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Road Engineers' Conference. 

D uRTNO hi-; Pr<'sid(•nt in I Address nt t lw fina l mC'et­
ing at Ohnn on :-in.turday .• 'optornbC't' J 9th, of tht• 
Highway Enginoors Associat,ion of :-icotlancl, prior t,o 
it s bc•ing mcwgod w!t,h tho l ru;titution of Municipal 
nnd C:ounty Engmo<'t'H, Mr. W . Macdonald, road 
survC'yOt' for tho Lorn di:-;t,rict of Argyll , roforrcd to the 
pt·opo:-;al of the Oov(1rnmont to takC' over cortain 
:-;pecifiC'<l Class I roads. From nowspap<w reports it 
nppoat·od t,hn.t t ho bas ic r)l·inciplo in the chango-ovor 
was actuatNl chiofly by a d.C'sirc to s<'curo groator 
uniformi ty in m ethotb; of road con~-;Ll'uct ion. But if 
that moant tho dreadful monotony in design which 
had app<'llr'<'d t hroughout, tho country in the shapo of 
hou..,ing, tlwn ho plondcd that no such repetition 
should corno to exiRt on tho road systom. Rofot·ring 
to road n•surfacing, Mr·. Macdona ld Ha id thoro was 
still a wid(' fiC'Id for tho invention of machinory suit­
nblo for work of that kind . Whilo it was recognis<'d 
that in conjunction with t,ho Ministry of Transport the 
National Physical Labor·at,ory had accomplished va,lu ­
ablo work in connection with the tcst,mg of materials 
and road surfaces, it a ppoar·ed that tho scopo might 
\t.<;C'fnlly bo widoned to embraco research on road plant. 

General Refractories Limited. 
ON Thur:-;day laHt., Soptembor 17th, tho new 

aclrninistrativo offices of Oeneral Refractories, L td., 
at OE>n<'fax H ou o, Ta pton Park-road, R arunoor, 
• ' hE>ffi cld, wc•·o opened by Lord Riv<'rdnlo. In welcom ­
ing th(l distinguished gut'sts, Mr. Frank S. R ussoll, 
chairman ttnd managing director of tho company, 
~-;a,id that t,ho firm had g t·own with t,ho demand for 
rofractori<'s and its expansion had occurred without 
destroy ing competitors. In his roply, Lot·d Rivordale 
pointed out t he vital part which indw~try at Sheffield 
had played in the recovery of tho national industries, 
and that not, t he least of the rccovor·y was a progressive 
rnfractory production. H o stated that any firm which, 
in spitl' of a ll the difficul t,ios of exchnngo and licences, 
Wt>nt m fot• <'xpOrt businCRS was doing one of the 
groatest s<'rvicos to tho country. Unless England 
<'xportod on a largo scalo the timo would come when 
it would ho vory di!ftCult to pay for t.he fooch:;tnffs 
and raw ma t(lrials imported. H o Htatod that ono of 
the roam reasons why Sheffield romain<'d a gr<'at pro­
ducing ar<'a was that it had a tradition of rosoarch, 
carried out both privately and at the University. 
Mr. R. A. Kirkby, a director of tho company, said 
that it had been suggested that t.ho company had 
made som<' r<'cent acq\.tisitions wit,h a vi t"w to fo•·ming 
a monopoly in reft·actories in this country. H e wi.-;hed 
to deny that ; rather was it the company's intention 
to build up a grt•at industry a nd to ta k(' full advantage 
of tho counky's na tural •·esources. 

Strike at Singapore. 
A STRIKE which 01·ig ina ted m a nothm• indu:o;l!·y has 

sprt>ad to t..lw labour ('mployed on tho naval and air 
haso . ., aL Singapore, and, according to newspapel' 
ropot·ls, is holding up t.ho work. It i:-; reportod that 
somo 15000 Asiatic:; a ro involved in t,ho Colony, and 
that, of thu.l mrmber about 2000 won• engaged on the 
buses, but t h<' lat<'st, information is to thl' off<'ct 
that t ho m<•n are gradua lly returning to work, after 
receiving as~m·ances t hat the a ll<'ged griovanc<'s 
would be lookod into. 'l'ho strike star ted in t he p ine· 
11pplc canJ1(wie~. and called for t ho intervention of 
llw police. It t hen sproad to tho a ir base, and then 
to the boil<•nnak~r:; at t he naval base, whilst a short 
but diHorg1mising lightning Htriko upset the traru~port 
sy~tem. Whilst it is t,hottght that t,ha trouble was 
instigated by agitat,or·s, tho methods of hiring labour 
in Singapor·<· S<'<'m to leavo ~omothing to bo dosirod. 
Tho strikor·s demand an oight hours' day, incrcaso.-; 
of wag<•s, tho formation of a union . and bett01· con­
dition..,. Wo gather fr·om the latest r~ports that tho 
t roublo has p..act,ically subsided, and it. remain.-; now 
to seo how fa t· and in what mannor· t.ho doma.nd.-; of 
th<' mc1n can bo motor satisfied. It is not anticipated 
that tho strilw itself will Hcriously dolay work on tho 
bases. Tho progres.-; of tho Singapore naval baso was 
discussed in a l<'ading article in our issue of Aug. 21st. 

The Late Mr. Frank Hornby. 
NoT only boys and g ir ls, but many engineers and 

inventors, ht'ard with regret of tho death on Monday 
lnst of Mt·. Frank H omby, mv<mtor and manufac­
Ltu·er of " MC'ccano," at the age of sovonty-thrce years. 
Whilst his name iH moro directly ns:;ociatecl with 
c·lockwork tr·ains, tho production of which was adckd 
to tho primary busin<•ss- the ma lcing of tho famous 
~-<t anclardiH<'d, punctured stcE'l stripii and fi ttings- it 
is by tho latter that hr will be remembered . Mr. 
1 lornby was a Liv<'rpool man, and t,ho Meccano idea 
is said t o hav1-1 spnmg to his mind when travelling to 
tht' hou.'io of t\ relation who had childr<•n to be amused . 
In a wayxid(' goodH yard he noticed a small dorrick 
c·r·ttn<' of thP familiar typ<', an{! observing the mann<'r 
in which tho jib was bui lt. up, it occurrC'd to him that 
with tho lwlp of suitab lo steel strips, bolts a ncl nuts, 
and som<' odclmon ts of clockworJ<, boys could rcaclily 

THE ENG IN EER 

mako modols of ct·am•s and s imilar structw ·<•s. The 
idea s(}(•mcd so promising t hat ho b<'ga.n to punch the 
strips with his own haml'>, and his wholo staff was a 
g irl who assomblod tho parts for Hale. That, was m 
1900, and as an rxamplo of the indu.<;trial impor tance 
that mechanical toy-making may acquire, wo may 
ment ion that t he Mcccano factory now giv<'R employ­
ment, to 1500 personR and covers 5 acres of g round, 
and that thoro is a French factory as woll. The 
production of the Htrips and dotails is a good example 
of standar·d i~ation. So convenier1t are tho parts for 
mroha nieal experimon~ation that t hey may bo found 
in many engineering drawing-offices, whilst experi­
mental laboratories, tho National Physical amongst 
thorn, mako froquon t, uRo of them. In fact, Aomot,hing 
that wns started as a toy for tho amusornont of 
ch ildren has becomo of value to tho seriouH invC'ntor· 
nnd investigator. 

A New Admiralty Research Ship. 
ON Wednesday last, Soptembor 16t h, tho announce­

ment was made that Philip and • 'ons, Ltd., engineers 
and shipbuilders of Dartmouth, had reeoived an 
order from the Admiralty for Lho con.c.;truction of a 
non-magnetic roseareh vessel. Built for tho special 
purpose of carr ying out magnetic research a t sea, the 
vessel will have a d isplacement of about 650 tons, 
and will be rigged as a brigantine. An auxilia ry 
engine, to be built by Potters, Ltd. , Yeovil, will bo 
fitted , and a bunker capacity for about 2000 miles 
at 6 knots is specified. Owing to the na.tw·e of her 
du~ies, the Royal R osoarch Ship " Research, " as sho 
will bo called, will bo built largely of toak, with br·onze 
and gunmotal frames, &c. Tho engine will a lso be 
especially designed to avoid as far as po ible tho Wle 
of magnetic metals. She is c~timated to cost about 
£100,000, and her complement will number t hirty-ono, 
including a scientific staff. In placing the contract, 
the Adm.iralty is declaring its intention to tako over 
the work of a magne~ic sut'V<'Y of the oceanic at·oas, 
brought to an ond in Novembot·, 1929, when tho non­
magnetic ship " Cam egie," the property of the 
Carnogio Institution, was destroyed by fuo at Apia, 
Western Samoa, thu.<~ terminating the collection of 
information which had been is.qued for twenty-five 
years. T ho result~ of t his research had always boon 
available to the Admiralty through the court<' y of 
the Department of Terrestr ial Magneti.'im of the 
Ca.rnegio Institute at Washington, and the Depart· 
ment has now prosont,<'d full details of tho construc­
tion and equipment of t he ship "Carnegie," and i<> 
giving tho services of her commander as con.<~ultant 
in the do. ign of the " Research." 

New Factories Bill. 
THE last con.<;o]iclat,ing Fa.ct,ot·y Act was passed 

thirty-fivo yeat~ ago, a nd tho Government has 
admiLtNl that a rovi..,ion is ov<wduE>. H ence it pro· 
poses Lo bring in a Bill in the nt'xt s('s.-;ion. To cn."lure 
that t ho Bill shall be satisfactory, a F actor·iN; Bill 
Campa ign C:ommittoe has beon sot up, and it is hoped 
that momber::; of all parties will support it. Miss 
GerLrudo Tuokwell iH Chait·man, and Lord L istowol 
Hon. Treasurer of tho Committoo. One of tho prime 
objects of the Bill will be to st'curo a new statutory 
limitat,ion of the working hours of women and young 
pol'Hons. The C:hiof In.<>pector of F actoriol:l has 
pointed out that t hol'o is a tendency to increase tho 
how-s of such workers since trado improved, and has 
observed that they ar<' generally worked by the least 
physica lly fit pol'tion of tho industrial population. 
" Tho b<'st worker~ tond to go to the best omployors, 
and tho weakeHt to dr·ift to tho factories wi t h the 
longost how·:-; and Lhe l(last good condition."." The 
need for a new Hill has been admitted for year~. 
According to tho C:ommittco, one wa~ draft<•d in 
1924 by a. Labom Government, and a nother in 1926 
by a Con..,erva.tivo Government, and it is understood 
that tho foundations of both were laid beforo the wa r. 
Sir E dward Troup, when Undor -Secrota.ry at the 
H orn<' Offict', wroto between 1922 and 1924 that 
'' probably no dopartmontal Bill has ever had more 
labour· or a groattw variety of t<'chnical kilowledge 
devotocl t o it. " Wo understand t hat the now Bill wiU 
embody t.ho substance of tho drafts roferred to abovo. 

Civil Aviation. 
THE Roport on t.l10 Progre~s of Civil Aviation 

published by H.M. Stationery Office last. W<'<'k, 
contain.-; many intorosting par t icula rs about aviation 
in tho United Kingdom, the Dominioru~, and C:olonies. 
The regula r a ir services operated by United Kingdom 
companies, both at home and across ocean.-;, made 
87,200 fitage flights last yoar, carried 200,000 
passongors, 714 tons of mails, and noarly 2000 t,ons 
of freight. The numbot· of pasHongors inct·eased by 
48 per cont. , the Wl'ight of mails by 186 por con t., 
and tho weight of freight by 62 por cent. over the 
preceding twelve months. A'i Rhowing tho spread 
of amateur flying, it may be not,ic<'d t hat at tho end 
of 1935 t here wore Heven ty light aeroplan<~ clubs 
in tho United Kingdom with l\ membership of ovor 
9000, a nd with nearly 2500 mt'mbers holding " A " 
pilot,'s Ji c<>nce:;. Thoro were a iHo at the end of the 
yl'ar thirty-one gliding clubs with a total m<'mber ­
ship of 1000, of whom probably one-fifth a.ct.ually 
gl id eel . It, is of particular intorost to noto Lhat t,he 
export t,rado in ael'onautical products improved 
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groaUy, roachmg during the yoar a va luo of .£2, 72 1 ,44~ ; 
" Moro than sevonty 'tatos t.hroughout t,ho world, 
says t,ho R eport, " appear on t,ho industry's or~lor 
book, indicating tho wealth of oxporionco o~ oporatmg 
condition.<; that is inevitably at, the sot'VlCO of the 
British aircraft d<'signer, as well as tho world-wido 
ramificat,ions Of the mdustry'll <'XpOrt activities." 
The Roport deals a lso with t ho seapla nes and land­
pianos to bo usod in tho Empire Air 'l'ran.'Sport 
Schomo, and with a now t,ypo of a ircra ft for tho 
Tran.<;atlantic scrvic<>, the Mayo composite cru.ft--sco 
THE ENGINEER, January 3rd, 1936- in which a largo 
flying boat ascends with a smallor long-rango HOaplano 
which i.~ la Wlched from tho parent as soon as t,he 
dosired operating h<' ight ha"> bo<'n reached. 

Maiden Voyage of the M.V. " Dunvegan 
Castle." 

T»E Union C:astlo Mail , toamship Company, Ltd., 
recently took dolivor·y of tho now motor vN;~el 
" DWlvegan Castle " from tho builders, .Har·lancl and 
W olff, Ltd., a ftot· vory succ<'ssful t r ials, and tho 
vessol sailed on Friday last on a special voyago to 
'outh and East Aft•ica. The lino has plac<'d in sorvico 

fow· passenger liners with a total gross tonnage of 
80,000 within tho space of sovon months . The now 
vessel is a sistor ship of tho " Dlllll1ottar C:astle," 
delivel'od in J uno last. She has an overall l<•ngth of 
560ft., a mouldod bread th of 71ft. 6m., and a gross 
tonnage of 15,007, a rounded stem, a. cruiser stern , 
two masts, and a s ingle funnol of the strea.mJinod typE'. 
Hor t,win main ongines a ro Ha.rland Bm·moister and 
Wain doublo-acting, two-cycle, a irless inj ection , 
nine-cylinder units of 450 mm. bore and 1200 mm. 
stroke. The uniflow scavenging system and tuned 
oxhaust pipes aro ombodiod in the d t'sign. Tho 
auxiliat·y plant consists of fottr 350 kW g~noratorH, 
each driven by a six-cylinder, 280 mm. by 500 mm. 
engine of tho samo type at 330 r.p.m. Two wasto­
hoat boilers equipped fo r oil fi ring in port a ro a lso 
provided, and ekctric a.uxil iarios a ro fitt<'d. An 
intorosting installation is tho H a rlandic <~l<'ctr· ic clock 
control, which automatically k<'<'PS corrt"ct Hhip's timo 
without resetting dw·ing tho voyage. 

Hampshire Coast Protection. 
A P U BLIC inquir·y was hold by Mr. R . Gadsby, a n 

Inspector of tho Ministry of Health, at Bournamouth 
Town Hall, on Tuesday last, September 22nd, at 
which it wa.s sLated that the pr·oposal to conskuct a 
concrete groyne, <'sLimated to cost about £19,000, 
was made neco:.;.<;ary by the mining of ironstone at 
H engistbury H <'ad about lOO y<'ars ago. Mr. F. P. 
Dolamore, a form~r Borough 8ngineer of Bourne­
mouth, oxplainod that between 1840 and 1870 mining 
ope1·at,ion." had expos<'d t ho ..-andy ma.torial of the 
headland to tho action of th<' wind and s<'a. Tho 
con.<;cquent erosion, .if uncheck<>d, might lay open 
Christchurch Harbour to t ho south-weHtol'ly gales 
and turn H E'ngistbw·y H ead into a n island. I t was 
proposed to fill in a " deep " boLwoen tho soa end of 
the headland and a ledge of r·ock 700ft . to seaward 
by the action of a groyne. Mr. Dolamot·o oxprcss<'d 
himsolf al'l confidcmt t ha t tho pro..,ence of the groyno 
would cause sand and shinglo to accwnulat<\ to tho 
west of the heacUand inst0ad of, ns at p r·<>sont, being 
cal'l'iod round it. The accun'lulation would p rotect. 
t ho cliffH, which woro now ot•oding at a rato varying 
bet,wcen 4ft. and 1 ~ rt. per anl1lun. The C:hristchurch 
Borough Council was stat<'d to have wit hdrawn its 
init ia l opposition to t.ho schomo and tho approval of 
tho Ministry or AgricuJtm·<', t lw Board of T r·ade, and 
othot· authot·itio.<; lu1.d been obta inml. Thor<' b<1 ing no 
opposition, tho inquiry was closed. 

Non-skid Road Surfaces. 
, '.PEAKINO at t ho National Road T ransport Con­

foronco at Brighton on Tu<>sday, S~ptCimb<'t' 22nd, 
Major· F. G. Turner, EnginoO!·-in-C:hargo of <'xpcr·i­
monta l Work at tho Mini.'itt·y of Tran.'Sport, pointed 
out that in do.'i igning concrete roa<l:> woatlwr pro­
Lection was as nocessary as protection from wear. 
Ho expressed favow·able views on tlw subject of 
tar and bi turn inou.-; strrfacoil, an cl m cnt ion(ld that. 
in a cor·tain caso a r1 asphalt sul'fuco had b<'on applied 
to a st retch of concret<' road ~w·faco which had 
a lready been m use for a number of years. Not 
only did tho road surface romam undoformod , 
but a n excellent riding surface t·esulted. Tho appli­
catilal of thin carpets of balanced ml.xturos of stono 
and binder as a means of ronowing t ho top dr<'ssing 
of a road had produced exccllont results as a non­
skid sul'face. Profcs.'>or R . 0. H . Clements, of London 
University, point(•d out that road work to-day was 
ontiroly experimental and that t ho oxporiment did 
not ceaso with the engineer's work. ciontiGc work 
was required ft·om tho chemist and from ot,hors con­
cerned in t he production of materials. Excellent 
results had a lready been obtained in Germany, but, as 
m most foreign countries, tho problems of traffic 
dens ity encountered in England wore unknown. Lord 
Howo, chairman of the British Road !'\'deration, 
pointed out t.ho dangor of roads the colour of which 
wa:-~ highly light-absorbent. 'fho colour of thl' road 
smfaco made a great diffcronco to the danger of 
driving at night,. The clangors of the oxist,ing design 
of roads, pa rt.icultWly tho da,ngrr· of tho 30ft . wid<' 
road 1\H opposed to tho 40ft. road, wore a lso mentionNI. 
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The Art of Gear Design. 
By H . E. MERRITT, D.Sc. 

of the pitch pomt P corresponding to the centre 
distance and angular velocity ratio, the analytical 
or equivalen t graplucal solution would consist in 
determining the path of contact which the teeth of 
A would have, and thence findmg the profile of B 
which would g•ve the same path of contact. 

No. XI. The graphical or mechanical solution by generation 
consists in giving the profile of A the property of 
cutting or marking th~; surface of the blank ll · 
by t1·ac~g on, or cutting a"':ay, the surface of B along 
the profile of a tooth of A m a number of successivl' 
relative positions of the pitch circles during their 
relative rolling motion, a tooth profile conjugate to 
the teeth of A results. 

