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An introduction 
to  computers 
R .  G. KENSETT C.Eng., M.I.Mech.E., 
M.I.H.V.E., M.1nst.F.. A.M.B.I .M.,  F.I.H.E., 

Although large computers have 
been in use with the UK Health 
Service for several years, they 
have had little use in the engineer- 
ing field. This article, which pro- 
vides anintroduction to computers 
and traces their development from 
the early days, discusses current 
applications of particular interest 
to hospital engineers. 

Computers are playing an ever increasing role in 
modern technology and industrial-engineering appli- 
cations are already numerous. This is particularly so 
in the repetitive manufacturing industries where many 
automatic machines are computer controlled. Within 
the Health Service, the large computer or 'main-frame' 
machine has been in use for several years, but primarily 
for financially orientated work such as payroll calcula- 
tions. It is becoming increasingly used in medical work 
such as the control o f  appointments systems and patient 
waiting lists and for many biomedical applications. 
Examples of the true medical applications are diagnostic 
work and biochemistry. Some use is also made in the 
more sophisticated intensive-care units where the 
computer monitors physiological functions and controls 
life-support systems. 

It does appear, however, that health-service engin- 

Mr. Kensctt is with the Wclsh Health Technical Services 
Organisation, Heron House, 35-43 Newport Road, Cardiff 
CF2 ISB. Wales. 

eering is far lrom being in the forefront as regards 
computer applications. Regretfully much of the blame 
must rest with ourselves, as engineers, for our failure 
in many cases to appreciate the potential, and also to 
takeaction to  understand themachines. 

History 
The modern computer has evolved from extensive 
research and development over the past 25 years or so. 
The ability to make a machine to solve mathematical 
problems has, however, been known for many centuries. 

Basically there are two types o f  computer, the ana- 
logue and the digital machine. Most of the early work 
was done using the digital machine, the forerunner of 
which was the Chinese abacus or counting frame, 
whichcame into use during the fifthcentury B C .  

The first mechanical machine was constructed by 
Pascal in 1642. Other digital machines were also con- 
structed about this period, including those built by 
Odhner and Leibnitz, although none of these machines 
was very reliable. During the later part of the seven- 
teenth century, Napier was developing his system of 
logorithms and aro"nd 164&1650 the side-rule concept 
came into being, which uses the measuring or analogue 
principle. 

During the 1850s. the planimeter was introduced 
which has, as its main function, the ability to  measure 
areas hounded by a curve and there followed the 
Thomson 'ball-and-disc' inteerator. From these earlv - 
designs the modern analogue computer was developed. 

T o  differentiate between these two basic types of 
computer, the principles must be stated. In the analogue 
machine a ohysical system is constructed that is a . . 
mathematical model of the particular item of interest. 
Measurements are taken of physical variables in the 
analogue which are given the effect of certain stimuli 
to provide numerical information about the response 
of the original system to modilication of its variables. 
There are many electrical analogues of this kind which 
can be constructed to  represent structures, dynamical 
systems or fields of fluid How. One of the first uses of 
the analogue machine was in the field of nuclear - 
physics and an early form of analogue computer was 
constructed to predict Iikelveffects of nuclearexolosions. 
The analogue system is n& used extensively i n  the US 
space programme, primarily as a form of control 
system. 

However, the digital computer is the unit with which 
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we, as practicalenginrcrsratlicrtlia~iresearclispccialists. 
are concerned. As the name implics, this machine works 
with figures or digits: synlbols to represent numbers or 
sometimes specific nonnumeric information. In this 
respect i t  operates as one does when calculating with 
apencil and papa  or desk calculator. 

The father of the modern digital computcr was 
Charles Babbage. In about 1812 he conceived the idoa 
of what he called a 'difference engine', the purpose of 
which was to compute a new series of  astronomical 
tables from existing data and then construct, using 
the calculated astronomical tablcs, navigational tables. 
Babbagc never constructed a full-sired dill'erence 

card-controlled looms in France. Babhage was fortunale 
in obtaining a Government grant to develop the system 
which, of course, had to be entirely mechanical. This 
and the general limited engineering ability prevented 
any real development. 

The principles used by Babbage were dcvelopcd into 
the Burroughs Accounting machine in the 1920s. At 
this tinic, 1BM began work on their a.s.c.c. system 
(automatic sequential controlled calculator) which 
could add, subtract, multiply and divide, and also 
refer to tables which it had previously generated 
within the machine. Thus was developed the lint 
machine with a memory. The US government soon 

engine but using his experience with a model developed 
his theories and some 5 years later constructed a more 
advanced machine. This machine was known as 
'Bahbage's analytical engine' which proved to be fa,- 
more versatile. To control the machine Babbage used 
the system of punched cards dcvcloped by the French- 
man Jacquard. 

The Jacquard system was originally used to control 
looms weaving intricate tapestries. The method of 
control is by a series of rods, each rod connected to a 
warp thread. Each rod was pressed against a card and 
if there was a corresponding punched hole in the card 
the rod naturally passed through, which caused the 
warp thread it controlled to be lifted. 

Jacquard's loom was first exhibited in 1801 and in 
the early years of the nineteenth century when Babbage 
adopted the system there were over 10000 punched- 

Fig. 1. Simplified com- 
puter layout 

realised the potential of this development and financed 
an anlhitious development programme at Penn Uni- 
versity which resulted in 1946 in the completed e.n.i.a.c. 
system (electronic numeric interrator and calculator). 
This was the first of the high-speed machines and coulh 
add 5000 7-digit numbers in a second. 

A major breakthrough in the computer field occurred 
in the 1950s with the development of transistors. 
Previously, valves and senliconductor diodes were the 
main components, connected together by a maze of 
wiring. Other companies such as Honeywell quickly 
realised the potential that the transistor offered and by 
196665 the present-day concept of a family of com- 
puters had arrived. (A 'fami!y' is computer terminology 
for a complete range of systems developed by one 
manufacturer.) 

After the 193945 war computer development com- 
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menced in U K ,  with the Universities again playing a 
major role. Cambridge developed the e.d.s.a.c. (elec- 
tronic delay storage automatic computer) and Birkbeck 
College a.r.c. (automatic relay calculator). The a.r.c. 
was the first computer to use magnetic storage drums. 
By 1953 the Cambridge machine had been developed 
into a commercial system which was adopted by 
J. Lyons & Co. as 1.~0. Once this system was in use 
major industrial organisations such as EM1 Ltd., 
Ferranti Ltd. and The English Electric Co. Ltd. 
continued the development. In 1962 EMI's interests 
were taken over by International Computers and 
Tabulators Ltd. The company gradually absorbed 
other commercial interests and in 19W65  became 
government sponsored and changed its name to 
International Com~urers  Limited. (ICL). The machine 
range has been adopted as the preferred unit for the 
Health Servicc with the miiority of machines being 
of thc ICL 1900 series. The DHSS is supporting their 
use and it is almost certain that any computer work 
with which the UK engineer is involved will. as far as 
mainframe machines are concerned, utilise these 
machines. 

Functioning of the computer 
Fig. I illustrates the interrelationship of the tibe basic 

Single gote 
copy jnput when gate is 1 

Ail poths aanglhich d o r o  a r e  transmitted 
w, l  hove  a gole whch cperates i m l o r  to 
3 ~ w i t : h  

Bosic gates switch anoogy 

AZD instrurton 

F- A B 
:or.dj 

NOR instruction 

B F A - B  

R +- R o r l C , :  rese tbr  cleor j  
TniS NOR gate repiesentotion i s  the true 
bistobe rnult~vbratoi It can be set ond 
reset  by d c sgnols or pulses 

Fig. 2. Electronic hardware 

elements of any computer systcrn. 
These clemenfs are: 
Items I and 7 input-output de\ices 
Item 3 arithmetic unit 
item 4 memory 
item 5 control unit 

It will be apparent that, irrespective of the unit, one 
has to feed into it the information and a!so get out the 
results in an understandable form. 

The input can be entered in various ways: punched 
cards similar to those invented by Jacquard, magnetic 
cards, paper tape, magnetic tape and magnetic discs. 
Some very small machines have the input direct from 
a keyboard which is used as one would use a type- 
writer. This is, however, very slow indeed in computer 
ternis and is limited to desktop or  minicomputers. 

The computer requires to translate the data into it\ 
own (or machine) language and thus the input devices 
require a 'reader'. 

The output may be in the form of a 'plain-language' 
printout, which can be immediately understood, or in 
the form of either a magnetic or  paper tape, which can 
be fed into another processor to produce the eventual 
plain language printout. In some machines that are 
used to control automatic processes the tape can bc 
used directly as the method of entering the control 
instructions. In this case the control device will translate 
theinstructions. 

The arithmetic unit is the device that actually does 
the calculating or, to use the analogy, it corresponds 
to the slide rule in manual calculations. 

The computer will only deal with either 0 or  1 and 
so an input of standard numeric annotation must be 
translated into binary code. This is because the arith- 
metic instructions operate through a series of electronic 
gates and thc 0 or 1 will cause the gate to either open 
or close, to transmit or  not transmit, as thecase may be, 
the electrical impulse generated by the machine recei- 
ving the 0 orl .  This is illustrated in a simplified form in 
Fig. 2. 

As an example of binary code, 13 may be written 
in binary form as 1101. This indicates 1 X 1, Ox 2, 1 x 4  
and l X 8. As an example of a simple calculation in 
binary consider20- 9 = l l :  

minuend (20) = 10100 (1 X 16, 0 X 8. l X 4, 0 X 2 and 
o x  l )  
Subtrahend (9) = 01001 (0 X 16, 1 X 8 ,0  X 4, Ox 2 and 
1 x 1 )  
Subtracting (11) : 01011 (Ox 16, 1 x8 ,  0 x 4 ,  1 x 2  
and l X l )  
Results of these operations, together with the 

instructions given to the- computer, or  in computer 
terminology its program, are stored in the memory 
bank (item 4). The programs on the large machines, 
which accept what is termed high-level language, are 
written in more or  less standard English. To illustrate 
this better a section of a simple program is given in 
Fig. 3. This program will be translated in a part of 
the input device into machine language. 

The final section (item 5) is the control unit, which 
as the name imolies controls the innut. outout and . .  . 
issuing instructions. Each elementary operation is 
specified by an instruction consisting of a coded set 
of numbers very similar to a telephone number. These 
are routed to the control unit from the memory or store. 
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The rnesrage is decoded within the control unit to  set 
up the appropriate circuit and control the execution 
ofthe operation. 

This operates almost like an automatic telephone 
exchange where, when you dial a number, this opens 
the correct line to  the appropriate section of the net- 
work and then rings the bell so the number is aware 
that it is required. 

It will be understood that the explanation given is 
very simplified and the computer is, in fact, a very 
complex machine with hundreds of thousands of small 
networks of the type described, but it is hoped that the 
explanation given will illustrate the principle of its 
operation. 

E n g i n e e r i n g  applications 
Many regional health authorities are using minicotn- 
puters fur assisting in design olfices with the rapid 
calculation of standard formulas such as computing 
heat losses, pipe siring and calculating system balancing 
factors. Very little use is made as  ye1 of the larger 
machines. It is generally agreed, however, that future 
applications in this field will include the calculation 
of heat losses, pipe siring and radiator siring for a 
complete district general hospital within a matter 01. a 
few hours rather than weeks as a t  present. Many 
engineers have expressed fears that such design appli- 
cations will lead to  redundancy and staff reduction. It 
is not considered that this is so  but rather that it will 
allow the engineer to spend more time on  creative 
thought and reduce the time now spent on repetitive, 
routine, and often very boring calculations. After all 
if one considers the present who would bc happy to  
have to operate without his slide rule? 

