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FIVE SHILLINGS 

THACKRAY 
Porous Load 
AUTOCLAVE 
wifh 

AUTOCLAM SLIDING DOOR 

Fitted with pressure operated 
door seal and air leakage detector. 

Recessed or free standing models 
with either rectangular or circular 
chambers. 

'Stelvetite'finish in a wide range 
of attractive colours. 

Sendforfidl  tecliniial ipecificnriorz to 
CHAS F. 

THACKRAV 
LIMITED 

P.O. Box 171, Park Street, Leeds 1. 
Tel: 0532 20085 
also a t  London and Glasgow. 

Mernberr of the 
Association of Britirh Steriliser Manufacrurerr 



Fawcett Hydra-Cushions 
stop hydraulic shock, noise, 
wear-and-tear 
Commonly known as water hammer, 
hydraulic line shock is more than annoying- 
it's downright destructive of pipes, pumps, 
valves and instrumentation. But there's an 
easy way to get rid of it once and for all : 
merely add a low-cost Fawcett Hydra- 
Cushion a t  a convenient point in the line. 
Then when valves or taps are closed 
quickly, the shock waves are safely and 
quietly absorbed. Get full details of how 
Hydra-Cushions solve line-shock, thermal- 
expansion, pump-pulsation and other 
hydraulic-system problems from Fawcett 
Engineering Limited, Bromborough, 
Cheshire. Telephone : 051 - 645 2050 
Telegrams : FAWCETT-BROMBOROUGH 

Hydra-Cushion range includes 
models from 15 C.;. to 230 c i .  
Iilusrrared is the 30 C.;. modelsize 104 x 2 ;  



Nobody's taking 
- 

any chances 
When a BOC pipeline system is specified you BOC service engineers are always available 
are retaining a team which seesthe job is done atshort noticeand gassupplies can be obtained 
i n  all itsstages-from drawing board, through from 20  depotsthroughoutthe country. 
installation, to  testing, commissioning and Get full details of these installationsfrom your 
maintenance. Always working to the highest nearest BOC Medical Branch. 
professional standards, the BOC service carries 
w i th  it the authority conferred by some thirty 
years' experience. 
Here are some more facts. There are already 
over 50,000 BOC outlet points in some 
550 UK hospitals (and more than 700 hospitals 
aresimilarly covered abroad). Outlet points can 
now befitted flush to the wall but connectors 
forthem wi l l  also f i t  box-type outlets where they 
exist. Equipment is easily transportable from Connectors for  flush outlets can be fitted into 

ward t o  ward, or even t o  different hospitals existing box-type outlets. The connector for each 
service is so designed that it is impossible to connect 

without need for a change in connectors. it into any service other than the correct one. 

THE BRITISH OXYGEN COMPANY LIMITED, 
Medical Department. Hammersmith House, London, W.6. 
Tel : 01 -748 2020 



You won't hear of them! 
You'll just hear less about waste disposal problems 

Silence, as they say, is golden. In hospitals it'sessential. 
Which is why Hodgkinson Bennis include almost com- 
pletely silent operation among the advantages of their 
range of hospltal incinerators. lt'stypical of theirthorough, 
scientific appr0ach.A~ is the specially designed crematory 
hearth - utilising gas or oil - that  ensures odourless, 
hygienic destruction of all theatre waste. 

Hodgk~nson Benns arespecialists in hospital inciner- 
ation, wi th a range of economcally priced units t o  suit 
every type and size of hospitalTheir practcal experience 
means that every essental feature-such as the ability 
to destroy all types of hospital waste, wet  or dry, c m -  
pliance with the Clean A I ~  Act, 100% flame-failure 
protecton,ful fuel utl~satton-are incorporated in every 
Hodgkinson Bennis unit. Their constant research and 
development have produced benefits like the improved 
charging door for easier disposal of bulky objects, pack- 
aged burners of nozzle-m~xing pattern and electric 
ignl ton.  Their high quality materials and workmanship 
ensure you won't hear much about breakdowns or 
maintenance ellher! 

So if you want to hear less about wastedispasal, the 
beet thing to  do is hear more about the Hodgkinson 
Bennis range. Write now for full technical details to: 

HODGIEINSON BENNIS LTD. m 
Little Hulton, Worsley, 
Manchester M28 6SS 
Te l :  061-790 441 117 

D O N A L D  B R O W N  (BROWNALL) LTD., BROWNALL WORKS. LOWER MOSS LANE. CHESTER ROAD 
MANCHESTER l5  4JH TEL: 061.832 4 7 ~ 1 5  GRAt4s:'DONABROW' MANCHESTER I S  



PLANT 
Sn mind 

Tullis plant is well suited t o  tha 
needs of Hospital laundries and 
many Tullis machines have been Tu i r  Warhex 

specially developed for this class Floafairc Washer 
x racror400 b capaoty 

"1 I\",k 

T.1 I S  .!nn'r; drC I r k  n :sl d . 3  30 c 
,md lnc,  lr.2 c0rnpc.1 v.: n cr cc  
;K L.,,, L,< Pro".'" U, 0111.3 n n 1  J 

L.rrcnl Q-old1 CII 

To<., r 3 n  oc s . w l i i l  l0 0uv;lc. 
>I ~ o c  n rlnr.l I.I;I. I r 3 0  c lccu ng 

......",uv 

dnce th;ouclh, as'can be seen bv * .  
visiting some of the many modern 
Hospitals using Tullis plant. 
Tullis-Washex Washer Extractors 
give maximum output from min- 
imum floor space and. in  many 
cases, handle several times the 
work wi th less labour than ex-  
isting plant. 
By combining Tullis-Washex and 
Tullis lraners you can have an 
adaptable flatwork unit which is 
second to  none, is moderate in 
capital outlay and which can be has been chosen repeatedly for 
extended at any time and adapted many of the latest installations. 
t o  a wide range of classifications. our local representative will be  
TuIIis plant enables progressive pleased to  call and tell you about 
launderers to obtain the maximum Tullis systems for greater pro- 
amount of work per operator hour. ductivity. He wil l  also provide 
Thisexplains why Tullisequipment facts and figures. 

DUNBARTONSHIRE 
SCOTLAND 

Tel : 041 -952 1861 (5 lines) 

London Olf lce and Workshop: 
Jubilee Works. Chapel Road. 
Haunslow. Middlesex. 
Tel: 01 570 0071 13 Ines) 
Birmingham O f f c e :  
54 Villa Road. Handsworth. 
Birmngham 19. Tel 021-5548814 
Stockport Office: 
1 Waterloo Road. S~ockporf. 
Cheshre. Tel: 061-480 8259 

No emergency in Ward 10 
o r  r i  m; ottier p;irt of the h o s p ~ t a  should t i le  
m a i n  ele(;trict\] supply give o ~ i t  The stand-by 
generators sec to  that Bat dependability is  
e v e r t l ~ r i .  l s t  l t o t  T l l a t  1s why the  
d r v 1 1 ( j  power i s  S ( J  o f t c l i  R i r s R o y c e  diesels 
l t i e  closest\{ou c m  g e t  to I I I I ~ I I I ~ I I I ~ ~ / .  

Wlier ,;ou i i ;~ve chosen R o s R o y c e  pow- 
ered diesel sets ' c o x  l,ave more than peacc of 
m i l d  L o \ . ? e ~  operi i t i~xj c,c.)sts for example. lower 
rriantenaric:e and w t r a t ~ o r i - f r e e  running prove 
year n l t e ~  year t l rci t  t i l e  f ~ r s t  c h o ~ c e  IS the 
r ight clioi1.e 

Rolls-Roycc L m ~ t e d .  Shrewsbury, England 
Tci :  5 2 2 6 5  T c e x :  35171 Grams. Roycar Shrewsbury 

DIESEL AND PETROL ENGINES.AER0 ENGINES. MOTOR CARS 
INDUSTRIAL GASTURBINES.ROCKET MOTORS.NUCLEAR PROPULSICN 
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Hobart 
Hobart present the world's 
most advanced range of 
hospital equipment in 
design and performance. 
Efficient. hygienic machines 
matched to specialised 
operations, are backed by 
a first-class UK-wide 
service network. 

FLIGHT DISHWASHER 
Model  FTE 14 

W Handles 811 types of 
dmhes. trays, s v e r w a r i  
and "fenills 

a Pre-was.. power was1 
and f n a l  r n s e  

W Dealgned for large. 
busy kitchens 

Full range of modes  
avaiabie 

Send for techncal leaflets I 
Hobart are specialised manufacturers o f :  
Mincers. meat saws, coffee mills, waste disposal units. H 0 BART 
potato peelers. elscfr ic chippers. pastry rollers, air  whips. 
b o w l  cutters. sausage f i l lers: and attachments for The Hobart Manufacturing 
mincino. choooino. ouree makina. souo strainin. and Com~anv  Limited . .  - .  - .  . . 
kni fe  sharpening. Hobart Corner. New 
The Hobart Manufacturng Company have 260 mobile re rvce  southgate, ~ ~ ~ d ~ ~ ,  ~ , 1 1 ,  
eng,neers and technical ieprere,,tat,ven operat,ng f rom 13 
branches throughout  the Unted Kngdom. Tel: 01-368 1212 (10 lines) 

See us at Earls Court 
Hospital Equipment and Medical Services 
Exhibition, June 2nd to 6th 

SURGICAL 
INSTRUMENT WASHER 
Model XM4EIRS 

E a s y  operated 
Three automate. 
sanfoiy cieansng 
opelatiOnS 

W Designed for easy 
cleaning 

W s t a r l e s s  steel 
C O n i t l U C f O n  

HIGH-SPEED VERTICAL 
CUTTERIMIXER 
Model  V C M  40 
W 42 lbs hamburyor 

m x  11, 40 seca!?dr 
W 35 b s  ple pasrry 

m 20 seconds 
40bsbreaddaugh 
~n 90 s e c m d s  

W C l e a l l ~ u p  l ,  less 
than a minute 



(iinmuaised by Lister against supply failures) 
This 46.5 KVA automatic stand-by generating plant wi th  a Lister Mark HA 6 .A. 
air-cooled diesel engine safeguards a Midlands hospital's essential 
electricity services against mains supply failures. Lister stand-by generating 
plant provides the surest, most economical way of maintaining 
electrical services wherever and whenever public supply is interrupted. 

4% , $ S ,  

* range of outputs u p  to 1400 KW wi th  Lister Blackstone diesel engines; 
* Lister generating plant of suitable size to meet deep freeze, 

central heating and lighting requirements in  the home also available; 
* also single or multiple installations to provide the most economical 

base-load electricity supply; 
* built entirely in Great Britain. 

For more information write to : 

R. A. Lister & Co. Ltd., Dursley, Gloucestershire 

HAWKER SIDDELEY - LISTER GENERATING PLANTS 
R. A. LISTER Et CO. LTD.. DURSLEY, GLOUCESTERSHIRE. GL11 4HS. TEL. DURSLEY 2371 
Hawker Siddeley Group supplies mechanical, electrical and aerospace equipment with world-wide sales and service 



Specification 

for the finest 

GRUNDFOS PUMPS LTD. 
Bletchley, Bucks. 
Telephone: Bletchley 3416 
Telex: 821 80 
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More additions.. . 
to the hospital picture 

3rc Custom-built operating theatre 
control panels 

3rc X-ray viewing screens 
Heated lotion cabinets, etc. 

and like all Wandsworth 
equipment,they1re of the 
highest quality. 
Elect r ica l  accessor ies.  Mercury 
(Sparkless) switches and switch sockets 
for areas where explosive vapours are 
present. 
Standard hghtlng switches. sw tch   sock^ 
ets. bench units. key switches and ex ten^ 
sve range of accessories all wi th top 
qual~ty durable f~nishes on brass. alu- 
minium or stalniess steel. 
Special assembl~es made to  customer's 
requrements 
Opera t i ng  t h e a t r e c o n t r o l  pane l sand  
X-rav v i e w i n o  screens. Control ~ a n e l s  
far ~ 'pera t ing  iheatres made to custom- 
er's specification. 
Standard and custom made Vlewlng 
Screens. flush or surface. srlgle and 
n i u t g a n g .  
Heated Lo ton  Cabinets made to  cust- 
omer's requirements. 
Inc inera tors .  The Bunnle now wlth 
trouble-free heat pack. for hygienic d s ~  
posa The Warden far the destruction of 
bulk ward waste. And the President 'for 
places where people h e . '  Every Wands- 
worth ncnerator has the unique built-in 
fan, the internal b r c k  refractory chamber. 
and isfume~freeeven w ~ t h  thedoor open. 
They're all fully automatic and carry a 12 
month guarantee. Ask for details. 
Ca l l  systems. Renowned for quality 
switches n hosptals for over 60 years. 
Wandsworth manufacture call systems 
w i t h n  the budget of economc planning 
The two  systems. luminous~cal l  and t a k ~  
back. independent or integrated. offer 
every facl l ty and complete efficiency 

Wandsworth Electrical 
Manufacturing Co. Ltd., 

(Dept. 14'' ), 719 Baker St. 
London, W.1. Tel : 01 -486 3201 
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Emergency Power Systems for 
Hospitals 

By A. C. WATSON, B.Sc. 
Dawson Keith Electric Ltd. 

The Author's Con?pany describe themselves as power sjste~ns engineers and 
not nierelj~ manufacturers of emergencj generating plant. The reasons for this 

distinction ore evident fronl the guiding notes which thej~provide for the 
assistance of engineers concerned wit11 the design of electrical services and 

preparation oJsprc~fications for hospitalstanrlh?power plant, and 
upon which this article is based. 

I F the supply and installation of emergency generat- 
ing plant in hospitals is looked a t  from the point of 
view of a complete power system, and not merely 

regarded as the provision of a standard piece of equip- 
ment, many problems can be avoided. 

Since it is rare that two power installations are identical 
it may seem incongruous to refer to a "standard" type 
of mains failure set. Yet most power plant catalogues 
illustrate a range of such sets and they represent an 
attempt by manufacturers to establish some form of basic 
standard for design and production purposes even though 
it is usually necessary to modify the basic design to suit 
individual applications. The "standard" plant invariably 
embodies the mains sensing and changeover switchgear 
illustrated in Fig. I. The controls and switchgear are 
housed in a set-mounted, wall-mounted or floor-standing 

L '.*r-c. 2 

cubicle depending on design and size of plant. L 
I t  should be observed when employing this type of 

plant that the standard switchgear arrangement is based L * . ~ ~ . . ~ ,  
S 7 M " Y  es"<..T*a 

on identicalh. rated mains and alternator contactors. 
Such a plant can be used only where the emergency Fig. 1. Power System No. 1 



Fig. 2. Power System No. 2. 

services have been segregated into a separate emergency 
services distribution panel and where it is convenient to 
bring the mains directly into the emergency generator 
control cubicle. 

If the distribution system does not segregate the emer- 
gency services in this way and relies on dropping off the 
non-essential load following mains failure, as illustrated 
for example in Fig. 2, the "standard" generating set 
cannot be used. Modification is necessary as a mains 
contactor or circuit breaker of higher current rating must 
be substituted capable of carrying both the essential and 
non-essential load. The alternator contactor is not 
affected and remains rated only for the emergency power 
requirement. 

It is necessary with this system that the non-essential 
load shedding contactor or circuit breaker be interlocked 
electrically with the alternator contactor via auxiliary 
contacts to avoid any possibility of the alternator con- 
tactor closing whilst the non-essential load is connected. 

Frequently it is more convenient and economic to avoid 
bringing the mains into the emergency generator control 
cubicle and, instead, to connect direct to the main M.V. 
distribution switchgear. This means a further departure 
from the "standard" generating set design as no mains 
switchgear is now required in the emergency generator 
control cubicle. The alternator contactor or circuit 
breaker may remain in the generating set control cubicle. 