(Continued from page 279, September 18th.) 

PRINCIPLES OF GEAR-TOOTH GENERATION. 

A NE~ESS~Y prclimina1-y to the study of the 
dotatl_ d~s1gn of tooth_ forms is an understanding 

of the prmctples underlymg the methods by which 
the teeth will ultimately bo produced. It might be 
assumed ~hat if a tooth is designed, for example, to 
have an mvolutc profile of certain basic dimensions 
the m~nner in which the too~h form is actually pro~ 
d_uced ts no concern of the d t>s1gnt"r. :Such an assump­
llon, commonly enough Pnc·ountered, givE's a good 
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FIG. 65- ELEMENTS OF A GENERATING PROCESS 

deal of trouble to those •·csporu>ible for the product ion 
and performance of gears. 
. Because an involute tooth is superficially simple, 
tt does not follow that a ny involute profile can easily 
b_e produced, <'Ven if _at all ; internal gears in par­
t•cular are full of p1tfa lls. Furthermore, it m ust 
be borne in mind that a tooth profile is not Ji:mjted 
to the portion which actually comes into engagement, 
but extt-nds, as the clearance curve, down to the 
bottom of the tooth space. 'J'Iw form of the clearance 
eur·vp is dC:'tE'rmined by the shape of the cutter in 
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FIG. 66- ROLLING MOTION BETWEEN GENERATING 

CUTTER AND WORK 

<'on junction with the method of product ion E'mployed 
and not only influencE's tho strength of the tooth: 
but may al~>o limit, ot· intt>rfere with, the working 
portion of tho profile. 

T lw variety of gear-cutting processes is so great 
that a comprehE"nsivo description of them, and of 
a ll tJwir intricaci E'~>, cannot horP be attempted ; but 
for the purposes of c_l<'s~gn to meet normal require­
ments only the prmc1plPH und<>rlying what are 
known as "genera ting " proce>~>scf! need be dealt with. 

lS based on t he fact that if two bodies (a pair of 
engaging gear teeth in pa rticular) have a predeter ­
mined relative motion and touch each other at every 
instant, their respective profiles or surfaces bear a 
definite relationship to each other. The principles 
governing the relationship between the surfaces 
and the p osition and mot ion of the points or lines 
of contact between them have already been discussed.* 
If the relative motion of the surfaces and the form of 
one of them are given, the determination of the form 
of the other may be regarded as a problem capable 
of solution by either graphical or analytical means. 

The actual production of gear teeth repre ents a 

' 

It may be noted that the given relative motion 
of the generating and generated members may be 
produced in a variety of ways. The actual motioM 
consist of rotations about t ho respective centre~> 
0 and Q ; this corresponds to rolling of the pitch 
circles at the point P, but the same relative motion 
takes place if the pitch circle of B is fixed and that 
of A is rolled round it. This is illustrated in Fig. 66, 
in which the pitch circle of B has been divided into 

FIG . 6 7-INSTRUM E NT FOR ROLLING TOOTH PROFILES G RAPHIC ALLY 

soluLion of t ho st1lliO problem by m echanical nwaru>, 
and the method employed is termed " generation ." 
Any such method may be regarded as the m echanical 
embodiment of a combination of two principles 
which may be described as follows :-

(a) A cutting point or cutting edge is given a 
motion whereby it is cau.'lod to sweep out the surface 
of the teeth of the known member of a pair of con­
jugate gears (the m ating member being required). 

(b) A "blank," in which a tooth form conjugate 
to that reprcscnt<'d by the cutter is to be generated , 
is mounted in the appropr·iate relationship to the 
cutter and tho motion which the finished gear would 
have relative to that to which the cutt er corresponds 
is superposed on the cutter and/or the work. 

By the addition of relative m otion other than that 
required to giv<• the cutting action , the profile given 
to the work is different from that of the cutter, and 
it is this which distingui~>hes generation from forming, 
in which tho shap<' of the cutter is merely reproduced. 

The diffcron<·<· between gE'neration and forming 
is illustnt.ted by tho production of a screw tlu·ead 
by the a lternative processes of milling and chasing. 
When chasing, the work is giv<'n a helical motion 
relatiw to the tool, and the thread form produced iH 
a copy of that of the tool, taken in the p lar>e con­
ta ining the cutting edges. In the milling process, 
howevo•·, t he edges of the rotating cutter sweep out 
a surface of revolution, and by superposing the 
helical motion of th<' work a thread form is produced 
which is different from that of the cutting edges 
and, in fact, from any section of the surface of revolu­
tiOI\. which they sweep out. 

Determination of Tooth Profile by Graphical-Genera­
tion .Method.- In the actual cutting of gears only 
the generation of surfaces comes up for considera­
tion. By way of example, however, the generation 
of one plane curve or profile from another may with 
advantage bo described, particularly s ince the 
proce s frequently has to be carried out graphically 
(pos ibly ·with mechanical aids) in gear design 
problems. 

Referring to J:t'ig. 65, suppose that two gears are 
r quired to operate on centres 0 and Q respectively, 
that the profile of the teeth of A is known, and that 
the form of the Leeth of B (which is shown only as 
a " blank") is rcqui•·cd. After finding the position 

equal arcs by points P, l , 2, 3, 4-, etc., the pitch. circlo 
of A b eing similarly divided into arcs of the same 
length. W hen A rolls over B to bring the p oints .J. 
and 4' together, the cen t r<' of A will b<' at 0 4 

and the tooth profile of A will be in the position 4. 
Repeating this process a sufficient numbcl· of 
times gives a corresponding number of positions 
of the g<'nl'rating tooth profil<'. The tooth profilo 

FIG . 6 8 - INS TRUM E NT F OR R O LLING TOOTH 

PROFILES PHO TO - M ECHAN ICALLY 

of B is the envelopo of a ll the successive po:-,ition~> of tlw 
profile of the generating tooth. 

The Alea'ning of "Oenemtiorz."-All gear deo~ign • • T1n; ENOINEY.R, August 2l8t and 28th. 

If t~is procedure is followed in the graphical 
determmat10n of tooth forms the most convt>nient 
method is to ~eep the pitch circle and tooth protill' 
o~ the ~<meratmg tooth A fixed in position , draw tho 
p1tch CU"Cle of the generated tooth B on tracing paper. 
and subcliviclo both pitch circles into arcs of equal 
length. The pitch circle of B may then b e rolled ovt'r 
th~t ?f A by bringing successive marked points in to 
comCJdt•nce (keeping tho pitch circles in tangentifd 
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contact), in each position the outline of the generating 
tooth being traced. The result on the tracing will be 
identical with that shown in Fig. 66. 

The instrument (in use in the technical department 
of David Brown and Sons, Ltd.), shown in Fig. 67, 
represents a step towards generation by purely 
mechanical means. A segment representing a 
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FIG . 69- GENERATION OF SPUR GEAR BY RACK -

FORM CUTTER 

portion of one' of the pitch circles is attached to a base 
plate and n templet representing the generating 
tooth is mounted above it in the correct relative 
position. (The segment and templet shown in the 
illustration correspond to the pitch line and tooth of 
1t rack.) The pitch circle of the gear to be generated 
is represented by a second segment, and this is 
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given a complete rolling movement over the straight­
edgeD (which represents the pitch line of the rack 
tooth A) the result, on developing the imago, is the 
sum or envelope of all the positions of the generating 
tooth profile in white on a. black background. A 
shield E can be swung into position to protect the 
card from extraneous light. 

The final step towards complete mechanical genera­
tion consists in converting the templet into an actual 
cutter. If, for example, a cutter were mado with 
suitably relieved cutting edges identical in profile 
with the teeth of the gear A in Fig. 65, and were 
reciprocated in the direction of its axis, the cutting 
edges would sweep out a surface corresponding to the 
actual tooth surfaces of the gear represented by A. 
By then mounting a blank in the position of B and 
providing a. mechanical drive whereby the cutte1· and 
blank are given rotary motions about their respective 
axes with the appropriate angular velocity ratio, 
the cutter would generate conjugate teeth in the 
blank. 

Generation. by Means of a Rack-shaped Cuuer.- In 
the foregoing examplo it has been assumed that the 
cutter correspond'S in form (with the exception of 
additions to the height and thickness of the tooth 
form in order to give the necessary clearance and back­
lash) to the mating gear. Generation by moans of 
such a tool may be termed " copy-generation." From 
the properties of intermating series already discussed,* 
however, it follows that if the cutter be made in the 
form of one member of such a series all the gears 
which it generates will mesh correctly with each 
other. 

In particular, the cut.ter may bo in the form of a 
rack. By adopting th<> 

r- - -- - .--+----r--- --r--. .-----~------, involute system of tooth 
profil~s the cutte1· corrcs­
ponding to the rack will 
have stra ight sides (ignoring 
certain arbitrary modi fica-

A' 

' 
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A 

tions discussed in a later 
section) and its manufac­
ture, although rendered 
slightly more difficult than 
at first sight appears, by 
reason of the degreo of 
accuracy required, is at 
least easier than if the 
profile were given any 
other curved form. 

The arrangement of such 
a cutter relative to the 
blank is illustrated in F ig. 

A 
/ 

69. The cutter A, which 
may be adjusted radially 
with respect to the axis of 
the work, is reciprocated 

•· Tttl ( .. e•• •t.• '' 

in order that its edges may 
sweep out the surface of 
the teeth of the imaginary 
rack forming the busis of 
the design of the tooth 
profilo required t.o be 
given to the blank B. 
In addition to this recipro­
cation, the cutter is 
advanced in the direction of 

FIG. 70- GENERATION OF HELICAL GEAR BY RACK - FORM CUTTER 

the pitch line X P X and, 
at the same time, the work 

l't>eured to u. movable platform to which may be 
damped a piece of card on which the generated 
tooth is to be drawn. Tho two segments aro then 
rolled togothor, slip being prevented by a steel tape 
damped to opposite ends of the respective segments, 
and in each of a. large number of positions the profile 
of the templet is transferred to the card by drawing. 
A typical result is inset. 

A still further stage is represented by the photo-

FIG . 7 1- T Y PICAL RAC K - FORM CUTTERS FOR 

SPUR AND HELICAL GEARS 

is rotated about its axis 0 
at a. speed such that its pitch circle through P has 
the same linear velocity a.s that of the rack, i.e., the 
pitch circle of the blank and the pitch line of the rack 
roll together. In consequence the straight cutting 
edge generates an involute profile in the blank in 
accordance with the principles of conjugate t.ooth 
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equal to one pitch (or an integral number of pitches) 
and returned to its starting point, the blank mean­
time remaining stationary. This cycle is repeated 
until all the teeth M'e cut. 

Provided that the method of relieving the cutter is 
suitably chosen, the cutter can be re-sharpened with­
out changing its profile. The process is suitable for 
cutting external goa.rs only. 

Rack Generation of Helical Gears.- A helical 
involute gear is conjugate to a straight-sided rack 
having inclined teeth. The method described above 
for generating spur gears can therefore be easily 
adapted to the cutting of helical gears by changing 
the direction of reciprocation of the rack cutter. The 
arrangement is then as illustrated in Fig. 70. The 
cutter A is reciprocated in a direction inclined to the 
axis of thf' work at an angle equal to the spiral angle 
required, and is simultaneously rolled over the blank 
in thE' direction X X. The nonnal profile of the basic 

FIG. 72- 00UBLE - HELICAL PINION IN COURSE 

OF GENERATION 

rack of a helical or spi1·ul gear may be, and usually is, 
identical with that of a spur geat' of the same normal 
pitch, ttnd consequently the same cutter will produce'a ll 
spur, holica l, and spiral gears of the same normal'pitch, 
regar<Uos.o:; of numbet· of teeth u.nd spira l angle, and 
all such gears ·will bo conjugate to each other if motmted 
in the appropriato relative position. Typical cutters 
are shown in Fig. 71. 

The same principles may be applied to tho profile 
grinding of the teeth of spw· and helical gears by 
su bstituting for the cutters an abrasive wheel which 
either represents directly, or sweeps out in the course 
of its motion relative to the work, the plane faces 
of t he teeth of the imaginary rack. 

Generaticn of Double-helical!Gears by Rack Cutters.­
An interesting extension of the principle doscribed 
above is provided by the " Sunderland " process 
for generating doublo-helical gears having teeth which 
are~ continuous at. the apex. Thc method, illustrated 

mechanical apparatus, similar in principle, shown in 
Fig. 68. Here the counterpart A of the templet is used, 
the card B on which the generated tooth pro6Je is 
required is photographically sensitised, and a beam 
of light is directed perpendicularly on to the templet 
and, where it is cut away, on to the surface of the 
card . In any one position the form of the generating 
tooth is impressed photographically on to the surface 
of the card, and if the segment C carrying the card is 

FIG . 73- RACK - FORM CUTTERS FOR PLANING DOUBLE · HELICAL GEARS 

contact. For such a process to be continuous the 
length of the rack cutter would require to be some­
what longer than the pitch circumference of the work ; 
since this is usually impracticable, the cutter is with­
drawn from the work after it has advanced a. distance --

• TaE ENGINEER, August 21st and 28th; Principles of Tooth 
Contact, Part VI and V!I. 

in Fig. 72, consists in the employment of two cutters 
of rack form arranged to reciprocate alternately in 
directions parallel to the tooth spirals of the right and 
left-hand helices of the gear. The strolce of each 
cutter terminates in the central plane, and each 
cutter therefore clears away the chip left by the other 
on the preceding stroke. The cutting edges sweep 
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out tho smfnc<'s of nn imaginary doublo·holical 
rack with which tho gear to bo genN·ated will bo 
conjugate ; tho gen01·ating action is derived from 
rotation of tho work and superposed linC'ar motion 
in the direction of tho pitch lino of tho head can ·y· 
ing the cutters, in tho manner described in t,he previous 
oxamplo. T ypical double-helical cutters are illus · 
trated in l<'ig. 73. 

Generation by Gear.shaper Outters.- A rack-shapNl 
cutter may bo replaced by ono con esponding in 
fot·m to any gear which can be derived from tho samo 
basic rack. This is tho basis of tho " goar .shaper " 
process, tho cutter being in the form o" t\ pinion having 
involute profiles and suitably reli<>ved flanks. The 
rC'Iativo position and motion of tho cuttor and tho 
work corrosponcl to two gears rotating in m esh, 
and l<' ig. 74, in illustrating this, also s how:-t the p ossi· 
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FIG . 74- GENERATION OF INTERNAL GEAR IIY 

GEAR • SHAPER PROCESS 

bil ity offl'l't'd by the procC'ss of gl'nl' t't"tt ing tho teeth 
of internal gears. 

As befon', rocipl'ocation of tho cutter in tho axial 
direction causes t ho cutting edgC's to ~.-weep out a 
:,urfaco corr<'sponding to the teoth of tho conjugate 
gear which tho cutter rcpr<>sents. In addition, the 
cutter and work a ro m echanically connected and 
caused to rotate at speeds appropriate to tho 
r<.'spectivo numbers of tC'oth ; in this sonso tho process 
is conLinuous and doos not involve t he intermittent 
cycle for indexing necessary in the rack-planing 
process tts usually carried out. 

The offcct of sha rpC'n ing a cutLor of this typo, 
which must, ncccs:sarily bo provided with adoquato 
cl<.'arance on the flanks of tho tooth, is to reduco the 
diameter of the cutter, and tho question of what 
vnriation rC'sults in lhc• form of thC' gears produced 
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FIG. 75- TVPICAL GEAR • SHAPER CUTTERS 

naturally arises. F ortunately, tho property of 
involute goars of working correctly at vary ing centre 
distances overcomes tho difficulty which a ny other 
tooth form would present. Without going into detail 
at this stago, it may briefly b e stated that the profiles 
of the teeth of the cutter on every t1·ansverse section 
are involutes to the same base circle. As the diameter 
of the cutter is reduced by sharpening, the centre 
distance (whon cutting an oxtornal gear) deot·oaF!es 
and the pressure anglo and pitch at which tho cutter 
actually operates aro correspondingly reduced. Tho 
base diameter being constant, however, the base 
pitch remains the same a nd the base diameter of 
the gear produced is thoreforo tmal torod. Thoro 
are a number of points of dotail which arise in mal<ing 
a closor study of tooth forms a:; gonoratod by this 
process, in connection with tho form of tho clearance 
curve, tho paths of faco and flank contact, tooth 
thickness, and, in the caso of interna l goa rs, intor · 
ference in vat·ious fonns, but coru;idoration of thoso 
is reserved until lator. 
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By m aking the tcoth of a gear -shaper cutter of 
helical form and giving the cutter a helical reciprocat· 
ing motion with tho corresponding lead, helical goars 
may be gonorated. Such a cuttor may bo regarded 
as conjugate to the basic rack from which tho helical 
gears are derived. F or mechanical reasons, the 
spiral anglo which can be g iven to the teeth by this 
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process is limit<'d. Typical goar ·shapcr cutters for 
spur and helical gears aro illustrated in Fig. 75 ; 
it m ay be noted that in tho course of manufacture 
those cutters aro themselves generated from an 
abrasive wheel, tho active surface of which reprosonts 
a tooth of a straight-sided rack. 

(7'o be contin11ed.) 
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SECTIO N A.-~JATHEMATICAL AND PHY,'I(;AL 
SCIENCES. 

THE PltODUCTION AND T ECH NI CAL APPLIOA'rlON Q ]j' 

Hwu VOLTAOES. 

ON Monday rooming, eptembot' 14th , cction A 
discussed the production and technical application 

of high voltages. Tho subject was selected by tho 
Council of tho B.A. for discussion as having a diroct 
bearing on tho lifo of the community. 

Dr. T . E. Allibono (Motropolitan-Vickers Electrical 
Company, Ltd. ), who opened t ho cliscussion, said 
the fact that tho subject had such a bearing upon the 
life of the community would bo appreciated by con· 
sidering how depondont we woro upon the continuity 
of service of the 132 kV grid transm ission systom. 
It was the business of high voltage engineers to 
study the technical features involved in p roducing 
and maintaining that system . H o a lso referred to 
the uso of high voltagos in the hospitals for tho taking 
of X -ray photographs (a million such photographs 
are taken in the hospitals of tho world annually) 
and. tho treatment of disease, and said that many 
new dovolopments wore likely to find application 
as curative agencies in tho next few yoars. 

The four types of high voltagos usod, he said , wore 
A.C., impulse, D.C., and high-frequency A.C. 
Measuromont of only the first typo could yot be 
said to bo satisfactory. A.C:. and impulse voltages 
were used mainly in engineering, whilst D .C. was 
used mainly in physics and medical work. Voltages 
of about 1 million woro necessary to supply sufficient 
information for tho designs of apparat us for 132 kV 
systems, and in tho tests that had been devised 
amplo tolerances had been loft a bove the actual 
operating voltages to safeguard against the changes 
in operating conditionli- humidity, atmospheric pollu· 
tion, lightning di~turbances, tompol'atw·o t·isos, &c. 
D.C:. voltagos woro applied extensively to X ·ray 
tubes, a field of application which was wicl<ming 
rapidly ; higher voltages and higher intens itios of 
rays wore being used. Atomic disintegration and 
tho pt·ocluction of radio-active substa nces ft·om 
high-voltage vaculLm tubes might have important 
applications to medical research in the coming decade. 