Amongst applications for which programs exist at 
present, and which are applicable to all hospitals are 
computerised p.p.m. systems. Group and hospital 
engineers will readily appreciate the time-saving 
possibilities if the required workdocketsare prepared hy 
a machine, appear a t  exactly the right time and are 
always accurate as regards the task to  be completed. 
Present programs are so written that the docket will 
reappear repeatedly until the instruction is withdrawn 
by entry of the completed work docket. The program 
can also be extended to  cost the system accurately so  
that the engineer will know exactly what each task 
costsand the average time tocomplete it. 

The main advantage is the amount of data relating 
to  the  maintenance systeni which can he stored and 
held wilhin the computer complex. Normally this 
information is stored on.either magnetic tape o r  discs 
and all the information relating to  an authority could 
he slored easily on an average sired cupboard shelf. 
available at short noticeas and when required. 

Unfortunately, accurate and swift as the computer 
may be, i t  can never complete the scheduling! A 
program prcparcd for use witl~iri thc Welsh region, 
and with which the author was associaled, is the 
Engineering Information Retrieval Program (EIRP). 

The program is intended to store all thc data relating 
to  engineering services, plant and equipment and to  
provide on demand printouts of any specified data. 
For example, if one receives a typical query from the 
DHSS requesting, say, numbers of boilers, coal-fired 
and of thc 3-pass economic type installed prior to 19M) 
this inforniation could bc providcd within, say, I h if 
one has immediate access to the computer and easily 
within 24 heven if i t  is necessary to requesl the Regional 

Fig. 3. 

Fortran Coding Form 

\l&EihBLi NhNlt i  A e i  ' i i L C ' T C D  r~ lK.N#MI= $ s ~ * t E  

i((,bt 3 i ~ ~ i ~ ~ = h  Reer 
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Computer Centre to  carr? out the search and provide 
the data. i k  doubt. group and hospital engineers who 
hare been harrassed by their authority to  provide such 
mformation w i l l  rcadily appreciate the advantages of 
the system. 

Another application of this program is within the 
regional health authority to  assist in forward planning, 
o r  in the preparation of a capital programme. In this 
instance the information could be requested on  all 
plant which had exceeded the life factors stated in 
HTM 24 'Present Value Techniques' by more than 
20:". o r  again. of boilers that arc due for replacement 
within the next 5 years. 

Future debelopments of mainframe computer pro- 
g r m s  will be associated with the Harness system, 

CUBITH and, in Scotland, CLASP. The future w i l l  
probably lead to  an increase in central purchasing and 
the use of 'call-otf' listing, and here again the usc of 
the computer will be invaluable. 

1-here should bc n o  rcason for concern uith these 
de\elopments but rather the opportunity for us all to 
I'd61 our real function as engineers, to  manage lnorc 
elliciently and to operate the engineering scriices 
entrusted to  us moreefficiently. 

The thing t o  remember is that, however osefu! the 
computer may be and however etlicientl? i t  ilia). 
operate, it cannot make value judgemenls based on 
experience and the knowledge we have obtained: for 
that we, as engineers. will always be required. 

Introduction aux ordinateurs 
Blen qur dc grands ordinnteurs aicnt C t t  utilisL's pal- le' Senices Sanilaircs du Koyaunre-Uni depuir pluwatrs anncc\. 
leur utilisation dans le dornaine de l'ingtnieur n'a 616 que Irks minime. ('et article, qui dome une introduction aur 
ordinateurs et retrace leur dCvclappement depuis Irui drhul, discute dcs applications coorantes d 'un  inttrSt particulicr 
aux inghieurs dcs hbpitaur. 

Eine Einfiihrung in die Computertechnik 
Das britische Grsundheitswesen rnacht rwar schon seit mehrcren Jnhren von groflcn C'omputsrn tirhl-auch, abcr nuf 
mgcnicurtechnischem Gcbiet wurden sie hishcr nur  xemg eingcxtrt. I n  diesem Artikel, der einc Einfuhrung in die 
Cornputertechnik darsrellt und die Entwicklung der Computer von jhren Anfdngcn bis m m  heutigen Tag vcrfolgf. 
werden die gegmwiitigen Ein~a~~moglichkciten erorterr. die f u r  Krankenhausingcnieure v o r  hcsonderem lnferew 
rein diirften. 

Una breve introduzione ai computers 
S'bbcnc il icrvirio sanitario del Rcgno L'nitu abbia fatlo u w  dt computer grandi per parecchi ;inni, qucbtt condiuratori 
elettronici \ono stati peialtru puco sfruttati nel scttorc dellmgqnerkl. I1 presents nrlicoio. [ii quale offre un'mtio- 
durione pratica ai computer e ne traccia il loro sviluppc h l l a  nascira, eramina in dctt;lglio le correnti applicazioni di 
intererre p~rticolnre per i construttori di ospcdali. 

BSI News - Hospital 
sterilisers 
J. C. SHELTON 
During the meeting of the BSI Technical Committee 
SGMH/I+Hospi ta l  Sterilisers held on the 22nd 
.January 1975 under the chairmanship of J. H .  Buwie 
a discussion took nlace on the best nicthod of organising 
the April 1975 conference on  containers for sterile 
fluids. The proposed topics to  be discussed ;it the 
conference were containers for: 
(a )  intravenous fluids 
(h )  eye drops 
(C) parenteral injection fluids 
and i t  is hoped that arising from this conference means 
may be found to  solve a t  least some of the many prob- 
lems encountered in this branch of sterilisation. I t  was 
during the discussion on the arrangements for the 
conference that certain shortcomings of the present 
containers were expressed, and this led Dr. Bowie to  
pose the question: 'Is there such a thing or ever likely 
to  be as a perfect container'. 

H. E. Kobcrts. with thc aid of time-temperature 
graphs on the blackboard and copies of recorder print- 
outs handed round to  the committee, reviewed the 
conditions of the huildup of temperature within the 

bottles of a fluids steriliser, this being a11 part of 
general discussions on sterilisers for bottled fluids 
preparatory to  work on  the revision of BS3970 Pt. 2. 
Dr. Roberts demonstrated the point that, although 
there were definite advantages in elevating the steam 
pressure above the level that is norn~ally required 
during the warm-up period, there is a constant danger 
of overshoot occurring which may have adversc effects 
on some fluids being sterilised if this condition prewiiled 
for any length of time. 

In fact the printout showed that this excess of tem- 
perature was difficult to  correct and that the actual 
higher ten~perature limit and the point of cutoff in 
time were critical if this temperature overshoot were 
to  be avoided. Man) other aids and adaptions, some 
already incorporated on certain sterilisers, were put 
foruard as having a greater effect on reducing the time 
at elevated temperature. These included sleam-trap 
bypasses to  maintain turbulent flow of steam and thus 
promoting wen  temperature distribution through out 
the load. 

It occurred to  the writer, as a hospital maintenance 
engineer, that although these embellishments would 
n o  doubt shorten the process time by varying amounts, 
they would in relalion to  their complexity also add 
to  the maintenance and the machinc's d o ~ n t i n i e ,  due 
either to  maintenance o r  breakdown. 

The subject was eventually referred to  a w b x q u e n  
meeting. 
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Product 
news 

Steam-pressure-reduc ing 
va lve 
The B type relay-operated pres- 
sure-reducing valve is designed 
for inlet pressures up to 28 bar 
and a reduced pressure range of 
0.35-17.5 bar is available. Con- 
structed from spheroidal graphite 
iron, the valve can be supplied 
with the following end connec- 
t lons: 0.5 in to 2 in  ESP. flanaed 
0.5 in to 2.5 in BST 'H', or DIN 
ND 25/40. 

William Broady & Son Ltd., 
English Street, Hull HU3 2DU. 
England. 

Por tab le  cha r t  recorder  
The M230 voltageicurrent re- 
corder is a portable self-contained 
unit housed in a lockable carrying 
case, Included in  the package 
is a 6-range switchable c.t. and 
two  voltage test leads, to give 
three ranges of voltage and three 
ranges of current, up t o  600 V 
and 300 A. The recorder wi l l  record 
continuously for one month on 
one pressure-sensitive chart roll. 
Channel Electronics (Sussex) 
Lfd., Cradle Hill Industrial 
Estate, Seaford, Sussex BN25 
3JE, England 

W o r k  p l a t f o r m  
The Topek telescopic aluminium 
platform extends up to a working 
height of 900 cm for ceiling work. 
The platform is mounted on wheels 

and can be carried up stairways for 
split-level areas, cr used for out- 
door maintenance. 
John Rusling Ltd., Springfields, 
Newport, Salop T F l O  7HU. Eng- 
land 

Wa te r -pu r i t y  m o n i t o r  
The Datronix solid-state water- 
purity monitor has automatic tem- 
perature compensation and a vari- 
able-delay alarm-initiation circuit. 
The controller is designed for auto- 
matic and continuous monitoring 
of demineralising and distillation 
plant, boiler feed water, return 
steam condensate, desalination 
systems, caoling towers, rinse and 
cooling water, fresh-water pollution 
etc. The set-point control is cali- 
brated in microsiemens as standard, 
but calibration in  parts per million 
of total dissolved solids is also 
available. Temperature compensa- 
tion is automatic in the range 
10-80°C at a coefficient of 2% per 
dea C but other coefficients can be 
supplied for specific applications. 
L G  International, PO Box 19, 
Lefchworth, Herts. SG6 3PS, Eng- 
land 

Leak- locat ion gas de tec to r  
The BZ-LL gas detector acts as a 
combined flammable-gas detector 
and leak locator. The hand-held 

monitor is available in  a purpose 
made carrying case and acts as a 
spot check or continuous automatic 
monitor for most hydrocarbon gases 
including natural gas, propane, 
butane, acetylene, hydrogen, etc. 
Detection is by a pulse-operated 
Pellistor catalytic sensor and when 
the level of gas in air rises above a 
preset limit an audible and visual 
warning is given. The detection 
point is well below the lower 
explos~ve limit of the atmosphere 
When the presence of a potentially 
dangerous level of gas is signalled, 
the monitor may be switched to a 
continuous search mode for leak 
location. As the volume of gas 
in air sensed by the monitor 
increases the frequency of oscilla- 
tion of the 2-tone audible warning 
increases. 
Neotronics Ltd., Building l O Z ,  FSTS 
Sife, Stansted Airport, Stansted. 
Essex CM248QX. England 

Vacuum gauge  
The Pirani 1 2  vacuum gauge has a 
pressure range of 100-10-' torr, 
an accuracy of better than 10% of 
indicated pressure between 10  and 
10-' torr, and facilities for process 
control. The instrument is designed 
to be used with the Edwards M12 
gauge head. The gauge has a 
resDonse time of 50 ms and has 

two  meter scales with a total scale 
length of nearly 140mm.  It is 
designed to the Post Office 19  in 
(48 cm) rack module. 
Edwards High Vacuum, Manor 
Royal, Crawley, West Sussex RH10 
2L W, England 
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planning and - 

design of 

The state of the art 
b y  S. K. GHOSH and V. K. HANDA 

The rapidly rising costs of health-care 
necessitate a careful assessment of possi- 
bilities in the planning and design of a 
hospital. This is particularly important 
since the ratio of operating cost to  con- 
struction cost is significantly higher for 
hospitals than for other buildings, and 
since hospital operating costs are directly 
related to the design of the hospital. 
Computer-aided planning and design of 
hospitals permits the study of design 
possibilities without paying the price of 
erroneous decisions in the actual situation. 
This article reviews the four major stages 

of computer-aided planning and design of 
hospitals : 
(a) regional planning 
(b) institutional planning 
(c) functional design 
(d) engineering design. 

I t  is pointed out that spatial layout or 
functional design is perhaps the most 
important aspect of the planning and 
design of hospitals. The commerce sub- 
system, which handles all movements 
within a hospital, holds the key to efficient 
functional design. 

The health-care services industry of any nation can be 
characterised as a system of individuals and organisa- 
tions seekingto provide services to people that will 
restore or maintain their personal hcalth.' 