Such a system is illustrated in Fig. 3 and lends itself to 
a split busbar system in the M.V. switchboard. 

Normally, the essential services busbars will be de- 
coupled from the non-essential busbars but if after mains 
failure it is found that the essential services are not a t  that 
time fully loading the emergency generator it is possible 
to select certain specified less essential services and supply 
emergency power to them by closing the busbar coupling 

.,.*D." S... *.roll 

Fig. 3. Power System No. 3. 

switch. I t  is essential however that there be an interlock 
between the coupling switch and the uon-essential services 
mains incoming circuit breaker to prevent accidental 
paralleling of the restored mains with the alternator. The 
alternator contactor or circuit breaker must be electric- 
ally interlocked via auxiliary contacts with the essential 
services mains incoming circuit breaker, the latter being 
solenoid operated and controlled from the generating set 
control cubicle. 

By leaving the alternator contactor or circuit breaker 
in the generating set control cubicle it remains close to 
the low voltage d.c. control system upon which it must 

Fig. 4. Power System No. 11. 

T H E  H O S P l T A L  E N G I N E E R  
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depend for operation, since closure should not occur until 
the generating set has started, run up to speed and is 
operating satisfactorily. 

An alternative system is illustrated in Fig. 4. 
As a means to reduce the cost of the standby generating 

set it is sometimes required that both the mains and the 
alternator contactors or  circuit breakers be located re- 
motely in the emergency power distribution section of the 
main M.V.switchboard,as shown in Fig. 5.  In thiscase the 
juxtaposition of the changeover switchgear makes pos- 
sible both mechanical and electrical interlocking, but 
control of the operating coils must still be vested in the 
monitoring, timing and control circuitry of the emergency 
generator cubicle. 

With the mains sensing point and the switchgear re- 
mote, a multi-core control cable connection is necessary 
between the M.V. switchboard and the generating set 
controls. This has led in some cases to engineers insisting 
that the generating set controls also be housed within the 
M.V. switchboard. This solves no problems since multi- 
core control cabling back to the generating set will still be 
necessary to link up with the battery, the fuel control 
solenoid, oil pressure, water temperature and overspeed 
switches on the generating set-all carrying 12 or  24 volts 
d.c. As the entire control system will require for its 
operation 12 or  24 volts d.c. from the engine starter 
battery it is a bad principle t o  divorce the two. 

A further complication arising from this practice is the 
highly controversial division of responsibility between the 
manufacturer of the M.V. switchboard and manufacturer 
of the generating set controls. Better that the entire gen- 
erating set control cubicle, complete with mains sensing 
and changeover switchgear, be located remote from the 
generating set and close to the M.V. switchboard, thus 
reverting t o  the system illustrated in Fig. I .  

In both cases, however, the control system will he 
divorced from the engine starter battery and there will be 
no local controls or  instrumentation close to the generat- 
ing set-unless, a t  extra expense, these are duplicated to 
prov~de a local panel. If the switchgear must be divorced 
from the generating set, it is far better to adopt the 
system shown in Fig. 5 than either of the two alternatives 
mentioned above. 

In a large hospital complex it may not be either 
economical or  practicable to rely on a centralised dis- . 
tribution system for emergency power supplies. Instead, - the hospital may be divided into a number of separate 
areas each served by its own essential services changeover 
and distribution panel. This arrangement may best suit 
the cabling requirements and a t  the same time, by 
monitoring the mains at the input to each local panel, 
each area can be protected not only against general 
mains failure but also against a local loss of mains power 
due t o  a cable fault within the hospital complex. 

This system is illustrated in Fig. 6 which shows the 
mains sensing points and changeover contactors located 
in the remote panels. 

Fig. 5. Power System KO. 4. 

With this arrangement, the only switchgear needed in 
the emergency generator control panel is a circuit breaker 
for protection and isolation. The controls will include 
mains sensing relays and circuitry to control the operation 
of the remote changeover contactors. In  addition to the 
main power cabling to each remote changeover panel, 
there will need to be control cable linkage from the 
emergency generator panel to each remote contactor coil 
and each remote mains monitoring point. The mains and 
alternator contactor in cach remote panel will need to be 
electrically and mechanically interlocked. A variation of 
this system is shown in Fig. 7 where, instead of a pair of 

I 
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Fig. 6. Power System No. 5. 
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lhe standby set i roni  starting ~ l i e ~ i  niainr i;rilurc occurs. 
The systeni ihercfore Sails 10 daiigel-. 

If. l io\\e\er. ~i ia ins sensing is retained in t l i ~  etnel-gcncy 
generator controls and mains monito~-ing cables are 
brought back from the mains input ol'cach distribution 
panel. two nd\antages are p ined .  The probleni o i  long 
runs o f  control cable carrying lo\v \ollapc d z .  is nvoidcd 
and the system \ \ i l l  hi1 sale because iu a iault occu~-s in 
thc mains nioni~or ing cable conncc~ion this wil l  be 
interpreted by the generator control system its a rn;rins 
failure and the standby sct \rill start. autoniarically trans- 
Verring the cssentiel scrbiccs unto emergency p m e r .  

I n  addition to ihc scvcn commonly ~ ~ s c d  systems 
described in tlic fol-ogoing, many other systems are a\.ail- 
able, including systems b;rscd on the use o f  two or Inore 
standby generating sets with peak lopping and synchronis- 
ing ijcilities. but spilce limitations prevcnt ci1nside1-ation 
in this particular article. Advice and inlbrmation is 
;il\\ays freely avail;ible. lioive\er. hon i  D a n m n  Keith 
Electric Ltd., of Hi l l \ ic \ \  Road. Sutton. Surrey. \\hi> niay 
he contacted Sor assislance \\lienc\cr needed. 

interlocked contactors, a single changeover contactor is 
employed i n  each remote panel. Such contactors are only 
available up to 100 amps which limits their usc but. when 
this method is used, an alternator contactor or solenoid 
operated circuit breaker must be provided i n  the emer- 
gency generator control cubicle to  prcvcnt the alternator 
output being sbitched to load until the zenerating set has 
run u p  to speed and is ready to accept load. Modcrn 
brushless alternators employing fast response electron- 
ically controlled voltage regulation can suffer damage i f  
switched to  load at slow speed due to an  excessive dcmand 
for field current in these circumstances. Control of 
alternator switchgear via output monitoring cil-cuits is 
necessary to  avoid such damage. 

The system shown i n  F ig .7  has theadvantagcof kccping 
the alternator switchgear close to the control systeni and 
simplifies the interconnecting control cabling to the local 
changeover contactor panels, but lacks the positibc 
interlock and control of coritactors shown in Fig. h.  

I n  al l  the systems described and illustrated above thcrc 
has been observance of the Ministry of Hcalth reconi- 
mendation that mains sensing should al\\says be con- 
nected as close as possible to the mains input to essential 
loads. This recommendation is conirnonly misinterpreted 
as meaning that. where the mains is not brought into the 
emergency generator control cnbiclc, mains sensing 
relays should be located i n  the M.V. distribution panels. 

This practice desenes further consideration. 

As already explained, control cable connections be- 
tween the mains sensing relays and the erne]-gency 
generator controls \\ill carry only 12 or 24 \olts d.c. As 
starting of the standby generator relies o n  the making of 
contacts and the establishment o f  a I2  or 24 volt d.c. 
signal, a fault i n  the control cable connections \\.ill prevent 

l28 

P O C I A I N  I..C.XO FOR DEVON .\NI) KXEI'Is:R 
HOSPI IAI .  C O N T R A C I  

A I'oclain 1..('.80 hydraulic ~.xca\al<lr i r  currrnll\ 
digsing datl? 1.500 cu. yd,. <>l' \h;ilc and shilerl rock i r o n ?  
thc wl id fur its owner, Henry "2 ('a. (Ground Work51 
Ltd.. of North I.ondon. l hc company ha, h e n  awarded a 
\ub-con~iact l'ur hulk c-ica\alion. wwcragc and draiiiag,-. 
and other general ground work\ hy Higgs & Hill Building 
L td .  main contracror\ for ihc new L3.500.000 Devon a n d  
Exetcl- Hmpital at Fxetrr. Thi\ JZJ~brd hmpilal will replacc 
l hc  nearby Royal Dri'on and Cxcirr Hmpital. 

l h e  I'oclain I.C.80. which was purchased hy Henry 
& Co. cpucifically for this contracl-whlch i s  expeclcd 
10 la,t for about two years~- is titled with Mmahloc hai~m. 
X ft. 6 in. dipprr arm, and I cu. yd. hack acler huckut. I he 
hulk cxcavatian invalver digging down to 12 i t .  and loading 
into a flcet of lwenly lorries which dump the coil \ i > n ~ c  
lhree rnilcs from the site. 

T H E  H O S P I T A I  C Y G I 1 E F . R  



The Works of Carl Zeiss 
By P. C. VEDAST (Member) 

Tizile tr ip wus arranyed a ~ i d  conduc/ed,/br /he Zeiss distributors in 
Great Britain, Messrs. Degenhardt & Co. L td .  of London. 

A NI!\;IHFK 01'  scientists and techrlical joul-nalists 
\\ere recently privileged to  l o rm a part). t o  bisil 
the n o r k i  of Car1 Zeiss atid ;~ssociated conipanies 

at Obcrkochcn. M'urttcniberg. in West Germany. 
Our ob.iective was t o  sec tlie various maiiufhctures of 

this impol-tmt company. pat-ticularly the wide [range o f  
instruments o f  spccial inlcrest to 1iospit;ils. 

I n  the elent, tlic u lmlc  rxnge of products, the Pactories, 
the stali: i l l id tlic i i~et l iod of operi~tioti  of the Carl 
Zeiss Fou~~da t ion  became an absorbing study, ibliich suc- 
ccssfully upset an) plan to specialise in one restricted field. 

The history o f  the beginning atid growth o f  the Carl 
Zeiss atid Schott Compi~tiics. and their cventt~iil con- 
bersion in 1891 into tlic Foundation i\ i i ich still operates, 
is  \\ell known. Less well appl-cciated i s  tlic a\tonisliing 
story o f  the Foundation's work (>\er the past 24 years, 
iollo\ving the occupation o f  Fast Germany after thc 
second world war. O i  the \as1 army ol' nicn employed 
before the enpl-opriatioti. onl) 120 could be evacuated by 
tlie American 211-med kjrces into the allied Zone. They 
cainc without money. machinery. tools or other visible 
asset. i ~ n d  with no factory i n  nork ing d e r .  

Such was their ctithusias~n and ability. and their 
attachment to the Foundation, that, under their guidance, 
in 24 years the wol-king s ta r  lhas grown again to  30.000 

clnployed in the Company's many factories-6,500 of 
them at the Zeiss Works at Oberkochen. 

New ractories have been built  and equipped with the 
hest machinery, first class living accommodation provided 
for the staff and, i n  accordance with the principles of the 

Fig. 2. (Above) Double Microscope after Harms. Two 
microscope bodies far simultaneous binocular observation 
of object area by sureeon and assistant. 

Fig. I. (Left) Zeiss Photomicroscope with built-in fully 
automatic 35 mm camera. Equipment for transmitted light. 



Foundation, all the rights previously enjoyed-good 
wages, profit sharing, security in all emergencies such as 
illness, old age, etc. extending to relatives also, and 
perhaps most important of all, continuity of employment, 
a voice in the government of the Foundation and special 
rewards for work and efficiency beyond the normal 
contractual level. 

We were most impressed by the atmosphere of equality 
and dedication in all departments, due in part, perhaps, 
to the fact that the bulk of the workmen are company 
apprentices who have spent their whole working lives 
together, and under the same management. 

The attention to detail and hospitality provided by 
the company's representatives, willingly assisted by the 
inhabitants of the towns which we visited, were sure 
indications of the company's desire to make our visit 
worthwhile, and impressed us with the status which the 
company enjoys in the locality in which each factory is 
situated. 

As hospital officers, we were most impressed with the 
wide range of equipment, either specially designed for, 
or  capable of use in hospital departments. Amongst them, 
an  impressive range of microscopes from the simplest 
bench unit through a bewildering variety to highly 
sophisticated electron beam units held our attention. 

Microsurgical and ophthalmic instruments also covered 
a wide field. Operating equipment such as the double 
binocular operation microscope with fully automatic 
control, allowing two persons to work or  view simultane- 
ously, attracted much attention, as did measuring 
equipment for prescription and manufacturing pro- 
cesses. 

Light :xigulation units for treatment of retina1 
detachment and diabetic glaucoma were seen in course 
of construction. 

Fig. 3. Zeiss Balloobborne Telescope. 
(Spctrostratoscaw.) 

Laboratory equipment for flame photometry, chroma- 
tography and other optical analytical procedures were 
demonstrated in the course of the tour. 

On the general production side, many outstanding 
items in a wide field of application were seen; in parti- 
cular, a planetarium in preparation for despatch to an 
Asian country, and a large balloon borne telescope to be 
floated over Texas to study weather conditions. 

A whole range of photogrammetry equipment for 
aerial photography, interpretation, stereoscopic com- 
parison, etc. impressed us with their size and complexity. 

I t  was interesting to note that every piece of equipment 
from the humblest magnifying glass to utterly complica- 
ted items such as the planetarium or operating miscro- 
scope were all designed around optical systems based on 
perhaps the greatest concentration of optical knowledge 
and lens design in the world, further amplified today by 
the use of computer design data. 

Many industries are served by the extensive range of 
instruments made in the various works, the building 
and civil engineering sector having a wide choice of 
excellent surveying equipment, at once robust and 
simple to operate. 

The spectacle industry also is supported by the world's 
largest production of prescription lenses which are 
exported to almost every country. 

We were shown a large number of exceptional photo- 
graphs taken from American Gemini space craft on 
production cameras bought from retail outlets, and 
these were sufficient evidence of the excellence of the 
products made by the many photographic equipment 
companies within the Zeiss organisation. 

So much was presented to us in so  short a time that 
difficulty arises in selecting what has to be a small 
number of outstanding items t o  include in this article. 

T H E  H O S P I T A L  E N G I N E E R  



The Diagnostic X-Ray Tube 
Part 2 

The Rotating Anode X-Ray Tube 
The advantage of rotation 

T HE modern diagnostic tool is of course the rotating 
anode X-ray tube as depicted in Fig. 8, in which 
very high short time ratings are achieved in spite of 

the small size of the effective focus. In this type of tube, 
not only 1s the hne-focus principle employed, but the 
actual target area bombarded is very greatly increased by 
rotating the target at high speed. 

The cathode 
The cathode, in principle identical with that of the 

stationary anode tube, is offset from the centre of 
the tube so that the focused electron beam falls near the 
edgeof a solid tungsten disc. When this disc rotates the 

By W. TENNET, C.Eng.. M.I.E.E., 
X-Ray Division. Mullard Ltd. 

focus traces an annular path round the edge of the target. 
Fig. 9 outlines the principle and indicates the degree of 
thermal advantage obtained by this means. 

The target 
In modern rotating anode tubes the tungsten target is 

not backed with copper and is, therefore, cooled not by 
conduction but by the direct radiation of heat. The whole 
of the target disc can therefore be operated over the safe 
working temperature range applicable to tungsten, where- 
as in conduction-cooled stationary anode tubes the outer 
edges and under surface of the tungsten tablet are limited 
to the safe working temperature of copper. The surface of 
the target is processed to a dull finish to increase its surface 
area and thus enhance its heat radiation efficiency. Every 

Fig. S. A range of rotating anode X-ray tubes. 

