. 5MW
Typhocn and 6.2 MW Tornado industrial gas
turbines for the UK, Spain, Australia, Japan and
France.
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IN BRIEF

Rolling Stock{or Line 5 of Santiago Metro

- e b

GEC ALSTHOM has been selected by Chile’s
inter-ministerial committee to supply the rolling
stock for the new Line 5 of the Santiago metro
Valued at 67 million ECU (£87 million), GEC
ALSTHOM's proposal covers the supply of 58 tyre-
mounted coaches. These will include the latest
technological advances, including acluminium
body shells, asynchronous traction and en-board
compuiers to provide a high level of safety, easier
maintenance and improved passenger inlerma-
tion services.

Opening of Paris — Lille Line with GEC

ALSTHOM-Built TGV Nord-Europe
High-Speed Trains

The opening in May by the French Railways
(GNCF) of the TGV Nord high-speed line marks for
(3EC ALSTHOM an impeortant stage in building up
the Furopean high-speed train network. The firstof
the 90 TGV Reseau’ high-speed trainsets was
delivered by GEC ALSTHOM in June 1992, The
TGV Reseauisconsiderably different from the TGV
Atlantique with o more powerful and responsive
traction system and greater passenger comfort.
some TGV Reseau trainsets have o triple veliage
traction systermn and an adapted signalling system
cllowing them to run in Belgium and the Nether-
lands, a first step towards the TGV-PBKA train ser-
vice scheduled to link Paris, Brussels, Cologne and
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Amsterdam in 1987, whilst the Eurostar cross-
channel TGV will link Paris, London and Brussels.
The TGV will be the only high-speed train able to
run on the networks of these European Comrmunity
countries.

Chantiers de l'Atlantique Wins Order for
1800-Passenger Cruise Ships

GEC ALSTHOM's Chantiers de ' Atlanticque sub-
sidiary has won an order to build up to three cruise
ships for Roval Caribbean Cruises Ltd (RCCL). The
ships will be powered by diesel-elactric propulsion
to ensure maximum operating flexibility of 24 knots
and will have accommodation tor around 13800
passengers, This order will bring to seven the total
number of cruise ships built by Chantiers de
I'Adlemtique for BCCL since 1985, These include
‘Soversign of the Seas' and her two sister ships
which are the largest cruise liners in operation in
the world.

420kV Substation Project in Hong Kong

i R

GEC ALSTHOM T&D Substation Projects Litd
hasbeen awarded a US$9 3million contract by the
Castle Peak Power Company Lid. (CAPCO) of
Hong Kong to extend the existing 420kV substation
at Castle Peak Power Station. The contract
includes the supply of 420kV gas-insulated switch-
gear manufactured by GEC ALSTHOM, When
complete, these new circuits will provide the inter-
connection between Castle Peak and the new
Bleck Point gas-fired combined-cycle power sta-
tion scheduled to cammence operation inlate 1995.
A separate contract for the supply of the power
generation equipment at Black Point was
awarded by CAPCO to a consortium of GEC ALS-
THOM Ceombined Cycies International Lid and
General Electric Company (USA) in March 1993
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TECHBRIEL'S - News-sheets from the GEC Resecarch Centres

Hirst Research Centre
(Wembley)

H/218/1 Image and video processing - expertise
available in the development of algorithms,
system design and construction of lmage
processing hardware,

H/219/1 ITmage and video compression — {acilities
available for the development of algorithms for
compression, system design, and consiruction of
video codecs.

H/220/1 Speech recognition — whole-word and
sub-word algorithms developed for automatic
speech recognition.

H/221/1 Virtual reglity: advanced human-
computer interfaces - a state-of-the-art virtual
experimental platform is being established.

H/222/1 Biometrics: techniques for user authentica-
tion — work is being carried out in areas of
biometrics such as speaker, signature, and
keyboard verification tor information security
applications.

H/319/1 Integrated display drivers - the use of
GECspolysilicon active matrix display technelogy
to integrate the drive circuits and display mertrix
transistors onto one glass subsirate.

H/909/3 Quality inspection of the physical aspects
of integrated circuits — a service far assessing the
quality and reliability of integrated circuits.

H/1418/1 L.ocal area networks — expertise in
assisting GEC product units in applying LAN
techniques to diverse product developments.