One growing area of concern in the health-care 
industries of nations around the world is the rapidly 
rising cost of health care to the patient. As shown' in 
Table 1, the cost of medical care in the United States 
has bcen rising at a faster rate than that of all consumer 
goods for the past 25 years. The apparently narrowing 
gap in the two rates of incrcase is due as much to the 
overall inflation currently being experienced as to any 
success in slowing lhealth-care inflation. 

While the reasons behind the rising health-care costs 
are many and varied, there is one area that is of particu- 
lar concern to the engineer, and forms the basis of 
discussion in this papcr. 

T h e  h o s p i t a l  
The hospital provides the personnel involved in health 
care with the opportunity to interact and complement 
each other's expertise. In general, hospital care can be 
P- --p - -~~-- ~~~ -- 

Dr. Ghosh was formerly, and Prof. Handa is, uith the 
Department of Civil Engineering, Univerhity of Waterloo. 
Waterloo, Ont., Canada. Dr. Ghosh is now uith the Port- 
land Cement Association. Skokle, Ill. 60076. USA. 

classified into four major categories: short-term care, 
long-term care, psychiatric care and tuberculosis care. 
Hospitals providing short-term care dominate the 
industry and also have the majority of hospital beds. 
The scopc of the present study is confined to hospitals 
providing short-term care only. 

A hospital, irrespective of its type, can be looked 
upon as a system in the sense that the word is known in 
normal systems-research usage. In such usage, a system 
is described as a mechanism that has identifiable inputs 
and outputs. Depending on the system's purpose, 
various influences or resources of the system are brought 
to bear on the input in order to change it to an output 
item. 

The hospital may be described as a system whose 
input is sick people and whose desired output is people 
who are well. The hospital's resources for this produc- 
tion effort are medical care, nursing care, psychological 
and physical support, and the aids of shelter and supplies 
that make these things possible. The goal of hospital 
planning is the design of a system environment that is 
safe, comfortable, efficient and plcasant. 

It is well known that the ratio of operating cost to 
construction cost of hospitals is much higher than that 
for any other type of building. Hospital operating costs 
are greatly influenced by the design of  the hospital, 
which cannot be corrected once the building is con- 
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to eoCh poterto1 o c a t o n  and 
rrod1f1~0t10n of the fac l l t y  to  
'I! health-core needs n :h? 
orat ton 

btructed. This is where theengineer can play a significant 
role in trvine, to combat the risine, cost of health care. 

comp"ter1aided planning and design of hospitals 
permits the study of design alternatives and their in- 
fluences on subsequent operations without paying the 
price of erroneous decisions in the actual situation. The 
purpose of this article is to review, systematise and draw 
some useful conclusions from the body of information 
currently available on all phases of computerised 
planning and design of hospitals. 

The overall hospital planning and design process may 
conveniently be subdivided into four major stages:' 
(0) regional planning of health-care facilities for de- 

termining the location and the extent of services to 
be provided by a hospital 

(b )  institutional planning in meeting the performance 
requirements for patient care in accordance with 
current and anticipated medical practices 

(C) functional design with respect to space organisation 
and allocation 

( d )  engineering design, including construction planning. 
Here we will review each of these stages separately. 

Reg iona l  p l a n n i n g  

The main objective of regional pianning for health-care 
facilities is to conceive a master plan of physical 
facilities through which a health-care system can be 
efficiently implemented."he conceptual framework in 
determining the location and the extent of services to 
he provided by a health-care facility is shown schemati- 
cally in Fig. 1 ,  which is reproduced from a paper by Au 
et a/ . 'who have proposed the only computerised model 
available so far for the regional planning of health-care 
facilities.',' 

The basic types of information required for planning 
include: 
(a) an extensive knowledge of the physical and socio- 

economic environment of the project, including 
com~rehensive health-care data. 

Fig. 1 Regional planning of health 
care facilities-a schematic repre- 
sentation' 

The project environnlent can k conveniently descrikd 
hv a set of maDs. The maDs used bv Au included a 
topographic map, a land-use map, and a demographic 
map. Internally in tliccom~uter storaee. the infomal~on - .  
on these maps was d i~cr~t i sed  into a grid system and 
stored in a set of arrays known as feature maos. Each 
feature on a map was represented by a prime number. 
the product of two or more prime numbers representing 
the joint occurrence of two or  more features a.t the same 
noint ... . . 

In addition to the above, three categories of health- 
care demands and services were considered by Au: 
outpatients per day, general beds and obstetric beds. 
Four types of data for each of these services had to be 
provided to the Au model: average demand rate, the 
factors that might cause variations in the demand rate, 
variations from average demand rates, and service 
capacities and locations of existing health-care facilities 
and their patterns of services. 
(h )  An administrative policy defining the criteria and 

priorities of services to be provided. 
When the demands in all categories that cannot k 
satisfied by the existing health-care facilities are de- 
termined, criteria must be developed for selecting the 
location of a new facility which can provide the hest 
services to a neighbourhood within the hudgetry 
constraints. In search of a site for a new facility, a plan 
showing the health-care services that should he located 
at each grid point location in order to satisfy each 
category of demand in its vicinity was first generated. 
In screening for peak demand in each category, it was 
clear that the demand for outpatient services, general 
beds and obstetric beds generally did not have peak 
values at  the same location. Consequently, an index 
involving the linear combination of all these demands 
was used as a basic criterion for selection. For example, 
a planner might prefer to select a location with peak 
demand on general beds, and ignore the other two 
demands. 

Since not all health-care demands in an area-wide 
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cystem can be niet by a new facility, priorities of services 
in meeting the demands must be established. In general, 
in planning a new facility, various types of services 
should be prokided to certain levels such that the totals 
of these services in the comprehensive system will equal 
and possibly exceed the respectively critical minimum 
levels that are deemed necessary to maintain the health- 
care standards o f  the society. After these minimum 
requirements are iatisfied, selective improvements may 
be made by increasing the types and101 levels of 
services within the budgetry constraints. When the 
demands cannot be completely satisfied, priorities may 
be specified as to uhich category should he increased 
from the minimum standard first. 
( c )  A scale of values cxpressing the desirability, includ- 

ine cost. associated with snecilic features orcharacte- 
W ,~ 

ristics of the environment. 
One location may hc preferable for the project than 
another because of the cost of land use or for reasons 
other than cost, such as the disruption of n coherent 
neighbourhood or aesthetic considerations. Hence, for 
some features in the set of mdpsrepresenting the project 

~ ~ 

environment, a desirability index andjor a cost may be 
assigned. 
( c l )  Information from previous experiences on the types 

of health-care facilities that have been used to 
provide the emisioned services. 

The essential items of information include the \ arialions 
of services, sizes and costs of various putential facility 
types. On the basis of such information, the merits of 
~ a r i o u s  potential facilities for different environmental 
feature patterns can be classified for consideration while 
planning potential locations for the proposed facility. 

Au developed a computer programme written in 
APL to implement the regional planning of health-care 
facilities. The programme consisted of seven major 
subroutines. the functions of which givea fair indication 
as to how the programme works (Table 2). 

While the programnie given in Table 2 is experimental 
in nature and represents only the first step in computeris- 
ing the complex process of regional planning of health- 
care facilities, it can be used with little modification in 

a real-life situation, provided that a suffic~cnt amount of 
real-life data are available. 

Ins'titutional planning 
A systematic procedure for determining performance 
requirements of hospital services from the expected 
levels of patieht demands and for estimating proposed 
capacities of service groups, which are the primary aims 
of institutional planning, is useful for generating the 
data necessary for detailed functional design. 

Significant studies of relevance to this area are feu in 
number. H o w l a n d h a d  associates demonstrated the 
interdisci~linary nature of the hospital system and thc 
importance of finding system performance measures 
which could be rcgarded as common. Their search for a 
methodology for evaluating the quality of patient care 
is a pertinent and basic study. 

Table 1 Annual rate of increase of US health- 
care prices 

Annual rateof  increase 
Period -.-p. 

All consumer items Health-care prices 

% % 
1946-60 3 . 0  4.2 
1960-66 1 . 5  2 - 8  
1966-69 4.1 6 7  
1969-70 5 . 9  6 . 3  

Flagle el d.' havc studied both the inpatient input to 
the hospital and the potential ability of the hospital to 
cone with the stochastic inputs which they found to be 
characteristic of hospitals. Their uses of queuing theory 
and systems-analysis techniques for anticipating patient 
loads-and adjusting organisation to meet these loads 
are valuable guides. 

Thompson and Peiletier7 have dernonstratcd, like 
Flagle, the random nature of the hospital input and 
described ways for predicting a number of inputs. Their 
studies of the inpatient nursing unit, the delivery site 
operation, oxygen utilisation etc., demonstrate methods 
for producing information prerequisite to decision- 
making 

parameters 

Fig. 2 Planning patient care in a hospital-a conceptual model9 
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Later Yale studiesR were carricd out with the objec- 
tive of providing hospital administrators with tools that 
would give them the ability t o  predict the operational 
consequences of alternative design and, given any set of 
facilities, the results o f  the application o f  alternative 
policies fbr guiding the operation o f  these facilities. T o  
this end, major etTort was devoted toward the construc- 
tion o f  a set o f  simulation models that were descriptive 
of the essential features o f  various subsystems i n  a 
hospital. Fetter and Thompson8 reported on three 
fully developed models: 

(U)  a nlaternity suite 
(b) an outpatient clinic 
(c) a surgical pavilion 

and on three other models i n  various stages o f  de~ciop-  
ment: one of a clinical chemistry laboratory, a second 
one to predict the effect of various room arrangements 
on economy of operalions, and a third one to predict the 
economic and technical consequences o f  any scheme o f  
patient organisation based on care requirements. 
Various experiments performed u,ith the maternity 
suite model were also reported on: the ellecrs were 
studied of: 

(a) incrcllscs in adniis~ions rate 
(b) admission o f  clective inductions 
(c) changes in lengths o f  stay. 

Table 2 

Subroutine Function 

1 To extract desired features from the compressed data 
in one of the feature maps and to print them on a 
specific feature plan. 

2 To estlmate the existing health~care facclaties in the 
region and to present such data on the has6 of the 
regional comprehensive health~care data. 

3 To generate a health~care-demand plan showing the 
units of demand per square mile for each of the three 
specified demand categories on the basis of the 
~nformat~on on feature plans and the health-care- 
facilhty plan. 

4 To compress the desfrab~lity lndices assocmed w ~ t h  
various ieatures into a desirablllty index plan. 

5 To compress the unit costs of land use corresponding 
to various features into a unlt-cost plan. 

6 To search satisfactory and desirable potentad locatms 
that can best satisfy the three demand categories 
according to specified criteria and priorit~es of 
providing services. 

7 To match the feasible health-care-facllitytypes andthe 
potential locations, and to propose a number of 
facility types together with their corresponding 
locations in the ascending order of unit cost per square 
foot of usable floor area for each facility type. 

Fig. 3 A dynamic model for planning patient 
care i n  a h ~ s p i t a l ' ~ . "  

elective cases (TNL) --- emergency ond 

waltzng list emergency 
unit (ADCON) 0dm~s~8on (TNE) 

'Iecilve admmmn 
TNLI 

1 
T * 

ciasshcoton lnto surgrcal 
rned8cal ond obstetr!: cases 
(CLA) 

neallh-core personnel 
and foitlity dernard 
file for tkp co l  hospital 

and foc#i~ly copoc~ty 
(PLAN2) 
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While the abovc studies uerc concerned with hospital 
subsystems, simulation models of the entirc patient- 
treatment systems in gcneral hospitals were proposed by 
Grooms and Au,' and Wong and Au."'," It was 
pointed out" that the objectives of developing a 
comprehensive and systematic procedure for planning 
patient care in hospitals are two-fold. First such a 
procedure would yield a more accurate prediction of the 
personnel and Facility capacities required to  provide the 
envisioned health services in planning a new hospital. 
Secondly, the procedure could also be used to make 
more efficient use of fixed health-care personnel and 
facility capacities by experinlenting with various admin- 
istrative policies in levelling oflpeak service dcmands 
when such rescheduling would not affect thc quality of 
health care. 