J U N E ,  1 9 6 9  

~~~ For", 

Fig. 9. The thermal advantage gained by anode 
rotation. 



Fig. 10. Details nf the rotating anode. 
. ,> 

~ 
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effort is made to prevent heat passing from the target by 
conduction t o  the rotor (see Fig. 10) in which the highly 
temperature-sensitive bearings are housed. 

The relative thermal isolation of the target is achieved 
by making the connecting piece or stem between target 
and rotor as thin as possible consistent with mechanical 
rigidity. Moreover, this stem is made of  molybdenum, 
a metal which h a s  a low thermal conductivity and is a 
very good refractory, i.e. can stand being exercised 
through many temperature cycles without mechanical 
failure. 

The rotor 

The rotor, in the head of which the foot of the molyb- 
denum stem is firmly embedded, is made of copper. It is 
in this copper that currents are produced by induction to 
bring about rotation of the anode. This will be explained 
more fully later. 

The outer surface of the copper rotor is plated dull 
black and processed to increase its heat radiation pro- 
perties, for in spite of our precautions some heat does pass 
down the stem, also some of the heat radiated from the 
back of the target falls on the head of the rotor. As much 
as possible of this heat must be radiated outwards from 
the rotor rather than be allowed to reach the bearings. 

The bearing assenrbly 

The bearing assembly consists of  a precisely machined 
spindle, carrying two widely spaced ball bearings, fixed 
inside the copper shell of  the rotor body, to which it is 
firmly and accurately secured. The final component of the 
anode assembly is the hollow, elongated-cup-shaped steel 
support. T o  this is soldered a sealing ring made from a 
metal, the thermal expansion coefficient of which is 

matched to that of the glass to which it is sealed. The 
anode assembly is fitted to the support and secured by 
screws engaging on the conical thrust washer, thus the 
outer races of the bearings, held in contact with 
the support, remain stationary, while the remainder of the 
assembly rotates. 

The bearings are lubricated with a very thin film of soft 
metal, e.g. silver or lead, by an  evaporation process per- 
formed in vacuum. Conventional lubricants, such as oils 
or  greases, cannot be used because even with the most 
highly developed vacuum greases the vapour, whilst not 
being sufficient seriously to degrade the vacuum of the 
tube, causes the heated tungsten filament to distort in its 
slot, by contamination with carbon, thus distorting the 
focus. 

The envelope 

The bulb is of hard boro-silicate glass to resist thermal 
shock and electronic bombardment. Its shape and size 
are designed to occupy the minimum space consistent 
with satisfactory performance in the prevailing conditions 
of temperature and high voltage. 

The Rotating Anode X-Ray Shield 
Functional requirements 

The functions of an X-ray shield are as follows: 
(a) T o  surround the tube (or 'insert') with a complete 

conducting sheath which can be permanently and 
effectively connected to earth. This is obviously vital 
wherever voltages of lethal magnitude are involved. 

(h) T o  surround the tube (except a t  the X-ray port or 
window) with a radiation barrier to ensure that, out- 
side the useful beam, the intensity of X-rays emerging 
from the unit under the most adverse conditions is 
minimal-at least as low as specified in the lnter- 
national Recommendation on Radiological Protec- 
tion. 

(c) T o  provide highly insulating terminations through 
which the high voltage and tube filament supplies can 
be connected to the tube. 

((1) T o  contain the insulating and cooling fluid and to 
provide for its thermal expansion and contraction. 

(e) T o  provide a geometrically precise plane of reference 
on which beam-collimating devices can be mounted. 

(f) T o  house a stator to drive the anode. 

Consistent with the above requirements the shield must 
be as small as possible to allow maximum mobility i n  
restricted spaces, e.g. under a tilting table, and as light as 
possible to minimize counter-balancing difficulties. 

Fig. I I shows in section a typical oil insulated diagnos- 
tic sh~eld for use up to 135kVp. 

General description 

The shield shell (l)is machined from a thick-walled light 
alloy casting. I t  is lined, where necessary, with lead for 
X-ray protection purposes, the thickness of the lead a t  

T H E  H O S P I T A L  E N G I N E E R  



INTERNATIONAL EXHIBITION GOES ON-REDUCED 
FROM SHOP-WINDOW TO SHOW-CASE 

A hospital equipment exhibition will be taking place in June, despite the 
work-to-rule which caused the cancellation of the main exhibition. In  an- 
nouncing his plans, Mr. William Kern, Chairman of the Organisers, Con- 
temporary Exhibitions, said: "We have had such enthusiastic support from 
the sponsors and exhibitors, as well as Government Departments, that we  
felt we had to try and present some form of exhibition for the hospital world, 
despite the formidable difficulties. Although much reduced in size - to an 
international show-case instead of the intended international shop-window - 
it will take place on the First Mezzanine Floor of EARLS COURT from June 2 
to 6, 1969". 

Covering an area of some 15,000 square feet, the "emergency" Hospital 
Equipment Presentation will occupy "table-space" in rooms normally used for 
meetings, conferences, lounges and refreshment purposes. Earls Court has 
been chosen as the venue because of the fact that, on the premises at the 
same time, many other conferences will take place. They include: the In- 
stitute of Hospital Administrators; the Hospital Caterers' Association; the 
National Association of Supplies Officers; the lnstitute of Hospital Engin- 
eering; the lnstitute of Hospital Building Supervisors; the Guild of Public 
Pharmacists; and the International College of Surgeons who wil l  be meeting 
for their European Federation Congress - the first occasion in the United 
Kingdom. 

The Conference of the lnstitute of Hospital Engineering will now be in the 
South Conference Hall, on dates and at times as published in "The Hospital 
Engineer" for January and May. Tickets issued for use at Olympia should 
facilitate entry into Earls Court (use Warwick Road entrance). 



PIPE BENDING 
ALL METALS UP TO 4in. DIAMETER COPPER CALORlFlER TUBES A SPECIALITY 

SHEET METAL WORK UP TO 10 S.W.G. WELDING FOR THE TRADE 

WORKERS IN COPPER, BRASS, ALUMINIUM, ALLOY, STAINLESS STEEL and MILD STEEL 

KEW COPPER & SHEET METAL CO. 
63 BIDEFORD AVENUE, PERIVALE, MIDDLESEX Tel. PERIVALE 9455 

SITUATIONS VACANT 
BR0 MORGANNWG HOBPITAL MANAGEMENT COMMIlTEE 

BRIDGEND GENERAL HOBPITAL. QUARELLA ROAD, 
BRIDGEND. G U M .  

HMPITAL ENGINEER 
Applications are Invited for the above M. Tlis appointment 

entnils rerpmsliiMy to tbe Gmup EoEineer for the mechanical and 
elwMeel maintenance scrvirrs af Bridged -l and other 
baspitals in tbe Bridgead and M- +as. Applicants m& have 
mmpkted an indrnhlred appreotiees p m dwtneal or mffhadcal 
engineerins or have otboraise acquired a thorough practical back- 
m d  as,distioft fmm a purely waft bniniog. They should be 
familiar mth laonod mpiDteoaoce procedures and have a s o d  
knowledge of g o i k  pkoZ mechanical and e l d c a l  equipment and 
Hide experience in their malnteoaoce and should possess one of tbe 
foUoriag qualifications or an ogulvnknl quali6catlon sppmved by 
Ihe Mid* of Heplthr- ~~ ~~ ~~ 

li) Higher N a U d  Certificate or Hipber Nalin+ Diploma 
m >Irehameal Fnplneering r i tb  ed#,rrpmmLs m Indmlnal 
O-on and Managmeot and Principles of Eleclricit? 
nr F l e m  Techmbm. 

(lii) City td GuiIds ~echrudeal Engineering ?echni&ns Full 
Teebnologieal Certificate (Part 111) which mwt Include Plant 
Maintenance and Works Service. 

we in a l a m  hnsp'tal or Croup will be an ad\unhge and 
mi rramo wi l l  also be gwcn to appliranb having a aide hospital 
eweden- bu( m l  mreuing qualicatiom stipuhled above. 

l s r y  srale band on s &&e of 24f or more poiots, ia. f1,370 
to £I,= per a m m  plus El00 special res njbilitis allowance. 
Me& aeeommodatioa available at a ressom%;e rental. 

Application forms oMamable £mm the Gmup Secretary, Garthmor, 
Old Road, Neath. Glam. 

ASSISl'AST E.NC1NF.t.R rrquirrd within lbe CMua and Ken+ 
inaton Hocpilal Gmup at Y. Mary Abbots Howilal hlarlw* Road, 
Kcn\inmon. WS. Mtni hmc wned ao c n d d n e  aomotirrrhio 
and bard a '  ' qualification ( o d i i - ~ ~ t i o G ~  0;-equl~aknti. 
Buildine advantaee. %law scale L915 to 11.270 d u s  

BR0 MORGANNWG HOSPITAL MANAGEMENT COMMIlTEE 
PARC HOSPITAL, BRIDGEND (1,132 BEDS) 

HOSPITAL ENGINEER 

Maintenake and Works Service. 

Salary seak based oo a pointage of 24t or more points, i.e. 
f1370 to 11 605 per amum l e  S75 special r e  nsibnties allowance. 
Mkied  ac&mmodation av&bk at a reasonaE rental. 

Appiicslion forms obtainable fmm the Gmup Secretary, Garthmor, 
Old Road, Neath. Glam. 



DEPUTY GROUP ENGINEER 
Doncster Hospital Maaagement Committee invite a plleafioos 

€mm men sbk to ad for the Group Engineer over the w&le rinse 
of hi-s duties. 

AppEcamts for t b i  p r o g b v e  post should have wide experience 
in tbe management of mechanical and elfftrieal plant and must hold 
HNC or HND in Electrical Engirrpring nitb endorsements in 
Indudrid Omanisltion and Management and ineludmg (at S.111 or 
0 2  level. or with e n d o ~ m e n t  in) A~plied Heat and A~plied . .. . . 
Mechaniis. 

Salary on s scale up to £1,6M plus £100 special responsibility 
allowsnre. Temwnrv r e d  -modatan is avpilpble. 

FuU particul& w h  be sent to applicants. Please write. givins de- 
tails o age, qualifications and experience, nod tbe names and 
addresses of two (one technical) re€- to: Tbe Group Secretary, 
Doncaster Royal Inlirmnry. Doncaster. 

BRIGHTON AND LEWES HOSPITAL MANAGEMENT 
C0MMITm.E 

HOSPITAL ENGINEER required for tbe Royal Susex County, 
S-X Eve and S-x Thmst & Em Hosoitals. 

. - ' 
scale is f1,370 t o  &605 p i s  mpons ib ik  s l l o w k  of 

£75 ver annum. 

engineering; or 
(iii) City and Guilds Mechanical Engineering Technicians Full 

Technolozisl Crrtifirste &'a* 111) which must include Plant 
Maimtenak and Works Skvice. ' 

F m t k  particulars, job description and application form obtain- 
able from tbe Group Engineer, 'B' Block, Brighton General Hospi- 
tal, E h  Grove, Brighton, BN2 3EW. 

(ii) H i g k  Na- Certificate or High  National Diploma in 
Electrical Engineering aith endorsemcntP in Indumial Orgaoi- 
sation and Mansgemeat and iacludiog at 5.111 or 0 2  level, or 
with Mdolsement in, Applied Heat and Applied M w M ,  
p r i d e d  h bar ndtsbk ~metieal exrwdmce in mechanical 

-- 
(W City and Gullds Mechanical Engineerhe Technicians Full 

Tsbmlogkal Certificate (Part 111) wbieb mud include Plant 
Maintenance and WO* Se*. 

NOTE: M - c e  rill be given to candidates with an electrical 
m*" ".raCfi&on. 

Tbe Gmup contalos sevmtee. haspirals with a total of 2,331 beds. 
Edeosive development h f a h  place in tbe two Distnct General 
H ~ o i t a k .  -... r.-. 
Tbe Salary scale is £1,370 to £1,605 over five increments p l u  a 

sDedal reswmibilihi allomanee of fu)O opr annum. 
wbitley- Comeii eooditiom of &&ice and National Health 

Senice Supwannuadon apply. 

F u r t k  infomtion may h obtained from the Group Engineer, 
Saint Mary's General Haspltal, Milton Road, Portsmouth. 

SENIOR SUPERINTENDENT 
(ELECTRICAL) 

required by tbe GOVERNMENT OF KENYA, Minktry 
of Works, on eonbad for one tour of 24 montls in first 
i-. Salary according to experience in scale: Kenya 
sbgs. 29,880 to 33,420 (sppmxirnately f1,743 to 1,949 STG) 
PIU* an Inducement AUowsnce of $926 to 956 STG a year, 
paid direet to the officer's bank in tbe U.K. Gratuity: 
5 per cent of tohl salary d r a m  inclosive of generous 

Iave or 45 per cent witbout leave. Free w a g e s .  Educa- 
tion AUowanrrs. QuaMrs provided at  reasonable rental. 
Contribvtwy pensiaa srheme available in certain rircum- 
stances. 

Csndidat under 50 years of age must possess City 
and ~uilds%uU Tshnolodcal d a t e  or equivalent, 
and have at least 12 yean experience (including a eom- 
prebusive wgineer(ng apprwtirrsl+p followed by at lead 
seven years In a supwnsory posrhoo). They mlst also 
have special! experience in Teaching Hospihk, and 
olRcers wi l l  be Wulred to liaise with the Minishy of Health 
in t h  deskn. mmif.catiom. wnstrudion and maintenance 

PORTSMOUTH GROUP HOSPITAL MANAGEMENT 
e o M M l T m E  

DEPUTY GROUP ENGINEER 

A profeslonsUy unlified eldrieal engineer with hospital 
expenenee would ?x acceptable for ap+hent in an 
appropriate sdan d e .  . . 

A p p l i m  mnst completed an ap renticeship in rne&uiml 
or electrical eodneenng and bold one of t%e following w equivalenl 
qunlifiestioos:- 

(i) Higber National Certificate or Higher National Di loma in 
Meehanlral Engineering with end0menwd.s in [dudrid 
Orpanidon and Msnsgement and Plioeiples d Ekrtricily 
or El-Tcehnology, if tMs was not taken a9 s s u h w  of 
the m-; or 

Apply to CROWN AGENTS, M. Dept., 4 Millbank, 
London. S.W.l, for application form sod further particu- 
lars stating name, age, Inid detPHs of quali6utioos and 
e x h o c e  and quoting referem M2T/681110/HR. 



LEICESTER No. 4 HOSPITAL MANAGEMENT 
COMMITrEE 

CARLTON HAYES HOSPITAL NARBOROUGH, 
LEICESTER, LE~'SES 

HOSPITAL 
ENGINEER 

nquired 10 be directly responsible to the Gmup Engineer 
for lbe mPialeaanre of the cnpimdng and electrical ser- 
ricn a1 INS Prychlatric licnphal of appmximatel) 800 
btds. 

Applicanhi must have had a thorough praetieal training 
ap m date to the past nod should bold oor of the 
f o M w  qualiecatbvs or an approved equivalent. a n -  
sideration may be given to apph-ts not in d o n  
of these m ~ m v e d  aualiecations at an abated saPw. - - 

(i) City and Guilds Mechanical Engineeriog Teebm'dam 
CertiGcate (Part n )  which must include Plsnt M&- 
t m c e  and Works Service; or 

(it) City nod GuUds Certificate i. Plant Engioeerhg; 
01 ~ ~ 

liii) MinMry of Trampolt F M  (Iry Certiacate of 
Compelerne rhirb iarlude an Ordiayry Nalional 
Diploma or Ordinary Nmiooal CpmBrate. 

Salsry d e  £1,270 to per m u m ,  plvs @l 
respwwbility allowance of £25. 

H o w  available nt moderate rental. Assistaoce w+tb 
removal e x p e m  may be granted to a sueeesful apphmt  
fmm within the Health Service. 

Applicatioy, ststiog age, t r a h i ~ ~  qualUicatioas and 
expeneoce mt m e  and add- of t b m  ref- to 
Gmup Soerehvy Carlton Ha es Hospital Nsrbomugb, 
L e i d e r ,  LE9 S&, not later t L  11th June. 1969. 

YORK 'A' HOSPITAL MANAGEMENT 
COMMIITEE 

Appoiotmeot of Hospital W e e r  
Appkatione invited for the shove sppoinbnent for duties at City, 

St. M W ' s  nod pssodsted bospltals in Y d .  Applieaofs must have 
m m p W  an amrenticship in meehaoical enghioeexin~ have a 
sound lrnorkdge of deem bdler pla& (oilfired at the City Hospi(a1) 
4 t h  a d e  experience in the management of mechanical sod 
&xtdeal en&ewbs plant similar to that of modem hospitals. Cmdi- 
dates must hold C%y and Guilds Mechanical Enghouing Teebnichs 
Certificate @rt n )  which must Inclode Plant Mabtemmce and 
Works Service, or City and Guilds Certificate in P h t  Engineering 
or Minisby of Transport First Cbw CertiGrste of Competency which 
Ineludes an O.N.D. or O.N.C. Applications will, however. be con. 
s i d e d  from a d d a t e s  without the stipulated quaU6catiovs, the 
salary scale being d b l y  abated. 

Salary £1270 p a  rSsing to 11.500 p.a. plus UO p.a. s w l a l  -o- 
aibilides allowaoee. 

Appticatim giving full details of age, education, qdification and 
experieoee, together with the names and addrssrs of two re- 
ferees, to Gmup Engineer, Bootham Park, York. 

UNITED BRISTOL HOSPITALS 
BRISML ROYAL INFIRMARY 

Hospital EWnew required at this Hos which i. at -t 
being extended by a major developent. post would give ex- 
cellent exarieoce to an enthusiastic en~neer .  

Qualificstbm required are:- 
(a) H.N.C. in Moehadcal En-g with endo-rnh in 

Eleeho.Techodogy at SJII  or 03 level; or 