In tho course of a brief review of tho many types 
of gonorators at present in use in engineering and 
physical laboratories for tho production of high 
alternating, direct , and impulse voltages, and the 
purposes for which they wet·o used, Dr. Allibone 
said t.hat thero wore so-called 1,000,000-volt tt·ans. 
formot-s, but it had become practicable to use sma ller 
units, of 600,000 or 300,000 volts each, in sories, 
and to energise ono from t ho other by putting a 
tertiat·y winding into the first t ran.-;formor to supply 
powot· t lnough t ho primar y of tho socond, or to supply 
each transformer through altemators drivon through 
a bakclito shaft. ~ many al> six had been connected 
in a cascade in one tra ns former built by tho General 
Electric Company. 

Dr. Allibone mon tionod tho t·ocent insLallation 
of elecLrostatic procipitators at a power ~Lation, the 
equipment precipitating lOOO tons of dust per week, 
which du:;t would olhcn vise pass up the smoke stack . 

THE I o ISATI ON MEASUREMENT oF , HORT·WAVE 

JtA DIATI ON. 

Dr. G. W. C. Kaye and Mt·. W. Bin.k:s (of t he 
Physics Department of t he National Physica l 
Laboratory) presented a paper on the accurate 
measw·emont of the quantity or " dose" of radiation 
administered to patients, pointing out that the success 
and safety of ca,ncer treatment by X -ray:; and 
radium, whether :singly 01· combined, depended 
largely upon accw·a te mea:;uromont. Tho most 
sati.~factory method available, said the authors, was 
a physical one involving the determination of the 
ionisation produced in air by the electrons liberated 
by tho radiation. F or X-radia tion the a i1·-ionmaLion 
unit of quantity called tho rontgen had been t\cceptcd 
internationally, but t he difficulties hitherto oncoun· 
tered in mea uring very short-wavo raclia.tion, such 
as tho y-rays from radium, had givon riso to doubts 
concerning the feasibility of oxprossing X-ray and 
radium moasw·ements in a commo11 unit, a procoduro 
admittedly desira blo. The difficulties of realising 
the rontgen in tho case of y-rays woro duo to tho 
long ranges of tho oll'ct rons libC'n\led in air (up to 
l Oft. or 12ft.). 

Dr. Kayo and Mr. Binks, howov <'r, sh owod Lhat 
those difficulties could bo ovorcomo by tho uso of a 

vory largo paN\ llel-plato ionist\lion chamber, of 
effective dimensions about 12ft. by lOft., by means 
of which the tmification of X -t·ay t\nd radium dosage 
moal'!uroment s had bcon offectocl. Th<'Y pointed 
out, at the sa.mo timo, t ha t ~>uch a chamber, while 
serving its purpose as an ultimate standard of t•cfor­
enco, was quito impracticable for medical purposes. 
But t.he results estnblished that for <Woryday practico 
small ionisation chambers hnving appropriately 
thick walls of " ait'·oquivalont materia l "- a typo 
already in use fo r X -ray measurements could bo 
employed successfully for y-rays. 

In the " air-wallod " chambers t he volume of air 
ionised is defined by a complotoly enclosing chamber, 
the walls of which have an offoctive atomic numbor 
the samo as that of air. By attention to t ho <.'xperi· 
menta l condi tions, said the authors, t hey had 
sufficient ly removed t he anomal ies, so that medical 
workers could go ahead and make use of tho rontgen 
just as they could tho X -rays, which was very 
important, because ofton they wore both used together. 

MEASUREMENT OF VOLTAOE BY S P ARK 0APS. 

Discussing the spa rk gap as a volt meter , Professor 
W. M. Thomton (in a paper ho contribut<>cl) RA,id that 
tho throo forms of spark gap used for high-voltage 
mC'asurements woro those botw<'f'n neocllo points, 
botweon spheres, usua lly O•tual, a nd betw<>on para ll('] 
circular plates with rolled edges. To th<>so ho added 
the corona voltmct<' r, in which the dischar·go was a 
radial stream of Jino sparks stat·ting ft·om a wiro 
enclosed by a concentric cylinder, but oncung by 
diffus ion in t ho spaco around it. The n<'edlo gap, he 
said, was not a n ins trument of precision ; t ho C'k ctric 
wind from the points retarded the formation of t\ 

comploto ionic path between them. Tho sphC'n ' gap 
was tho most convcniont of a ll tho m <'tho<L-;. and within 
certain restrictions was sufficion tly accurato fot· uso 
in industt-y as an indicator that a spE'cifiod voltage had 
been applied to apparatus connected to it. The gap 
between parallol surfaces was the ~impl<.'~t in theory 
and most accura to in US('. Tho voltag<'s used for 
testin g wero oithcr nltorna ting or· rectifi ed . Tho gap 
betwoon p ara llel plates with rolled cdg<•:o;, ho said, 
could bo regarded as a standard voltmot<w. It was 
fundamenta l, conli~"it(lnt and accw·ate to more than 
1 in lOOO at all voltag<.' . Parallel plato gaps should 
not bo used with spaeings gr<.'ator than ono-tenth of 
the radius of curvattu·o of tho a pproach to tho parallel 
pat·t. When that was exceeded the curve of calibra· 
tion changed suddenly in dir·C'ction al an applied 
voltage depending on the d iam<.'L<'r of tlw platE's. It 
wa.<> neces->ary, as in tho caF!o of ~phet·o gaps, to have 
pairs of plates, each of which eovf'rcd a cct·tain rango 
of volt,age. Whon Lho criLical gap was not oxccedod, 
the para llel gap had several ndvantag<'~. H was sot 
to a dcsirE'd spacing as readily as a sph<.' ro gap ; it 
had no spread of fi<'ld within tho central part of the 
arcn, in which tho spark-over· invariably occurred ; 
tho n\nclom ionisntion that was r<'qnired to sttu·t any 
spark discharge in a it· oxistod over n much ta rget· 
volume and tho choice of spa rk path was much 
wider ; irregula!'iti<'s due to draughts or nC' ighbouring 
bodiC's wore les'>, and since it was not affected by 
stmy fields it could be u. eel without shi(llcling or in 
moro confined places. 

Moro uniform resul ts in tlw calibrat,ion of spark 
gaps, he continued , would no doubt havo been 
obtained in tho past if thoro had been t\ standard 
absolute method of voltage measw·<'ment. The 
:::apacitance divider· mt.>thod had the disadvnntage that 
it was difficult to measure low nlternat.iag voltages 
to the desired order of acctu-acy by ins tnunonts that 
took litt le or no current. Out of several absolute 
methods, such as t ho attracted d isc electrometer, tho 
ellipsoid voltmeter , tho capacitance divider, and the 
use of a rectified condenser current, the b est were 
those in which liho moasuromonts wero made at tho 
high voltage iLsolf and not by H. dilution method. Of 
thos<', the ellipsoid volt metN· had boon found t o give 
tho most sati~;faclory r<.'sults. It con.-;iRt<'d of a small 
metnllie Clllipsoid a few centim<,tt·es long and a fow 
millimetres in diameter, tho dimension.-; of which 
were known to a high ordrr of accw·acy, sw>pended 
botwoon la rgo pa ra llel plates wit.h rolled odgos, set at 
a fi xod diRtanco ttpMt by (ltld gaug<'s. Ono such 
in.-; t ntmont had b<'l'n in <'onstant uso for six year:;. 
Thu <'llipsoid wns suspcndr d midway b<'t wccn the 
ph"tt<'H and, in tho hu·go instrumN1t used, had a frco 
period of 173 seconds. It. was givon a vory slight 
tw·ning m ovomonL, and whon nlmost a t right angles 
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to the plates, as observed by a t ransit telescope, tho 
field was applied and the swing!:l counted. They wore 
recorded on an electric chronograph and the readings 
reduced by the Gauss method. Individual readings 
agreed regularly to 1 part in 10,000. 

It was easier to measure, accurately and directly, 
alternating voltages of the order of lOO kV than tho 
low voltages of tho condenser divider method, and to 
obtain results to the same order of precision as thoso 
to which the standard ohm were known. 

An investigation for the purpose of standardising 
the parallel plate gap and comparing its behaviour 
with that of the sphere gap, concluded the author, was 
in progress for the Electrical R esearch Association 
by Mr. F. M. Bruce. 

T HE BREAKDOWN OF DIELECTRICS UNDER TRANSIENT 

ELECTRICAL STRESSES. 

l\lr. R. Davi!-> (of the National Physical Laboratory), 
in a paper on this subject, pointed out the great 
as i~tance \vhich had been given to the experimental 
study of the breakdown of gaseous, liquid, and solid 
dielectrics by tho developmen t of the impulse 
generator and the high-speed cathode ray oscillo­
graph. With high voltages, he said, some form of 
voltage divider for use in conjunction with the 
oscillograph was required, and precautions must be 
taken in using tho resistor type. Errors in recording 
were introduced chiefly through the capacitance to 
earth of the high-voltage arm of the divider. 

The paper discu::~sed the breakdown of air with 
reference to different electrode systems, such as 
:;phere gaps, and the author included the special case 
of a solid dielectric located between the electrodes in 
parallel with the air path ; as an example he men­
tioned the insulators used in high-voltage transmission 
systems. Having discussed experimental laws, he 
made the generalisation that breakdown occurred 
most easily when the stress at tho positive electrode 
wa!> greatest. 

The paper concluded with a discussion of the 
polarity effects in measuring gaps, and flash-over 
of insulator systems ; of the impulse . trength of 
liquid and solid dielectrics;· and, in the case of 
the latter, of the part played by the immersing 
medium. 

THE ELEC'I'RIC STRENGTH OF DIELECTRICS. 

Dr. S. Whitehead, of the B ritish Electrical and 
Allied Industries R esearch As.<>ociation, in a paper on 
this subject, considered the ultimate limitations of 
voltage or electric stress which could be applied to 
an insulator on the assumption that supernumerary 
defects, such as imperfections or irregularities in tho 
solid material, had been removed, and he exprCS!iOd 
those limitations as physica l constants of the material. 
Attention was directed mainly to (a) liability to 
thermal instability ; (b) the increase of conductivity 
at high electric strcs es, interpreted in terms of 
ionisation as in gases ; (c) the electrical stability of 
the solid structw·e in analogy with the mechanical 
strength. . 

D iscussing thermal instability, the author sa1d 
there was room for improvement in the temperature 
limitation of organic products, in the reduction of 
their temperature coefficients and of their thermal 
res i~tivities. F or example, some dry papers had 
very small energy losses, but their thermal resis­
t.ivities were of the order of 100 times that of quartz. 
Recently decreases in the thermal resistivity of 
organic composites had been effected by us~g 
inorganic fillers such as sand. The thermal re •s­
tivities of inorganic compo ite, although lower than 
those of the organic productr;;, were much higher in 
general than those' of the crystals. 

The generRl order of the thermal voltage was such 
that the thermal in.<~tability limitation was unlikely 
to enter for voltages le s than 100 kV at power 
frequencies. In high-voltage equipment the amount 
of solid insulation wa usually reduced to the 
minimum compatible with mechanical rigidity. 
Thermal instability required consideration where 
either very high voltages or high frequencies were 
involved. Where the normal conductivity was the 
only source of loss, the thermal voltage was inde­
pendent of frequency. 

I n a cable the thermal and electrical fields were 
parallel, and the difficulty of constructing cables 
with solid dielectric for 1000 kV could be appreciated. 

Apart from its physical significance, and possible 
direct applications, said the author, the thermal 
voltage was valuable as being a simple function of 
the physical constants of a material, ancl expressing 
its liability to thermal instability. A case could be 
,-:lade for its use as giving a figure of merit to a 
material in respect of that limitation to its use. It 
also indicated the direction in which improvement 
might most advantageously be sought. 

The author then considered the conception of 
ionisation and the possible existence of statistical 
" ionisation potentials " in analogy with ionisation 
in gases. If it be a sumed, he said, that an ion could 
generate a given number of new ions proportionately 
to the field strength and distance traversed, it might 
b o shown that, as in gases, the conductivity sh?uld 
be an exponential function or, to a first approxuna­
f,ion, a linear function of the voltage. That concep­
tion involved a given voltage drop per pair of iow; 
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fo rmed, i .e., thoro was a constant " ionisation poten­
tial." He gave examples of ionisation potontials 
deduced in that way from the results of a number of 
investigations; they showed a \vide range of varia­
tion, but did not vary with such factors as moisture 
content, temperature, and frequency. 

In a simple theory the increase of conductivity 
with electric stress should be mainly a function of 
the voltage, so that the thiclm ess entered into the 
conductivity field strength relations. Although H art­
shorn had found evidence of that in mica and synthetic 
resin, little information was otherwise available, 
owing to the difficulty of obtaining specimens of 
different thicknesses which were entirely comparable. 

It was very difficult to account physically for 
potentials of more than at most a few volts. Possibly, 
owing to the dissipation of energy in ways not p ro­
ducing ionisation, the apparent " ionisation poten­
tial " was much greater than the true. Some recent 
tests by the E.R.A. on the breakdown of very thin 
varnish films and impregnated paper had not given 
breakdown voltages less than between 1000 and 
2000 volts. T he minimum voltage at which an appre­
ciable increase of conductivity with stress had boon 
observed appeared to b e at least about 500 volts. 
It was pos ible that those minimum voltages wore 
of the order of the ionisation potentials. 

So far , only indications of ionisation by ioru; of one 
sign had been obtained. That would not produce 
electrical instability without the interposition of 
some other factor, such as ionisation by ions of the 
opposite sign, local thermal instability, &c. Accord­
ingly, before a breakdown stress could be deduced, 
a more detailed knowledge of breakdown processes 
was nece sary. Such a connection seemed possible 
where a continuous transition to breakdown was 
observed, but often breakdown was abrupt and 
discontinuous. 

Coming to the factor of ultimate electric strength, 
the author said that the high field strengths which 
were theoretically compatible with thermal stability, 
and which were also apparently compatible with the 
electrical stability of the ionisation he had men­
tioned, were not, in fact, realised because an abrupt 
instability occurred earlier. In m easuring that type 
of electric strength, great care must be taken to avoid 
spurious results, but methods had been developed 
for the majority of instances. His colleague, Mr. 
Thomas, had made a large number of such detor­
minations. Despite a wide dispersion of results, a 
nwnber of values fairly concordant between different 
investigators had been found. The author exhibited 
a table of intrinsic electric strengths observed for 
various materials. The values all lay in the range 
100,000 volts to 10,000,000 volts per centimetre, 
and the majority were grouped around 1,000,000 volts 
per centimetre. Thus, he said, there was less diffdr­
ence as between different materials in intrinsic electric 
strength than there was in the other limitations so far 
considered. 

H aving indicated various ways in which the 
ult,imate electric strength could be explained, he 
said it was not possible at present to decide between 
them. In any case, the effect of irregularities, struc­
tural defects and mosaic effects had not been taken 
into account. The experimental technique normally 
employed was such that only a mall area was exposed 
to the electric field, but, nevertheless, it was possible 
that the similarity between the intrinsic electric 
strengths of different materials might be due to 
defects as compared with ideal structure. Recent 
work on solid structure had shown that such defects 
might themselves be characteristic of the general 
type of structure, so that the electric strength might 
still be characteristic of the material, although not 
explicable in terms of a n ideal model. 

• 
There seemed no reason, he concluded, why 

materials should not be used having a voltage 
limitation as regards thermal instability greater than 
1000 kV, and a field strength limitation not less than 
500 kV or 1000 kV per centimetre. Those limitations 
were not at present severe, although the voltage 
limitation might in special cases become lrr_lportant 
for future development. The present working field 
strengths were very much less than the intrinsic 
limit suggested. Accordingly, on both ac?oun~s 
there was a considerable field of opporturuty m 
improving existing materials and tYI?~s. as regards 
uniformity and grosser defects and utiltsmg them to 
the best advantage. The necessity for removing 
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or reducing their inherent limitations might sti ll be 
regarded as a p roblem for the future. 

SOl\IE ELECTRI CAL D ISCHAROE P H ENOMENA ON H IGH­
VOLTAGE SYSTEMS. 

Mr. C. W. Marshall (of tho Central Electricity 
Board) made a contribution on this subject, i~ ~he 
hope that it might help to illustrate to phystc~sts 
how discharge phenomena were regarde~ by ele~tncal 
engineers. He pointed o~t that electn~al e~gmeers 
and physicists had occas10n to deal wtth dtschar~e 
phenomena of the same fundamental nature, and th01r 
ways of regarding them were differe~t. . 

The chief problem in the technical operat10n of 
electrical systems, he said, was the insulation of the 
high-voltage conductors. The insulating mat~rials 
used were air·, porcelain, oil, bituminous or resmous 
compounds, and paper impregnated with oithe•· oil 
or bakelite resin. Any electrical breakdown of an 
insulating material was accompanied by an electrical 
discharge having characteristics depending on the 
nature of the insulating material and the type. of 
discharge. T he various discharge phenomena whtch 
were encountered in the operation of a high-voltage 
system he classified as (a) corona, (b) surface discharges 
on porcelain, (c) internal discharges in solid insula­
tion, (d) a rc discharges. 

Corona or brush discharge took the form of a 
steady violet coloured discharge in the air. in the 
vicinity of high-voltage conductors. T~e dtschargo 
current was very small, of the order of m10ro-amporos 
for a conductor of small area. Corona u~:>ually 
occurred on outdoor high-voltage plant and trans­
mission lines. It was due to the local breakdown 
of the air owing to the high voltage gradient ne~r 
the conductor, and it was intensified under hum1d 
conditions. Corona was usually quite innocuou!'!, 
although, on long high-voltage lines, the los.'> of 
power due to corona might be appreciable. 

Visible and audible discharges often occuned 
on the surface of the porcelain. In htunid atmo­
spheres the resistance of the porcelain surface fell 
to a relatively low value, with the result that spa:rk 
discharges occurred. They were usually se~f-cxtm­
guishing, as the heating effect of the dtscharge 
current dried the porcelain surface so that tlw 
resistance of the discharge path was increased and 
the discharge could not be maintained. Mter some 
time the porcelain surface returned to its original 
condition and the discharge wa initiated again. 
The d ischarge current was of the order of tt>ns of 
mill iamperes per insulator. Such discha~gE's did 
not normally give rise to any inconventE'ncc or 
damage. I ntense and frequent discharges indicatC'd 
that the factor of safety of the insulation was low, 
and that arc d ischarges were imminent. 

Coming to internal discharges in ~olid insulatio~, 
he said the air in voids which were liable to form m 
non-homogeneous solid dielectric (such as impreg­
nated paper) was reactily ionise~ owing to its l?w 
dielectric constant and to the h1gh stress at whtch 
the insulation was worked. Those internal dis­
charges might easily escape notice and might lead 
to the cumulative deterioration of the dielectric 
by a process of " trac~ing." T he U:itial ~~har~e 
burned a minute portiOn of the dielectn c m 1ts 
immediate vicinity a nd the carbonised products so 
formed extended the zone of the discharge. The 
proCE'SS continued until an extensive conducting 
track of carbon was formed in the dielectric and 
ultimately a direct shor t circuit occurrecl. Even at 
an early stage internal ionisation .gave ~·ise to an 
increase in the power factor of the msulat10n. That 
fact was often utilised to detect such discharge . 