The patient-treatment system of a gcneral liospital is 
characterised by a decision process of scheduling 
treatment groups for paticnt treatments, including the 
transportation o i  patients from one group to another. 
The information on the treatment groups, patient- 
treatment files and patient transportation at any 
specified time is conmined in the hospital-data file 
which constitutes the input to the system. A feasible 
schedule, uhich has been improved upon by using a 
number of heuristics to search for better solutions, 
constitutes the output. An objective function setected by 
the hospital management should be used as a measure 
of effectiveness of the system. The basic structure of thc 
conceptual model is shown' in Fig. 2. 

To implement the simulation process a computer 
program was written in toKruAN v for operation on 
a Univac 1108 computer. The choice of the computer 
language was influenced by the consideration of possibly 
combining the use of the program with other existing 
program for allocation of facilities. 

A model, more comprehensive than the one above, 
was later proposed by Wong and Aul','' for planning 
health-care services in a proposed hospital by actually 
simulating the envisioned service demands on the basis 
of the health-care needs of the community and the 
hospital administrative policies for providing services. 
This simulation model was dynamic in the sense that 
new information could be input into the model at 
various time periods and that admissions and service 
rates could be adjusted through feedbacks from pre- 
liminary plans. The simulation procedure and the APL 
program written to implement it are best explained 
through Fig. 3 and Fable 3. 1°," 

The author of a more recent investigation" started 
from the postulate that patients are central to the 
activity patterns in a hospital aria that the natural place 
to  begin was with a study of the daily activities at ward 
level. A model for predicting the daily routine in each 
ward, under any set of operational policies, was 
described, The model was actually developed in terms of 
an acute surgical ward. 

It was envisaged that the ward model would be run 
on two levels: first on a steady-state level to show the 
typical daily routine over a long period of time, and 
secondly on a short-term level to show how the actual 
ward routine changed from one day to  the next as the 
patient population changed. The output from the model 
was a set of timetables for nurses and other personnel. 

I t  was envisaged that, as the study progressed, the 
ward model would be extended to cover other depart- 

Table 3 A simulation model for planning patient 
care in hospitals-operations of special APL 
functions'"." 

Special APL 
Functions Owrat ions 

SYNOBl 

SYNOB2 

C LA 

ACCUM 

PP 

ADCON 

MOD 

V A  R 

For generating occurrences af various 

hospital cases (elect~ve. emergency and 
outpatient) based on stat>st~cal records by 
synthetic abservat~ons wlth the aid of a 
pseudorandom-number generator prov~ded 
by the A P L  system 

For including some outpatient cases far 
admission to hospital and for discharging 
some emergency cases based upon synthe- 
tic observations of pseudorandom numbers 
of certaln probability distr~butions 

For breaklng down hospital cases into 
surgical, medical and obstetrics cases 
according to the case percentages based 
upon statist~cal record 

For generating hcalth-care personnel and 
facility daily demand for all cases from 
synthet>c observations over any specified 
period 

For generating the average demand rate 
for all cases and peak demand rate for 
emergency and critical cases; and from 
these rates and the service uni t  file, generat- 
ing the average and minimum demand units 
for the hospital over any period 

For placing certain elective cases on the 
waiting list according to some prescribed 
priority rating when the predicted demand 
exceeds service capacity over a certain 
period of time 

For controlling admlsslon of electwe 
cases when certain predicted demand ex- 
ceeds service capacity, for modifying 
service capaccy or service units when the 
difference between the two exceeds certain 
specified criteria, and for generating de- 
tailed information for case treatments 
according to specified service rates 

For changing the demands for certain 
cases aver a short period of time according 
to certain mode of case variation 

ments of the hospital, the outputs resulting from 
operational policies in one department forming inputs 
to the other departments. 

Functional design 
'In Iecent years, the rising costs of hospital operations 
have focused the attention of hospital planners on 
better utilisation of health-care personnel in hospitals. 
One of the most important factors concerning hospital- 
personnel utilisation that has been singled out in 
practically all hospital-management studies is the large 
amount of travel time spent by nursing and other 
supporting service staff in the performance of their 
services. As a result, various methods have been sought 
to reduce travel times of various hospital personnel. 
One obvious method is to design a hospital in such a 
way that the frequencies and distances OS travel by 
staff between various operational units within the 
hospital can be minimised. Consequently, the spatial 
layout is generally regarded as the most significant 
aspect of functional design of hospitals.'" 
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Historically, the hospital building has been a reflec- 
tion of the intuitions, traditions and temperaments 01' 
the many disciplines inwlved in caring for the sick. 
Since the early thirties, however, there have becn a 
number of attempts to establish qualitative and quanti- 
tative criteria to guide hospital planning. J. J. Souder" 
has published succinct reviews of the earliest studies in 
this direction. Here are two excerpts from Souder:14 

'The Army medical corps, folloaing World War I, 
attempted to summarise its wartime expcricnces with 
space requirements for patient care. Drawings were 
prepared for buildings of a given module which could 
be assembled in appropriate groupings to provide 
hospitalisation for any given number of men. These 
drawings, tinally put in working form under a Works 
Progress Administration project in the 19305, formed 
the basis for Army and Air Force hospital construction 
in the 1940 mobilisation. They uere refined continually 
during World War 11, but only in terms of modules 
capable of quick construction by field forces at home o r  
overseas. The navy had similar plans.' 

'The United States Public Health Service first oSiered 
sophisticated help to the civilian comniuldy after 
World War 11 with its publication of The elr.,netrt.r o/'tIw 
fe,reral l~ospital" and accompanying documents which 
spelled out minimum space and equipment require mlenh 
for acute general hospitals of varying sizes, from 50 
beds to 200 beds. These too were empirical formulation$ 
based on experience, but they went further in attempting 
a space-requirement breakdown by departments with- 
out reference to the form of the building. in retrospect 
they appear remarkably reasonable, and in practice 
they contributed a useful body of measures for evaluat- 
ing plans for new hospitals in communities that had no 
experience in planning hospitals. They were outgrown 
as experience proved that in a community-supported 
hospital enterprise the minimum published standard 
tended to become the only standard and thereforc 
inadequate to meet growing needs.' 

The Nuffield Foundation StudiesL6 of task perfor- 
mance in relation to physical and organisation arrange- 
ment for patient care are also of interest. The planning 
conclusions of this study were based on practical 
experimentation which assumed the acceptability of 
then current patient-care practices in the UK.  They 
suggested impicitly that the testing of other procedures 
would be appropriate. 

The Committee on Hospitals and Health of the 
American Institute of Architects in 195457 undertook 
to document current nationwide experience in hospital 
space planning. It adopted and carefully described 
specific rules for measuring space allocation. It  then 
solicited space-assignment data from 70 acute general 
hospitals built between 1948 and 1956 thoughout the 
US. The data were assembled by the architects of the 
individual hospitals and were collated and reported by 
the Com~nittee.~' These data showed remarkable and 
dramatic differences in total space requirements and 
departmental space allocations among hospitals of 
equivalent size performing services of equivalent scope. 

J. J. Souder" subsequently suggested a method for 
predicting gross space demands for acute general 
hospitals, but produced no means for evaluating the 
merits of these demands. 

Other important contributions to the understanding 
of hospital space planning have been made by a number 

of investigators. '"" Topical papers have appeared 
regularly in the professional journals and may be found 
in the US Hospital literature hrlc.~'" and the Architer- 
tr~rrrl imira." Among the latter, a study published in 
1972" deserves to be mentioned separately. 

The earliest significant study in the computcr-aided 
functional design of hospitals is perhaps thc onc by 
Souder er The study was directed toward simpliiy- 
ing the statement of architectural problems in hospital 
plaoming and touard tinding new and stronger aids for 
bolving them. It presentcd obscned data, some con- 
clusions derived from the data, and a methodology for 
handling hopital planning problems which reduced the 
area prc\iously governed only by intuition. It  examined 
the similarily between hospital planning and other 
contemporary problems and poinled out ways of  
adapting modern computer techniques to the hospitd 
planning process. 

Souder ct al. described the concept of the hospital as 
a system containing four principal subsystems of 
medical care, nursing care. supply and administration. 
This concept was not unlike the onc suggested earlier 
by Howland.' It was noted that, in a hospital, each o i  
the above subsystems is constantly demanding deliveries 
of patients, personnel, goods, equipment and informa- 
tion without which it cannot operate elTectively. At the 
same time, the patients themselves and their visitors are 
constantly requiring movement from one place to 
another. There is thus another sub\ystem of the hospital 
whose responsibility it is to handle all of these move- 
ments at a rate and at a level of satisfaction acceptable 
to all. This subsystem was called the commerce suh- 
system. The architect's dilemma in devising the frame- 
work of a hospital plan is one of so relating the many 
departments that commerce task5 may be performed 
efficiently and to the satisfaction of the departments 
concerned. His greatest problem in basic planning 
revolves around the interdepartmental relationships 
which are seen in the commerce subsystem. This latter 
hypothesis is central to the work reported by Souder. 
The hypothesis was confirmed through a detailed 
sampling of the views and experiences of a number of 
hospital architects, administrators and consultants. 

Souder et al. felt that an objective of the search for 
planning method is the development of a relatively 
complete inventory of commerce tasks in hospitals. The 
compilation of such an inventory would permit the 
development ofmethods of simulating these occurrences 
and of predicting them for other hospitals. In addition, 
the q~antitative and qualitative information in the 
inventory would be useful to practitioners concerned 
with planning and administration. The authors made 
systematic observations of the interdepartmental traffic 
patterns in two medium-size acute general hospitals in 
Massachusetts and California. The departments selected. 
for study in each hospital were two inpatient nursing 
units, the radiology department, the central supply 
room, and the pharmacy. The detailed observation of 
all traffic entering and leaving the four hospital units 
automatically offered some insight into similar activities 
for other departments in each hospital since the origins 
and destinations of all traffic were recorded, as was the 
purpose of the traffic. Consistencies in the observed 
commerce patterns were identified and a number of 
simple rules and relations useful for describing and 
predicting cnmmeice activity were presented. The 
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reported observations pointcd to interesting differences (b )  specification of environmental conditions inhide 
in details of daily operation but a high degree of con- the buildingzs 
sistency in operating goals and operating patterns of the (C)  arrangement of spaces.'" 
study hospitals. 

Souder also described a methodology, named 
Coplanner, whichemployed a digital computer equipped 
with an  oscilloscope. Coplanner drew on the body of 
observed data to elicit ordered patterns of task volunles. 
task-performance coincidcnce, and task demands on 
people. 

The next capability uf Coplanner permitted thc 
operator and conferees to adjust the observed dat-1 for 
conformance with judgmental projection of what the 
similar data components might be in a proposed 
hospital. The third capability permitted the drawing of  
proposed planning frameworks on the oscilloscope, and 
then the one-by-one simulations of task performance in 
the plan presented and the nleasurement of performance 
against known scales o f  values. The fourth capability 
was that of storing and then re-presenting on demand 
any set of data or any set of plans that had been deve- 
loped. It was hoped that planners using the abovc 
methodology at the confercnce table could elicit re- 
corded performance data, adjust them to projected 
performance demands, and test plans, one by one, 
against experience and against increasingly good value 
scales until satisfactory planning solutions could bc 
reached. 