(b) H.N.C. in El- Engiaeeriog with endorsaneots i. 

Applied Heat and Applied Mahanils at S.nI or 03 I m L  
Salary scale £1,470 to £1,705 per annum, by five annul iourmenlr;, 

includes special respomibility payment of L100. 
AppUcatiom stab age qualificatiollF, u den- and the nsmrs 

Of two ref 
Bristol BS2%%? 

&re& to the Board, h t o l  Royal Infi-ry, 
i 

HOSPITAL 

HIGHCROm HOSPITAL, ERDlNGTON, 
BIRMUWHAM, 23 

1,175 PSYCHIATRIC BED6 

Applieatiora. am insited for the abow pod. Snlnr) m k  
S1370 dshg 10 f1.605 per annum plus special nspolldbllit) 
alkmance of S O .  F& duty sUowanm payable Fint 
r la~ l  oppotiunity for man ailb go-abesd id-. ~ o k p * l r  
Wodu Uepartmenl wilh all trades mprescated and adequate 
wpeni.50~ am%ancc. Applicanb should have a r ide  
experience in the malolcnaorr of enginceriop rmd bulldhg 
h-. and the control of men and materlab. Th sue. 
d u l  spplicant rill be d i i l ,  re~poaviblc to tbe Gmup 
Enginnr. 

QuaMeatioas: H.N.D. or H.N.C. Electdeal or M&& 
eal Enginering mth endorsemenfs k Ot-ganbtion and 
Management and either El-tm-Teelmology or Applied 
Heat and Mechanics; or equivalent qualifications sppmved 
by the Depwhnent of Health. 

A rented b o w  is available if wuired. 

Applications within seven days. with m e  af WO 
referees to: Gmup Secretary Nolth Birmiogbam & 1% 
trict Hosrital MansgRnent dommithe Gmd Hope ~ e n -  
em1 Hospital, Sutton ColdGeld, w a r n i h .  

MISCELLANEOUS 
CIRCVLAl'lNG PUMPS aod Yeam lurbines, Complcle U&, 

elec~dc and steam, space and Yavice. 1WHNEY 'IURBINLS 1.td.. 
67, Sotion Road, Harrow. Tel: 01427 1355 and 01427 3449. 



any given point being determined by the intensity of The bellows and thermal limit switch 
radiation emerging in that direction. Little in the way of At the other (cathode) end of the shield, closure is 
lead lining is necessary a t  the anode end of the shield effected by means of a flexible diaphragm or 'bellows' (g) 
because this region lies behind the main source of X-rays of large capacity. ~ t s  function is to accommodate the 
and is shielded by the target, the rotor and other massive change in oil volume that takes ,,lace due to thermal 
components. expansion and contraction over the whole rated tempera- 

In this particular design the end-casting (2) as well as 
serving to close the anode end of the shield, also supports 
the tube mounting insulator (3) to which the tube anode 
is rigidly secured. The tube is, of course, co-axial with the 
main cylinder of the shield, the focus lying precisely on 
the axis of the shield window. The accuracy of the align- 
ment of the focus with the window axis is checked by a 
pinhole camera mounted on the shield window plate. 
Three insulating terminals, through which the low voltage 
supply to the stator is connected, pass via oil-tight glands 
through the shield end casting. They are connected to the 
stator by the three leads (4) passing through a rigid con- 
duit (5). The purpose of this conduit is two-fold, namely 
to improve the electrical stresses between the leads and 
the tube anode connection and to ensure that the leads 
follow a fixed, pre-determined course inside the shield. 

A lead glass flange (6) is fitted between the neck of the 
tube and the (earthed) stator (7). This also serves two 
purposes, namely to reinforcc the insulation in this highly 
stressed region of the shield and, in conjunction with the 
lead lining a t  the end casting, to provide shielding against 
extra-focal radiation and scatter. 

The central hole in the shield end-casting is closed by 
a small, flexible diaphragm which, via a plunger, operates - 
a micro-switch (8). The purpose and operation of this 
device is explained later. The space between the shield 
end-casting and the end cap also contains the plug and 
socket by which connections to stator and micro-switch 
are led to the shield. 

ture range of the shield, i.e. between the sub-zero con- 
ditions that can occur during transport and the maximum 
operating temperature which may be as high as 80°C. As 
the shield heats up and the oil expands the bellows moves 
slowly outwards. This process can continue without any 
significant rise in pressure inside the shield until further 
bellows movement is prevented by the bellows stop plate 
(10). The diaphragm at  the anode end of the shield, being 
small in effective area, has not yet moved. However, if 
heating is continued past this point, pressure begins to 
build up. The small diaphragm, being the only yielding 
surface remaining in the vessel, moves outwards and 
operates the micro-switch (8). The switch is normally 
connected t o  the apparatus in such a way that when it 
operates, as described above, further radiography or  
screening is prevented and a warning lamp is switched on. 
I t  is most important to remember that this device is slow 
in operation and, therefore, only protects against the 
excessive average heat input which can occur if a session 
of radiography and/or screening represents an average 
power higher than the continuous rating of the shield. 
The target of the tube could be totally destroyed by radio- 
graphic overload before the average oil temperature had 
even started to rise. 

The high voltage connections-cables 
T o  simplify the insulation problem in the shield and 

generator and to enable thinner, and therefore more 
flexible, high voltage cables to be used, diagnostic tubes 
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are energised symmetrically about earth. This means that 
instead of earthing one electrode and applying for 
example 125kVp to the other, the cathode operates at 
625kV negative with respect to earth and the anode 
62.5kV positive with respect to earth. Since the shield 
shell is at earth potential, such an arrangement requires 
two highly insulated sockets (11) into which the anode 
and cathode high voltage cables can be plugged. 

The cable itself comprises a central core of three 
separate conductors surrounded by a thick layer of in- 
sulatior~. Outside the rubber is a sheath of woven copper 
wire which is, in turn, covered by a protective layer of 
cotton braiding or plastic. The cable is terminated by a 
plug of insulating material designed to fit the socket of 
the shield, the three central conductors being led right 
through the length of the plug to three contact pins in its 
extreme end. The outer copper sheath of the cable is 
stopped short at the root of the plug and is connected to 
a metal flange. When the cable is fitted into the shield 
socket the three contact pins engage in matching recesses 
in the socket and the flange is secured firmly to the shield 
shell. This means that, in addition to any special earthing 
wires which may be used, the shield shell is connected 
directly to the earthed frame of the high voltage generator 
via the outer sheath of each cable. 

The X-ray tube fitted in this shield is a double focus 
type, i.e. it has two filaments, giving the user a choice of 
effective focus size. In such a tube three leads emerge 
from the cathode end. The first is connected to the 
cathode block of the tube (to which the 'common' ends 
of both filaments are internally connected). The second 
and third are connected to the 'live' ends of the large and 
small focus filaments respectively. These three leads are 
plugged into the head of the cathode cable socket of the 
shield and are thus connected to the three central con- 
ductors of the cathode cable. At the generator end, these 
conductors pick up the negative terminal of the high 
voltage supply (connected to 'common') and a heating 
supply for each filament. 

The anode cable is identical but here the three central 
conductors are connected together by a shorting link in 
the head of the anode cable socket of the shield, from 
which a spring connector runs through the tube mounting 
insulator to make contact with the anode boss. At the 
generator end the cable picks up the positive terminal of 
the high voltage supply. 

The windokv-inherent filtratio~i 
X-rays emerge from the focus in all directions, the use- 

ful beam being simply that cone or pyramid of radiation 
which is allowed to escape through the shield window. 
The window then is basically an area of low attenuation 
in the form of a plastic cup (13) sealed to the shield. The 
window is cup shaped to reduce the thickness of the layer 
of oil over the surface of the tube in this region. The main 
beam passes through three stages of attenuation before 
emerging from the shield, namely the glass of the tube 
bulb, the oil layer and the plastic cup. These elements 

constitute the 'inherent filtration' of the unit and, there- 
fore, establish the lowest half-value layer of the beam at 
any kV. 

The inherent filtration is usually kept low, the addition 
of filtration to meet specific requirements being thus left 
to the user. 

In the shield we are using as an example provision is 
made for an additional, beam-width-restricting lead 
diaphragm to be fitted in the window cavity. Such a 
diaphragm, placed reasonably close to the focus, has the 
effect of reducing the amount of extra-focal radiation 
falling on the image field. Radiation other than that from 
the focus can, of course, only detract from the diagnostic 
quality of the image and uselessly increase the dose to the 
patient. 

The window faceplate (12) provides an accurate datum 
plane on which to mount beam-control devices, e.g. 
applicators and leaf diaphragms. 

The .rtutor 
The stator is the device which produces the rotating 

magnetic field required to accelerate the tube anode to 
operational speed in readiness for each radiographic ex- 
posure. It depends for its operation on the fact that every 
electric current produces a magnetic field. Itconsistsessen- 
tially of two coils of copper wire disposed in slots in a 
cylindrical soft iron core such that the axes of the coils 
are at right angles to each other. The purpose of the iron 
core is, by virtue of its good magnetic properties, to 
increase the strength of the magnetic field produced by the 
coils and to concentrate it in the rotor of the tube. The 
core is built up of thin laminations to reduce electro- 
magnetic losses in the iron. A schematic circuit diagram 
of the stator is shown in Fig. 12. 

Fig. 12. Schematic diagram of the stator circuit. 

When an alternating current supply is switched to the 
stator, current flows through the main winding (via 
points H & 0 )  and sets up an alternating magnetic field 
or 'flux' in the vertical direction. Similarly, current flowing 
through the auxiliary winding (via points H &C) sets up 
an alternating flux in the horizontal direction. Now, if 
these two currents were 'in phase', the effect would simply 
be to produce a resultant alternating magnetic flux in a 
direction of approximately 45" to the coil axes. However, 
due to the condenser connected in series with the auxiliary 

(Continued on page 145) 
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Automatic Boiler Control as applied 
to Industrial Boiler Plant 

By R. HUSSEY, M.I.H.V.E.. M.lnst.F., M.1.Plant.E. 
Elliott Process Automation Ltd. 

M ODERN steam raising and hot water boiler 
plant is designed to give optimum conditions 
to the plant load to be served. Therefore in 

order to justify its cost, not only from the capital point 
of view but also with respect to the subsequent running 
and maintenance costs incurred, it is of paramount 
importance for the user to obtain the desired efficiency, 
otherwise the overall cost will be unnecessarily increased. 

For  many years now it has become increasingly 
obvious that it is physically impossible for human 
operators to manually control the many variables 
associated with boiler plant and still retain a consistent 
degree of control related to load variations. Given 
correctly designed and applied automatic control, the 
task of the boiler operator is simplified, thereby enabling 
him to incorporate within his duties such essentials as 
routine maintenance, efficiency checks, etc. 

Generally speaking, it is believed that "sin?plicity, 
whilst at the same time meeting the plant characterislics" 
is the yardstick by which any automatic control should 
be judged. If this is put into effect, and combining to get 
the best out of it not  least of all the boiler operator, 
who, whether or  not he appreciates it fully a t  the early 
stages, ultimately realises that it will relieve him of some 
of the more tiresome jobs such as getting the water 
back into the gauge glass or  having to modify the 
draught and fuel quantities every time there is a plant 
load change. 

Automatic controls must not be looked upon as a 
means whereby any undesirable operational fault 
associated with the previously manually operated boiler 
plant can be immediately overcome. I t  should be borne 
in mind that, by introducing automatic control to .a 
particular boiler plant, the controls themselves, having 
been set u p  correctly, can only reproduce the highest 
possible plant performance obtainable under manual 
control. 

Where the real benefit lies in introducing automatic 
control is in the maintenance of the highest plant perform- 
ance and the fact that when a plant load change occurs, 
necessitating a modification to the firing rate etc., the 
boiler auxiliaries are being reset as the load change 
occurs rather than sometime after the load change has 
been witnessed by the plant operator having reference 
to the instrumentation he has available. 

Fig. I .  Typical control console for twin-furnace chain-grate 
stoker-fired Shell Boiler. 

The "benefits" as outlined collectively contribute 
toward appreciable saving in the fuel consumption by 
making more efficient use of the available heat in the 
fuel. This is brought about by the fact that the fuel fired 
is the minimum compatible with satisfying the plant 
load demand, and the air input for the combustion 
process is that required to extract the greatest heat 
from the fuel. 

A further, and possibly the greater benefit of all, is 
that the heat losses carried away in the Rue gases are 
appreciably reduced, once the controls, regulating the 
rate a t  which the combustion gases are removed from 
the furnace, have been commissioned. 

Modern industrial boiler plant covers a wide range of 
boilers, both in type and capacity, something in the order 
of, say, 2,000 lbs/hr. to 100,000 Ibslhr. There are, of 
course, boilers with larger evaporation rates in current 
use but the majority of these are concerned with Central 
Electricity Generating Board activities or  similar power 
production plant and, as far as automatic boiler controls 
are concerned, require something of a specialised nature 
which is usually foreign to most industrial boiler plant 
applications. These controls involve a far greater capital 
expenditure and sophistication, but when you consider 
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Fig. 1. Main instrument and control panel for four single-furnace 
stoker-fired Shell Boilers (Eastern Cmeral Hospital, Edinburgh). 

that a improvement in thermal efficiency will, by 
virtue of the quantity of fuel consumed over the course 
of the year, bring about a saving in fuel costs amounting 
t o  something in the order of several hundred thousand 
pounds, the additional capital expenditure is justifiable. 

This now brings me to the point which is to my mind 
one of the most important in any discussion relating 
to automatic boiler control. This concerns the "value" 
of any automatic boiler control scheme: by value meaning 
tbe capital cost. and just how effective or  efficient the 
scheme will be, once installed (i.e. cost in use). From 
experience I would state quite definitely that far too little 
attention is paid to the suitability of a control scheme 
for a given application and too much to the initial 
capital cost of the project. I t  is no  use having automatic 
boiler control installed on a boiler plant unless detailed 
discussion has taken place on, and not necessarily in 
order of priority, the following:- 