H/1419/1 Field-programmable gate-array to semi-
custom [C conversion - a conversion process
which allows the advantages of FPGAs to be
exploited without incurring re-design errors and
higher costs.

H/1421/1 Digital ASIC design using VHDL and logic
gynthesis — a design system using the ‘top down’
approach ol VHDL; itenables more time to he spent
refining the systern architecture which is then
transterred rapidly into logic gates using logic
synthesis.

GEC-Marcon: Research Centre
{Great Baddow)

MO075 Calibration and environmental testing
service - includes advisory service provided in
strict confidence

M162 Liquid level measurement - a range of
rugged sensor probes suitable for use with all
types of liquid in hazardous and severe
envircnments.

M223 Propagation planning burecu — advanced
software for predicting mobile radio coverage.
DOS version for PCs.

M301 Integrated design: from logic to light — a
design resource for electronic and optoslectronic
multichip modules and advanced optical devices
M521/2 Nearfleld antenna test facility — a large
indoor test chamber available to any erganization
tor rapid, accurate measurement of antenna
performance.

M593 Microwave dielectric resonaters — high Q,
with excellent temperature stability and ease of
microwave coupling, suitable for wide application
in low-loss filters and low-noise cscillators.

M777 Design assurance service — assessment of
tactors such as reliability, structural integrity and
safety in overall design of quality in products.
MS90 VL5 systermn design at MRC - brief outline of
facilities and expertise avatlable.

MS98 A scenaric modelling tool — software tocl for
detailed analysis of equipment performcmce in
land, sea and air scenarios.

MS100 Programmable optical RF delay line
module — wide bandwidth, variable delay module
for signal processing, phased array antennas,
EW systems etfc.

GEC ALSTHOM Engineering
Research Centre (Stafford)

5974/2 Flectromagnetic engineering software —
electromagnetic finite element software, devel-
oped for UNIX environment using PHIGS and X
Window systern, used for the solution of general
purpose and complex design problems.

5981/3 Environmental services — a consultanay
and monitoring service provides advice on the
control of substances in the light of changes in
environmenterl Jorw,

5982/3 Filameni wound, high perfermance
composites — for achievement of void-freedom, by
a process unigue to ERC which confers superior
mechanical, envirenmental and electrical
properties to composites

5986/2 Advanced microwave substrates — o range
of cordierite glass-ceramic substrates has been
developed with low dielectric constant, low loss,
excellent surface finish and whose thermal
expansion can be chesen to match a range of
applications extending up to millimetre wave
frequencies.

5986/4 Controlled expansion materials — a range of
glass-ceramics with tailored thermal expansion
coetficients trom zere expansion up to that of
aluminium has been developed.

5991/2 Component testing — ecenomic testing of
large components under simulated service load-
ings to determine strength, durability and fimess
for purpose.

$994/2 Joining ceramics to meltals — active metal
vacuum brazing is being successtully used to join
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engineering caramics such as Sy and 5IC to
metals Including nickel-hased .

superalioys
stainless steel and cast iron.

5994/3 Furnace brazing metals - techniques have
beendeveloped forusing Ni-Crbraze alloys to join
steels, and Ni-based alloys etc. Applications
include brazing ferritic steel cores to stainless steel
shalls, ferritic/austenitic transition joints, and the
brazing-on of wear-resisiant claddings.

5998/2 Active noise cancellation — application of
noise (and vibration} cancellation techniques to
structures and equipment to reduce nuisance and/
or improve comfort level without significant
increase in weight or cost,

5998/3 Condition monitoring by expert systems —
application of expert systems to condition monilor-
ing instrumentation can identify, at an early stage,
reducticns in pertormance and efficiency, and
diagnose foults before they lead to expensive
fdlures.

Engineering Research Centre,
GEC BRLSTHOM (Whetstone)

W/921/021 Investigative instrumentation for
contined and difficult areas of gas turbines and
other machinery. Covering pressure, temperature,
strain, and proximity sensors

W/824/004 Design review in accordance with
B55750 and B57000 including assessment of
design specification, calculations, history record,
and perfermance characteristics

W/924/010 Hydraulics: computer simulation of
hydraulic systems and components. Design,
development, prototype build and test.