Discussing arc discharges which accompanied a 
complete breakdown of the insulation bet\\ een 
conductors of a system, he said they involved currents 
of the order of 1000 amperes, which persisted until 
the supply was cut off. The discharg3 might develop 
into a power arc, and such a:rcs were of~en n:lso 
initiated by lightning. The htgh-voltage hghtnmg 
discharge broke down t he insulation and was followed 
by an arc which was sustained by the po~vet· supply. 
Owing to the large amount. of energy mvolved.' a 
power arc might cause extenstve damage to electncal 
plant. The author concluded with the comment that 
the apparatus and technique for delimiting the 
effects of such power arcs on interconnected power 
systems constituted a reln:tively ~ew ~nd extremely 
important branch of electriCal engmeermg. 

(To be continued.) 

The Galloway Water Power Scheme. 
No. Ill. 

(Continued from page 285, September 18th.) 

THE Galloway power scheme is notable for the was built d uring the first stage operations. It is 
fact that with the exception of minor struc- situated in a wide moorland valley quite unsuitable 

tures, such as the Muck Burn dam and the Bow for a single-arch structure. " rh ile a multiple arch 
Burn dam, arch structures have been constructed design might perhaps have been adopted, there is 
wherever the contours of the country and the nature little question that the gravity dam, built as it is 
of the rock on the river banks made it possible to with a slight curvature in plan, is more satisfactory 
choose a suitable site. Of the eight large dams in the architecturally t han the alternative design could 
scheme only two, Clatt eringshaws and Doon, are have been. The Doon dam is situated at the 
gravity structures. The first named of these two hearl of the gorge down which the river flows out of 
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tho loch. But on account. of tho very stoop gradient 
of the river bed immediatoly downstream of t.ho loch 
an aroh dam of much grol~tor height to be built in 
the gorge proved economically unsoWld n.s compared 
with a gravity structure ~:~paru'l.ing tho crest of the 
saddle at the head of tho gorge. Tho dam, though 
long, is low. The rornaining six dams, tho Deug h, 
Ken, Blackwater, Co.rsfad, E a.rlst oW1, and Tongland 
~truotures , aro a ll situated where the river~ concerned 
pass through deop valleys which at places assume 
proportions almost gorge-like. As, h owever, it 
was, in genera l, desired t o " back up " the water 
level to tho greatest p ossiblo extent, and as the con­
tonrs of the valleys open out considerably at tho 
h igher levels it was necessary to continue the arch 
darns on on.o or both sides by tangential gravity 
dams, and, in some instances, to carry on the walll'l 
still further in the form of embankments with concret,() 
facing walls or core walls. Where, a.s at Carsfa<l 
in par ticular, tho height of the dam a.pproacbf'.q 
closely t ho complete depth of the valley, and, in 
t~ddition, the clam forms for parb o£ its length one 
of the walls of the approach canal to the intake 
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gnwity structure of tho same height. Of cow·so, 
numorous other factors have also to bo tak~n into 
account., particularly tho vory important ono of pro­
viding sullicionL :;pillway length, and in doubtful 
case:; thoy may woll tip the bah:mco in favour of one 
t.yp e Ot' the othor. 

As will bo soon f1·om Lho table, tho gravity sections 
of the arch dam and also the two gravity darns, 
Clattoringshaws and D oon, have downstream batters 
of 0 · 7 6 to 1. In fact, tho gravity sections throughout. 
the scheme only differ from one another according 
as to whether there is or· is not u. spillway over 
them, and according to the width, whothor to carry 
a pathway, as at D ough and K on, or road­
way, as a t D oon, of the superstructure. Towards tho 
ends of tho dams, where the hood has grown small, 
Lhey are continued sometimes in tho form of a con­
crete fo.cing wall carried down to good rock founda­
Lion and supporLed by earth filling behind, sometimes 
as a normal embankment with a concreto core wall 
carried down to rook, and in ono instance at Carsfad , 
where tbo work will only come under pressure when 
the reservoir is nearly full, as a plain embanlunont 

.G RAVI TY SPI LLWAY SECTION OF DEUGH DAM 

works, the complete Rtructure t akes t.ho form in 
plan o£ a horseshoe. Tho following tablo g ives tho 
heights of the various dams, the radii of cw-vatw·e 
of the arch sections, which were, of cou:rso, deter­
mined to a principal extent by the widths of the 
va.lleys concerned, the bat tor of the downstream fMes, 
and tho total length of spillway. All the dams have 
vertical upstream faces, and the line of the batt01:· 
intersects the vertical at a considerable height above 
tho spillway :-

D ownet.roam 
-tadius bo.t.tor . Lo~¥LI 

of 
l 

with no concreto wall, but having a masolli'y fucing 
on the upstream side to protect it against wavo 
action. Plans of tho D oon, K on, Carsfad, and Earls­
toW1 dams are x·oproduced on pago 310. Tho Dough 
and Blackwater dams are very similar to the K en 
darn. Cla.tteringsha.ws and Tongland dams were 
described and illustrated in our articles of October, 
1934, a nd were illustratud by photographs rep roduced 
in last week 's issue. Typical sections accomp any 
tho plans. 

ErtEC'l'ION OF D AMS. 

Litt le noed be said about the methods by which the 
dams were built. The normal p ractice for such work 

Dtlln. 

Doon• 
Dtwgh .. 
J(en . . . . . . 
Blnokwntor .. 
Gn.rsfnd . . . . 
Jo:nrlatoun t .. 
Clo.tt.oriogeh (I.WI! 

Tonglo.nd t .. 

0 urvo.-

Ho~fht. 
epillwo.y I 

from 
origioal 
ground 
lovol, 

Luro, 

foot. 

44 
70 
70 
40 
65 
70 
76 
70 

feot. 

-
230 
165 
125 
190 
14 6 
-
146 

-

epillwo 
fl'Ot. 

Arch. Gravit-y. 

-
- 0· 76 )30 

0·33 0· 75 :J70 
0·25 0 · 75 456 
0·26 0·76 No no 
0·3 0· 76 880 
0 · 22 0 0 7fj :I:JO 
- 0 · 76 400 

0· 26 1) · 75 3:.!6 

• Uoon dom has three siphon spillways in ndwLion to Lho 
ordino-ry 11pillwo.y ovor tbo dom ond nlso ,.., eluico chonn(li under 
tho dam. 

y. wa.s followed by the contractors, with a multiplicity 
of Scotch derrick cranes, and although naturally the 
manner in which t.ho various cra.nes and other pla.nt 
was arranged differed according to tho circum­
stances at each site, the actual methods of laying 
the concrete, the proportions of the mi."X, &c., 
were the same. According to tho usual modern 
practice, each dam was built in " b locks," 
closing spaces, 2ft. to 6ft. wide, being left 
between the b locl<s to bo liUod in when the concreto 
placed earlier had E>et, cooled, a nd contracted. In a 
manner similar to that usually adopted the waters 
of tho rivers were diverted dw·ing t.he construction of 
tho dams through temporary openings in their bases. 
The D eugh, K en, and Blackwater dam~::~, which all 
block exits from tho ~:~amo reservoir, wore closed at. 
approximately the sarno dato, and tho contractors 
woro favoured by somo exceptionally dry weather. 
Usually the operation consists of dropping gat os 
across tho upstream sides of tho opening~ and con ­
ducting away any loakago t hr·ough a drainage channel 
at t.he baso whj}e concreto is filled into Lhe opening. 
Tho cha nnel is subsequen tly scaled and Lho gates can 
then bo lifted. So dry wa:.:~ tho weather that at tho 
Blackwater site iL was not oven necessary to drop tho 
gates, as tho wholo ftow of tho rivor was easily dealt 
with by the d.t·uinago channel! Earlstoun dam was 
closed a few weeks laLor and Carsfad last of all . 

t Earletoun o.nd T onglnnd dame are oqwppod with flood ­
gat.os. 

lt is obvious that for a. given height, if tho rad ius 
of an arch dam is increased , tho bn.tter must also 
incroa.so. Hut it will be obse1·vod from the table that. 
a minimum batter of 0 · 26 t.o 1 hat> been adopLed, 
tmd applied oven to tho Blackwater dam with iLR 
comparatively small ra.diw; of 125ft. Tho Dough da111 
has tho largest radius of thorn a ll, and hero the batter 
haR boon increased to 0 · 33 to L Bur!sLoun i:> 
oxcopt.iona l in having a batter of only 0 · 22 
on a radius of l95ft. It will be observed that 
for a corresponding radilll:l and hoight Tongland 
dam hus a. batL\'r of 0 · 25. It is intorN;ting Lo 
infer from these instructive figures tho.t for any 
given height thero is u. limiting maximum radius 
beyond which the battor of an arch dam becomes so 
large as to mako t he structw·e with its necessarily 
greater length uneconomic in comparison with a 

At Doon two \.musual fnctors were presen t and 
i.tllluenced t.ho coun;o of the work. Loch D oon has 
boon a controlled reservoir to somo oxtont for very 
many years- quite how many is unknown- with a 
storage depth of 16ft. Towards the ond of the nine-
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toonth contury a tunnel was driven through from tho 
gorge, down which tho river flows, into tho loch, an~ 
a sluice gato installed t o control tho fiow. Th1l:l 
twmel exists beneath tho site of tho proson t. dam, 
and has now been plugged with concroto. A ruat~ot· 
that presented the ong incer1:1 a nd contractors w1t.h 
more sorious problems and which had considerable 
influonco on tho soquenco of operations in building 
tho dam was that of a. pair of pipo linos conveying 
wator from a nearby high-level loch to the Burgh of 
Ayr. These pipes originally ran along and bosido 
a. roadway, which is now to be drowned boneat,h tho 
risen wators. Thoy had to bo diverted from t.heir 
original position and provision required to bo rne.de to 
carry them across behind the protection of tho dam, 
and yet abovo the cow·se of tho spillway. Tho 
orig inal situations and tho new positions are shown 
on the plan of tho dam. The pipe lines wero dealt with 
in sections, ono at a time, so as to maintain supply. 
Tho raising of the levol of Loch Doon necessitated 
t hat quite a largo aggregate mileage of roatls should 
be d iverted. One of them is actually carried ovor 
the top of tho dam. It also will have the effect of 
submerging an island on which thoro st ood tho 
ancient Doon Castle, which had certain points of 
interest for antiquaries. In order to preserve this 
medirovalrelic, large parts of it have been taken down 
and r e-erected on tho mainland opposite the isla nd. 
The neighbourhood of Loch Doon is not the only one 
to be affected by tho raising of t.ho water lovols a nd 
construction of reservoirs. At mtmerous other p laces 
roads havo needed to bo divel'ted and proviHion ha~ 
had to bo mado in several instances for tlw con­
struction of bridges. 

NEEDLE VALVES. 

Six of tho eight la rgo dams are equipped wit.h o. 
needle draw-off valve having a muximwn capacity 
of about 1000 cw;ccs to supply the nocct>l:lary com­
pensation wa.tor to t.he river bolow tho dam, and empty 
the reservoir when noc<'ssary. In general del'l ign 
all tho darns aro similar in this respect, except tho 
Blackwater dam, whero, owing to tho lesser head , a 
modified and cheaper arrangement was possible and 
the Doon dam us indicated laLor . Tho arrango­
mont at the Dough dam shown in tt sectional 
drawing, Fig . 10, is typical. H ero a 6ft. diameter 
steel pipe is embedded in the dam to load the wator 
to a 6/5fL. Clonficld and K enncdy needle valvo with 
clisporsor vanes arranged upon a concrete omplaco­
rnent on t.ho downstream faco. Tho valve is operated 
by hand from a headsLock erected upon a p latfoon 
imrnedia Loly above. A mild stool screen wiLh hori­
zontal a nd vortical bars encircles Lho entrance to tho 
pipo, which can be closed by an emergency free 
rolling gate, a lso manufactured by Clonfield and 
K ennody, which normally hangs in a gate-house at 
the top of tho dam. At the BlackwaLor dam-I~ig. 10 
- where the mean head is only about 28ft., a hand­
operated sluice valve fitt<'d with a disporser tal<os t he 
place of tho noodle valve, and there is a hand-operawd 
sluice gate instead of a roller gate on the upstream 
face. Doon is again different from the other dams, 
in that besides having a. 3/2!ft. nooclle valve, it has 
also a separate channel through the base of the dam 
l Oft. lower down, as shown on p age 310. The flow 
of compensation water to the amotmt. of 45 million 
gallons per day t hrough this channel is controlled by 
a regulator gate, and only in emergency is it intended 
to pass this water to the river by the need le valve. 
Water emerging at high velocity from the channel 
ftows down a concrete slope and over a " bucket. " 
into the river bed. On the upstream faco of tho dam 
an emergency bulkhead gate operated by a winch 
can be lowered either to cover the on try Lo the channel 
just described or the entry to the noodle valve pipe. 
The a rrangement is such that in the event of any 
repair of the channel or regulator gate becoming 
necessary, the water discharged by tho needle val vo 
will be thrown clear to the river a nd will not interfere 
with t he execution of the work, which can bo carried 
on behind protecting stop logs. 

The reason for the unusual arrangement at Doon 
lies in tho requirements of the river and fishing 
interests. Salmon ascond tho D oon as far as tho loch, 
and it will be realised that f1·om the point of view 
of ascending fish the discharge of compensation wal.er 
smoothly ovor a. " bucket " is pr<'forablo to dropping 
it from a height into tho river from the neecllo valvo. 
At low stages of the reservoir salmon will be ablo t.o 
pass through the regulator valve. F or higher stages 
a fi~:~h ladder is provided , to which further roforonce 
will be made later in this a rticle. At D ough, K en, 
and Blackwater no provision has needed to be made 
for ascending salmon, while at Carsfa.d a nd Earls­
toun sufficient wat er for compensn.tion purpo~:~es can 
bo sen t down tho fish ladders . 

~PILl.. WAYS. 

The problem of providing sufficiont Kpillwu.y 
capacity is, of course, one that can havo a very 
important influence upon the design of dam eventually 
selected, particularly when the width of tho valley 
in which tho structw·e is to stand is limited. It was 
particularly urgent in the caso of sevcru.l of Lh<' 
Galloway darns on acconnt of tho largo capacity of 
the rivers and the small surfaco areas of tho reservoirs 
above them. The D oon a nd ClatLoringshe.ws dams 
create reservoirs with surface a reas of 2250 aorc~:~ 
and 1000 acres respectively, and thoro is in con -
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t;equence a largo storage capacity ava ilable between 
the spillway level and the maximum flood level. 
Since. heavy . flood condition~:~ are comparatively 
transttory thlS storage reducel:l to a considerable 
oxt~nt the amo~t of ":'ater it its necessary to spill 
while spate cond1t10nts still exist. In fact, the storage 
allows the dam a greater length of time in which to 
get ~·id of the excess water . AL T ongla.nd, too, 
uosptte the fact that its reservoir has a. surface area 
of Onl)' 130 acre::, Loch K en, ~;omo mile::; up:stream, 
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upstream before finally curving in to the bank ; and 
in addition to construct two large au tomatically 
operating flood gates. 

SPILLWAY CHANNELS. 

The design of the spillway channels behind the 
dams was made interesting and complicated by the 
steep sided nature of the valleys. Although the 
general situa tion of each channel was decided upon 
in t he drawing-office at the time when the dams were 

.. 517 

••• 

Flow 

5'- O'dia. 
C.l. Pipe 

designed, t he actual details 
were not determined until 
work at the site had 
shown how much rock 
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narrow channel the general design is simila t· at each 
dam as will be observed from the engravings in a 
Supplement to this issue, and on page 318. Excava­
tion has boon carried down to the rock behind 
the dam for a suitable width and a concrete wall or 
slope- built to form the further side of the channeL 
As the water rushing off the dam tends naturally to 
flow across the channel and pile up aga inst the wall, 
it is g iven at its top an overhang designed t o throw 
back the water on itself. The channel, of course, 
follows along the downstream face of the dam, g rowing 
wider as it approaches the outfall in order to ca.rry 
the increased quantity of water. The gradient of the 
Boor is considerable and various means have been 
adopted t o break up and slow down the flow. At the 
Deugh dam, for instance, whore the rock is sounci, it 
has been left rough and unooncreted. Elsewhere 
cross concrete " steps " have been constructed. 
Finally each chMnel turns through a n angle approach­
ing 90 deg. to carry the water to the spillway apron. 
The floor at this curve is super-elevated in order to 
prevent the water piling up on one side. Usna.lly the 
super -elevation is smooth, but a t Earlstoun and 
Ca.rsfad i t is arranged as a. series of three longitudinal 
s teps. 

FIG. 1 G-SECTIONS THRO U G H D E U G H AND BLAC K W ATER ARC H DAMS 

<'xoavation and what con· 
dition of rook was likely 
to be encountered. There­
after small-scale m odels of 
each dam and channel were 
made in wood and experi­
ments carried out to dis­
cover in what manner the 
water would flow and in 
what way it could best bo 
guided a nd controlled. 
With the sole except ion 
of Clatteringshaws the 
water has at every dam 
eventually to be delivered 
down a steeply sloping con ­
crete apron and over a 
" bucket " into the river 
bed at a point sufficiently 
far downstream to be clear 
of the toe of the dam. The 
" buckets " have been 
designed with a. rather 
greater upturn than has 
been usual before. Their 
effect, apparent, if not 
a.ctually t rue to fact , is to 
produce a continuously 
rotating " roll " of water 

The a rra ngement at the Doon dam is typical as to 
genera l design, bu t differs from it in detail. A road 
is carried over the t op of the dam on arches and at the 
spillway sections the arches are of greater width than 
the base of the dam. After some e>q>eriment it was 
found that the most satisfactory flow conditions wore 
obtained by building on the downstream side between 
the piers of ouch arch span a low wall or weir over 
which the water had to Bow to reach the spillway 
channel. In another respect, too, this channel differs 
from t ype. The t wo" bays" of the spillway nearest 
the centre of the dam discharge the overflow imme­
diately opposite the final apron. I t was found on 
the model that if the ordinary design was adopted 
this water tended to flow across and over that from 
the other three bays and that thereby not only was 
great turbulence created, but the distribution of the 
water over the a pron and bucket was a lso adversely 
affected. This t rouble has been overcome by t he 
construction of a guiding wall so placed that 
the ·water from these bays is n ot a llowed to 
m ingle with the rest until the top of the apron is 
reached . 

hav ing a. surface area. of 2300 acres, p rovides a largo 
degree of t emporary storage. But at K endoon , 
Carsfad, and E arlstoun the conditions are totally 
different. The surface areas of these reservoirs are 
respectively 160 acres, 100 acres, and 140 acres. A 
rate of in.Bow which would raise t he level of Loch 
Doon by 1ft. in two hours would cause a corresponding 
rise at Ea.rlst oun in less than ten minutes. Ea.rlstoun, 
moreover, has a catchment area considerably greater 
t han that of Loch Doon. I t will b e seen, therefore, 
that at K endoon, Carsfa<l, and E arlstoun t he dams, 
tmder flood condit ions, will be called upon to spi ll 
almost the whole of the excess water immediately, 
and that in consequence very ample spillway capacity 
has had t o be provided. 