(1') The type and range of  plant load envisaged. 
(2) The magnitude of plant load swings and the 

time cycle. 
(3) The anticipited boiler turndown required, which 

will of  course be related to the type and range 
of plant load. 

(4) The availability and quality of  power supplies, 
i.e. electrical/pncumatic. 

(5) I fan  existing boiler plant, how much modification, 
if any, is necessary to modify the boiler auxiliaries, 
i.e. dampers, speed control devices etc., to accom- 
modate automatic controls. 

(6) What instrumentation is available to set up the 
automatic controls and prove the performance of 
the controls in operation and subsequent service. 

(7) Is the ability of the boiler house operatot-s s i ~ h  
that they could understand the opcl-ation of thc 
automatic controls being considered or does this 
mean employing more highly skilled plant 
operators. 

(8) Is the existing maintenance facility capable of 
maintaining the automatic control equipment 
once it has been installed. If not. then this pro- 
vision must be catered for in the overall cxcrcisc. 

(9) Do the suppliers of the automatic controls have 
facilities for periodic service checks to ensure 
that the full benefits of the automatic controls are 
consistently materialised. 

(10) The two greatest savings available once automatic 
controls have been fitted to a boilcl- plant are:+ 
(i) A reduction in fuel costs, and 

(ii) A reduction in the number of plant operators 
required to man the boiler house. 
Therefore, how soon will it be hefore the capital 
invested in purchasing the i~utoniatic controls 
can be recovered. 
If this question was unders~ood atid looked 
into in more detail, I am sure there would be 
more existing boiler plants littcd with auto- 
matic controls today. 

(I I) If, by spending a little more initially on an  auto- 
matic control scheme tailor made for the plant 
application, will it result i n  obtaining a higher 
thermal efliciency, thereby Justifying the addi- 
tional capital expenditure? 

(I2)Could the boiler plant be lcft ~111attellded lor 
periodic intervals permitting the boiler house 
attendant to fulfil additional dutics or, nlterna- 
tively, limit the number of attendants required? 
If so, then, in order to satisfy insurance I-equire- 
ments, certain additional monitoring equipment 
will be required to satisfy the A.O.T.C. (Associated 
Offices Technical Committee) requirements. 

Normally, most insurance companies adopt the 
recommendations and requirements of the A.O.T.C. 
in any dealings with boiler plant insurance and the 
current requirements of 1963 (4th Edition) cleal-ly 
illustrate what these are. 

Having so far discussed the variations which should 
be taken into account prior to the installation 01' auto- 
matic boiler control and also the approximate range of  
boilers currently associated with industrial Pl;~nt, it \rill 
be appreciated that thc size of the boilers and, conse- 
quently, the quantity of fuel consumed, play a n  importat11 
part in determining the automatic control employed. 
particularly so in a case of conlbustion and feed water 
level control. 

With reference to the actual controls that arc normally 
fitted to the present day boiler, it will be appreciated 
that, in view of the wide range of boilers in respect to 
type and rating, a con~plete coverage is inlpossible. 
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therefore referencc is made to a number of  typical 
control schemes. 

Generally speaking, an Industrial Boiler fitted with 
Automatic Controls, and employed for steam or  hot 
watcl- raising purposes, will be provided with pneumati- 
cally or electrically operated equipment effecting control 
of some O S  311 or  the following:+ 

I. The combustion liring ratc. 
2. Tlic quality oTcomburtion, i.e. air/fuel ratio. 
3. Fced water lwcl. 
4. Furnacc PI-cssure. 
5 .  Stenm temperature 

or 6. M';lte~- Tempesature. 

It would bc t'air to say that for most Shell boilcr plants 
the automatic controls would be electrically operated 
primarily because of the economic consideration, i.e. 
the simple proporlional acting electrical control is 
cheaper than thc more costly. but more flexible, pneu- 
matic equivalent. The cost basis. assuming a suitable air 
supply is already abailable, would be, for pneumatic 
control. 20", higher than the electrical equivalent. 

Most oil or gas lired Shell boilers ase provided with a 
packaged burner plant of varying manufactures supplied 
coniplete with electrically operated combustion controls. 

Thc combustion conlrols would normally form a 
control loop providing proportional corrective action 
and would consist o f a  pressure trimmitter incorporating 
a slide wire potcntiometer, a motorised drive housing a 
shaft feed back potentiometer and an interstage balancing 
rclay which would combine to form an electrical "bridge 
circuit". The motorised dri\,c would be mechanically 
connected to both the combustion air fan damper and 
also a mechanically operated oil control valve, the 
former via an  a<just;~ble cam arrangement which would 
enable the desired fuelair ratio to be set a t  the com- 
niissioning stagc. 

The "bridge circuit'' control loop would control the 
lil-ing rate relative to plant load requirements such that 
the pressure tra~isrnitter, suitably connected to the boiler 
steam hcader, detects any plant load change by virtue 
"f . ,. ,I \arialion in steam pressure. The movement of the 
slidc wire pctcntiomew creates an electrical "out of 
halancc" in the bridge circuit with the result that the 
motorised drive will niodifl the fuel and combustion air 
quantities until such time as the current flow in both 
sides of thc bridge circuit is the same, thereby restoring 
clcctrical equilibriuni and, by virtue of this condition, 
;I return to the desired sct point steam pressure. 

Furnace pressure controls arc not normally required 
for llic presenl day "packaged" type oil or gas fired 
boilers which opcsate under "pressurised furnace" 
conditions. The possible exception to this is where the 
li~cl firing equipment has been introduced to an existing 
plant previously coal fired. In such instances, the fuel 
tiring equipment Inore ofien than not operates under 
balanced draught conditions which means that regulation 

of the induced draught must be effected to maintain the 
desired balanced draught condition in the furnace. This 
is usually carried out by use of an electrically operated 
"floating" control loop comprising a diaphragm operated 
draught controller and motorised drive which would be 
mechanically connected to the boiler outlet damper or, 
alternatively, I.D. Fan Damper. 

Whilst the aforementioned controls represent the 
standard basic requirements for this type of boiler, it 
is becoming increasingly more attractive to the plant 
user to incorporate the additional interlock equipment 
which satisfied A.O.T.C. requirements in order that the 
boiler plant can be attended by a reduced number or  
plant operators and periodically unmanned whilst in 
operation. 

The additional controls normally fitted enable the 
boiler to be started up and shut down automatically, 
with the burner control programme incorporating 
interlocks which are arranged to monitor continuously 
such variables as flame condition, fuel pressure, fuel 
temperature, combustion air pressure, excess steam 
pressure, feed water level etc. and, on the occasion of 
one of these variables veering from the design setting, 
the boiler would be shut down and audible warning of 
the "fault" condition initiated. 

The automatic controls fitted to plant comprising oil 
or gas fired hot water boilers would be essentially 
the same as those outlined previously for steam boilers. 
with the exception, of course, that the aforementioned 
steam Dressure transmitter would be replaced by a 

Fig. 3. Instrument and control cubicle for one single-flue 
(Ideal-Standard Boilers, Hull). 

Boiler 
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Fig. 4. Main instrument and control panel for four single-furnace 
stoker-fired Economic Boilers (Liberton Hospital, Edinburgh). 

temperature transmitter, normally of the capillary or 
electrical resistance type. 

For the chain grate coal fired equivalent type of boiler, 
automatic control would be electrically operated requir- 
ing a standard single phase lighting supply. 

The range of automatic controls in question can be 
supplied with or without low fire kindling control and 
can, if required, incorporate in addition full A.O.T.C. 
interlocks. 

With reference to the water tube type of boiler, there 
are very few such boilers fitted with automatic control 
which do not employ the pneumatically operated type of 
equipment. This is due to the fact that with the more 
versatile pneumatic control equipment, the higher 
working forces, pressures and temperatures can be taken 
care of and most important of all with purely propor- 
tional acting control and the inherent offset from the 
desired set point, the permissible tolerance applicable 
to the Shell boilers does not apply when water tube boilers 
are involved. This is particularly so in applications where 
a turbine plant is being supplied with steam from the 
boilers. 

In a multi-boiler plant, the steam pressure measure- 
ment would be taken at a point in the common header 
directly downstream of where the last boiler joins the 
header, thus avoiding any inter-action amongst the 
boilers due to dissimilar instrument characteristics and 
actual measured steam pressures which would be apparent 
if each boiler was fitted with its own pressure con- 
troller. This is, of course, one of the limitations of the 
current trend of oil and gas fired packaged type Shell 
boilers which are fitted with electrically operated boiler 

controls on a per boiler basis, with the boilers operating 
control wise independently of each other. 

For applications involving water tube boilers which 
have to contend with large process plant load swings, 
a more elaborate fully metering control scheme would 
be most beneficial in order to obtain the efficient control 
of fuel and air quantity. 

Naturally, this alternative type of scheme would cost 
some 25% Inore than a simple positioning scheme, but 
this would, on a large boiler plant, soon be recovered 
for the reasons previously mentioned. 

It is common practice for burner manufacturers to 
incorporate in their overall burner control programme, 
the various interlocks catering for flame failure, com- 
bustion air fan failure etc. and these are bound to be 
included in applications involving this type of boiler 
plant. 

With regard to coal fired water tube boilers, the com- 
bustion control scheme would be similar to those 
previously mentioned with the fuel control valve being 
replaced by a stoker speed regulator and the air-fuel 
ratio relay would be incorporated in the fuel control 
loop, for the reason that in the oil or gas fired boiler 
the fuel is faster in response than the combustion air, 
whilst in the case of the coal fired boiler the reverse is 
the situation. 

In applications where this type of boiler is required 
to operate under balanced draught conditions, a furnace 
pressure control similar to that illustrated in Fig. 5 
would be applicable on a per boiler basis with the 
relevant regulator being mechanically connected to the 
boiler outlet damper or alternatively I.D. Fan Inlet 
Damper. 

Fig. 5. Proposed Furnace Pressure Control. 

In many water tube boiler plant applications, where 
the boilers supply superheated steam to processes of 
varying kinds, close control of the steam temperature is 
necessary. 

Such control maintains the temperature of the steam 
passing from the superheater outlet to the process within 
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narrow limits, by regulation of  the gas bypass damper 
alternatively in some applications by regulation of 
steam flowing through or  bypassing a non-contact type 
attemporator or, alternatively, by regulation of de- 
superheating water via a spray nozzle in the contact type 
attemporating systems. 

With reference to control of the feed water level in the 
boiler, in the case of Shell boilers and in the steam drum 
in the case of water tube boilers, the ideal as far as feed 
water is concerned is to reed into the boiler sufficient 
feed water to match the weight of steam that leaves the 
boiler, plus that feed water which is lost through blow- 
down etc. and a t  any given time. 

I t  is most undesirable to feed large quantities of 
comparatively cold water into the boiler, for, in addition 
to setting up thermal stressing within the boiler shell or  
drum, a large change in the water level will also affect 
the combustion controls and act upon them in the same 
way as a sudden plant load change, with the result that 
to overcome one error condition, i.e. low water level, it is 
overcome by creating another, i.e. low steam pressure. 

With present day packaged type Shell boilers, the 
quantity of ujater above the top row of tubes is quite 
small compared with that previously considered desir- 
able, with the result that control of the feed water level 
now becomes more critical. Similar comments would 
apply in the case of the water tube type of  boiler in so  
far that, in the manufacturer's endeavour to improve 
the output/weight ratio, this type of boiler is frequently 
"packaged" and the steam drum not least of all is one 
of the items that is being reduced in size and, conse- 
quently, capacity. 

A two element pneumatically operated control would 
be suitable for all Shell and most packaged water tube 
boiler plant applications. In addition to the actual 
measured water level in the boiler or  drum, a measure- 
ment of steam flow introduces an anticipatory effect 
into the overall control and eliminates to a large extent, 
wide changes in water level when sudden plant load 
swings are apparent. 

For  refined control of the water level for larger water 
tube boilers subject to wide or  sudden process plant load 
swings, it is desirable to use a three element control 
scheme which incorporates a measurement of the feed 
water passing to the boiler, in addition to the steam 
flow and drum level measurements. In  effect, the control 
is basically, feed water flow=steam f l o w i d r u m  level. 

Where Shell boiler plants are involved, particularly 
those below, say, 20,000 lbs/hr. evaporation, it is more 
usual to find the single element direct steam operated 
feed water control system similar to the "Mobrey" or 
"Thermofeed" type. These are more than adequate for 
such boilers as long as  plant load swings are compara- 
tively small. 

Particular attention should be paid to the A.O.T.C. 
requirements and recommendations as  far as feed 
water level controls are concerned if it is intended to 

operate the boiler plant unattended for any periods. 
Whilst it is extremely difficult to cover all aspects of 

automatic control relating to Industrial Boiler Plant, it is 
hoped that some of the points cobered will be of interest. 

This Paper was read before the Welsh Branch of 
the institute. 

Photuprr,phs by covrlesy of Soaflr-Easlern R.H.B. 

ELECTRONIC EQUIPMENT FOR THE 
MEDICAL PROFESSION 

A NEW COMPANY known as GEC-Elliott Medical Equip- 
ment Ltd., has been formed as part of GEC-Elliott Auto- 
mation Ltd., to manage the GEC and Elliott-Automation 
activities in this field. It will be mainly concerned with 
diagnostic X-Ray equipment and in thc major growth areas 
of oomputer based systems for patient monitori'ng and 
other medical applications. 

GEC-Elliott Medical Equipmenmt is the largest company 
of its kind in Britain and is wholly devoted to the design, 
development and production of equipment for the medical 
profess'ion. The strength of the new group will enable 
maximum wpport to be given to expansion of the com- 
pan'y's already stbstantial export business. 

The company's X-ray capability is based on the ranges 
of equipment manufactured by Watson & Sons (Electro- 
Medical) Ltd., and A. E. Dean & Company (X~Ray  
Apparatus) Ltd., with the X-ray tubes and associated valves 