W/924/011 Sclenoid valve design using latest
software tocls where operating conditions include
high temperature, minimal power consumption,
tast response, vibration and shock

W/932/001 Transonic flew: calculation methods
originated and developed for the design and
analysis of flow through turbomachinery.

W/933/005B Environmental chamber facility for
developing and testing customers' products.

Humidity from 10% to 99%; temperature irom
—15°C 10 +50°C,

W/334/003 Electranic cooling design, using tha
latest avallable technigues in-heat transfer
technology, design expertise and experimenteal
facilities.

W/942/001A Engineering design servics, for
applications including test rigs, process
equipment, domestic appliances and prototype
products.

W/950/001 Software products: cverview of
engineering analysis programs, including
thermal and structural analysis packages
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W/950/002 Software services: cverview of sottware
services provided, including scitware devel-
opment, consultancy and re-engineering.

W/850/003 Software re-enginesring service to
bring old and ditticult-to-maintain scttware in line
with modern software practices and quality
standards without major redevelopment

W/950/004 ESARAD: graphical geometric
modeller program to calculate view factors, radia-
tive exchange tactors, and external heat fluxes

W/950/005 Craphical user interface (GUD
technology for new and existing technical
software 1o internationally recognized standards
including both design end implementation.

W/956/001A ESATAN: general purpose thermal
analysis program using lumped parameter
method, with particular application in the space
industry.

W/956/002 FHTS: extension o the ESATAN thermal
analysis program to allow modelling of piped fluid
networks.

NNC Engineering Development
Centre (Risley)

TN18 X-ray diffusion focility - facilities include
automatic specimen changer, multi-colour output,
and aulomalic diffraction pattern acquisition

TN19 Mathematical modelling and analysis - key
areas include state-of-the-art 3-D {low codes,
modelling of complex flow physics and validation
against customized experiments.

TN20 Transport of aerosols — computer codes
assess material release, predicting cerosol size
and cencentration for complex flow paths.

TN21 Leak detection — recently developed special
techniques using portable gas analysers.

TN2Z Hl'._Jl'- | testing — mechanical testing of
matarlals and components. 250tonne hydroulic
test facility tor application of tensile, compressive
and fatigue ioads.

TN23 Microbiclogical corrosion - a facility for the
detection, diagnosis, evaluation eand moenitoring of
microbiological corrosion.

TN24 Single, multiphase and multicomponent flow
- NNC offers mathematical modelling of fluid flow,
as well as heat and mass transfer.

TN25 Software and safety critical © & [-failure and

hazard analysis where a safety critical function is
involved.

TN26 Operatianal plant support — covering the
levelopment and implementation of fowl tepair
schemes and equipment for solving operation
plant problems or providing plant life extension.

TN27 Materials technology — materials and NDT
sdvice for deslan and constructien Including
wel -j;r:; heat treatmient praoctionl cand thesietenl

back-up; and materials assessment.

For further information please write to the Edilor
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L 60 YEARS AGO

A- wiralom receiving set indeed is practically mdispensable o the
Farmar to-day, apart from it vidue as o maans of entestiinment. Weather
reporta, latest markot prices and  epecial tilks dealing wirl aprienliril
probiume ire breadaust especially for his benefic

With electric light znd electric beating, cooking and labour saving
devices, the loneliest farmhiowse becomes s bright and comforcablsas (e
most up-to-date louse b1 o smonlerry oity, while with a wireless set the
bt newsoservice and the same variety of entertaimbent can be
enjoyed a5 in Landon itsolf,

Surely it ie no exapgerition (0 sy that clectricity s ringing in o new
ere for thise living om the lamd; an era of increased efficiency in
wirking on the farm and one of less drodgery and more jiry tn the home,

e

GECoPHONE All-Mains Radio Receiver and
Loud Speaker and MAGNET Electric Fire,

{From ‘GEC - Electricity in Agriculture and Horticulture’, p. 36, published by The General Electric Co. Lid., June 1933)

100 YEARS AGO

A TYMICAL ENOLIEH CENTHAL STATION,

{From 'The General Electric Catalogue,
The General Electric Co. Lid., 1893)

section ‘A’ — Electric Plant and Machinery’, 6th edition, published by
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