According to Souder, the results of !he study werc 
more positive than negative. On the positivc side, the 
results presented the possibility of employing a body of 
data and, with computer assistance, of developing and 
comparing proposed commerce task performance with 
that observed in existing hospitals. On the negative side. 
the useful measures developed were insufficient for 
complete evaluation of plans. The resulting methods. 
nevertheless, offered some positive assistance to the 
development of hospital progranimesand hospital plans. 

An integrated approach to computer-aided func- 
tional design of hospitals has recently been proposed by 
Parti et a l . 2 4 ~ 2 5 ~ 1 3  The major considerations in this 
approach include: 
(a) organisation of hospital func~ions '~  

Parti er al.'" listed scven levels of rcsponsihilitics in 
a hospitd with the objectives of each in fullilling 
various health-care services (Fable 4). All functions in 
existing and proposed hospitals can bc decomposed 
into a hierarchy o f  these seven levels. Thc use of a 
hicrarchy of functions was motivated by the fact that 
dinerent levels of rcsponsibilitics exist within the hos- 
pital administration. Corresponding to each is a set of 
decisions that would affect the grouping of functions at 
that level. 

To specify the hierarchy of functioos for a hospital, 
three types of informalion are nceded f o r e ~ c h  functional 
element: 

( U )  the position of thc clement in thc hierarchy 

(6 )  the symbolic name of the function 

(C) physical attributes such as size, shape. etc. of the 
space which supports the activities for that function. 

4 

Once these three tvnes of info~mation for each element . . 
in the hierarchy are specified, the functional relations 
can be recorded in a loeicallv arraneed multilink l i ~ t .  - .  
A computerised model for the organisation of hospital 
functions into the above hierarchy was proposed by 
Parti." After initiation, interrogation, evaluation and 
modification of the state of the model were uermitted. 

Parti and AuZ5 examined various environmental 
conditions affecting the comfort and safety of uatients . . . 
in a hospital. Some criteria were suggested for design 
purposes concerning atmospheric conditions, such as 
pressure, temperature, relative humidity, odour and 
particle pollution, and other environmental conditions. 
such as sound, light and fire protection. These criteria 
could be used as the basis for the investigation of the 
desirability of adjacency between spaces inside a 
hospital building. 

It was pointed out that the decision as to whether o r  
not to locate spaces adjacent to each other ultimately 
reduces to the choice of either yes or no. Hence the 

Table 4 Hierarchy of health-care funct ions in a hospital 

Level Oblectives Functions or Activities 

1 Hospital 

2 Division 

comprehensive health care 

efficient management afthe facility 

conglomerate of all services resultmg from top 
policy decisions 

total amount of broadly related activities assigned 
to the same general area 

3 Department 

4 Suite 

5 Roam 

6 Zone 

7 Object 

Integrated servicesto the primary consumers 
or users 

convenient conditions far the principal 
provider 

good local environment far users andlor 
providers 

integration of the main service rendered 

support of a single activ~ty performed 

combination of services del~vered by a service 
or treatment group 

specific type of common services or treatments 
performed in the same suite of rooms 

all activities that can be carried out in the same 
local environment surrounded by physical 
barrier 

several closely related activities that are 
undertaken by individuals 

a single activity associated with an individual 
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simplest form in which the etfects of environmental 
factors on possible organisation of a hospital can be 
recorded is a logic matrix. Each entry in the matrix i, 
then either a one or a zero, indicating, respectively. 
that two particular spaces within the hospital can he 
either adjacent or not adjacent. In deriving the logic 
matrix, if one factor is very dominant, the influence of 
other Factors may be neglected. If a11 factors are ot' 
approximately equal importance, then the constraints 
pertaining to all factors must hc satisfied. Since the 
definition of the hospital environment involves the 
complex interaction of many en\ironmental factors, it 
is inconceivable that every factor would be immediately 
satislied as it is initially specified. If attempts to  arrange 
spaces within a hospital are constantly interrupted by 
constraints, then a procedure for releasing constrainls 
in a logical manner is needed. 

It may be worthwhile to mention here in passing that 
the problem of desirability of adjacency of  svaces wab 
encountered in a different context by Nwachuhu"~ai l  
the authors. A solution slightly different from that ol' 
Parti and A"'' was p r o p ~ s c d . ~ " ' V h e  concept of  a 
closeness index was crucial to the latter solution. 

Parti er al." also developed a computerised procedure 
for generating acceptable hospital spatial layouts on the 
basis of operational characteristics and environmental 
conditions. Although the procedure was cssentially 
automatic, manual manipulation by the designer w;l\ 
permitted in order to implement aesthetic or other 
considerations that were not included in the computer 
programmed design criteria. 

The health-care functions in a hospital were organised 
in a hierarchy of seven levels, as mentioned earlier. 
Data depicting the desired hierarchial structure, to- 
gether with the information concerning commerce 
patterns and environmental conditions that had been 
compiled and expressed in convenient form, were used 
as the bases for deriving the spatial arrangement of the 
functional elements. The process was to  be started a1 
the lowest level of the hierarchy that might be considered 
stable by the designer. The connection between func- 
tional elements and physical spaces can most easily be 
made at the lowest level o f  the hierarchy, since the 
functions of various objects are usually quite apparent 

The methodology for generating the spatial arrange- 
ment consisted of three phases. The initial phase was 
devoted to the assignment of initial relative positions 
of elements within a functional group based on the 
commerce patterns and environmental conditions. This 
was accomplished by first ranking the spaces according 
to the frequencies o f  travels between spaces and then 
positioning the spaces in an effort to  minimise the total 
frequencies of travel for all spaces in the group. In the 
next phase, dimensions that represented approximately 
the desired size (a~ea)  and shape (length and width) of 
each space were assigned to the corresponding sides of 
the unit square representing that space. In the third 
phase, sizes of spaces were selectively modified by 
trading areas among spaces that were adjacent to each 
other so that a proper ratio of sizes was maintained 
betweenadjacent spaces while maintaining the adjacency 
constraints and the shape requirements within the 
specified tolerances. Following the completion of this 
process the designe~ could elect to  manipulate the 
results manually if the outcome generated by the 
automated procedure turned out to be less than satis- 

factory to him. 
The above works signify only a beginning in the field . . 

of planning research. t h e r e  are many needs for identi- 
fying problems, findins formats for their solutions, and 
developing methodologies which are understandable 
and usable by a variety of planners who may beexpected 
to work more and more in an  interdkciplinary frame- 
work. 

E n g i n e e r i n g  d e s i g n  
The interfaces between spaces in the layout o f a  hospital 
must he clearly defincd to provide the necessary physical 
boundaries to ensure the desirable environmental con- 
ditions within each enclosed space. Although the 
partitions in a hospital building may or may not bc a 
part of the structural Srame, the selection of partitions 
needs to be considered in connection with the structural 
engineering aspect of hospital design. 

'In general, shapes and dimensions of many features 
in the spatial layout of a hospital may influence the 
design of the building frame. Consequently, tradeofis 
between functional design of ?paces and engineerins 
design of physical components are major considerations 
in the overall hospital design process. As both the 
spatial layout procedure and structural design methods 
can be computerised, meaningful tradeolfs can be made 
when the preferencc amone a set of suatial layout 
alternatives are in conflict with the preference among 
the corresuondina set of structural framing alternatives. 

example, freqiently, a choice must be made between a 
more flexible scheme with higher initial cost and a less 
flexible scheme with lower initial construction cost. 
As the projected remodelling may or may not occur as 
envisioned at the time of construction, the consequence 
of a choice is affected by the turn of unpredictable fu- 
ture events. In effect, the designer must be content with 
the idea of making rhc optimal o r  best bet based on 
whatever information is available. Attempts should be, 
made to quantify this probabilistic decision problem so 
that an optimal bet can be derived in a rational 
manner'.' TO the authors' knowledge, only a very rudi- 
mentary attemptzq hasso far been madein thisdirection. 

As the basic principles of structural engineering and 
building construction are applicable to  most building 
types, an extensive volume of knowledge already exists 
for evaluating some kinds of tradeoffs in hospital 
building design. In the field of structural engineering, 
computer programs are available for the analysis of 
structural systems and the selection of component 
members, and to some extent for optimisation and 
design. However, to realise the maximum possible 
benefit with respect to thc particular type of hospital 
building, features peculiar to this type must be identi- 
fied into the integrated conceptual framework for the 
overall planning design process. Some of the difficulties 
in the realisation ofthis goal must yet be overcome.30 

S u m m a r y  and c o n c l u s i o n s  
The ratio of operating cost to construction cost is much 
higher for hospitals than for any other normal type of 
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building. Hospital operating costs are directly influenced 
by the design of the hospital which is almost impossible 
to correct once the building is constructed. Computer- 
aided planning and design o l  hospitals permits the 
study of design alternatives and their influences on 
subsequent operations without paying the price o i  
erroneous decisions in thc actual situation. 

The rising costs o f  health care make a better utilisa- 
tion of health-care personnel in hospitals almost im- 
pcrative. One of the most important factors concerning 
hospital-personnel utilisation is the large amount of 
travel time spent by nursing and other supporting 
service staff in the performance of their services. One 
obvious way of reducing travel times is to  design a 
hospital in such a way t h ~ t  the frequencies and  distances 
of travel by the staff between various operational units 
within the hospital can be minimised. ~onsequen t ly ,  the 
spatial layout o r  functional design is perhaps the most 
important aspect of the  plan^& and design of a 
hospital. And the commerce subsystem, whose re- 
sponsibility it is to  handle all the movements within a 
hospital, holds the key t o  efficient functional design. 

It  should be ao~rec ia t ed  that the various methodolo- . . 
gies reviewed herein can be applied in real-life situations 
onlv if a sufficient amount of real-lifc data is available. 
~ h d  collection of such data is usually a formidable task 
to  which relatively little research attention has been 
directed in the past, and more should certainly be 
devoted in the future. The type and amount of data to  
be collected would of course dipcnd upon the complexity 
and structure of the conceptual Framework that m a r  be 
adopted for the planning and design process. The sfop 
of this paper has k e n  limited to  the exploration of a 
nurnbei of feasible and desirable framewbrks. 
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Etude de la planification et de la conception des h6spitaux a I'aide d'ordinateurs-la 
conditio,n de I'art 
La croisrance iapide des coiIts des soms cl trailcment impose une evaluation approfundie des possibilitb offertes d a m  
le domaine de la planification et de la conccption dcs hbpitaun. Ceci est d'une importance particuliCre du fait que le 
rapport des coiits d'adrninistration i ceux dc la construction est relativenient plus elebe pour lc? hdpitaux que pour 
d'autrcs constructions et parcc quc les coiIts d'administration d'un h6pital son1 en function dirccte de ia conception de 
c&-ci. L'emploi d'ordinateurs pour aider h l'etude de la planification et dc 13 conception des h6pitiiux permet que les 
pusribilitis de leur conception cuient etudiees sans que lcs consiquenccs de dbisions er ronks  dans In conjancture actuelle 
saicnt a subir. Cet article presente une revue des quatre etapes principales de I'Ctude de la planification et de la conception 
des hBpitaux h I'aidc d'ordinateurs: (01 Planification regionalc, (hi planification de l'inslitution, (c) conccption fonc- 
rionellc et ( d )  conception technique. On fait remarquer quc l 'xn~nagenicnt de l'espace ou conception Ionctionnclle est 
pewetre I'aspect Ic plus important de la planification ct dc 1;1 conception des h6pitaur. Le sous-systCme comrncrcial qui 
s'occupc dc rous ics mouverncnts h I'intiricur d'un hbpital, dCtienl Ia cle d'une conception fonctionnelle eftirace. 