made by Machlett X-Ray Tubes (Great Britain) Ltd. 

The new company 'is also responsible for the design, 
manufacture and marketing of equipment produced by 
Elliott Medical Automation and its subsid'iary, Godart CPI 
Ltd. Elliomtt Medical Automation is primarily concerned 
with computer based systems for patient monitoring and 
laborato'ry use, i'ncluding the automated biochemical lab- 
oratory systems recently ordered hy the Department of 
Hralth and Social Srcurity. 

Godart CPI provides brdside equipment for compre- 
hensive patient monitoring systems and supplies a range 
of haemod'ialysis (artificial kidneylapparatus. 

DOCUMENT CONVEYOR SYSTEM FOR 
ST. BARTHOLOMEW'S 

Lamson Engineering Co. Ltd., have received an order 
from St. Bartholomew's Hospital, West Smithfield, London. 
E.C.1, for a Selective Document Conveyor System to be 
used for conveying patients' documents and X-ray records 
from the Records Ofice in the basement to any one of six 
floo'rs. T o  provide this service Lamson will be ins'talling 
two (one long and one short) separate lowers with inter- 
communication between them at the ground floor ceiling 
level. 

The first (short) tower will service between the ground 
fluor and the basement (with a station sewing from the 
tower to each floor) while the second (long) tower will 
serve the remaining four floors by means of two 90" 
double turn-tables and a two lane conveyor. Both tower 
systems will enable records and X-ray plates to be con- 
veyed continuously at speeds of up to 100 ft. per min. 
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CLUES ARE STILL SPARSE ON HOW THE BRAIN WORKS 

H o w  m WE TIIINK'? What inside the brain enables us t o  
remember? What causes us t o  forget? What phenomena in 
the brain make us recognise a familiar face, or  landscape, 
or  printed page? 

In this third quarter o f  the twcntieth century when men 
can set out in rockets to t rawl  to the moon, clucs remain 
sparse about what actually happens in the "inncr space" 
that occupies the upper part of the human head. 

The  brain has been slow to give u p  the mystery of its 
workings. Techniques remain severely limited for discover- 
ing the physiological aspects of mental activities. 

Scicn~tists assumc that every thought and even every 
dream, and every subconscious or  unconscious mental pro- 
cess, must somehow be manifested in some physical way- 
some chemical or  electrical action or  rea.ction. But what 
these actions and reactions might be and, especially, how 
they may relate to any specific thought or  stimulus has been 
lictle known. 

Gradually, however, scientists are moving in on the brain. 
Little by little, they are deciphering its "code". Though this 
research is still in its infancy, its beginning has bmn 
spectacular. 

While the research takes many directions, a fairly typical 
example of science's forays into the human brain is the 
experimentation at the Visual Sciences Laboratory of the 
J. Hillis Miller Health Centre at the University of Florida 
in Gainesville, Florida. 

It has long been known that certain regions of the brain 
control particular functions. As a result it has been possible 
through brain surgery t o  alter small portions of the 
brain to obtain'  relief from disease cymptoms-such as  in 
Parkinson's disease. 

The  Visual Sciences Laboratory is concerned with the 
area a t  the "inion", the bulging part of the rear of the head 
in what is called the "occipital" region of the skull. It is in 
that region where brain activity resulting from visual stimuli 
can be most readily monitored. 

In  their experimen.ts, the Florida researchers use com- 
puters to help them analyse "brain wavesupthe miniscule 
electrical currents generated b y  the brain and recorded by 
an electro-encephalograph (EEG) on a continuing strip of 
paper in the form of zigzagging or  wavy lines. 

F rom brain waves, analysts can easily determine whether 
the subject being monitored is awake or  asleep, or  whether 
he may be suffering from certain disease conditions such as 
epilepsy. 

Evoked responses 
Universlty students who volunteer fo r  these experiments 

wear headsets which look similar to those worn by some 
telephone operators. But instead of ear pieces, these  head^ 
sets contain tiny electrodes which press slightly against the 
inion. 

The  volunteers are  in a dark, sound-proof room so a s  to 
keep exterior stimuli to a minimum. Then a light is flashed 
on. Wha't happens to the brain waves? 

Human analysts can detect no change in the wave 
patterns. But whrn examined by "averaging computers". a 

large sample of EEG patterns shows very definite altera- 
tions as the result of light stimuli. Thc  computers can pin- 
point f o r  the scientists the exact location in the brain wave 
patterns where the "cvoked responscc" occurred. 

Carrying the experiments a step further, lights of dilferent 
colours have been uscd and the computers have shown that 
the evoked response is "colour~\pccific", meaning each 
different colour evoke.; a slightly different pattern o f  brain 
waves. 

The  experimenters believe that af ter  another two or  thrcr 
years of work they will be able to tell directly from thc 
brain waves whether a subject is colour blind, and to what 
extent. 

This would, indeed, be a rescarch breakthrough. Colour 
blindness can easily be determined from visual charts, but 
this requires the subject's co-operation. If colour blindness 
can be diagnosed directly from brain waves, even subjects 
unable or  unwilling to communicate can he tested. 

T h e  experimenters have also found that spccific wave 
patterns result from the projection of meaningful pattern.; 
such as numerals or  icttcrs or  pictures. These patterns 
change as the imagc ic deliberately shifted out of focus, and 
reappear as the image is rrfocuscd. 

N o  scientist is willing to predict that it may become 
possible t o  read a person's thoughts directly from brain 
waves. But the experiments point toward very valuable uses 
for the knowledge that is being obtained. 

Already, the experimenters are able to detect and locate 
tumours in the brain's vihual pathways. Though there are 
other ways of locating brain tumours. this additional tech- 
nique can add precision to the diagnosis. 

Paralleling these visual experiment5 are auditory expcri~ 
ments-sound is projected, and thc brain waves are c o m ~  
puter-analysed for a n  evoked response. The  experience 
gained may soon permit scientists to test for hearing Ins\ 
and degrees of deafnecs with a precicion not previously 
possible, especially whrn the subject is unable o r  unwilling 
to co~operate. 

One of the main problcms remains the relative wraknesc 
of thc evoked response in comparison to the "background 
noise" that originates continuously from the brain. 

Though no  one knows the sourcc of this background 
noise-it is not really "noise", bul electrical current, and 
some researchers say the brain is surrounded by a continu- 
ous "polyneural roar2'--the general belief is that i t  is gencr~  
ated by routine brain functions such as continuous guidance 
by the brain of body temperature, blood pressure,  breath^ 
ing, digestion and numerous othrr  activitiey of the living 
body which end only with death. 

Limited value 
F o r  years, researchers have probed into the brain of 

animals t o  learn about the brain's workings. This has led to 
the beginnings of some understanding of the chemical ;IS 
well as electrical brain activity. But i t  has also shown that 
animal experiments have only limited value in learning 
about the human brain. 

(Continued on p q e  148) 
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Abstract of ,Reports 
DERBY No. 1 H.M.C. 

THE F O U K . ~ E E N T I ~  Report which covcrs the prriod from 1st 
April, 1965 to 31st March, 1968. 

T h e  whole of the three~year prriod rrvicwed in the Re- 
port has been one of increased activity in the various hos- 
pitals in the Group, and in part'icular, during the last twclve 
months, considerable changes have takcn place in tha 
Group structure and responrihilities of the Hospital Man- 
agement Committet: and its officers. 

O n t h e  1st April, 1966, following the disbandment of the 
Derby No. 2 H.M.C. by the Minister of Health, seven 
hospitals, formerly administcrrd by that Committee, were 
transferred to the Drrby No. 1 H.M.C. 

T h c  other four hospitals administcrcd by Derby No. 2 
H.M.C. were transferred to the Chcstcrficld H.M.C. 

Developmen& 
During the period under review, a number of important 

additions and improvements to the Hospital Srrvicc in thc 
area have been completed. 

Progress has becn continued in respect of the planning of 
the major developments envisaged for thc Derby City Hos- 
pital and Derbyshire Royal Infirmary. 

A t  thc Derby City Hospital, a new Pharmacy and ncw 
Pathological Laboratory have 'been provided in the form of 
large pru-fabricated structures, pending thc permanent 
Devclopments which will come at a later date as part of the 
new District General Hospital proposed on the Derby City 
Hospital site. These addi'tions in working space are, how- 
ever, even though of a tcmporary nature, grratly welcomed 
as they have replaced oldcr and quite inadequate a c c o m ~  
modation and are now making it possible to provide a 
better service fo r  patients at the Derby City Hospi'tal, and 
also at thr  adjacent Manor Hospital. 

T h e  Committee has been informed that the first phase of 
the major development at the Derby City Hospital is to  be 
postponed, owing to the over-commitment of the Regional 
Board's Capital Programme, until 1973. Th'is first phase 
will include a 150~bcdded Maternity Unit and Midwive, 
Training School, a new larger boilrrhousc, and an area 
laundry. 

Consideration has bcen given during the period of this 
Report to the inadequacy of the existing single main 
Operating Theatre at the Derby City Hospital, and approval 
in principle has 'been given by the Regional Board to  a 
scheme to erect a new Twin Operating Theatre Suite and 
associated Theatre Sterile Supply Unit, on the area of land 
adjacent to the ncw Pathological Laboratory. It is expected 
that the commencement of this development, costing 
£200,000, will be in the spring of 1970. 

The other major development entails the rebuilding on 
a phased basis of the Derbyshire Royal Infirmary to form 
a District General Hospital. The detailed planning of the 
first phase of this scheme has now been virtually completed, 
but the date for commencement of the actual building has 
been postponed by the Regional Hospital Board from 1966 
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to  1968, and mare reccntly until thc autumn of 1970. It is 
hoped, howcver, that certain of the preliminary works 
involving the erection of a number of tcrnporary buildings 
to house existing depart men:^ whose prment accommoda- 
tion will need to be demolished to clear thc site for new 
buildings, would commence in the autumn of 1968. 

T h e  first phase of  thc development proposed at the 
Derbysh'ire Royal Infirmary comprises a n'ew Accident 
CJnit and Administration Departments, together with addi- 
tional heds for  orthopaedic and other specialties This will 
be situated on the portion of the hospital which is at present 
occupied by the main entrance buildings facing London 
Road, and which includcs the existing inadequate Casualty 
Department, Administrative Offices, the Chapel and the old 
Twin Operating Thcatre Suite. 

The ncw buildin'g will includc, on the ground floor, 
adequate reception and treatment facilities for accident and 
emergency admissions, including children, three minor 
Operating Theatres, Recovery and Day Beds for Out- 
patients, four X-ray Viewing Rooms and a new O r t h o ~  
paedic Out~Patient Consultative Dcpartmcnt. 

On the first floor will be situated the main offices accom- 
modating the Group Secretary's, Treasurer's, Supplies' 
Dupartments, the Matron and her staff, Mcdical and 
Patients' Library. Med'ical Staff Common Rooms, the Post- 
graduate Medical Centre, the School of Radiography and 
the Board and Committee Rooms. 

The second floor will be entirely devoted to specialised 
In-patient carc. T h e  accommodation will includc four 
majo'r operating thratres, two primarily for neurosurgery, 
two Tntcnsivc Care Nursing Clnits of nine heds each, a 
special unit of nine beds for  thc treatmen't of burns cases 
and four additional X-ray Viewing Rooms and associated 
accommodation. 

Thc third and fourth floors will provide two wards of  
thirty beds on each floor making a total of 120 extra beds, 
and this extra accommodation will give the hospital a much 
needed addition to  the facilities ior accident and emergency 
patients, including children. 

Also includrd in Phase L of the development is a  fourteen^ 
qorey residential building mainly for studrnt nurses, a 
large thrce~storey building for senior nursing staff,  in^ 
dividual houses for the Matron and for  married medical 
olficers, and a new School of Nursing to accommodate the 
Comb~ncd  Nurse Training School at present situated in 
'Wildrrslowe'. 

Laundry Services 
An average of 79,640 articlcc per wcek are washed at 

this laundry which still only c a t c r  for the hospitals com- 
prising the Derby No. 1 Hospital Managerncnt Committce 
prior to 31% March, 1966. The laundry from the seven 
hospitals transfesrred f rom Derby No. 2 Hospital Managc~ 
ment Committee is still being undertaken at the Pasturcr 
Hospital Laundry. 

Since the modernisation of the Group Laundry in 1957, 
further up-to-date machinery has bcen installed in an 
endeavour to  cope with the ever~incrcasing work load. 
Accommodation pro'blems continue to be acute and it is 
hoped that :he proposed new laundry based on the City 
Hospital site will not be too long delayed. Representations 
are k i n g  made to the Regional Hospital Board accordingly. 



In  Decemhrr. 1965, a 'Swiftlay' coal cahincl  nit hugan 
production, l 'hic machine wac the f i r ~ t  to he in\tallcd in a 
hospital laundry i n  the Dritiqh Isles; i t  has since priwcd h 
worth by cni~hl ing two operalore 10 finish hetwrcn ccvcnty- 
live and ninety coats per hour, nearly lwicu i h c  prcviouc 
production. 

In September, 1966 (tie l i n t  wa\hcr hydra-cxtractcrr wa\ 
installed t o  cope with the increasing amount of cullon 
ccllular hlankets and extra rcq~~ i r rmcn lc  at the Manor and 
St. Oswald'r Hospitals; this machine w;isha and extract\ 
wa!er from 400 lb i ,  o f  l hcn  rvury eventy~ f ivc  minulc\; 
[hi\ again saves labour. 

In  Octoher. 1966, an 'Ea\iLprcp' rnach~nc was invl;~lled; 
this spreads sheel.; and counterpane.; for thu ironing 
mal:hine; i t  saves hand spr~ading and cnahlrs hctwccn 600 
and 700 shccts per hour 10 he conlinually prwe\ccrl. 

111 spite of the additional eq~~ ipment  provided in t l ~ i \  
laundry, the facilities at the Manor and Pactures IiospitaI\ 
are still inmadequak and upon the complclian 01' Phase I 
of the Dcvelopmcnt Schcmc of t h r  Der'hycliirc Royal I m  
firmary, a proportion of the laundry wil l  undauhtedly have 
to he undertaken by a cimimcrci;~l l i rn i  unless al,prova i.; 
given to the development of l h r  G'roup L.aundry S'crv'icr. 

Uahinaton Hospital, Uelper 
The activity at thiq hospital ha, hccn maintained at a 

high l'cvrl throughout the year. Thc programme o f  i~pgr;~clL 
ing continuec. 

In view o f  the flooding of the hocpilal g n ~ ~ ~ n d c  in 
Ikccmhcr, 1965. the rear houndary wall liar hccn 
slrengthencd and water-proofed. The r l cc t r i~ .  powcr mil 
lighmting circuits have hecn rc-nrganiscd ancl an cmcrguncy 
electricity generator inctallrd. 

Many lesser schenicc o f  improvcmcnt and renovalionc 
have hecn carried out, including floor and lighlinl: modern- 
iration, replacement o f  cquipnienl, etc. 

Very cxtwrive improvements to the kitchcns (slur .I 
minor capilal scheme) are almost complctcd. This includcd 
purcharc and in,srallation o f  new cooking q ~ ~ i p n i c n l .  ru- 
arrangement gesnerally and lhc pmvision o f  mechanical 