At only one of the dams was the problem of pro­
viding sufficient spill capacity easily solved. At 
Clatteringshaws there is a great length of dam avail­
able and on the downstream side the ground is m ore 
or less flat solid g ranite, so that the overflowing water 
can easily be guided b ack to t he bed of t he stream . 
At Doon the dam is so situated tha t it was impossible, 
even despite t he limited spillway capacity required, 
to find room for it on the dam itself without necessi­
tating an excessive rise in level of the loch . Conse­
quently three siphon spillways have been insta lled 
to dea l with the excess beyond the capacity of the 
dam. These siphons, of the self-priming type, are 
a rranged to come into action consecutively as the 
water level rises. It is, however, interesting to note 
that the Loch Doon reservoir, w ith a. catchment 
a rea of 50 square miles, has existed for at least 
fifty y ears with a sp illway only 60ft. long. 

The Kendoon r eservoir is p roduced by three dams 
l.Jlocking three separate out lets. Thus the spillway 
capacity can be divided among them, and, in fact, one 
of t he dams, Blackwater, is n ot provided with a 
1:1pillwa.y at a ll. The gravity sections of the Deugh 
and Ken dams provide, combined, a length of spillway 
equal t o 825ft. , sufficient, it is estimated, to discharge 
the heaviest of floods with a. water level not m ore than 
3ft. 4in. above the crest . But further downstream, 
at Carsfad, the flood waters, of greater quantity of 
course, owing to the growing catchment area, must 
be discharged over a single dam . The design of the 
dam is, however, such that it has a very considerable 
length, despite the limited width of the valley. By 
making use of the a rch dam as a spill besides the 
g reat er part of the gravity section a length of 880ft. 
is ava ilable and sufficien t to clear the maximum flood 
with a rise in water level of 3ft. above the crest . At 
Earlstoun the maximum flood to be discharged is 
greater still, and , adequate spilhvay capacity could not 
be provided without so modifying the design as to 
make the dam uneconomica lly costly, and in conse­
quence two flood gates have been installed and will be 
arranged t o operate au tomatically as the upstream 
water level rises. The remaining dam, Tongland, 
much further downstream and near the mouth of the 
river Dee, receives the flood waters from a lmost the 
whole of the Dce and Water of K en catchment areas. 
Despite the existence of storage capa.city in Loch 
K en, it needs to be capable of discharging a. very 
la rge quantity of flood water. Owing to peculiarities 
of the site it was necessary t o build a sp ecial spillway, 
325ft. long, extending in a. straight l ine a lmost directly 

• 

a t the toe of the bucket 
under and beyond which the remaining water is 
thrown up with dissipation of energy and subsides 
into the river. 

As the water must be collected from a. considerable 
length of dam and delivered into a. comparatively (To be conti1tued.) 
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The Denny-Brown Ship Stabiliser. 

ON Satw·day, May 8th, 1875, a representative of 
TRE E NOINEER at tended the Lrial t r ip of the steam­

ship " B e:ssemer " a double-ended fow·-pa.ddlo cross­
Channel vessel designed b y Mr. E . J . R eed, b uilt by 
Earle's Shipbuilding Company of Hull and fitted with 
Mr. H enry Bessemer 's swinging saloon . Incidentally, 
it may be noted, the ship was equipped with a con ­
sidera ble amount of hydraulic machinery. Apart 
from the hydraulic rams which, under manual control, 
were intended to steady the saloon when the ship 
rolled, she was fitted with hydraulic capstan<;, 
hydraulic stooring gear and hydraulic r eversing equip­
ment for controlling her two independent sets of m ain 
engines. All th is hydraulic gear was made by Brown 
Brothers and Co., of Edinburgh. 

T he trial trip began at Dover. In a lmost dead calm 
weather the ship crossed to Calais where an unfor­
tunate m ishap attributable t o the length of the ship 
and the strength of t he tide resulted in about 50 yards 
of the jetty being wrecked. The return trip on the 
following Monday was made in equally calm weather 
with the result t hat the guests arrived back in 
England without the least personal experience of the 
pract ical operation of the swinging saloon and its 
merits as a. m eans of prevent ing sea-sickness. 
Throughout her subsequent brief career- the com­
pany owning her went bankrupt following a second 
mishap at Cala. is- she never encountered sea con­
ditions which really put the swinging cabin t o a 
proper test. The cabin, we boliove, s till ex ist s as a 
hall attached to a girls' school near London. 

On Thursday of last week September 17th anoLher 
representative of TRE E NGINEER left Southampton 
in t he Southern R ailway Company's T .S.S. " l sle of 
Sark " for a short t rip in t he Channel with tho object 
of witnel:lsing a demonstration of the Denny -Hrown 
st.a.bilising gea.l' with which tha.t ship has recently boon 
fittod. Once again the sea. wa..CJ Wlkind. It was almost 
a dea<l calm and the most that could be done was to 
rEJverse the controls of the sta bilising equipment in 
such a. way as to cause it mal<o the ship roll artificially 
and then, righting the controls, to damp out the 
m otion previously produced. Ono other point of 
similarity between last week 's trials and those of 1875 
was noteworthy. The hydraulic equipment by which 
the fins pt·oducing the stabil ising effect-or the 
artificial rolling-were rocked when extended and 
withdrawn when not required wa.s designed and made 
by Brown Brothers and Co. of E dinburgh. Of the 
other parLners in the design of tho stabilising gear , 
Messrs. Denny of Dumbarton, we may recall the 

fact that tho " Islo of Sark " doos not represent their 
first association with anti-rolling equipment. In tho 
earlier years of this centw·y they built a cross-Channol 
steamer fitted with Monsieur Victor Cremieu 's sy~>tom 
consisting of a four-wheoled t ruck which was free to 
oscillato, immersed in lime-wa ter as a damping 
fluid, on curved rails la id athwartship. On the trial 

" I S L E OF 5ARK " W I T H FINS FITTED 

trip of Lhat ~;hip-from D umbarton to FolkesLon&­
the sea. conditions were a ll t hat could bo desired for 
demonstration purposes. The equipment, however, 
did not come up to its inventor's expectations . 
Monsieur C'r6mieu was v iolently ejected ftom his 
bunk, the ship's engineer declared that the rolling 
was if anything less violent with the gear out of action 
than when it was at work and t he capt ain fina lly 
insisted. upon the truck being t ied up . 
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Since these early days considerable progress has and the essentials of its construction the Denny- is tilted down. As the roll reverses the fins reverse 
been made in the art of automatic ship stabilisation. Brown equipment is identical with the Motora. As their tilt. In this manner the upwardly tilted fin 
Noteworthy developments have included the Frahm illustrated herewith the " Isle of Sark" is p rovided experiences an upward force from the water flowing 
anti-rolling tank system, the Sperry gyroscope with two cast steel fins, each weighing about half a ton , past it while the fin on the other side is subjected to a 
~>ystem-reaching the height of its development in mounted on tubular shafts which can be caused to downward force. T he two forc.es acting at centres of 
the equipment, weighing 691 tons installed in the project downwardly and outwardly through the side p ressure substantially coincident with the axes about 
45,000-ton I talian liner "Conte di Savoia "-the of the ship about the turn of the bilge. I n the which the fins tilt constitute a righting moment 
Siemens activated tank system and the Flamm corn- inoperative position the fins are withdrawn into which opposes the heel of the ship. I t is to be noted 
pressed air pipe system.* One other system which has water-tight chambers formed inside the hull. In that t he magnitude of the forces acting on the fins is 
reached the stage of practical trial deserves especial plan the fins are situated approximately beneath the proportional to the square of the velocity of the water 
note on this occasion namely the moving fin equip- bridge that is to say at about one-third of the ship's impinging upon them. H ence when the ship is 
ment devised in 1923 by D r. Motora of the Mitsubishi length from the bow and therefore some distance in stationary relatively to the water the stabilising 
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GENERAL ARRANGEMENT O F THE DENNY • BROWN STABILISING GEAR ON THE T .S .S. • • ISLE OF SARK •• 

Nagasaki ~hipyard and tested in some Japanese f ront of the ship's centre of gr·avity. The firu; them- action of the fins is zero and at l ow speeds it is low 
merchant vessels and warships. Dr. Motora it is to selves are designed after the manner of balanced This essential characteristic of the system hardly 
be noted was by no means the first to conceive the rudders. No attempt has been made to give them a constitutes a serious defect in the case of a ship which 
idea of employ ing oscillating fins projecting from streamline or a erofoil section while from the aero- on most of her trips is t ravelling in the open sea at or 
the side of a ship as a means of controlling or elimi- dynamic point of view their "aspect ratio " differs near her full speed. I t does however imply that if 
nating her rolling motion. An early inventor in this noticeably from that of the ailerons of an aeroplane the steering gear or the main engines broke down and 
field, if not the earliest, was Wilson, a chemist in to which their action bears a close resemblance. F or the ship fell into the trough of the sea the stabilising 
Stirling, who in 1889 patented a device of the kind. convenience of internal arrangement the two shafts gear would be ineffective as a means of stopping her 
Sir John Thornycroft at one time also devoted close are not set in the same athwartship plane. Each rolling, possibly to the extent of building up a danger­
attention to the idea and we may safely say that many shaft after passing through a stuffing-box at the inner ous amplitude. The remote possibility of such a 
others have b een attracted by the conception of end of the water-tight housing chamber enters a mishap occurring, it is argued, hardly justifies a ship­
moving fins or horizontal rudders as stabilising housing cylinder the adrni'SSion of hydraulic pressure 

P O RT - SIDE F I N IN OPERATIV E POS ITI O N 

agencies. To Dr. Motora however undoubtedly 
belongs the credit of being the first and, until Messrs. 
Denny and Messrs. Brown took it up, the only one to 
apply the system in practice on a full scale. 

We described and illustrated the Motora system 
in our issue of June 27th, 1930, in the last of a series 
of articles dealing generally with automatic stabilising 
equipment and describing the various systems that 
had been tried up to that date. In its mode of action 

• The Flamm system was tried on the Rotterdam- Lloyd's 
10,000-ton liner "lndra.poera." which by coincidence was lying 
at Southampton last week as the " Isle of Sark " passed down 
to her trials. 

to which withdraws the fin or holds it in the extended 
position. An internal shaft connected to the tubular 
shaft by a spline emerges from the upper end of the 
housing cylinder and is connected by rack and pinion 
to an adaptation of a hydraulic steering engine by 
which the fin may be tilted up or down. Interlocking 
gear is provided to prevent the fins from being 
oscillated unless they are fully out and to prevent their 
withdrawal unless they are directly in line with the 
slots in the side of the hull. 

The tilting equipment is such that as the leading 
edge of one fin-that on the side to which the ship 
has rolled-is tilted up, the leading edge of the other 

FIN WITHDRAWN 

owner in i.n.:stalling other and much more experu:;ive 
forms of stabilising equipment which are independent 
of the forward motion of the ship. 

The origin of the control of the tilting motion of 
the fins is to be found in a small constrained gyro­
scope mounted in the chart room. This gyroscope 
spun electrically is arranged with its axis of spin 
atbwartship. Rolling of the ship causes the axle 
to precess in a horizontal plane and to close almost 
at once one or other of two electrical contacts accord­
ing to the direction of the precession. A relay there-



upon closes a. switch by which a :;olonoid is energised 
and the pull of this solenoid is usod to move a. balanced 
valvo by which fluid under prOSI>w·o is supplied to a 
tolomotor. The telemotor acting rapidly controls 
the stroke of a variable delivery electrically driven 
pump which supplies fluid to the fin-tilting cylinders. 
The control gear is fitted with the usual follow-up 
arrangement whereby the fins a.ro tilted to an angle 
dotormined by tho stroke of tho telomotor. In order 
to operate both fins the control is duplicated in such 
a way that tho fins move simultaneously but in 
opposite directioru;. 

It is to be notod that tho still wator rolling period 
of tho " I slo of ::lark " is approximately 10 sec., 
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she would do if the damping momont were at all times 
proportional to the velocity. 

This brief analysis is sufficient to emphasise the 
importance of rapidity in the action of the tilt­
reversing gear. I t is in this connection that wo see 
the chief practical improvement in the :Qenny­
Brown system as compared with Dr. Motora's. Dr. 
Motora employed a steam-driven st eering engine to 
tilt the fins and there seems to be no doubt that it 
was for the most part too slow in its action, and that 
it unduly prolonged the ineffective or partially 
effective interval at the start of the roll return. In 
the " I ·le of Sark " provision is made for t ilting tho 
fins up or down through 25 deg. but normally at a 
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CALM WEATHER 31st. MA RCH 1936. 

Length 
Breadth . . 

• • Draught .. 
Gross t.onnago .. 
Speed .. 

. . 
H ull. 

. . 
. . . . 
• • . . 

. . 

306ft. 
42ft. 
lOft. iin. 
2211 tons 
19 knots 

Number 
Length 
Breadth 
Area .. 
1\'lax. angle 

. . 
. . 
. . 

Fi tlll. 

. . 

. . . . 

1 on each side 
7ft. 9in. 
4ft. Sin. 
34 sq. ft. (each) 
25 deg. 

RECORDS OF ROLLING UNDER NATURAL AND FORCED CONDITIONS 

out to out and back again and on the averag~ her 
rolling p eriod among waves is approximately the 
same. Theoretically the action of the fins to be 
p erfect should bo such that the moment which they 
apply to the hull is at all times proportional to the 
velocity with which the ship is rolling and directed 
to oppose the velocity. The direction of the velocity 
changes once every five seconds and theoretically 
at the extreme out position of each swing both fins 
should be without tilt, the t ilt gradually increasing 
to a. maximum as the ship passes through the upright 
position. In practice no attempt is made to follow 
this procedure with exactitude. The fins are oither 
fully tilted up or down or are in process of having 
their tilts reversed. The reversal of the tilt bogins 
substantially at the instant at which t he ship reaches 

speed of 19 knqts it is found sufficien t to limit their 
movement to 17 deg. 

The hydraulic equipment provided for withdrawing 
or projecting the fins is such that the fins can be run 
out in about one minute and withdrawn in about t wo 
minutes. In the event of failure of the hydraulic 
power hand-operated mechanism can be usod to 
withdraw the fins. If for any rea~on a mishap 
occurred which prevented the fins from being with ­
drawn and if they becamo fixed at their maximum 
angle of tilt the ship would list but according to ir 
Maurice Denny the list would not exceed 2 deg. and 
could be reduced by reducing the ship's speed. 

Model experiments, confirmed to some extont wo 
gather by observations on the " I sle of Sark," havo 
shown that the amount by which the fins-given a 
constant degree of tilting and a constant ship's 
speed- a re capable of reducing a g iven degroo of 
rolling is constant. If, as was found, a certain movo­
ment of tho fins at a certain ship's sp eed wa~ capable 
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of eliminating completely an out-to-out roll of 16 dog., 
then tho same fin m ovomont at the same ship's 
speed would reduce a roll of 26 deg. to one of 
10 deg. out-to-out. 

The power required to oporate the equipment is 
slight. At the most it does not exceed 20 H.P. 
maximum with a. mean value of 10 H.P. As for the 
effect of the .fins on the sp eed of the ship it can, it 
seems, be dismissed as triffling if anything a t a ll. 
Naturally the hydrodynamic lift is accompanied by 
a hydrodynamic drag which in view of the particular 
cross section of the fins that has been adopted is 
probably greater than it might be. Nevertheless this 
drag has to be set against the undoubted loss of speed 
which a rolling ship experiences. It is stated that in 
all probability a 19-knot cross-Channel steamor fitted 
with the Den.ny-Brown stabilising equipment suffers 
a loss of speed lying between zero a.nd half a knot 
when the fins are in action as compared with the 
speed which she would have when rolling freely under 
the sam e sea. conditions. Another point of criticism 
applicable to the use of fins for stabilising purposes 
concerns tho risk of p ossible damage to them by 
impact with a submerged object or by contact with a 
quay wall. It is believed that the design of t he fins 
and t heir shafts provides sufficient strength t o enable 
them to withstand a considerable blow without 
damage. AR for the possibility of trouble b eing ca\ised 
by the ship coming against a quay with the fins 
extended, it is to be noted that in the " Isle of Sark" 
the tips of the fins in the fully out position lio more 
than 3ft. inside the perpendicular let fall from the 
side of the ship. 

Although the fins are primarily, and orig inally woro 
solely, intended to reduce or eliminate rolling it has 
been found in service that they exercise a very 
material effect on the reduction of pitching. Situated 
as they a re well forward of t he centre about which 
the ship pitches they a re natura lly capable of acting 
as bilge keels disposed to check pitching instead of 
rolling. ·when the vessel is pitching the fins a re run 
out but not oscillated . I t is perhaps possible that in 
t he " Isle of Sark " this beneficial effect of the fins as 
a means of reducing pitching has been t o somo extent 
assisted by the fad that the ship has a. Maier form bow. 

On Thursda.y of last week during the calm weather 
which prevailed the fins were operated t o roll the 
ship and then on reversing their action to bring her 
to rest again. It was noticeable that when the fins 
were so operated the rolling of t he ship did not build 
up indefinitely but increased to a limiting value of 
about 10 deg. on each side of the vertical. No further 
increase of the rolling motion was incurred no matter 
for how long the fins were m aintained in reverse 
action. This fact may perhaps b e in som e measure 
expla ined by the circumstance that the advorso 
early action of the fins when operated as stabilisers 
becomes a. stabilising action when the fins are em­
ployed t o roll t he ship. 

The structural alterations required in tho " Islo of 
Sark" to adapt her for t he equipment were not groat. 
A little strengthening of tho hull at the points where 
it was pierced for the fins was naturally required and 
water -tight chambers for housing the fins had to be 
built within the hull. Tho operating equipment was 
not difficult to accommodate as it is neither bulky nor 
heavy. :For the most part it was comfortably 
housed in t ho ongino or boiler room and in ono of the 
ship's tank.-;. 

The Institute of Metals. 

PORT - SIDE FIN TILTED 

tho full out position on a roll. It cannot be com­
pleted instantly. The actual time required for a full 
reversal of tilt in tho " I sle of Sark " gear is we under­
lSland about 2 sec. H ence out of the 5 sec. occupied 
hy an out-to-out roll the fins for the first second are 
tilt<'d, to a. decreasing extent, in a direction causing 
t.ho force;; on them to assist instead of to oppose the 
rolling velocity. During tho noxt second they are 
tilt ing towards the maximum inclination allowed 
them and during the remaining three seconds they 
are held at the maximum angle. V\'e may therefore 
say that for one-fifth of the time the fins are acting 
theoretically as dostabilisers and that for the remain­
ing four-fifths they are acting as stabilisers applying 
for the greater part of that time a damping moment 
in excess of the value theoretically required. In 
practice the ship responds more or less precisely as 

No. I. 

THE Twonty-eighth Annua l Autumn Meeting of 
the I nstitute of Metals was held in Paris from 

eptember 14th to 18th, 1936, by the invitation of 
the Bureau In ternational des Applications do l'Alumi­
nium, with tho co-operation of the Chambre Syndicale 
des Metaux a Paris. The general mcet.ing of members 
was held in the Maison de la. Chimie, 28, Ruo St. 
Dominiquc, on Tuesday and Wednesday, September 
15th and 16th, Mr. W. R. Ba.rclay, P resident of the 
I nstitute, occupying the chair. 