Computerunterstutzte Krankenhausplanung und gestaltung-gegenwartige Sachlage 
Die cchnell steigenden Kostcn auf dem Cebiet der Gewnilheitspflegc crfordern eine sorgfiiltigc Beul-tcilung der sich fiir 
die Planung und Ccstaltung cincs Krankcnhauscs hietenden MCiglichkcitcn. Das is1 besondcrs wichtig, weil das Ver- 
hjltnls ~wjschen Betriehskosten und Baukosten bei Krankcnhiusern erheblich hiiher is1 als bei andcrcn Gebiudeartcn 
und wcil die in einem Krankenhaus anfdlcnden Betl-iehskostcn in direktem Zusarnmenhang mit der Ccstaltung des 
Krankenhauses rtehen. Wenn die Planung und Gestaltung von Krankenhiinsern duich Computer unterstiitrt wird, kann 
man die vcrschicdener Ausf"hrungsm~glichkeiten untersuchcn. ohne im wirlichen Einsatr den Preir f"r falsche Ent- 
scheidungen rahlen zu rn"ssrn. Dieser Artikel geht auf die vicr Hauptstufen in der compoterunterstiitlten Planung und 
Gestaltung van K~ankenhiiusern ein: (0) regionalc Planung, (h )  institutionelle Planung, (c)  zweckmalJige Gestaltung 
und ( d )  tcchnische Gestaltung. Es wird darauf hingewiecen, daM die riumliche Anordnung oder zueckm3Bige Gestaltung 
viellcicht dcr \richtigste Aspckt in der Planung und Grstaltung von Krankenhausern ist. Das komrnerzielle Untersystem, 
das fur alle Abliiufe innerhalb eine5 Krankenhauirr mct;mdig ist, bictct den Schliissel fur eine leistungsfihige rwech- 
rmuigc Gertalt~mg. 

Progettazione e strutturazione di ospedali con l'aiuto di computer-posizione attuael 
I1  costo in rontinuo e rapido aumentv registratv ncl scttorc igienicosanitario richiede per form di cose una scrupolosa 
valutaione delle varie posiibiliti disponihili in fasc di progettilrionc e strutturadune di un  ospcdale. Si tratta di uo  
fattore paiticolarmente importante, in qrranto il rapport0 costo d'eserci~io:spesa di installarione risulta di rnolto 
superiorr per il settore ospedali di quanto sia effcttivamentc per altri stabili; inoltre, il costo d'esercirio pcr un ospedale 
6 in diretta relarione alla stiuttura dcll'ospedale stesso. La pianificarione e struttura~ionc di ospedali, con il vnlido 
i u t a  di carnputcrs, pernicttc lo studio dcllc varie possihiliti p~.ogcttirtiche, senra implicarc il costo effettivo dcrivantc 
da ddecisioni crrate. I1 presentc articolo e in elTetti un riehame rlclle quattro fasi principali in scno aka strutturadonec 
progertarione di ospedali, awalendosi di computers: (0) pmificazione regionale: (h) pianificarione i~tutizionale; (c)  
progettazione strutturale a carattere funrionalc e ('1) progcttazivne strutturale in termini di ingegneria pora. Si fa notare 
che la planimetria--&l punto di vista disegno d'ingomhr+(oppure la strutturazione funrionalc) 6 forse I' aspetto p i i  
5aliente in seno alla programmazione e slrutturarionc di o n  o5pedale. II sottogruppo commerciale chc t r a m  tutti i serviri 
in transito all' interno di un ospedale rapprescnta la chiaw reale per un design funzionale veramente efficiente. 

I Appointments ~ ~ 

Area maintenance managers 
T h e  following have been appointed area  maintenance 
managers in Scotland: 

AHA 

Argyle and 
Clyde 

Ayrshire and 
Arran 

Fife 
For th  valley 

Glasgow 
Grampian 
Lanarkshire 

Lothians 
Shetlands 
Tayside 

Western Isles 

Mr.  Peters (ex G r o u p  Engineer) 
Mr.  McDonald (ex H o s ~ i t a l  

Engin.eer) 
Mr.  Millican (ex Grour, Engineer) 
Mr.  Duncan (Ex Architect i r o m  

CSA) 
N o  appointment ( to re-advertise) 
N o  appointment ( to re-advertise) 
Mr.  Terry [ex Deputy  Regional 

Engineer 
(Glasgow)] 

M r  F. Potter  (ex G r o u p  Engineer) 
N o  appointment 
Mr. Keddy (ex Regional 

Architect) 
N o  appointment ( to readvertise) 

Thc  Sardcrs N o  appointment ( to  readvertise) 
Dumfries N o  appointment ( t o  readvertise) 
Highlands Mr. Short  (ex Building 

Supervisor) 

Area works officers in Wessex 
The following have been appointed area  works officers 
t o  the  Wessex Regional Health Authority:  

A HA Nume Precious post 

Hampshire R .  Walker (previously Assistant 
A H A  Reeional Archi- 

tect, WRHA) 
Dorset  A H A  A. H .  Hawthorne  (~revious lv  Assistant 

~ e g i o n i l  Archi- 
tect, W R H A )  

Isle of Wight P.  F. Brown (previously Assis- 
A H  A tant  Quanti ty 

Surveyor, 
W R H A )  
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New 
president 

The new President o l  thc In- 
stitute is F. Hugh Howorth. 
F.R.S.A.. F.lnst.P.1.. F.I.I.C., 
Chairman and Managing Director 
of the Howorth Group of Coni- 
panies. 

Mr. Howorth was educated at 
King William's College, Isle of 
Man, and Manchester University. 
He was Managing Director of the 
Howorth Group from 1949 to 
1960, when he became Chairman 
as well as Managing Director, 
which offices hecontinues to hold. 

Among Mr. Howorth's many 
interests he is a Fellow of the 
Royal Society of Arts and has 
been North West Regional Chair- 
man since 1966. He is also a 
Fellow of the International In- 
stitute of Conservation (of Works 
of Art), a Fellow of the lnslitutr 
of Patentees & Inventors, a 
Member of the New York Acad- 
emy of Sciences. a Member of the 
Sociely of Environmental Engin- 
eers, a Member of the Biomedical 
Engineering Society and an Hon- 
orary Member of the Low Friction 
Arthroplasty Society. 

Mr. Howorth assumed the 
Presidency at the Annual General 
Meeting of the Institute which was 
held at the Postgraduate Medical 
Centre, Royal Victoria Hospital, 
Bournemouth on the 25th April. 

Library 
As niembcrs may know, the Library in 
its present form first started in 1973 
when many books which had been 
donated by various niember~, were 
brought together by the Honorary 
Librarian. All of the books were cata- 
logued, either by author's name or  
subject, and cards made out for each 
book jcatalogue: one index card and one 
which details the nanie and address of 
the borrower, the date the hook was 
borrowed and returned. 

The length of time normally allowed 
for hooks to be out on loan is one nlonth, 
but this can be extended if the book is 
required by students for study purposes. 
When money was made available by 
Council for the purchase of new books, 
details were obtained from various 

publishers: Mudsons Books in Birnming- 
ham were the successful tenders. Hud- 
sons are the main suppliers to the two 
universities in Birmingham, and we are 
therefore sure that we will receive 
details of any new publications that will 
be of  use to members. 

We have recently entered into an  
insurance agreement, to ensure that if 
anything such as fire or  loss should 
happen to the books, we are adequately 
covered. 

Since the beginning of the year, we 
have been in touch with our colleagues 
in New Zealand, advising them of the 
best way in which to start their own 
institute library, and also sending thema 
regular copy of the new technical public- 
ations that may be of interest to them. 

R. G. Smith 
Honorary Librarian 

N o r t h c r o f t  S i l v e r  M e d a l  
Council of the Institute has approved 
that the Northcroft Silver Medal for 
1974 be awarded to George Tuson, 
Assistant Regional Engineer, Wessex 
Regional Health Authority, o r  his 
paper entitled 'Interdisciplinary rela- 
tionships between professions in build- 
ing services engineering', whichappeared 
in the July 1974 issue of 'llospilrrl 
En@r!eering'. 

Mr. Tuson will be remembered by 
many for the contributions he has made 
in recent years tothe KeeleCourses, both 
as a lecturer and as a course tutor. 

The award of the Silver Medal was 
made during the Annual Conference 
Dinner at the Palace Court Hotel, 
Bournemouth, on the 25th April. 

R e t i r e m e n t  
E. Dyer a member of (he institute from 
its early days retired from the Health 
Service on the 21st February his 65th 
birthday. Mr. Dyer, who was a group 
engineer in South Wales, has always 
been active in the affairs of the Institute 
and intends to continue his membership. 

S o u t h  W e s t e r n  B r a n c h  
The following members of the Branch 
have been appointed district works 
officers: 
K. Lucas Southmead (T) District, 
M. Lees, Bristol (T) District, 
D. Nicholson, Frenchay (T) District. 

Institute 
news 

E a s t  Ang l i an  B r a n c h  
The January meeting of the branch war 
held at the West SuHolk Hospital. Bur) 
St. Edmunds, the recently completed 
Best Buy hospital, where members 
toured the boilerhouse, plant rooms 
and engineering services. 

Various problems were discussed and 
it was obvious that the most serious 
problem for the cnginecr in the Best 
Buy hospitals is that of access to 
services, this being extremely difficull 
and almost impossible in some circuni- 
stances. Improvements were being 
carried out to the fire-alarm svstem ~, ~~~. 
as the original installation relied almost 
cntirely on the telephone system. Thr 
work of installing break-glass contacts 
and a complete new system was in pro- 
gress. Amongst other difficulties met 
with during the commissioning exercises 
was the instrumentation associated with 
the heating system. 

The visit proved of great interest to 
members. and Mr. Parker, the Vice 
Chairman, expressed his thanks to Mr. 
R. G. Kidsley for an interesting insight 
into the Best Buy hospital and the 
problems of commissioning, and for 
the facilities he had laid on that after- 
noon for the benefit of the branch. 

Following the inspection of thc 
hospital a discussion took place on the 
problems of subsidence at St. Mary's 
Hospital and members were interested 
to examine a map of the old lime 
workings and the efTorts which had 
been made over a number of years to 
fill them up and prevent further sub- 
sidence. 

E r r a t u m  
We apologise for an error in one of the 
captions to the recent article on the 
Keele Courses (March 1975). The 
caption to the photograph on p. 12 
entitled 'Tutors at the 1965 Assistant 
Engineers Course' should read: 'Tutors 
at the 1964 First National Post-Experi- 
ence Course for Engineers'. Left to right: 
P. H. Beahan, M. B. Saunders, R. 
Forrester, V. Ellis (front), J. Ogston 
(back), C. N. Anderson, T. Shaw, G .  E. 
Tivells, l. A. Sutherland, C. l. King, 
A. A. H. Philips, I. Crofts. 
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Total Accomodation No.3: Hospital Buildings 

You need more accommodation. 
but you can't afford to buy it. 

' Hc,rc', !my l,r~lhlcrn Slmw !m I~OU > m r  l p ~ , c l ~ h ~ ~  c a v  w h c  i t  (HEIM) 

1 M o b i l r  B u i l d i n ~ s  m J , i c I ~  0 \\ I h l s  0 ~ S h s  \ 8 7 ~ . ~ ~  -~ l l l l c ~  ~ ' ~ ~ ~ ~ h ~ ~ ~ ~ ~ ' ~ ~ ~ l ~ ~ ~ ~ ~ t ~ ~ l  . .  I 

I E x p a n d a h k  Area Systvm % n ~ l c  51,11r\ I u o S t n r ~ q  W C _ _ _  r l I ' I  t d  I 
I 

1 P ~ r m a n r n t  Bui ld ine,Syr tcma i lnclc Stimc, $ ~ , S t i , r ~ !  s i x  i n '  I 'n~ lv t - t  I.lxalloi7 ~~ ~ - ~ - 

I'lcase starc lcni.tl, i l l  Irlrc a ! w r  ~ l q ~ l ~ c a h l ~  ~ -- 

I ' snqc  and y,ci~,d rrclliiri.nwnts p--- 
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It's your last chance 
The Keele Courses 
1975 will be the last year that the 
Institute will hold theenginecring- 
management courses at the Uni- 
versity of Keele. 