vcmtilation. 

I k r h y  City Hospital 
During tha l a ~ t  three ycarc a ct~nciderahlc numhcr 01' 

improvrmcnlr have h r rn  carried out and cx t rn ion \  in IIic 
form o f  new departments provided. 

The whole o f  the hospital hcnclitc f row the usr or p r c ~  
sterilised packs of dressings and instrunlcnts which arc 
prcparcd a1 thc Group ('rntral Sterile Supply Departmrnl 
at Lhcllerhyrhirc Royal Infirmary. 

The man'ufaclurr of inlravrnour fluids has commcnccd 
in the Pharmacy Department. 
Ik capital schcnir for the huilding o f  ncw Pathology 

and Pharmacy Departments wa\ coniplctcd in lhu  \unrmcr 
of 1966 and l h r  new facilit ir\ are providing cxtundcd 
cervices to thc horpital patients. 

I k rwen t  Hospital, Derhy 
The tran\formation o f  this lhmpital l o  huccrmc ;I thi rd 

general ho*pilal for  acutely il l niudic;~l and wrgical p:~ricnI\ 

in thr arca ha\ coniinuu~l. An uxtun\ivc progr;lniniu (11 ul'- 
grading i, heing undcrlakcn. 

Major alteratiomnr including day-r ixmv lhavc hccn curriuil 
,rut to Ward I a1 an ovrr;fill cmt o f  f5.500. 

'D' ward w i~s  up~gradcd a1 a car1 of f10.01Hl. T11i\ w m l  
cc~n~\iclcd of four vuparalc wing, radialing from ;l uenrra 
icrvice area. The cori-idirrr to lhc lour  wing, wcrc q x n  
corridor\ and lhc ccntr;tl arua w a y  no1 u d  i c r  lhc hest 
advanlagc. l he follr corridor.: have hecn cncloicd. I~u;~lud. 
and extensions huilt to provide ncw day~room\.  I ' hc  contrsl 
arcs has hem convcrtud into ancillary ro<rnic. Ncw 11c:il- 
ing and flooring wa\ provided in all ihc uxtcndud area\. 

' l ' l~e I k rhys l~ i r e  Royal lnfirrmnry 
It was po\sihle t o  relcacc part o l  ihc ccntlul area of Ward 

6 for convrrhim into an lnlcnsivc (';IK I ln i l .  A\  Ward h 
i s  viluatcd on thu l i r \ t  floor of G r c  Block and conl;iin\ .I 

n x ~ i ~ r r  olwraling theatre ;IS wull ar rncdical and l:.N.l'. 
wards, the lntunsivc (arc I!niL i\ ideally posilionccl. Th i \  
is a major drvclapmrnt in the n~edical \crvicc\ :tnd provide 
highly \peci;ilircd i la l f  and cquipmunr ccmxntralcd in m c  
]part for the trualnicni o f  dangcroucly ill p;ltic~it\. 

' l hc  ln~:rnsive ('are I l n i l  has four hcds gunuro~~dy  spi~ccil 
and i s  ~prcrvirlrd wi lh ; ~ l l  apprcrllri;~tu \pcei;ll ;IPIXI~:IIU\ i111cl 

wrvicc\ cuch aq pipcd oxygen, \uclion. n i on~ t i ~ r i ng  cquit,~ 
mcnt, rccortling tempcrelurr, pill\c, r q i r i \ t i o n .  hloo<l 
Iprchcurc, and L ,  rcadi'ng, and cq~~ ip t i i cn l  fur Iiypm 
and hypcrtlicrniia. A very high ilandard 01 ulcctric:ll 
in\lall;ilion and tini\hcs grnrrnlly wurc incorpc~r,~icd ancl 
rlicrc i \  an adjoining t o r e  and u l i l i ly  r o m v  

Adjoining the l~ntencivc (hrc i ln i l .  i, 3 ringlc hcd ward 
specially adaplrd for ti;icnmdialy\i\. I'urit<mcal d~;dy.;i\ it 
dco  carried out in ihc  i ln i l .  

Another main developnienr was thc construction o i  lhc 
Gracc Durton Memorial I;und llxlan\ion for lhu K;IL~I<I~ 
thcrapy and lsatopc Dclunmcnr ;it a co\ l  o t  C3.3t10. I h i \  
i s  a \i,nglc storcy extension con\tructcd nt thu roulh end o l  
(ice Hlock adjoining the former l w t < ~ p c  Dupar ln i~n~ l  m d  
~providuc ;I large '?canning room', con \~~ l l i np  room. ;ancl ;I 

c o n ~ i d ~ r a h l r  cxtcn\ion 10 the Isotope Lahoralory. A hpcci;~l 
clcctronic minni 'ng m;~chin,c was purcha\ud at a c<l\l c r l  
f4.600 and this i s  ~ lccd for invusligaling and ili;tgnc,\ing 
ahnormalitics of ihc brain. thyroid, liver. *plccn ancl d h c r  
site*. A renogram i c  a l w  localcd in the n'ew acc~crni~ilo<l;~li<i~i 
for lcsting thc function o f  the kidney with i\otonc\. . 

A \ccond hyperharic oxygcn ch;imhcr for the II~+I,II 
ha\ hcen provided in i h r  Kadiothurap) Ucpartmunt. 11, 
~ n a i n  u\c heing to treat certain c<mdit im\ which wcrc w r y  
dil l icult to t r w t  hy radiolhcrapy in ordinary ;~tnii i\plicrie 
condi~ionc. 

A new l i q ~ ~ i d  oxygen in~la l la t ian ha\ hccn lprwidcd hy 
l l ic Hritirh Oxygen ('ompany Limited l o  wrvc ihc ho.;pil;il\ 
ar $hi\ allow, lhc purchacr o f  oxygen at ;I lowcr unit 
charge than applicd with gas and ohviatcs ihu nccd li) 
carry hcavy oxygcn cylinders roun,d the Iio\li l.+l. l h i r  W;I, 

initially cilnncctcdlo lhu piped \ y s t c n ~ ~  vurving the opuraling 
thealrcc and intcn\ivc care unil. Suhrequc~nlly lhc K u g i m a  
I3oard financed a cchcnie at a cos't of f 12.0t10 for ~~ist;tlling 
~pilpcd gu, and cuction \erviccs to most of thc w;~rds in tlw 
hospilal. I ' h c  wards which wcrr not includmcd in Ihi* conlracl 
will hc dc;~lt will1 in l l w  ncar fulurc h y  mean\ (11' a \cpar;ltc 
c,IIl~lrdCt. 



A review of new equipmenr and materials lind their developinent 

N E W  R O T O T H E R M  CONTROLLER 
The  new mcrcury-in~strrl ,  indicating temperature con- 

troller-Model 1056A- manufactured by the British Roto- 
therm Co. Ltd., Merton Abbey. London, S.W.19, is designed 
as a low~cost  instrummt for industry generally. It has a 
single mercury switch and is intended f o r  installations which 
necd lcss elaborate control than is provided by the com- 
pany's multi-switch units. 

T h e  dry electrode 5 amp 250 AC or  D C  mercury switch 
(10 amp also availablc) can he set to make o r  break over 
the complete range. With :his current rating, there is no 
relay and a r c ~ i n g  is avoided. 

Any temperature range between minus 30'C. and plus 
650°C. (or equivalent Fahrenheit), with a minimum cover- 
age of 30°C. is possible. 

The  dial is 6 in. in diamctcr and the case is an aluminium 
alloy weathrrpruuf casting; standard finish is black. Wall, 
panel, front Hangc or dircct mounting models are available. 

Standard capillary le'ngth is 10 ft., copper sheathed with 
6 in. stainless steel armouring at case and 'bulb. S a n d a r d  
bulb is 4 in. diameter, mild stcrl. 

Adjustment of the switch is by a spring~loaded knob 
in the centre, and this knob can alco be uscd for manually 
checking the switch operation. 

N E W  LIGHTWEIGHT A R C  WELDERS 
T o  meet the dcmand for handy lightweight welding cquip- 

ment which is casy to carry and can bc used from ordinary 
household sockcts Direct Welding Supplies of Ladics Lanc, 
Northampton, have reccntly introduced the Eagle range. 

The  Eagle 80 weighs 40~1hs. and operates from a 13 amp 
single phase supply. I t  handles 14, 12 and 10 swg electrodes 
with four  current settings giving 50-100 amps output on 
240 volt supply. Pricc complete £40, delivered. 

The  Eagle 140 weighs 64-lbc. and requires a 30-amp single 
phase supply to give full output. Electrodes from 1618  swg. 
may bc uscd with nine current settings 35.150 amps on 
240~volt supply. Pricc f57  10s. 0d. complete, delivered. 

Both machin,cs are built t o  the highest Swedish electrical 
standards and incorporate a thermal switch disconnect\ 
and allows the welder to cool down in the event of acci- 
dental overloading. Both models are supplied wi'th a full 
kit of accasories comprising 8 ~ f t .  supply, welding and 
return leads, fully inculatrd clcctrode holder, earth clamp, 
hand shield, wire brush, chipping hammer and sample 
rlrctrodcs. 

GREASE ELIMINATORS I N  STAINLESS STEEL 
A rrdesigncd range of grease diminator panels for use 

in the kitchens has been introduced by the Air Filter 
Division of Vokes I.td., Hcnley Park, Guildford. 

Principal change in dciign of the new pancl is the use 
of a stainlccs stecl conslruction instead uf galvanised steel. 
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T w o  basic types of grcasc eliminator are available; a 
singlc unit for wall mounting and a double sided 'V' unit 
fo r  hood mounting. Any number of these units can be 
bolted together to form multiples. The  normal layout 
arrangement is to use one. two or  three panels for wall 
mounting and two, four or six panels for 'V' mounting. 

Thc redesigned Vokcs range of panels are availahlc i n  
sizes from 20 in. x 10 i n .  to 20 i n ,  X 20 in. for both single 
units and double sided units. 

Single sided units have air flow capacities from 600 cubic 
feet per minute using onc panel to 3,600 c.f.m. ucing a thrw 
panel arrangement. With douhle sided 'V' mounted units. 
How capacity is from 1,200 c.f.m. with two panels :o 7,200 
c.i.m. with six panels. 

FLY-SCREENED VENTILATORS 
New from Evercd & Co. (Hardware) Ltd., of Surrey 

Works. Smethwick, Warley, Worcs.. arc two Hit and Miss 
Ventilators Nos. 3037 and 3048. Both incorporate a Ry- 
screen. Injection-moulded in white high impact polystyrene, 
each has bcen dcsigncd to f i t  an a i r~brick o f  the appropriatc 
sire, but can be used to cover any similar size aperture. 

At each corner, there are two break~out  holrs-thc in'ncr 
fo r  box-fixing and the outer for wall-fixing. 

No. 3047 fits an airbrick of '9 i'n. by 3 in. and No. 3048 
! l  in. by 6 in. Priccs, respectively, are 4s. 3d, and 6s. 6d. 

EXTENDED R A N G E  O F  CONDENSATE R E T U R N  
UNITS 

The  range of packaged condensatc rcturn units, recently 
introduced by Megator Pumps and Compressors Ltd., 
151 Cower Street, London, W.l ,  has now hcen extended 
to handlc highcr condensate temperatures. 

T o  handle condensate temperatures above 195-F. and up 
to a maximum of 205'F. (96'C.l. additional unit5 have 
now been added to the Megator range. In  the new units the 
tank is mounted above the pumps to provide the positive 
suction head required at the higher temperatures. Thc 
arrangement is neat and compact compared with con- 
vcntional layouts and, as with the original rangc, the new 
units occupy a minimum of floor space. 

All Megator condensatc return units are available with 
single pumps, or  with duplicate pumps f o r  main and 
standby duties. Standard units will handle up to 10,000 
Ib;;hr (4,500 kg:hr) of condensate with total heads up to 
75 ft. (22.5 m,). 

Units are supplied with pumps, valves and floatswitch 
assembled with the tank as  a complrtc unit. Wall-mounted 
htartcrs, protected sight glass and changeover switch are 
available as  optional extras. 

For capacities. heads and temperatures in excess of those 
covcrcd by the standard range of units, special units are 
built to customers' requirements. 



ADJUSTARLE LIGHTING IN HOSPITALS 
T o  meet the complex and divcrsificd problcms of hospital 

lighting Thousand and One Camps Ltd., of 108 Bromley 
Road, London, S.E.6, make a range of specialised lights 
and fittings. 

T h e  shadc of the bedhead un,it LH340 has been specially 
designed to eliminate glare and there are provisions to 
prcvent the lamp from striking the wall. The adjustable 
arms, which have a total roach of 45 inches, arc so  con^ 

structcd that the patients are unable to use them as a 
support. Scrcws and knobs are tamper proof and telescopic 
plastic covers conceal the springs. Two types of wall tixings 
arc available with the lamp. One is a simple bracket, thc 
other incorporates a dimming unit which provides an 
ordinary light and a night light from a single bulb. 

Where wall fixing is unsuitable in some departments and 
in such inntances, the ceiling mounted model L8 i~ the 
answer. Thi i  model has a ceiling platc and a tube with a 
Zft, drop, as standard, from which one, u p  to as many 
as four, adjustable lamps can be fixed. Each adjustable 
lamp has a total extension of 54 inches. F o r  a >mall addi- 
tional charge a shorter o r  longer drop (maximum 4 f t )  can 
be supplied. 

Other adjustable lamps of interest are thc 1001 cxamina- 
lion lamps on movable floor stands. 

NEW RANGE OF SPLIT AIR 
CONDITIONING UNITS 

Stewart King Industries I,td., of  Industrial Estate, 
Waterlooville, Hants., arc marketing a new range of  cplit 
iysti-m packaged air conditioning units which comprire an 
air handling console and a separate air cooled condensing 
unil which can bc situarcd up to 40ft. apart, with refrigerant 
and electrical connections between the two units. T h e  first 
o f  thc range. manufacturcd in non-corrodible materials 
throughout, is a 10,000 Btu;per hour modcl called thc 
'Castor', available with 3 kW of heating. 

A feature of the internal air handling console is a 
~hyristor infinitely variable fan speed comntrol. 

During the next two months, two larger models of 12,000 
and 15,000 Rtu'per hour capacity will bc introduced. 

The inside unit has a depth of only 9" x 271" wide x 28+" 
la'ng, and the exterior condcnsing unit only 12.11!16" deeg 
X 25+" wide x 16+" long. 

All units are supplied with 3kW heaters with automatic 
thermos,tat control of heating and cooling. The air handling 
unit is titted with twin centrifugal fans, which with the 
compressor installed in the condcnsing unit outside the 
conditioned area, ensures virtually noiseless operation. Air 
flow is regulated by a variable speed control. 

SIMPLE, STURDY GARMENT RAIW 
Of simple design and construction, the garment rails 

now being offered by Fabrique du Metal Organisation, 
Steimar Works, Everett Road, N . W I 0 ,  have several special- 
ised features. Made of  16-gauge tube, the rails have great 
strenglh and the base and leg7 are in one piecc. 

Easy movement is facilitated by four 3 in. rubber castors, 
fittcd with oilLimpregnated fibre washers for adequate 
lubrication. Price is approximately 68s. 6d. 

PRECISION RUBBER SEALS FOR STERILISERS 
Special inflatable rubber seals are produced by Dun- 

lop's Precision Rubber Division at Bagworth, Leicester, fo r  
Manlove Alliott hospital sterilisers which incorporate a 
unique door sealing method. Instead of using mechanical 
o r  electrical link devices attached to the door to form the 
scal, these steriliscrs rely solely on thc inflatable rubber 
components to provide a hcrmetically secure closure. 

The precision rubber seal simplifies the door mechanism 
and permits the use of 'guillotine type' sliding doors. A 
considerable saving of space is thus efiected by eliminating 
the necessity for outward opening doors. 

The seals must withstand pressures of up to 32.5 p.s.i. 
and temperatures of 134°C. ( t 4 " - 0 ' ) .  The chamber is 
evacuated down to a pressure of approximately 15i20 mm. 
of  mercury. The heal must alio withstand the considerable 
stresses imposed hy continilous inRation/deflation cyclcs. 

Manlove Alliott cterilisers are exported to a number o f  
countries including the U.S.A., Canada and South Africa 
where one incorporating Dunlop scals has becn used by 
Dr. Christian Barnard's heart tran!,plmt teams. 

A NEW CONCEPT IN PERSONAL EMERGENCY 
LIGHTING 

Alkaline Batteries, of  Redditch, Worccstershirr, havc 
introduced a new pcrsonal emergency light, the Bardic 
HLSO, which i s  a small hand~hcld lamp for  use in crner- 
gencies only. A bracket to hold the lamp ic fixed to the wall 
and wired into the mains supply. At all times that thc 
currcnt is flowing, the lamp is held firmly in place by a 
patented solcnoid lock which stops unauthorised peoplc 
from removing it. 

Upon failurc of the mains supply, thc Rardic HL50 is 
automatically lit and the solonoid lock relea5cd. This en- 
ables any person to remove thc lamp and use it  in an 
emergency. Upon replacement on the bracket the Alcad 
nickel-cadmium alkaline hattery is recharged. 

This emergency light is particularly useful for such 
situations as fuse board inspection. in boiler rooms o r  at 
other critical points in old people'\ homes, nursrng homes, 
and other inctitutions. 

UAVIDSON'S INTRODUCE MIRRIC FAN RANGE 
A new range of low-cost axial fans-known as Sirocco 

MA-has becn designed to metric dimensions by Davidson 
& Co. Ltd., Sirocco Engineering Works, Belfrisl. The fans 
are available in eight standard arrangements. 

The MA range catcrs for dircct~coupled and bent~drivrn 
types in various configurations, and includes units for higher 
temperature work in which the motor is protected by a 
hood plate forming an integral part of the fan. In addition, 
each of the eight arrangements is manufacturcd in tcn 
hires-ranging from 400 mm. (1 f t .  3f in.) dia. to 1,000 mm. 
(3 ft. 3f in.) dia-and each s i x  is available with either 
threc or six blades, which can he obtained in any one of 
six standard angular settings. 