Monsieur J . Dalmais, President of t he Btu·cau 
I nternational d 'Aluminium, welcomed the guests in 
the name of the bodies participating in the invitation 
- the Bureau International des Applications de 
1' Aluminium, Aluminium Fran9a.is, Aluminium Indus ­
tria A. G., Aluminium Werke A. G., British Aluminium 
Company, Ltd., Vereinigte Aluminium Werke A.C., 
and the Cha.mbre Syndicate des Metaux. 

The President, acknowledging the welcome, said 
it was the first time that the Institute had met 
in France, and the members were very glad that their 
first visit should be to its delightful capital. H e 
added that they were deeply grateful to the organisa­
tion over which Monsieur Dttlmais presided for tho 
immense amount of trouble which had been taken in 
connection with the meeting. 

Dr. Richard Seligman asked Monsieur Dalmais to 
transmit t o the French chemists the pleasure and the 
congratulations of the Institute on the successful 
outcome of their efforts reprcsontod by that House of 
Chem istry in which they were meeting. 

The minutes of the prev ious meeting were then 
taken as read and confirmed, and the secretary read 
the followi.n~ list of names nominated by t he Council 
for election to the new Council to serve for 1937 :­
President: W. R. Barclay. Vice-P residents : Engi­
neer Vice-Admiral Sit: Robort Dixon, Lieut.-Colonel 
the H on . R. M. P reston. Members of Cotmcil : 
W. T. Griffiths, Stanley Robson, A. J. G. Smout, 
D. Stockdale. 

CoNDUCTIVITY o1· PuRE ALUMINru 11r. 

A paper on " The Conductivity of Super-purity 
Aluminium : The Influence of Small Metallic Addi­
tions," by Gaston G. Gauthier (member), was then 
presented. 

THE CONDUCTIVI TY OF SUPER-PURITY 
ALUi\UNIUM. 

This paper dea ls with the effect on lhe conductivity of super· 
purity aluminium (exceeding 99 · 99 per cent.) of 1\dditions of 
those elements which may occur us impurities in commt>rcial 
aluminium. 

It is shown that aluminium follows the universal law that the 
conductivity and the tempero.t.uro coefficient of conductivity 
both incroaae with the purity; l\latbiessen's lo.w has been 
confirmed. The data presented in this paper on tho effect of 
small additions on the conductivity of aluminium are of valu_e 
in that they have been determined under favourable expen­
mental conditions, owing to tho extreme purity of the basis 
metal and the large amount wh ich has been available. This 
high purity has made it possible to determine, with a stated 
accuracy, the effect of each one of the added elements in the 
a lmost complete absence of other impurities. Furth0r, ~he 
figures given for iron and silicon, for these e lem ents w1th 
titanium and vanadium, and for magnesium and silicon , make 
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it possible to calculate the conductivity of aluminium of 
accurately known purity. 

siderations regarding thermal treatment, modulus of elasti~ity 
of alloys, thermo·dynamic conditions, and the length of serv1ce. 

longer heating time is necessary in the case of the alloy 

Norbury's law does not appear to hold in the cneo of 
aluminium. 

DISCUSSION. 

Dr. A. G. C. Gwyer said it was remarkable to realise 
that a stage had been reached at which an aluminium 
of next door to spectroscopic purity could be obtained. 
That was, of course, of very great interest, not only 
to those who are interested in aluminium, but also 
to those who desired to investigate the fundamental 
properties of metals. For example, workers who were 
interested in the subject of corrosion would be as 
eager to experiment with super-purity aluminium as 
they had been with spectroscopic zinc and other 
materials. The paper showed the effect of the indi­
vidual elements which are commonly found in 
aluminium in lowerin~ the conductivity. But he 
thought it would be of interest if the author could 
show- the effect of silicon completely in solid solution. 
For example, even with quite small amounts of silicon 
present, of the order of 0 · 30 per cent., the conductivity 
was lowered to something of the order of 64 per cent. 
That was when the material was out of solid solution, 
in the graphitic form. When it was in solid sol\ltion 
the conductivity dropped to about 60 per cent. At 
the end of the paper the author classified silicon as 
one of those elements which had little effect. No 
doubt that was t rue with regard to silicon in t he 
graphitic form, but in t.he ordinary way in which 
aluminium wire was produced by drawing the silicon 
appeared not in a graphitic form but in a. mixture of 
clissolved and free, and therefore its effect was very 
much greater than would be e},.,-pccted from the 
author 's conclusion. 

Dr. L. H. Callendar said he noticed that the author 
annealled his metal for three hours at 320 deg. Cent., 
and then slowly cooled it for twenty-four hours down 
to J 00 deg. Cent. He, t he speaker, did not think 
t hat in the case of silicon that would he sufficient to 
bring about equilibrium in the metal, and he thought 
the author was scarcely justified in stating, as he 
did, that the solid solubility at 100 deg. Cent. was 
0 · 06 per cent. silicon ; the metal would not be in 
equilibr ium at that temperature. He felt therefore 
that the author's figure of 0 · 06 represented rather the 
solid solubility at 300 deg. Cent., and not at 100 deg. 
Cent. Past exporience showed that it would take 
something like 1000 hours annealing to reach equili­
brium at 100 deg. Cent. The auth01· did not refer to 
the presence of calcium or sodium in his metal ; he 
would be interested to know whether he had 
obtained any results as to the effect of those elements 
on the conductivity. 

Professor A. P ortevin said that the results of the 
author's determinations were very valuable, because 
the influence of each element on the conductivity of 
aluminium was studied separately, thanks to the 
very high purity of the a luminium employed. I t was 
very interesting to consider the small effect on the 
conductivity of aluminim of gallium. All natural 
sources of aluminium contained gallium, which was 
therefore found in commercial aluminium. It would 
be of interest to verify that super-purity aluminium 
did not show the super-conductivity mentioned by 
Tuijn and Onnes, because, according to the ideas of 
Kapitza and Berna.l, all absolutely pure metals should 
be super-conductors, the abrupt drop of the resist­
ance to zero being, according to them due to an 
insta.nt.aneous expulsion of impurities. 

Dr. von Zeerleder said that the author compared 
his result with those of Bosshard, published in 1927, 
and found in the case of certain metals, and in 
particular s ilicon, iron, copper, ~nd tita~ium,. a. 
difference between the results obtamed by hun With 
this super-purity aluminium and those obtained by 
Bosshard. He thought that that difference was 
largely due to the fact that Bossha.rd's meta.l had a. 
purity of 99 · 5 per cent., so that it probab~y contained 
other impurities which were not determm~d exactly 
but which may have had a certain influence on the 
results of the tests of conductivity and on the effect 
of the other elements. On the other hand, he was 
of opinion that, as Dr. Callendar had indicated, the 
time of cooling was not long enough at the temperature 
employed by the author. because at 3~0 deg. Cent., 
especially with additions like titanium and manga­
nese which went into solution in aluminium very 
slowly, it would be better to allow more than t~.ree 
hours for annealing and twenty-four hours for coohng. 
Moreover, to obtain a complete solid solution, espe­
cially with titanium, a temperature of 500 deg. Cent. 
was not sufficient. Those reasons, he thought, 
explained the difl'erence bet"'·een the results fow\d by 
Bos..c;ha.rd and those obtained by the p resent a uthor. 
In general the results for all the other elements were 
in very good agreement. 

The followina paper was then presented:- " The 
Complex Interdependence of the Pro~erties of Alloys 
and the Industrial Conditions of therr Manufacture, 
Testing, and Use," hy :Marquis R. de Fleury, Member, 
and Dr. H. Portier. 

ALLOYS AND CONDITIONS OF MANUFACTURE. 
A study of indirect factors affec~ing the qu!"lity of foundry 

castings, examination of .t?eir. rectp~~al actton, an~ of the 
importance of their recogrut10n m obtammg S?und castmgs. . 

Utilisation of scrap in the foundry, lowenng of th~ quality 
of alloys by success1ve remelt~g ; ~he use of orgamsed pro­
duction ; control of raw matenals ; infiuence of the p~ocess of 
solidification of alloys and of the. factors of D?o~dmg and 
casting ; influence of design of castmgs, and theli' stZe. Con-

DISCUSSION. 
Dr. C. H. Desch : Tho paper , combined with the 

Autumn Lecture by Professor Chevena.rd yesterday, 
represents a contribution of a new kind to tho " Pro­
ceedings " of the Institut<', in that they discussed the 
application of scien tific principles to the internal 
organisation of an industry. H e wished to deal only 
with one point, namely, the influence of re-worked 
metal and of scrap on the conduct of metallurgical 
processes. That was a. problem which necessarily 
became more and more insistent as the production 
of any metal or metallurgical product increased. In 
the iron and steel industry the production of steel 
exceeded, and exceeded in a.n increasing ratio, the pro­
duction of pig iron, because the quantity of scrap 
used was so enormous. Metal which had once been used 
returned into industry, and in the ordinary open­
hearth process a charge, for example, of 60 per cen t. 
scrap a nd 40 per cent. pig was usual. That condition 
was bound to presen t itself in the other metallurgical 
industries. The quantity of scrap , old metal re­
worked, must continually increa~e ; and that, as the 
authors clearly showed , introduced problems of som e 
importance into the conduct of m e tall urgica.l processes. 
That was a. question wh ich would have to be faced 
very carefully by metallurgists, and , in view of the 
increasing purity of some of the metals, which wa.~ 
showing itself to be of vast importance, the gradual 
accumulation of impurities in the course of re­
working would open up new problems of refinem ent. 

P rofessor A. Portevin said that the authors at the 
beginning of their paper classified various factors 
which influenced the p roperties of light alloys in 
service. P ersonally, he would introduce other factors 
of a. more human kind which affected the matter, such 
as ignorance, general or personal ; the routine 
methods adopted ; previous exper ience, and amour 
propre and the fear of responsibility. All those were 
important. When some defect occurred the metal 
concerned was examined by all the means at disposal 
with a view to discovering the cause of the accident. 
Nothing was p erfect here below, so that such an 
examination probably revealed some impurity, 
heterogeneity, or inclusion, and by a. possibly inaccu­
rate association of ca.uso and effect we were apt to 
say that it was that impurity or inclusion which had 
caused the acciden t, whereas it had probably been 
due to some error in the operation of the machine. 
The authors called attention to t he chemical altera­
tions which resulted from successive re-meltings. B ut 
it was necessary to be careful before declaring that 
an impurity present in a sp ecified amount was 
harmful. 

Mr. H . J. Ma.ybrey said that as an industrial member 
of the Institute, a. foundryman, he found that in the 
a luminium business the scrap question was becoming 
very serious. The only solution he saw was the 
making of secondary ingot materia l by the scrap 
metal m erchants. Whether t hat would please the 
scrap metal merchants or not he did not know, but 
from the foundryma.n 's point of view it seem ed to 
be the only solution. The scrap which came into 
factories was so heterogeneous, so varied in com­
position and type, that it was almost impossible to 
guaran tee any continuity of result. 

Dr. P. G. B astien thought it would be dangerous 
to exaggerate the part played by the depreciation of a 
metal in the course of its m elting, and to believe that 
that deterioration was a geometrical function of the 
number of remelts, because the m et a llu rgy of a 
par ticular metal could be considered as est~blished 
only when it could be refined after meltmg was 
completed. . 

The President said that t hat was a part1cularly 
interesting subject , and one which he was very glad 
to hear discussed, because it lay on the borderline 
between metallurgy and engineering. The Inst.itute 
was particularly indebted to authors who brought 
forward papers of the kind ; they were va.lu~ble, not 
only for the information which they contamed, but 
for the stimulus which they provided. The last 
paragraph of the paper deserved very careful study 
by reason of the advice which it gave to both metal-
lurgists and engineers. . . . 

The :Ma rquis de Fleury sa.1d m reply ~h~t If a. f;irm 
which specialised in work of great p reCISIOn utilised 
its scrap, the necessary p recision would begin to fall 
off a fter a time. I t would be better to supplem en t 
t he principal manufacture .of high output ratio .by 
secondary manufacture havmg a. lower output ra.t10 ; 
a factory which made only one class could not go on 
without trouble. 

The following paper was then presented:--" Mech­
anical Properties of A luminium and its Alloys After 
Prolonged Heating," by Professor Dr.-Ing. A. von 
Zeerleder, Member, and Dr.-Ing. R. Irrna.nn, Met. Eng. 

ALUMINIUM AND ITS ALLOYS. 
The strength of pure aluminium a?d various alu~inium 

alloys has been investigated after heatmg for long penods at 
75 deg.-300 deg. Cent. The strength properties of the ~me 
materials were determined also in the state of complete stabiltS~­
tion. The heating periods employed exte~ded over ap_PrOXI­
mately two yoars. After treatments of d1fferent duratiOn at 
elevated temperatures, some specimens were cooled nod tested 
at room temperature ; others wer? tested at the treatment 
temperature. For complete soften1:11g at 250 d~g. Cent., for 
instance, i.e., to obtain the propert1es observed _an completely 
stabilised samples, beating period~ ~f at least s~ months are 
required in the case of pure alurnmiUm and Ant10orodal, a~d 
of more than two years for Avional and "Y" alloy. A sttll 

" R.R. 59." . 
To determine the decre1u1e in strength of any .m~terutl aftot· 

heating for long periods at elevated tem~eratures 1L 111 nocessai'Y· 
therefore to carry out tests of long duratiOn. 

The v~lues of the yield point observed in the normal ~hort­
time test after heating periods of one year form a bas1s for 
calculations for engineers. The permiBBi~l~ loads cu~ be ascer­
tnined only by observation of the creep hm1t, and th1s property 
is being studied by the authors. 

D ISCUSSION. 

Professor A. Portevin said that the paper was 
a very valuable and useful contribution ~o the 
question of the mechanical stability of the d1fferent 
a lloys of aluminium. The authors confir med the 
necessity for tests of long duration in the case of 
a luminium a lloys. It was essential to know those 
facts, but such studies must be con tinued so as to 
bring to light the evolution and the laws of the 
differen t phenomena. which governed the modifications 
of properties which had been found to occur. H e 
hoped the research workers who had carried out th<' 
investigations described in the paper would try to 
find the law-mathematical, if possible which 
would enable us to say that a certain result obtained 
f rom a. short-time test meant that after two or three 
years the resu1t would probably be such and such. . 

Professor D. H anson : All t hose who spend theu· 
time in research in any science live in a. world of 
shocks. In the earlier days, metallurgists were 
content to heat their alloys for two or three days ; 
hut slowly t hey came to realise that two or thre~ 
days was not enough, and now they heat for one, 
two three or four weeks. The authors have now ' , . 
given them a shock, beca\ISe it is qnite clear that m 
tho case of many of the alloys considered equilibrium 
at important temperatures such as 300 deg. CenL. 
cannot be reached even in one year. That was V(lry 
disturbing; it was one of the major shocks of life ! 
For instance, in the case of " Y " alloy at 300 deg. 
Cent. , the Brinell hardness seemed to decrease in a 
linear fashion over the whole of the time between 
one hour of heating and 360 days, and there was 
nothing to inclicate any cessation of that procC'ss. 
The authors had shown that such changes occurred, 
but if an alloy was to be used at 200 deg. or 300 deg. 
Cent. for o. long time it was presumably in many 
instances subjected to stress for that long t ime, 
and tensile tests, hardness tests, and so on, which 
occupied the space of a few minutes or even a few 
hours, would not rovea.l the essential properties of 
those materials when they were used at elevated 
temperatures. In many metals- iron alloys, copper 
alloys, and so on- the tensile s trength did not 
depend, within the range of temperature up to perhaps 
500 deg. Cen t. or higher, on the rate of testing, but 
in the case of the aluminium alloys it did depend on 
the rate of testing. It depended very much on the 
rate of testing at temperatures above atmospheric 
temperature, but even at the ordinary atmospheric 
temperature tests had shown that an alloy which 
was subjected to a. prolonged load broke at a. stre s 
markedly less than that shown by the ordinary 
tensile test. I n other worcls, creep phenomena. 
manifested themselves at ordinary temperature's, 
and to a. very marked degree at elevated tempera­
tures, such as 100 deg. or 200 deg. Cent., in a.lumini.wn 
alloys. The a.utoors were fa.cecl wit.h the ternhl<' 
p roblem of determining the real strengths ~f thos<' 
a lloys within the ternperatlu·e range at whiCh they 
were workina for periods of application of load 
extending pe~ha.ps up to the length o.f their time• 
of heating, one year. That was a. ternble probl(-'m 
to have to face, but he thought they had brought 
it on t hemselves by showing the necessity for it ! 

Dr. 'R. Seligman, referring to what Profes.c;OJ' 
H anson had said, thought it rather shocking that h(' 
should be shocked by what was obviously not shock ing 
at all and abou t which he certainly should not ht' • • 
shocked. It was now more than twenty years SJllC'P 
the whole subject was discussed before the Institutt> 
at great length by Si r H arold Carpenter, who did a 
series of eA-per iments which for some curious reason 
had not been referred to by the present authors. 
Memories are well known to be short and time flies, 
a.nd apparently that work had been complt-tely 
forgotten. . . 

Sir H a.rold Carpenter and hLS colleagues contmu<'d 
their work for five years, and showed in the case of 
pure metals very much the same restlit.'> that t lw 
presen t authors had presented. 

Dr. von Zeerledcr, in a preliminary oral reply, 
thanked Dr. Seligman for the information he had giwn 
with regard to the work ~f Sir ]~a~old. CafJ?entcr . Ht> 
would go into that and diScuss m 1t hiS wr1tten reply. 

The following paper was then presented:-" An 
Anodic Treatment for the Production of Aluminium 
R eflectors," by N. D. Pullen. 

ALUMINIUM REFLECTORS. 
A description is given of a dual anodic process designed 

for the treatment of aluminium surfaces in order to produce a 
high de~roo o~ re~ectivity. T~e firs~ bath in whi~h the elecLro­
lytic bnghtenmg ts produ~ed 18 a m1xt~ of sodtum ca~bonato 
and sodium phosphate Ill .the app~XUDate proportiOnS ?f 
3 : 1 havin~ a st~ongly al~alme reaction. :rhe second bath m 
which a remforcmg film IS produced cons1sts preferably of a 
strong solution of acid sodium sulphate. Data are given showing 
the re6ectivity of aluminium surfaces treated by this method 
compared with a standard silver mirror and other surfaces such 
as chromium plate, nickel plate, &c. 

D ISCUSSI ON. 

Mr. H. Sutton asked the author whether there was 
a.ny difference when daylight was used instead of the 
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artificial light which h o employed in his experiments, 
and if h e could give in round terms an idea of the 
durability of the new type of aluminium mirror. 

Dr. A. G. C. Gwyer referred to the extraordinary 
~:~tability of anodic aluminium films to temperature. 
When the mirror finish was produced the sh eets could 
be heated up to the melting point and yet r etained 
their brightness absolutely unimpaired up to thA.t 
po~t. whereas round about 400 deg. C'ent. or so 
ordmary metal turned quite dull. 
Th~ President rem a rked that the discovery of tlw 

an~dlC film reB;ctions on a luminium was a s tartling 
thmg at the tune and had led to very interesting 
<~evelopme-nts, and now the discovery of transparent 
films suggested the possibility of valuable industrial 
service for reflecting SW'fa.ces and opened up a 
fascinating field. 