Many of those who have 
savoured the joys of the ' Keelr 
Courses ' over the last I I years 
may wish to take the opportunity 
to return this year, and those who 
have not visited Keele may wish 
to attend in this final year. 

In future years. the DHSS 
intends to stage ' Kcelc-typc ' 
courses at the Training Centre at 
Fallield. 

Meanwhile, Council of the 
Institute is actively considering 
what additional education and 
training can be undertaken to 
replace this activity and to con- 
tinue to extend the service offered 
to members. 

Fire-prevention conference 

The Northumberland Area Health 
Authority, the British Fire Service 
Association and the St. George's Hos- 
pital Fire Service have arranged a 2-day 
fire prevention and precautions con- 
ference and appliance display to be held 
at St. Gorge's Hospital, Morpetb. 
Northumberland. on the 3rd and 4th 
June 1975. 

The conference will cover the follow- 
ing subjects: 

3rd June 
'Compressed gases' by S. Taylor 
'The burning question' hy .l. Maxwell 
'Fire safety in perspcctivc' by A. Clayton 
'Polyurethane foam and firc hamrd: n 

hospital perspective' by P. J .  Smith 

4th June 
'Fire safety in fibre building boards' by 

E. A. Kayhllm 
'Hospital fire safcty: quo vadis' by A. 

Lcese 
Also included will be an appliance 
demonstration, a visit to the Northum- 
berland County Fire Brigade Hcad- 
quarters and a session of fire lilms. 

The conference is open to non- 

members of the British Fire Services 
Association and health-scrvice repre- 
sentatives are invited to auend. Further 
information can bc obtained froln J.  F. 
Leatherbarrow, Area Fire Prevention l 
Safety Oficer, Northumberland Area 
Health Authority, St. George's Hospital, 
Morpeth, Northumberland. 

A test  for  high-alumina cement 
A porlable system for testing on site 
whether a concrete building contains 
high-aluminacement has been developed 
by John Laing Research & Dcvclop- 
ment Ltd. The system is nondestructive, 
with thc user merely holding an in- 
strument against a beam and taking a 
reading on the meter. 

The technique conshls of irradiating 
the concrete with energy from a pluto- 
nium 238 isotope source and rne;lsuriiig 
the emitted radiation with a porlahlc 
X ray fluorescence isotope analyser. All 
high-nlumina cements contain a high 
iron conlent, in most cascs as much as 
five times that of ordinary Portland 
cement, and the instrument is ablc to 
detect this high iron content. In some 
rare instances, ordinary Portland cement 

with a high iron content may be mis- 
taken for high-alumina cement but this 
would be detected in any following 
analysis, so the systcm is fail safc. 
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Profit built into all laundry machines. 
Profit for you. 

That's the MTG prophet's prediction costs. But above all it means a profitable 
and he's never wrong. future for you w ~ t h  MTG. 

It isn't all crystal ball stuff either. And here's another prophecy. 
Our whole range of Scottish precision You'll find full details of the machines 
engineered laundry equipment is notedfor very interesting indeed. Send now forthe 
11s n ~ g h  perlormance. It's robwst and lat ist  Lteratureon our wash ng machlnei, 
IT'S re1 able throughout ~ t s  long I le  wasner extractors, tunnel wasners. 
which considerably reduces maintenance tumblers, preparing machines and'ironers. 

iiiE - 
ManloveTullis Group L i i  
Clydebank G812XE Dunbartpnshire, Scotland 

Telephone: 041-952 7881 
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Understanding 
washing-machine problems* 

The Hospital Service Centre in Cardiff was completed 
in May 1971. It was built to coincide with the opening 
o i a  new 800 bed teaching hospital and was designed to 
jerve the thcn newly formed University Hospital of 
Wales (Cardi1T)Hospital Management Committce, with 
a total beddage of approximately 5000. 

The laundry installation was designed on the flow 
line principal, which employs sin tunnel washing 
machines.* 

Soon after commissioning the washing machines, 
numerous problems were experienced but, by the time I 
joined the s t a r  of the Hospilal Servicc Centre, many of 
the smaller oroblems had been resolved. leavine the 
more troublesome hard-core problems. Two of these 
bere the Failure of thedrive hrads on the hvdromachines 
and the rapid deterioration of the water seals on the 
paddle shafts of the washing machines. 

Drive alignment 
Thc hydromachines are provided with a unique 
coupling arrangement employing 10 springs, each 
approximately 120mm long and 25 mm in diameter, 
which couple the drive shaft to the hydro drum shaft. 
The whole assembly is held in its correct position by two 
large rubber rings on each side of the complete drive 
system. It will be appreciated that the hydros are driven 
from an  overhead motor, mounted in the vertical plane. 

At regular intervals of 4-5 months, the springs would 
shear, and the implacement holes in the 'head' of the 
shafts in which the sorings were situated would become 
elongated and the r"bber rings suffered severe damage. 
I t  soon became obvious that the setting of these 'heads' 
was critical to ensure maximum machine life, and aftcr 
communication with the manuhcturcr, a 'setting-up' 
procedure w i r  established to obtain the correct tension 
on the drive springs and rubbcrs. 

This was carried out without succcss, and the springs 
continued to shear after a relatively short period. 

Paddle shaft seals 
The water seals on the shafts caused considerable 
problems through premature failure. The maintenance 
staff were involved in considerable dismantline work to 
replace these seals in accordance with the hrawings 
provided in the original manuals. 

Mr. Williams is an assistant engineer with the University 
Hospital of Wales (Cardiff) Hospital Management Com- 
mittee 

* Englehard & Forster Ltd., Bremcn, W. Germany 

The persistence of the above faults led the hosnital 

of the machines. During November 1971, 1 was 
fortunate enough to be sent o n  a week's visit to the 
manulacturer's factory in West Germany. 

It was my first visitto Germany and my knowledge 
of the language was limited to the little 1 had picked up 
at school. 1 was therefore rather apprehensive about the 
communication problem of the technical explanations 
that would obviously be [necessary if the visit were to 
be a success. However, my fears were soon dispelled. 

On arribal. I was met by the service manager who, 
realising that my German was cbcn less proficient than 
his English, took me along to the drawing ollicr. 

The first was the mechanical design cngineer whose 
English was quitereasonableand with whom mechanical 
prlrblems were solved. The sccond was the electrical 
design engineer who not only acted as interpreter, 
because of his excellent English, but with whom I 
exchanged many interesting views on both engineering 
and management aspects. I was most impressed by the 
organisation and attitude to work that all concerned 
seemed to possess. 

Most of the parts for assembly of  the machines are 
manufactured at the factory, e.g. the stainless-steel 
drums are cut, pressed and shaped etc., at one side of 
the factory, together with frames and other mechanical 
parts, like sprockets, spindles, gearing etc.; on the 
oppositeside, theelectrical panels were being assembled. 

One [most imprcssivc modification to the machine 
was the conversion of thc relay logic and control for the 
automatic dispensing of bleach, starch and soap 
in;cction etc., to solid-state logic. The electronic 
modules are bought as standard packs, thcn wired. 
tested and installed by the electricnl stall: who also 
complete all the other wiring on thc machine. They are, 
thcreforc. involvcd with the construction il-om beginning 
to end. l his probably explains their 'interehted' ittitud; 
to work since they apparently have the boredom 
problem cured. 

The machine is assembled at the centre of the floor 
area and, although the wholc floor area looks rather 
congested, the plant seems to operate remarkably 
smoothly and quite efficiently. 

After a tour of the factory, the electrical engineer 
produced two technical dictionaries, one from English 
to German, and the other vice versa. 

I was then taken to  the oublications denartments. 
where there were copies of the technical manual for thd 
washing machine in several languages, including 
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Russian and Japanese. I obtained an up-to-date English 
rcrsion and then worked through a detailed orogramme. . - 
which I had prepared beforehand, taking each item in 
turn throughout the manual. 

M e c h a n i c a l  d e s i g n  
Thc two major problems ucre mechanic;ll, and we 
therefore discussed thcse at great length. Whennecessary 
or requested by myself, a demonstration was arranged 
on the factory floor, where the part or section of the 
machine was being asscinbled or ovcrhauled. 

The water-seal problem was quickly solved as the 
manufacturers had developed a modification to the seal 
assembly procedure, which seemed quite logical, 
although there was a correct rcplacernent procedure of 
which we were not aware (Fig. 1). 

The drivc-arrangenlent prohlcm was of a different 
nature, and the manufacturer was pleased to learn of a 
successful experiment that we had carried out in Cardiff, 
whereby the holes in the shaft 'heads' that accom- 
modated the springs had been case-hardened, thereby 
eliminating the enlarging of these holes. 

The 'set-uo' orocedure for the drive arrangement is . . - 
Fig. 1 Drum bearing complete with slide ring complicated to explain, even with a detailed drawing 
gasket and the application of a formula that is used to establish 
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w i t h  

to the lack o f  undcrstanding o f  these machines, employers, the University Hospital of Wales (CardiH) 
although, i n  this case, the problem has been amplified Hospital Management Committee, and to Polymark 
by the translation from one language to another as well Ltd. for their part in the arranging o f  the visit to 
as being of a technical nature, since this itself can cause Germany, and also to Englehard & Forster Ltd. for a 
considerable problems among engineers, from design most interesting and enlightening visit, which I feel sure 
to user. has been a great benefit to my employers and to me 

1 would likc to express my grateful thanks to my personally. 

Data-processing system 
Kovo, the Czechoslovakian foreign- 
trade corporation. has signed a contract 
worth f 2 -  l million with Datasaab Ltd.  
fnr the delivery o f  a large-scale data- 
processing system for use within the 
public-health services. The system will 
include various data-recording and 
data-processing units and biomedical 
equipment for use in hospitals, labo- 
ratories and intensive-care units. 

National institute for  
South Africa 
A meeting was held i n  Novembet 1974 
i n  Cape Town to form a South African 

Federation o f  Horpital Engineering. 
The meeting was attcndcd by W. D. S. 
Clinkscales, who i s  at present an 
Associate representing South Africa i n  
the International Federation o f  Hospi- 
tal Engineering. 

A committee was formed to set up 
a local branch and to draw up a 
Constitution with a view to establishing 
the South African Federation, and i t  is 
hoped that othcrs wi l l  follow this 
enample. The committee i n  Cape 
Town, i n  drafting the Constitution, 
intends to keep i n  mind the conditions 
laid down for membership of the 
International Federation o i  Hospital 
Engineering. 

First steps in 
management 
The London Graduate & Student 
Section of the Institution o f  Electrical 
Engineers is organising a weekend con- 
ference entitled 'First steps in mana- 
gement', to bc held at Brunel University 
from the 5th-7th September. The fee 
for the conference, which is primarily 
aimed at recently qualilied graduates 
and students, is approximately f15 
including V.A.T., which will cover meals 
and accommodation for two nights. 
Further information can be obtained 
from A. G. Loukes, 'Denue', 45 Leacroft 
Staines, Middx. TW184NN. 
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Classified Advertisements 
OFFICIAL APPOINTMENTS 
SITUATIONS VACANT 
COURSES, EQUIPMENT ETC. 

TO place an advertisement i n  this section, 
please w r i t e  o r  telephone: 

Classified Advertisement Department. HOSPITAL ENGINESRING 
Peter Peregrinus Ltd. 