Thc fans are designed t o  give outputs of u p  to  70,000 
m3/h (40,000 c.f.m.) and pressures of up to 70 mm. (2-75 in.) 
~ g .  They will be followed shortly by centrifugal and high 
pressure ranges 
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Notes for Members 
FIVE BRANCH MEhTING 

About 50 Members of the Midlands, London, Southern 
and East Anglia Branches spent an enjoyable day together 
at the Kadcliffe Infirmary, Oxford, on 3rd May, where 
the programme began with an amusing film entitled "A 
Home of your Own" in which many of the funny situations 
appeared somcwhat true to life to the experienced engineers 
in the audience. 

The afternoon's programme began with a talk given by 
1. Lancaster, M.A., A.R.I.C.E., A.M.T.P.I., thc Chicf Sur- 
veyor for  Oxford IJniversity, who was supported by the 
staff responsible for  the dcsign of the ncw lecture theatre 
in which the meeting was held. Mr. Lancaster described 
some of  the difficulties that thcy had to overcome and 
explained many of the facilities available to the lecturcrs 
and the medical students. 

An interesting talk was given by C'. S. Whitby, Chief Heat- 
ing Engineer of  Electrolux Ltd., on "Thc Anatomy of Stor- 
age Heater Design." Mr. Whilby outlined the history of the 
development of storage heaters and, by thc use of graphs, 
showed 'how input and oulput can vary according to 
dimensions and the nature of the thermal storage materials. 
Mr. Whitby terminated his talk with a film showing the 
laying of soil heating cables at Murreylield. 

Mr. Donald A. Goldfinch completed the programme 
with a talk m the Shree Sayaji Gcnrral Hospital in Raroda. 
His talk was supportcd with a large number of colour slides 
through which he was able to indicate many of the diiTicul~ 
ties with which he has been faccd in trying to rc~develop an 
existing hospital where a large number of the present 
buildings have to be integrated into the final development. 
Hc  drew attention to some of the difficulties in maintenance 
and the members were amused to note that monkeys are 
in the habit of clambering over the roof of the hospital, 
removing the tile, to throw at the inhabitants beneath! 

Thc meeting concluded, with tea, at approximately 6 
p.m. 

EAST MIDLANDS BRANCH 

A meeting of the East Midlands Branch was held at 
Scartho Road Hospital, Grimsby on 15th March, 1969. 

7 h e  mccting was addressed by Mr. B. Starling. an ex- 
Director of Blackburn and Starling Ltd., on the subject 
of "Lighting Protection". 

It  is hoped to publish a Paper on the subject in a future 
iscue of the Journal. 

SOUTHERN BRANCH 

A meeting of the Southern Branch was hcld at St. Mary's 
Hospital, Portsmouth on 22nd March, 1969. 

The Chairman opencd thr meeting by introducing S. E. 
Urewett, F.I.M.L.T., Chief Technician, Bacteriological Re- 
search Dept. of the Portsmouth Group H.M.C. 

T U N E .  1 9 6 9  

Mr. Drcwelt talked on "Modern techniques in the Steri- 
lization of Instruments and Dressings by High Vacuum and 
Sub~Atmospheric Equipment," and commc'nced by saying 
that steriliration in a primitive form had been carried out in 
the time of Moses and also by Homer. There was then a 
gap of approximately 2,000 years and little scms to have 
been attempted until the first microscope was invented and 
this then made possible the study of bacteria by microscopic 
examination 

The first known autoclave was madc in 1887 by a Fr rnch~ 
man and was the forerunner of many similar types still in 
use. In 1958, Professor Knox was the instigator in the 
method of using 'Pre-Vac' and since then thcre have bcen 
various modifications of this theme. Tho respective merits 
of Hot 4 i r  Sterilizatio'n and Steam Sterilization was covcred, 
and Mr. Druwett complctrd his talk by discussing the vari- 
ous typcs of modern autoclaves that are available and can 
be used for the complicatcd procedures carried out in the 
modern hospital for  the total destruction of all spores. 

Venues of Branch Meetings for  the ensuing ycar. Subject 
to confirmation, the following wcre agreed:- 

17th May, 1969 Coldeast 
19th July, 1969 Weymouth (Dorset) 
20th September, 1969 Knowlc or Winchester 
15th November, 1969 Qucen Alexandra 

(Cosham) 
17th January, 1970 Royal South Hants. 

(Southampton) 
21st March, 1970 St. Mary's (Portsmouth) 

(Conl i , ie~dfrua~ page 134) 

The Diagnostic X-Ray Tube 
coil-winding, the current in this coil leads that  in the main 
winding and there is, consequently, a time interval o r  
'phase difference' between the fluxes produced by these 
two coils. The  net effect of this is t o  cause the flux inside 
the stator t o  rotate, completing one revolution in the 
time occupied by each cycle of the applied alternating 
current, i.e. a t  50 cycles per second the field would rotate 
50 times per second, o r  3,000 times per minute. The effect 
of this rotating field on the anode of the tube is to induce 
currents in the copper rotor. These currents, in turn, set 
up their own magnetic fields and the rotor behaves as  a 
magnet. A magnet in a rotating field will, if free to d o  so, 
rotate. 

The  stator is connected t o  the apparatus in such a way 
that when the exposure switch is thrown t o  the 'prepare' 
position, the stator is energised(at, for example, 110 volts). 

The rotor reaches operational speed (slightly less than 
3,000 rpm) within 1 second so that  when the exposure 
takes place the tube is ready t o  withstand its full rated 
energy. Incidentally, the preparation stage also boosts the 
tube filament temperature t o  its full pre-set radiographic 
value. At  the termination of the exposure both stator and 
tube filament return to their standby state, for neither is 
rated for long or  continuous operation a t  these high levels 
of power. 
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CORRESPONDENCE . 
'L. 

T H E  EDITOR. 
i i h  M a y ,  196'). 

D a r  Sir, 
Terminology 

I read with interest the article entitled "Problems of 
Planned Maintenance" which was presented in the April 
edition of THE HOSPITAL ENGINEER. 

I Old, however, gain the impression that the author was 
"playing safe" in respect of the title that should convey to 
the reader the type of maintenance referred to: Planned 
Maintenance o r  Planned Prcventive Mamtenance? 

The author of the supporting article entitled "Planncd 
Maintenance-Does it Work?" scemrd convinced that the 
scheme, as detailed in Hospital Technical Memorandum 
No. 13, is in fact Planned Maintrnance. 

Let us be precise in our terminology. Planned Maintm- 
ance and Preventive Maintenance are two different schcmes, 
but they can be integrated Lo effect a scheme for Planned 
Preventive Maintenance as described in H.T.M. 13. 

The term Planned Maintenance is used f a r  too loosely 
and, as in the two articles referred to, is used when one 
really means Planned Preventive Maintenancc. It is rather 
like a Company advertising for a Plant Manager when they 
really want a Head Gardcner  Such titles, and especially 
those terms used f o r  some pipe fittings (the likes of which 
would make any lady storekeeper blush) are descriptive, 
and unless the extreme occurs as in the analogy, no confu- 
sion can arisc as to what is really meant. 

Consider, though, the titles given to various types o f  
maintenance, Planned Maintenance, Preventive Mainten- 
ance, Planned Preventive Maintenance, Scheduled Maintrn- 
ancc and Breakdown Maintrnance (which isn't really main- 
tenance but repair). One is prescntcd with a choice of titles 
and, therefore, it is important that the correct title f o r  the 
respective type of maintenance is used so as to avoid con- 
fusion and effect efficient and correct liaison and communi- 
cation. 

In the lack of any oiticial standardisation to terminology. 
I purport the following definitions: 

Scheduled Maintenance 
This is the schcduling of works to be carried out at cer- 

tain dates, e.g. painting, wall washing, lubrication. ro;e 
tree pruning, etc. In t h i ~  case, no explicit method or time 
allocation is detailed and the object is not necessarily t6 
prevent any failures or breakdowns. 

Planned Maintenance 
As the title should imply, thc particular maintenance 

function to be carried out is planned. This involves the 
determination of a method of doing the job and allocating 
a time in which the function is expected to be performed. 
Planned Maintenance can be employed on Breakdown 
Maintenance (rcpair) where it is necessary to fix a time 
in cascs where incentive bonus schcmes arc in operation. 
On schedulcd maintenance, too, it may be employed where 
pre-planning is necessary, as in the case of ward closures 
scheduled for  painting. fo r  exarnplc. 

Preventive blnintenance 
This is maintenance which i- performed beforc failure 

is anticipated, e.g. examining drive beltc fo r  wear and 
replacing an necessary, or,  in more mundane terms, ordering 
fucl brforc existing resources are exhausted. 

Preventive maintenance proper also involves thc schedul~ 
ing of plant etc., to  dcnotc frequencies and d a t a  of in spec^ 
tions, i.e. employing the tuchniques of Scheduled Mainten- 
ance. 

Planned Preventive Maintenance 
In this method, Scheduled and Planned Maintenance are 

integrated with the techniques of Preventive Maintrnance 
and I suspect that here lies thc key to the loose termin- 
ology. 

A Planned Preventive Maintenance System sets out to eli- 
minatr failure by anticipating the same (Prrvrntive Mainten- 
ancu). T o  avoid any 'hit o r  miss' techniques, it is necessary 
to kcep a propcr record of plant and how often and when 
inspection chould be carried out (Scheduled Maintenance). 
This, then, requires rciining w e n  morc to ensure that all 
incpxtions arc \ystrmatic so thal tradesmen know what 
method of approach to employ and what parts in particular 
they should check. T o  cater for this, then, each inspection 

NEW 

pocket paging svstem l SuperV-H-F. " 

2 L.F. mini receiver 
the world's s~na l lw t  

3 Solid-state and integrated 
circuitry for long life 
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(Cmrrirrned from page 146) 

and task is planned (Planned Maintenance) and thc method 
is handed to the tradesman. e.g., Maintenance Manuals. 
I n  most cases a time is allocated for the task, a r ~ i v r d  at 
either by actual work study or analytically. This can be 
used to provide the financial incentives referred to i n  the 
articlc s.nd/or assist the management i ndetemining labour 
utilisation and staffing. 

Here, then, all three techniques are integrated to effect 
not a Planned Maintenance system but a Planned Preventive 
Maintenancc system as described in H.T.M. 13. 

"Beware anyone who is considering setting himself up 
as a Consultant on Planned Maintenance when he rea,lly 
intends Plannod Preventive Maintenancc-remcmber thc 
Trade Descriptions Act!" 

A. MlLLLNGTON (Member) 
34 Harhourne Avenue, 
Worsley, Manchester. 

(Cunrixeed fronz page 140) 

Many animals have no colour vision or binocular vision 
as hunians do, and extrapolation of animal findings to 
lrurr~an vision has been found to  be difficult and even 
hazardous. The vision of cats, for example, i s  very different 
from that of humans. 

A t  present much of the research is still concrntrated on 
merely determining what is "normal"-to construct a 
"normal template." This in turn wil l  permit detection of 
abnormal or unusual patterns and, thereby, perhaps permit 
scientists to predict the onset of and diagnose crrtain 
diseases and to detect visual defects. 

The day could conmceivably come when i t  wi l l  no longcr 
be necessary fur subjects to read progressively smallcr irtter- 
ing on an eye chart-one would simply slip on a headset 
and allow thc brain wavcs to tell the examiner about one's 
visual acuity plus. perhaps, a few bits of gra'tuitous in- 
formation observable over the brain's normal "roar." 

. two's company.. 
and so's three, four or more when they're part of the Moorwood-Vulcan range. 

Take these t w o  for instance - the Harleston Cooker and the Maxifry Fryer. 
Designed on the unit principle so that any combination of items can be built 

u p  and the greatest use made of  available space. 
Harleston features heavy gauge stainless steel, solid, 

cast-iron hobs, automatic lighting and i s d o w n  in p r i c e !  
Maxifry has stainless steel front and side panels. 

60 lb. per hour output of chips from raw, flame failure 
control, combined thermostat and ON-OFF tap, 

cool zone and large bore emptying tap. A n  upper limit 
temperature control can be fitted. 

And  the Maxifry too is down in p r i c e !  

Town, Natural and L.P Gases. 

Harleston and Maxifry - the compact cooker and fryer 
from Moorwood-Vulcan, More details? Yours from: 

MOORWOODYULCAN LTD 

Harleston Street. Sheffield S4 7QD. Tel: 23063. 
Branches: London. Birmingham. Manchester. Bristol, Edinburg 
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I Homa castors give 
hospitals the quiet 
runaround ! I 
Homa have new castors made from Homalon m, the I advanced new material that cluaranteescom~letelvsilent I 

HOMA E N G I N E E R I N G  LTD., 
Homa Works, Cosby, Leicester. 
Tel: Narborough 2151 1 9 Grams. Homa, Cosby I 

Multitone's 
hospital 
systems 
Larae H o s ~ i t a l  com~ lex ' s  need Sophisticated 
co&munidations, -l Multitone's range of Modern 
Hospital Communication Control Units meet these 
needs. 

Paging systems are just as vital for small 
Hospitals-the Multitone ECIOS System meets 
their needs efficiently and economically. 

See these systems demonstrated on the Multitone 
Stand, E2, at the 7th International Hospital Exhibition 

Ready for 1970. - Multitone are also showing their 
new G.P.O. avproved, V.H.F. pocket receiver. 

For 

REFRACTORY 
phone your nearest 

A. P. GREEN 
depot or stockist 

: PROTECTION : . Use SAIRSET retiactory cement for . laying-upall types otfirebrich. Protect 
new and exrtang brickwork with a : coating of SAIRSET. sea l  crachr- - reduce r ishofrpal l ing and slay attach. 
SAIRSET is  available in i cwt.. l cwt.. : and 2 cwt. drums ready mixed. It - should be i n  your maintenance store. ............................................. 

: REPAIRS 
: Repair damaged walls with HYBOND . plastic refractory. Cso be used for 

small gaps or the complete wall or . arch .  For extreme temperatures use 
HIGH ALUMINA PLASTIC. 
HYBOND is delivered in90 lb,cai tons : sliced ready for rammmg-in. ............................................... 

: RE-LINING 
: Avoid  intricate brichworh and special _~ . shapes by  lining with KAST-SET - refractory concrete. Simply mix and 

: 
: pour. Whenan insulating refractory is  ' , . . r e ~ u i r e d  for furnaces use KAST-O- c 

. sold in t cwt. bags. ............................................... 

.. 
BROMBOROUGH 
051 ROC 5594 
GLASGOW 
069-885 3585 

A. P. GREEN REFRACTORIES LTD 
York H o u s e ,  W e m b l e y  



Hi-Speed Mk 3 
is no ordinarv 

in fact, it's most unusual. The 
Hi-Speed Mk.  3 range features a 
Manloves'solid state'hybridcon- 
troller for instance. The extraor- 
dinary reliability of 'solid state' 
circuitry has been proven in  the 
aero-spaceindustryandconfirmed 
by extensivefield trialswith equip- 
ment operating under the most 
arduous conditions. 

Servicing is also extremly simple, 
usuallyjustaquestion of exchang- 
ing the standard circuit module 
or pneumatic monoblock. Engin- 
eers can rapidly acquaint them- 
selves with the simple service 
techniques without possessing 
i n t i m a t e  k n o w l e d g e  o f  t h e  
machine. 

Al l  the machines have been er- 
gonomicallydesignedandrestyled 
to produce a clean appearance. 

Toggle switches have been re- 
placed by illuminatedpush buttons 
which give visible indication of 
process stage on both automatic 
and manual operation. 

Hi-Speed Mk 3 
Quite an extraordinary machine 
the Hi-Speed Mk. 3. Write for our 
illustrated brochure. 

MANLOVE ALLIOTT 81 CO, L 
P.O. Box 81. Bloomsgrove Works 
Nottingham. NG7 3HQ 
Tel: Nottingham 75127 (3  lines) 
London Office: 
Warwick Road, Hampton Wick, 
Kingston-upon-Thames, Surrey, 
Tel: 01 -977 330718 

TD., 