Dr. R. Seligman reminded t h e meeting that the 
whole of the work originated with the Corrosion 
Research Committee of the Institute and that 
French metallurgists had now coin ed the word 
" bengoughiser." 

Mr. N. D . Pullen, in reply to the point raised by 
Mr. Sutton regarding the relative reflectivity values, 
said they h ad attempted to carry out some tests 
using daylight, but Warrington daylight was such 
an uncertain factor that all he could say was that the 
figures for different surfaces fell in the same 
re lative order-aluminium was always brighter than 
nickel and chromium, and s lightly less than silver. 
.. ·ome of the material had been out for 2! months, 
but there was no sign of any corrosion so far. 

There was one point in connection with the treat­
m en t which h e had not m ention ed in the paper, and 
that was that the electrolyte must not be stirred 
during treatment. Before the material wa-s put in 
the e-lectrolyte was stirred to get the temperature 
up to 80 to 82, but during the treatment the electro­
lyte must b e qu ite still ; in fact, it was n ecessary 
to put wooden baffle boards at the two ends on 
the cathode plates to keep the hydrogen stream 
away. A p eculiar thing about the process was that 
there was any amount of hydrogen coming off, 
but one had to look " ery carefully indeed to find any 
gas on the anodes. Even using eudiometer tubes 
there was plenty of hydrogen, but no ox'"Ygen. 

(To be continued.) 

A New Railcar for Peru. 

A LIGHT railcar of somewhat novel des ign has 
recently been exported to Peru for service on the 
Pait~rPauira section of the P eruvian Corporation Rail­
way. It was built by Walker Brothers (Wigan), Ltd., 
to the inspection of Messrs. Livesey and Henderson, 
consulting engineers to the railway, and is the first of the 
firm's railcars to be e.11:ported. The design is based on a 
number of railcars supplied to the Irish railways, whjch 
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have different final drive ratios to adapt them to the 
conditions of their work. The Peruvian Corporat.ion 
car is geared for a maximum speed of 50 m.p.h., the 
San Paulo-Campo Limpo car 45 m.p.h., and the Bragan­
Lina. car 40 m.p.h. In addition, a lthough all throo cars 
can bo operated with the four wheels of the driving bogie 
roupled \vith side rods, only the Bragantina car is actually 

RAILCAR CHAS SIS FROM TRAILING END 

AO fitted, the other t\VO obtaining adequate adhesion 
with a two-wheel drive. Such a system is made feasible 
as the cars which are designed to operate in one direction 
only are built on the principle of the " mechanical horse " 
- that is to say, the power unit is an independent four­
wheeled vehicle on which the engine transmission, control 
system, and driver 's cab are built, and to which one end 
of the passenger frame is articulated, a " concertina " 
joint providing access from the driver's cab to the 
passenger coach. By making the frame and the body 
in t\vo independent sections the vibrations, noises, smells, 
&c., in the engine end are not carried over to the passenger 
portion, while lightness of construction of the main 
frame and trailing bogie is easily attained owing to 
the absence of driving :->trains and vibrations. We 
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worm gear ca..qing. The axle-boxE'~. which carry tho roll<!'r 
bearings, work in horn block.~. and are bolted a l-.o to the 
worm gear casing, a torque arm thus being unnecessary. 
Those bearings also take Lho radial and thrw~t rea.<'tion 
from Lhe transmission of the drive. The susponqion iH 
by four half-elliptic springs mounted on the axle-boxPH 
and supplemented by auxiliary coiled spr!ngs. . 

The engine is a Gardner 6 LW l OO H.P. otl-fuel un•t.fitte.u 
with an electric self-starter. Emergency hand startmg 1-1 

provided and all six cylinders are~tted withdecompre~orR. 
The cvlinders have a bore of 4tlll . and a Mroke of 6m. A 

• • maximum and minimum r.p.m. governor comc-1 mt<l 
operation at tick-over spood and at 1700 r.p.m., at- whid1 
speed the engine B.H. P . is 102 and the torque 314 lb.-ft. 
The draw-bar pull at 55 m.p.h. is given as 610 lb. and 
at 12 · 5 m.p.h. as 2500 lb., these figures being for a. top 
11peed of 55 m.p.h. and being in proportion to the back 
axle ratio provided. The radiator is fitted at the front end 
and designed for unidirect.ional operation. Han.d-oper~Led 
radiator shutters are fitted and a thermometer 1S provtded 
on the instrument board. 

Unit construction ha'l been adopted, the engine being 
connected to the gear-box by a. frubstantial bell housing 
into which is fitted the fly-wheel, and single dry-plate 
clutch. The power unit, comprising the engine fly-wheel, 
housing, and gear-box, rests on rubber blocks Su_Pported 
in cast steel brackets. Two supports on the engme, an1l 
two on the fiy-wheel housing case, ensure adequato ~:;upport 
for the engine, with complet~ freedom from vibration. 

In the case of the P eruvian Corporation ra ilcar, the 
drive is by means of a normal type four-speed a:nd revo~o 
8liding pinion gear-box. A propeller _shaft eqUipped wtth 
Spicer universal joints takes the dnve to the r~ar ~xle 
drive which consists of a worm and wheel carrted m a 
cast steel casing. The worm shaft is mounted at the 
front end on a " Hoffmann " bearing, and the back end ~ 
equipped with double" Timken" roller bearings. Special 
means are provided to lubricate both bearings auto­
matically by oil from the axle casing. 

In the case of the two San Paulo cars a. Cotal electrically 
controlled four-speed and reverse epicyclic gear-box i-; 
used. In this type of box no brake bands are URed, a 
magnetic field being generated between iron rings to 
lock the necessary members of the box when required. 
The current used is small and is taken from the usual 
lighting battery at normal voltage. As a. switch is all 
that is needed in the way of control, grea t simplicity it-~ 
ensured, and no pumps, compressors, or other auxiliaric,j 
a re needed. 

Pedal-operated gravity sanding gear is pro,•ided in 
the driver's cab, and a large fuel tank operating on u. 
gravity feed is used. The simplicity of the entire design 
is one of its leading features, and should redurE' 
maintenance costs. 

BRITISH STANDARDS INSTITUTION. 

All British Standard Sp~iftcatio'luJ can be obtained from tile 
Publications Depart~Mnt of tM lmtitution at 28, VicU>ria-street, 
London, S. W.l. TM priu of wch sp~ijicalion is 2s. 2d. post 
free, unlus otherwise stated. 

ELECTRICAL PERFORl\IA...~CE OF 
TRANSFORMERS. 

No. 17 1- 1936. The revision of British Standard Speci­
fication No. 171, Electrical P erformance of Transforrne~ 
for P ower and Lighting, is now ready, having been issued 

RAILCAR CHASSIS SHOWING ARTICULATED POWER UNIT 

for some time now have been running with remarkable 
regularity. Two similar cars are at present in course of 
construction on order for the San Paulo Railway of 
Brazil. It speaks well for the simplicity of the Walker 
Brothers design that although each of the three cars is 
built for a different gauge, no alteration in design was 
necessary. 

The Peruvian Corporation Railway operates on 4ft. S!in. 
gauge, while the San Pau1o has two sections, one, " the 
Bragantina," being metre gauge, the other, from Campo 
Limpo to San P aulo, being 6ft. 3in. gauge. The two new 
railcars will operate a shuttle service at the gauge-changing 
station at Campo Limpo, t he passengers coming into 
the station from one line being carried on immediately 
on the other line in a precisely similar vehicle. The 
importance of having similar vehicles running in connec­
tion with one another as a means of simplifying the 
journey as well as a mean!! of accelerating the transfer 
of passengers will be appreciated by the traffic control 
department. 

The three cars, in addition to the gauge difference, 

illustrate herewith the frame and the bogies. The lightness 
and simplicity will be noted, as well as the absence of 
accessories, control rods, &c., attained by eliminating 
the duplicated driving positions and by providing a single 
independent brake cylinder for each bogie to operate tho 
vacuum brakes. The vacuum braking operates on all 
four wheels of each bogio, a screw-down hand brake 
being also fitted on the power bogie. The frame is carried 
on central pivots on both bogies, coiled springs in the 
bolsters correcting any tendency to side swing. It is a 
built-up channel section framework. A spring coupling 
for towing is fitted. 

The p ower bogie is an indep endent unit capable of being 
driven on the line without the main portion when, for 
example, a breakdown makes a power bogie replacement 
necessary. It has plate side frames, into which horn 
block guides are fitted, and it is braced by channel cross 
members, and substantial front and back plates. Both 
the front and rear axles of this unit are fitted with 
" T im.ken " roller bearings, to which a constant supply 
of oil is given automatically from the axle casing and 

after several years' work on the part of the B.S.I. Com­
mittee responsible for the preparation of the specification. 
The new issue is even more comprehensive than the 1927 
edition , and embodies various new and revised feature>!. 
The most important changes deal with the basis of refer­
ence for the temperature of the cooling medium and the 
permissible temperature rises. Particular attention 
has been paid to the fact that the specification will be 
used extensively throughout the Empire, and, therefore, 
an attempt has been made as far as possible, without 
penalising the home user, to meet the overseas require­
ments. The specification is substantially in line with the 
international specification for transformers, prepared by 
the International Electrotechnical Commission-price 
3s. 9d. post free. 

UNDER the auspices of the Netherlands Chemical 
Association an international rubber chemical conference 
is to be held at Delft on October 2nd and 3rd. 
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Rail and Road. 

IN order to devote his whole time to his new appoint­
ment as chief executive officer of the Commercial Motor 
Users Association, Mr. :F. G. Bris tow has tendered hiR 
resignation a.q secretary of the British Road Federation. 

TBE Chosen Government ha.s announced its intention to 
build a transpenirumlar railway line between Fu.san and 
K eijo, at a cost of some 100 million yen. The proposed 
line will link l!"'usan , Urusan, Choyoi, Keishu, Hyosen, 
Uijo, Tan-yo, Genshu, Yohei, and Seiryori, on the eastern 
outskirts of Koijo. 

I T is proposed to call a conference of all the interested 
local authorities to consider the promotion of a new Bill 
authorising the construction of a bridge over the river 
Severn. It will be remembered that the previous par­
liamentary Bill, which was promoted by the Gloucester­
shire and Monmouthshire County Councils, was rejected 
last May by a. Select Committee. · 

A FLOOD-CONTROL project in the Muskingum valley, 
Ohio, in the United States, has made necessary the con­
Rtruction of 50· 72 miles of railway lines to replace those 
which will be flooded. Costing some 6 million dollars 
the work will involve the location and construction of 
nine individual relocations for four different railways. 
Including 16 · 64 miles of sidings the new road beds will 
accommodate 67 · 5 miles of track. 

ON Friday, September 18th, a train drawing up at 
No. 16 platform at Victoria Station, Manchester, crashed 
into a train standing there and smashed the guard's van. 
The stationary train bad just arrived at the platform from 
) forecambe and Windermere, and all the passengers bad 
alighted. The other was the Southport train from 
H ellifield. Platforms Nos. 15 and 16 were obstructed 
for a bout two hours, but no one was hurt. 

A RECENT report on the economic and financial condi­
tioDR in Yugoslavia says that t he following railways 
a re in course of construction :-Koprivnicar-Varazdin, 
of standard gauge with a total length of 41 kiloms.; 
Sv. J anz-..Sevnica, of standard gauge, the first section 
7 · 5 kiloms. long ; Bileco-Niksic, of narrow gauge, with a. 
total length of 71 kiloms.; Ustipracar-Foca, of narrow 
gauge, with a total length of 42 kiloms. One hundred 
new passenget· coaches for standard gauge are expected 
to be obtained from Germany shortly, and the railway 
work.c;hops at Kralsevo are being extended and re-equipped 
for the builcling of locomotives and coaches. 

THE electrification of the Swedish State Railways has 
reo3ulted in a reduction of the number of employees in 
stationary service by 50 to 60 per cent. over the whole 
system as compared with the number employed when 
steam power was used. According to T . Norinder the 
costs for stationary engine service on the Stockholm­
:\lalmo line in the three southern sections were reduced by 
32 per cent. between 1932 and 1935. Meanwh.ile, the railway 
engine work has risen by 16 per cent. owing to the higher 
operation figure in kilometres per electric locomotive in 
comparison with steam locomotives. By next year 45 
per cent., or 3353 lciloms ., of the country's system will be 
electrified. 

A ORANT from the Road Fund has been made by the 
Minister of T ransport towards the cost, estimated at 
£46,700, of building a new bridge over t he river Findhorn, 
on the Inverness-Elgin trunk road A. 96, near Forres. 
The bridge will take the place of the existing Findhorn 
Bx·idge, wh.ich is in a weak condition and is to be dis­
mantled. It will be a steel a rch structw·e with a clear span 
of 270ft. and a width hetween parapets of 40ft. On the 
bridge and approach roads a 30ft. carriageway, Banked by 
5ft. footpaths, will be provided. The elevation of t he 
proposed bridge has been approved by the Royal Fine Art 
Commission for Scotland and it is expected t hat the scheme 
will be completed early in 1938. 

THE new through sleeping car services between London 
and P aris will begin on October 14th next. The night 
services will leave Victoria at 10 p.m. and Paris at 
9.50 p.m., and arrive respectively at the Gare du Nord 
and Victoria at 8.55 a.m. and 8.30 a.m. The sleeping 
cars will be carried between Dover and Dunkirk by t rain 
ferry. Day services by the train ferries will begin on 
October 15th, leaving D over and Dunkirk at 1.15 p.m. 
and 2.15 p.m. respectively. The 11 a.m. boat train from 
Victoria will connect with the outward ferry and t he 
inward arrival at Victoria will be at 8.40 p.m. From 
October 3rd-4th until t he through train ferry begins 
the train ferry boats will t ravel nightly between Dover 
and Dunkirk, and the present Folkestone-Dunkirk service 
by t he French A.L.A. boats will cease. 

THE Anti-Noise Committee appointed by t he Minister 
of Transport in August, 1934, proposed in October last 
year t hat no now motot· car, motor cycle, or lorry should 
be allowed to make more than 90 phons of noise when 
running a t 30 m.p.h. on ful l throttle. The Commiotee 
found that in general the average car was not unduly noisy, 
unless the engine was raced, but that the average motor 
cy~le, except at moderate steady speeds, was excessively 
noiSy. The proposed regulation was accordingly drawn up, 
and, if necessary, was to be enforced by the use of phon­
m~t~rs in the hands of mobile p olice. The reply of the 
Bnttsh m otor cycle manufacturers contains an under­
taking to the Minister of Transport that no motor cycle 
making a noise " which could be described as otlen ive " 
will be allowed to leave the works in future: 

E:l(PEBOtENTAL public passenger-carrying sen·ices have 
been introduced on the L.M .. Railway between Rugby, 
Leamington Spa, Coventry, and Nuneaton with the first 
British-built, rubber-tired railcar constructed by the 
Coventry Pneumatic Railcar Company (a branch of 
Armstrong-Siddeley MotorR, Ltd.). This railcar was 
described in our issue of August 14th this year. Until 
October 2nd, and possibly after that date as well, the rail­
car will be maintaining additional passenger Rervices in 
the above-named area, facilities for its trial under service 
c·ondition!-! having been granted to the Railcar Company 
by the L .M.S. The railcar, which is can-ied on sixteen 
rubber -tired wheeiH, seat!J fifty-si..x paRsengers and has a 
maximum Hpeed of about. 71) m .p.h. It is drh·en by a 
280 H .1'. (lngine and iH prnrtic·ally noi>~e leflil in running. 

THE ENGINEER 

Miscellanea. 

Too rapid setting of plaster of paris can be retarded by 
the addition of a mixture of p hosphoric and citric acids or 
their salt.<;. 
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Air and Water. 

THE French re carch vessel " P ourquoi P as f " was lost 
in a storm off the I celand coast on eptember 16th with 
a ll hands but one. 

THE petrol con.<Jumplion of Great Britain during July THREE m otor ships of 9500 tons each have been ordered 
last was 129.926,900 gallons and for the first seven monthH by the Commonwealth and Dominion Line. Two are 
of the year over 777 million gallon.c;. to be b\1ilt at Sllndarlo.nd o.nd one at Wallsend. 

THE Uphnll WorkR of Scottish Oils, Ltd., are to be CAPTAIN C. E. ?li l1llfFORo. who has retired on account of 
closed down and the work hitherto carried on t here will in ill-healt h from t he position of marine super intendent for 
the future be done at Grangemout h, where t he plant has the Union-Castle Line, ha.s been succeeded by Captain 
never been worked to capacit-y. David Nicoll. 

A CONTRACT has been placed for the construction of a. THE la rgest military aerodrome in Italy has been opened 
P ortland cement fa.cto ry in North Lincolnshire. T he new at Froli, on the Adriatic Coast. The aerodrome, which i::~ 
factory ,which is expected to be ready for production in a the largest in the country, covers some 300 acres and is 
year, will have o. daily capacity of 250 tons. capable of accommodating 250 machines. 

_IT is shown in the annual report of the Secretary for ~~.Monda:r: Septembe~ ~1 st, t he U:l(ited S~a~s ba.~tl e-
Mmes that during 1935 there were 222,541 flame t ype ~htp Texas o.nd the Brtt~h t~nker Scalarta. collided 
safety lamps in use in mines in this country, as compared m a fog off San P edro, Califorrua. Reports say that the 
with 242,901 in 1934. The corresp onding number of stern of the "Texas " was badly damaged. 
electric ~afety lamps in use was 397,206 in 1935 and j TBE Australian Minister of Defence has announced 
394,820 m 1934. that a company with a. capital of £600,000 if! to be regiR-

THE Council of the I ncorporated Municipal Electrical tered immediately for the production of aircraft. It is 
Association has accepted the invitation of the Mayor and expected that the new company will be producing within 
Corporation of Brighton to hold its next Annual Con- a year. 
vention at Brighton, under t he presidency of Mr. Frank IT is reported from the United States that the con ­
Forrest, Chief Engineer and Manager to the Birmingham struction of a liner to replace the " Leviathan "is defini tely 
Corporation. The period of t he Convention will be from in sight. The new ship will be a sister ship to the " Man ­
May 31st to June 5th. There will a lso be an Electrical hattan" and t he " Washington," and is expected to co!Jt 
Exhibition, to be held at the Corn Exchange. about 2! million p ounds to build. 

AN extract in the Iron and Coal Tradu R eview describes 
how t he variation in carbon content of mild steel can be 
determined by magnetic analysis. A sample of steel in the 
shape of a rod is placed in a. uniform alternating magnetic 
field and is probed at differen t points by a coil, the current 
passing through the coil being a measure of t he carbon 
content a.t the particular point p robed. The arrangement 
is calibrated by probing a t p oints of known chemical 
composition. 

I N our issue of August 21st last we described t he first 
of a series of bridge breaking tests to be made by the 
Ministry of Transport anrl the Department of Scientific and 
Industrial Research on a 140-year o ld bridge near D erby. 
The second test of this kind has been made on an old arch 
bridge over the Stratford-on-Avon Canal at Happy 
Va Uey, Yardley Wood, Birmingham. Wben the tests 
have been completed the old bridge will be replaced by a 
steel and concrete bridge. 