Stat ion House. Nightingale Road. 
Hitchin. Herts. SG51RJ. England 

Telephone: H i tch ln  (s.t.d. 0462) 53331, ext. 276 

APPOINTMENTS AND SITUATIONS VACANT 

NORTHAMPTONSHIRE AREA HEALTH AUTHORITY 

AREA ENGINEER 
€5352 - €6447 plus threshold payments 

ADolications are invited from officers Civil. Mechanical. Electrical or Electronic . . . ~ ~ ~. ~~~ ~~ ~ - - -  - - 

employed wfthm the reorganlzeo and Rad~o Eng;neers. and should also 
Nat~onal Health Serv~ce in England ano have knowledge and experience of the 
Wales for the new post of Area Engineer. design, construction, operation and 

The person appointed will be maintenance of engineering plant, 
to the works officer for w ipmen t  and services within the health 

the implementation of capital or social services fields. 

enaineerina works undertaken at Area Job description and Av~lication Form 
level and f;or coordinatino and rnonitarina are available from " 
the programme of englneerlng Area Personnel Offacer 
mamtenance and operation undertaken at Northamptonsh~re Area Health 
the Area and Districts. There are ~uthor i tv  
currently major capital development Floor 10  
programmes in progress within the Area. Northampton House, 
at Northampton General Hospital and Northampton NN1 2HR. 
Kettering General Hospital. Tel. No. 0604-34833 Ext. 5085 
Applicants should be corporate Closing date for applications Is the 
members of one of the Institutions of 2nd June 1975 

WHIPPS CROSS HOSPITAL. 
LEYTONSTONE, UINDON. 

E l l  INR 

TECHNICIAN 
required for Medial Phyda De- 
parhilent to a r ry  out day to dny 
maintenance and rrpsirs. Workshop 
practice desirable, and sbility to 
us? ioitlstlve is eaenthl. Experi- 
in instrument or pmtotgpe work 
would be an Idno1.p ilmWgb 
lmloitlg will be given. SaLr). 
sms5 p.a. 1mlusise or Loodo0 
WelghUng rising by m o s l  in- 
crements to f2775p.a. ploo the 
m n t  Threshold agreemat. For 
I~lformaHon regarding qmUfiaUons 
podfor informal risit; pl- teie- 
pbone Mr. C. Desma. Sdor  
Tahnician in the DepmImellt am 
01-539 5522. 

Appliatlao forms obt.imMe fmm 
S1.8 Oflrr. Ext. 351. 

KINGSTON AND RICHMOND 
Area Health Authority 

ASSISTANT 
ENGINEER 

for Kingston Hospital. To assist the Hos~ital Ennineer 
n tne bpcratm and mamtenance of all eng&r.ng 

rervlcer. rncludrng PPM and ruperwr on of labour Tratntng 
wdl be avaho e in there areas 0-1 exoernenre woth steam 

" .  
ventilation would be m advantage. 

Salary scale €2812 to (3142 per annum inciurive of London 
Weighting and Threshold, according to experience. 

ONC in Engineering or equivalent required. 

Applications to Area Personnel Officer, Kingrton and 
Richmond Area Health Authority. 106/114 London Road, 
Kingston. Surrey-Tel. 01-546 2181 Ext. 28. 

Classified advertisements f o r  t he  next  issue o f  HOSPITAI 
ENGINEERING published 6 th  June, should be received no  
later than Thursday, 22nd May  

CUMBRIA - the LAKELAND Area 
Health Authority 

District Works 
Officer 

in EAST CUMBRIA, the largest of the three 
districts. 

HQ 6 %  .n CARLISLE a convement centre for the LAKE OIS- 
TRlCT and SIX mder from the SCOTTISH BORDER. 
Comoetltmn is rertr~cted to those at oreent .ervine m 
the ~ational Health Service in Ennland aid Wales. - 
The District Workr Officer i s  the Chief Workr Technical 
Officer; providing liaison between Works staff and client 
professions and managing and advising on all Works services. 
To enable us to do full justice to this Important port and 
indeed the area in which we live, please ring Carlisle 32141 
(extension 250) and we will be pleased to send you further 
details and application form. 
If you would like to have a chat about the port ring Robert 
Atkinson, Area Works Officer, at therame number, extension 
248. 
Closing date for applications: 15th May 1975. 
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CLASSIFIED ADVERTISEMENTS continued from previous page 

APPOINTMENTS AND SITUATIONS VACANT 

DISTRICT WORKS 
OFFICERS (2 Posts) 
(i) Grimsby District Salary: 

t5040-66060 
(ii) Scunthorpe District per annum+ 

threshold payments 

Applicants should be suitably experienced and qualified 
officers currently holding ports within the National Health 
Service in England and Wales. 
Grimsby and Scunthorpe are two  separate Districts in a 
four district area serving the county of Humberside. There 
two districts, formerly in North Llncolnrhire now form 
South Humberside. 
The Area contains a combination of rural and coastal scenery. 
together with the amenities of a city. Housing is relatively 
reasonable in  ~ r i c e .  Excellent ferry services t o  the Con- 
tinent from HLll and lmmingham.' 
The Area Works Officer is H. G. Hanron, Dip.Arch (Leeds), 
R.I.B.A. 
Job descriptions and appltcatlon forms may be obtained 
from the Area Personnel Office, Humberside Area Health 
Authority, Springfield House, Springfield Way, Anlaby. Hull. 
Closing date for receipt of applications the 16th May. 1975. 

Humberside Area 
Health Authority 

WEST MIDLANDS REGIONAL HEALTH AUTHORITY 

PERSONNEL/TRAINING OFFICERS 
f2676-f3291 plus threshold 

The Personnel Division require personnel/training 
officers i n  the section which is concerned particularly w ~ t h  
professional and technical staff o f  al l  grades includmg 
those working in medical laboratories, pharmacies, medical 
physics departments and works departments. 

The first oost involves the develonment o f  the oersonnell 
training function in the medical electronics and engineering, 

be a; gd<antage. 
The officers appointed wil l  be responsible for the devel- 

opment o f  specific areas o f  work which may include the 
provision o f  in-service training and courses for school 
leaven and participation i n  management and supervisory 
training. 

Previous experience in  training would be an advantage 
but appropriate training wil l  be provided where necessary. 

While these appointments are t o  be made to  the pra- 
fessional and technical section, the officers concerned wi l l  
be given the opportunity, as vacancies arise, to widen 
their experience in other sections o f  the Personnel Division. 

Applicants should be car drivers. 

Job description and application forms (quoting reference 
B66) from the Personnel Officer, 146 Hagley Road, Bir- 
mingham B16 9PA (021454 4828, ext. 50) t o  be returned 
by the 16th May  

Enfield and Haringey Area Health 
Authority (Haringey District) 

Responsible t o  the District Work .  Officer for the operation 
and maintenance of all engineering services at St.  Ann'r 
General Hospital. London, N.15. 

Applicants must be In porrerrion of a Higher National 
Certificate in mechanical engineering. electrical engineering 
or an equivalent City and Guilds Certificate. 

Salary scale L2550 to L3000 
(currently under review) plus 
allowance of L144 p.a. 

For firther details ond application form write to the Sector 
Administrotor, The Prince of Woler'r General Horpital, London 
N.15. 

MISCELLANEOUS 

CIRCULATE3G PUMPS and Steam Turbiies, Complete uoits. 

d h c  nod steam, spares and service. TURNEY TURFJIms 
Ltd. 67 Station Road. Harrow. Td: 01-427 1355 and 01-427 3449 

REGULATIONS 
FOR THE 
ELECTRICAL EQUIPMENT 
FOR BUILDINGS 
There regulations (formerly the 'Wiring ruler'), which 
have been published by the IEE since 1882, are effectively 
the UK national code for the safety of electrical lnrtal- 
latidnr, rpeclally from fire and shock, in  and around 
building generally. 

They are recognised in  the statutory Electricity Supply 
Regulations 1937, as fulfilling the requirements o f  these 
regulations for consumers' installations. They supplement 
there and other statutory regulations by prescribing, in  
detail, methods (not necessarily the only methods) o f  
complying with the statutory regulations. 

14th edition 1966, reprinted in metric unifs incorporating 
amendments 1974. U 

Inquiries, orders and remittances should be rent to: 

P u b l i u t l o n  Sales Department, IEE. Sta t ion  House. 
Night ingale Road, Hl tchln,  Herts.SG5 IRJ. England 
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MAY 1 ASK WHERE 
YOU STUDIED 

ENGINEERING. A I  RSET: 
-IS one of the range of 

Cements, Castables, 
eas~ly obta~nable from 

your nearest 
A. F! GREEN Depot. 

lnsulat~ng Castables and 
Mouldables are manufactured 

~n the U.K to the h~ghest 
standard of qual~ty control 

at our Pyram~d Works 
at Bromborough. 

Dock Road South, Bromborouah, Cheshire. Tele~hone 051-645 0701 

IEE medical electronics volume 2: 
monographs 7-12 
edi ted by Dr. D. W. H i l l  and  Dr. B. W. W a t s o n  

172 pp.. hard covers. six papers. 230x 150 mm. letterpress. 
ISBN 0 901223 51 4. published 2Ist January 1974, £6.50 
Conlents: 
Microelectrades and i n w t  amplifiers. C. Cuid Fundamental 

~ ~ - ~ ~ -  ........ 
J .  R. Robem m8d B: W. Wa;mn. hfywl&ric control, R. N .  
Scott, P. A .  Porker arrd V. A. Dwz/ield 

Medical electronics continues to  find an increasing 
acceptance in a wide variety o f  medical disciplines, both i n  
the development o f  specific instrumentation and in  clinical 
applications. Each year, a more delailed understanding is 
emerging of how electronic techniques for diagnosis, therapy 
and data reduction can play n significant part i n  both 
routine medical services and research. 
This second volume in the IEE Medical Electronics 

implanted cardiac pacemakers an~microelectrode~; and 
their associated amplifiers for use in  electraphysiological 
investigations. to techniques for use i n  evokcd-response 
audiometry and thc use of myoelectric control systems in aids 
forthe handicapped. Thehook will beofgreat value to 
medical doctors, life scientists, engineers and physicisli who 
sish tu  add to their knouledge of uscful techniques. 

Publication Snics Devartment, Peter Peregrines Ltd.. 
Station House, Nightingale Road, Hitchin, Herts. 
SG5 IRJ, England 
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THACKRAV 

All autoclaves 
look very much 

the same 
but,,. 

Tne atest range of Thackray a-tomatc hlgn spccd aLtoclaves ncll.lllrlg 
P o r o ~ s  Loaa. Dounwarn D sptacement. Rapla Coo ng F l~ l ds  ana 

-anoralory L n  1s morporate many LnlqJe fea t~ res  ano dser beneflts 

A moue S rlcorporalc tnc A~ loc lam steam sea ea sl usrig aoor nnlcn can 
011 5 ne openca Anen lne cnamocr sat almosDner c ~ r css - re  Th s 1s all 

inherant safety feature which eliminates the necessity fbr complex pressure 
locking devices and thus reduces maintenance requirements. 

The Porous Load autoclave incorporates a highly efficient air removal stage. 
with a uniaue Dartial oressure air detection svstem. This svstem will 

a~ lon ia t~ca '  y cancel inecyc c and ~nter OCK the ooor ~on l i o l s  s h o ~  a 
res a,a a r proadce aavcrse sterl z ng conalrtons 

Thackray autoclaves. all of which conform to BS 3970 and HTM 10. are 
available in a range of standard chamber sizes. These are designed to take 
full 10. 15, 21 and 28 cu. ft. loads even taklng into account the space usually 

lost due to loading arrangements. 

In crder l o e n s ~ r c  tnal your Thawray a-toc avc WII a uays g ve YOL the oesr 
resds .  n e  operate an aller sa cs serv ce thal S second 10 none Th s 

nc Loes sranclard scrrlcc ca Is, planneo prevent <e ma nlendncd corilracts 
ana a 24 how emergency serv cc wn cn operates 365aays a year 

For further information, please contact: 
Chas. F. Thackray Limited. Head Office: PO .  Box 171, Park Street. Leeds LS1 1RQ. England. 

Autoclam is a registered trade mark of Chas. F. Thackray Limited 