FEw subjects are of greater interest to electrical engi­
neers at t he present time than that of the tests wh.ich have 
to be performed on oil circuit breakers rated to give 
unusua lly large short circuit breaking capacities. In this 
connection official tests were carried out last week at t he 
High-power T esting Plant of the General Electric Com­
pany, Ltd., Witton, on a 1,500,000-kVA circuit breaker, 
in the presence of representatives of the Central Electricity 
Board, the Consulting Engineers to the C.E.B., and the 
Sheffield Corporation Electricity Department, to whom 
t he breaker is being supplied. Some idea of the magnitude 
of the currents involved in the tests under consideration 
may be gathered from the fact that the making current on 
this particular switch was over 200,000 amperes. 

ON Tuesday, Sep tember 22nd. Mr. G. Wbeelwright, of 
the Land-Wheelwright Laboratories, B oston, U.S.A., 
gave a demonstration at 27, Lea.denha.ll-street, E.C.3, of 
the theory of polat•ised light and its scientific, industrial, 
and commercial applicat ions. H e first described the 
theory of polarisation by means of the familiar rope 
analogy and then described P olaroid as sub-microscopic 
crystals bound with a. m atrix of cellulose acetate. It 
might be laminated in glass for optical purposes. A number 
of still pictures were shown, which demonstrated the 
properties of the material for light reflection, and cloud 
control in photography. La.ter was shown a film which 
had been taken through P olaroid screens and when viewed 
through P olaroid spectacles the depths of the pictures were 
thrown up and t he screen gave the impression of looking 
through a window at actual objects. Sun goggles of 
P olaroid cut out glare, saturate na tural colours, and 
intensify the blue of the sky with the loss of but a small 
proportion of the light. For the purpose of strain testing 
modeLs made in celluloid and examined by means of 
Polaroid show visually the directions and severity of the 
strain. The material may aLso be used very effectually as 
a. means of cutting out headlight glare in motor vehicles. 
These are but a few of the many interesting demonstrations 
given by Mr. Wheelwright, who said that the materia l is 
at present made as a. laboratory product, but will shortly 
be made commercially. 

A lKETHOD for t he chemical frosting of glass by a rapid 
dipping process is described in an extract in t he Chemical 
Trade J ournaland Chemical Engineer. The treatment bath 
is a solution of two parts of hydrofluoric acid, four parts 
of ammoniwn fluoride, and one part of soda. In preparing 
the bath the hydrofluoric acid and t he ammonium fluoride 
are placed in a lead or gutta-percha receptacle, and allowed 
to stand for at least eight hours in a moderately warm 
place. The fluoride dissolves, but later separates out at 
the bottom of the bath as a. layer of white mud. To prepare 
the bath, the con ten ts are agitated and poured through a 
cloth into a lead vat, which is to be used for the glass 
treatment. The quantity of soda necessary is then added 
slowly and with agitation. The glass object for treatment 
should be first washed with distilled water containing 
3 per cent. of hydrochloric acid. After draining, and 
before it is dry, it is transferred by pincers and pltmged 
below the surface of the bath, moved about for a short 
time, and then placed on a. wooden drainage table. Frost­
ing takes place in two or three minutes. The a rticle is 
washed with cold water, brushed, and t hen washed with 
hot water. The ha.nds of the workers are protected by 
rubber gloves. By this process, it is stated, one man and 
four girls can treat 2000 to 2400 pieces in twenty-four 
hourt!. The quantity of soda indicated above gives a. matt 
frost. If a lower quantity of soda is employed the frosting 
has a more silky appearance. The temperature of the 
treatment ha.th should be at least 16 deg. Cent., for if 
materially lower the frosting is not uniform. 

THE first air race to be held at H ereford took place on 
September 18th. It was a handicap flown over a t.ri­
angula.r course of 30 miles, which was covered three times. 
The race was won by R. F. H all, piloting an Avro "Cadet." 
He covered the course in 45 min. 34 sec. The second 
machine was a " D .H. Moth, " pilot.ed by Misses M. and S. 
Glass, and the third a " Puss Moth," piloted by A . F. K 
Payen. 

W E regret to have to announce the death of Mr. T . 
Campbell Black, the a irman. H e was killed on Sa.turcla.y, 
September 19th, at Spoke Aerodrome, Liverpool. When 
taxi-ing a long the ground in the P erciva.l " Mew " 
machine which had been entered for the race to J oha.nn~s­
burg a collision occurred with an R.A.F. H awker" H art," 
which had just landed, and he was fatally injured by the 
propeller of the la rger machine. 

ON Saturday, September 19th, the hanrlica.p a ir race 
from London to Cardiff was won by a monoplane " T.K.2." 
piloted by R. J . Waight, a t a speed of 189 · 7 m.p.h. A 
Perciva.l " Gull," piloted by C. E. Napier, came serond. at 
a speed of 154 · 3 m.p.h., and a " Puss Moth," piloted by 
L . J . C. 1\1itchell, third, at a speed of 135 m.p.h. The 
highest speed of 189 · 8 m.p.h. was reached by the fourth 
'lllachine, a. " Miles H awk," piloted by W. Humble. 

THE Council of the Institute of Transport has m ade 
the following premium awards in respect of the seRsion 
1935-36 :-D ock and H arbour Gold Medal to Sir Da.vid 
J. Owen, for h is paper on " The Future of Port Control 
with Specia l R eference to the P ossibilities of Grouping " ; 
Inland Water Transport Medal to Mr. L. P . Alvin, for 
his paper on " Mechanical Traction on the French Water­
ways"; "Coastwise Shipping Medal to M:r. E. R. R eader , 
for his contribution on " The British Coasting Trade. " 

IT is claimed that the wireless installations now being 
fitted in the new Empire fl ying boats of Imperial Airways 
are t he most modern and efficient yet constructed for use 
in commercial aircraft. One feature is that t he diree;t.ion 
finding a.pparatus is embodied in the main set and is not. 
as hitherto, a. separate piece of equipment. By use of this 
new equipment the operator will be able to tune in to any 
ground station operating within range and plot out the 
a ir liner's position at any time during a. flight. Some 
twenty new wireless stations are being established at 
present on the Empire air routes. 

TRIALS have just taken place of the " Eildon," a motor­
driven collier, 255ft . in length overall by 37ft. by 16ft. 5in. 
to her raised quarter deck . She has a. deadweigbt tonnage 
of 2100 and has been built by the Grangemouth Dockyard 
to the order of George Gibson and Co., Leit h, for their horn!:' 
and Continental t rades. She is claimed to be the first of nil 
British motor-driven colliers and a lso the first Maierform 
vessel to be built in this country for collier purpo. e.~. and 
it is expected that her appeara nce in service will cauRe a 
great deal of interest. AU deck machinery and auxilia rieH 
are electrically driven and propulsion is by m eans of an 
Atlas P olar two-cycle engine rated to give a. trial t rip 
speed of about 10i knots. 

THE U nited States Secretary of Commerce recently 
stated that s ince June 30th, 1935, there has been no loss 
of life among passengers in any classified American 
passengex· s hip. According to a note in the Journal of 
Oommerr:e, he said : " The Bureau of Marine Inspection 
a.nd Navigation has accelerated putt.ing into effect all 
the new rules and regulations made possible by t he 
recently enacted legislation. Through its newly organised 
technical staff, it has had withdrawn from active ser vice 
some forty odd ships, which were unable to m eet specifica­
tions, and has also required some ships to undergo certain 
a lterations before approving them for passenger traml­
portation, while still others were definitely ordered out of 
the pa senger service and placed in freight service." 

WE understand that, following the successful operation 
of the Paxman-engined m.v. " Pomeroon, " recently built 
for the Crown Agents for the Colonies, Davey, Paxman 
and Co. (Colchester), Ltd., have received a duplicate 
order for the supply of the main propulsion and auxiliary 
engines for a sister vessel to be built by Ferguson Brothel'S 
(Pot-t-Clal'!gow), Ltd. The main propelling machinery 
will comprise two Paxman-Ricardo engines, each having 
a continuous rating of 1 0 B.H.P. when nmning at 
a. speed of 1000 r .p.m., fitted with reverse reduction 
gears giving a propeller speed of 300 r.p.m. The auxiliary 
equipment will consist of a 33 B .H .P . and a 47 B.H.P . 
P a.xman-Ricardo engine running at a sp eed of 1100 r.p.m. 
Each engine will be direct coupled to a generator and 
drive an ai r compressor t.hrough a friction clutch, the 
whole unit being mounted on a common bed -plate. 

• 
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THE AUTOMAT IC STABILISATION OF SHIPS. 

Two events of the past week have served to 
direct renewed general attention to the automatic 
stabilisation of ships at sea. First there was the 
demonstration of the Denny-Brown stabilising 
equipment fitted in the Southern Railway Com­
pany's 2200-ton cross-Channel steamer " I sle of 
Sark." Secondly at the I nternational Meeting of 
Naval AI·chitects at New York Dr. de Santis and 
Dr. Russo presented a paper giving authoritative 
information concerning the performance at sea of 
the Sperry gyro-stabilisers in the Italian 45,000-ton 
Transatlantic liner " Conte di Savoia." We give 
an account of the " Isle of Sark 's " equipment 
elsewhere in this issue and also reproduce the main 
portions of the New York paper. The " I sle of 
Sark " was fitted with the Denny-Brown oscillating 
fin stabilising gear in the spring of this year and 
during the summer has been engaged, at least 
intermittently, on her normal Channel I slands 
service. The demonstration of the power of the 
equipment given on September 17th was less satis­
factory than it might have been b~ause of the 
almost dead calm weather conditions under which 
it had to be given. We have, however, been 
assured that the gear has actually been used 
to stabilise the ship in rough water while 
carrying passengers in the normal course of 
her duties. The " Conte di Savoia " has been 
running between Genoa and New York since 
November, 1932, and from the outset her stabilising 
equipment has been a subject of close study by her 
owners. As a technical member of the Italia 
Steamship Company's staff Dr. Russo has made 
thirty -eight Atlantic crossings in the liner and 
during these trips has observed the behaviour and 
effect of the gyro-stabilisers under almost every 
variety of weather conditions. While it may be 
too early as yet to pass final judgment on the " I sle 
of Sark's " gear, there can be no doubt that the 
New York paper gives us, for the first time, the 
main facts required for forming a sound assessment 
of the technical merits of the "Conte di Savoia 's " 
equipment. Taken in conjunction the t wo ships, 
differing so greatly in size and in the nature of their 
stabilising systems, offer British shipowners an 
opportunity to lay aside the scepticism which has 
so far marked their approach t o automatic stabilisa­
t ion and to form concerning it an opinion which 
can now be based on practical experience rather 
t han upon theoretical forecast s. 

The " I sle of Sark " is a ship belonging to a class 
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! which from the earliest days of automatic stabilisa-
1 tion has been recognised as being particularly 
well adapted to it. The " Conte di Savoia," on 
the other hand, represents a very courageous 
extrapolation and it seems probable t hat she will 
remain the largest automatically stabilised ship 
for some years to come at least so far as gyro­
stabilisers are concerned. Sir Maurice Denny tells 
us t hat he can see no reason why the moving fin 
system should be confined to cross-Channel 
steamers and that it might quite readily be fitted 
in a much larger ship, possibly equipped with 
more than one pair of fins. Technical reasons can 
certainly be adduced to prove that the larger the 
ship the more satisfactory would be the action of 
the fins and the cheaper would be the relative cost 
of installation. This extension of t he moving fin 
system to larger ships offers an interesting subject 
for discussion, but for the moment we will confine 
ourselves to actual achievements so far , remarking 
only that in our opinion the cause of automatic 
stabilisation will be best served by a gradual 
advance to larger sizes. Turning to the " Isle of 
Sark 's " rolling record reproduced on page 314 
we find that on May 7th this year while she was at 
sea with the stabiliser out of action she was rolling 
at times to 12 deg. to port and 9 deg. t o starboard 
or 21 deg. out-to-out. An out-to-out roll of 
10 deg., it may be remarked, is quite sufficient 
to upset a considerable number of passengers. 
When the stabiliser was brought into action the 
out-to-out roll was reduced to a maximum of 6 deg. 
This is the only record which we have seen of the 
performance of t he gear at sea and consequently 
it would be wrong to accept it as typical. The fact s 
recorded by Dr. Russo concerning the performance 
of the " Conte di Savoia's" gear clearly indicate 
that the success or otherwise of any stabilising 
equipment can be fully judged only from a number 
of records extending over many varieties of 
weather and covering, in particular, all angles, 
between zero and 180 deg., of the wave movement 
t o the ship's course. On page 325 we reproduce 
nine rolling records of the "Conte di Savoia " 
covering a period from January, 1933, to Feb­
ruary, 1934. It will be not ed that the performance 
of the stabilisers was very variable and that it 
depended in a marked degree upon the speed of 
the ship, the state of the sea-whether regular or 
confused- and upon the direction from which the 
waves wer~ received. Perh~ps the best impression 
of t he efficiency of the gyroscopes is contained in 
the authors' summarised figures for the first 
eighteen months of the ship's operation. They 
state that the average of all average rolls with the 
stabilisers out of action was 9 · 063 deg. out-to-out. 
With the stabilisers in use the corresponding figure 
was 5· 143 deg. giving an average reduction of 
44 per cent. It would be folly to pretend that this 
average result is other than disappointing. It 
seems however that the stabilising effect of the 
gyroscopes is affected in an exceedingly complex 
manner by certain of the general characteristics 
of the ship and by other fact ors to which insufficient 
att ention may have been accorded in the first 
instance because of their obscurity. Noticeable 
in this respect is the interaction of the yawing of the 
ship on the stabilising efficiency of the gyroscopes 
~nd the disturbing effect of a stern quartering sea 
when the apparent period of the waves may become 
equal to, or greater than, the natural period of the 
ship. Recently, as the authors record, a structural 
alteration at the st ern, an improved type of auto­
matic steering gear, and the introduction of certain 
rules regarding the speed, trim, and ballasting of 
t he ship have noticeably improved t he stabilising 
efficiency. It remains to be seen whether some of 
the complex phenomena which have been noticed 
in the " Conte di Savoia " will also make themselves 
manifest in the " Isle of Sark," or whether most of 
them, as some certainly are, are ascribable to the 
fact that the stabilising equipment of t he Italian 
liner is of the gyroscopic type. 

No engineer can do other than take an interest 
in and wish success to all practical methods and 
schemes for the stabilisation of ships at sea. 
Unfortunately, as always, mere technical success 
is not sufficient by itself to ensure the adoption of 
any system. The shipowner must be convinced 
that from the strictly commercial standpoint the 
automatic stabilisation of his ships wiJl yield him 
a profit in hard cash. He may look for some of that 
profit in the reduction of damage by stress of 
weather and the better speed in rough seas which 
automatic stabilisation carries with it. I n the 
main however he will expect it to come from the 
increased patronage of the public. Colonel 
Szlumper jocularly remarked last week that if the 
" Isle of Sark's " stabilising gear is fully successful 
t he public will, no doubt, appreciate the benefit of 
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travelling by her to the extent of paying an extra 
t en shilling fare. From personal knowledge of t he 
route which she serves we are convinced that many 
passengers would be willing to meet such an addi­
t ional charge and would regard it as a sound 
investment or insurance premium. Further we 
know that the Southern Railway is certain to 
increase its already large Channel Islands traffic if 
it can do anything to improve the undoubtedly 
bad reputation which the passage enjoys. The 
public demand for automatically stabilised ships 
has not yet however arisen. The best way to 
encourage it will be to prove that automatic 
stabilisation can be accomplished in an assured and 
safe manner. On this point the public, it seems, 
still requires a considerable amount of education. 
We are not certain whether that object is likely to 
be promoted by the exhibition of a film showing the 
" Isle of Sark " rolling in a still sea ; the non­
technical mind may not find it easy to understand 
that at a touch of a switch the stabilising action of 
the fins-or a gyroscopic stabiliser for that matter 
- can be reversed into a rolling action. The tech­
nical D?ind accepts it as obvious. but even appa­
rently intelligent m em hers of the public seem 
unable, or unwilling to, understand the obvious. 
In a certain journal which, to judge by its title, 
takes veracity as its wat chword, we find tLe 
stabilising gear of the " Isle of Sark " described as 
consisting of " great, fin·like bilge keels hinged to 
the hull and connected with a gyroscope, the action 
of which opens them flat in the water." Our con­
t emporary expresses it self as concerned not so 
much for the passengers as for " the poor ship." 
Rolling, it says, is a natural movement of adjust­
ment to the heave of the sea. " If a ship is deprived 
of the power to adjust herself to the sea, the sea 
will precious soon adjust itself to her." It is 
unfortunate that the cause of automatic stabilisa­
tion should be at the mercy of such faulty ideas. 

L ocom ot ive Tests. 
THERE are three different methods of testing the 

capacity and efficiency of locomotives. The first 
and oldest is to run them for extended periods on 
scheduled trains, making notes of tbe consumption 
of coal and water and observing the operation of 
the mechanical details. Taken for all in all, there 
is no better method. It is the veritable experi­
mentum crucis, for it tests the machine under the 
actual conditions of service, and discovers not only 
what it can do, but what it suffers in the doing. 
The second method is that known as the " constant 
speed " or " Continental." It is similar to the 
first , in that the engine is run on the open line, 
hauling a train. The principle of this t est is the 
maintenance of steady conditions on the engine 
being tested by the employment of a second engine 
coupled t o it. By carefully controlling the power 
developed by the secondary engine, the speed 
of the primary engine may be kept constant for 
many miles with varying gradients and casual 
resistances. In both these tests a dynamometer 
car is usually employed for the recording of obser­
vations. The third method is carried out on a 
stationary engine in a test house. It is the only 
one of the three that enables a complet e scientific 
test to be made under laborat ory conditions. 
But the conditions are quite unnatural and many 
of the causes which affect the running of a locomo­
tive in service cannot even he simulated. Some of 
the~, loss of heat by radiation, as an example, 
may be estimated, but others are t oo uncertain 
to be calculated or imitated. I ndeed, it must be 
admitted that the test house test, like nearly all 
laboratory tests, is artificial. Fortunately, that 
practical defect is counterbalanced effectively by 
the accuracy with which a scientific investigation, 
not only of the engine as a whole, but of its det ails, 
can be carried out. 

In a short but excellent paper, summarised in 
our ]ast issue, which was read before Section G of 
the British Association, Mr. W. A. Stanier showed 
how the ingenuity of the engineers of t he L .M .•. 
had enabled use to be made of the dynamometer 
car for rather exceptional work. Thus be recorded 
an investigation into the effect of worn parts on 
the economic working of locomotives, which was 
carried out by testing a 4-6-0 engine at various 
periods of its life ; he mentioned also that the car 
had been used for braking t ests-which have not 
very much to do with the locomotive itself- and 
that it was a great help when the four railways 
were studying the question of standardising loco­
motive types. In fact, he made out such a strong 
case for the dynamometer car that he almost 
seemed to be challenging the advantages of scien­
tific t esting stations like that at Vitry. He says, to 
give a. particular instance, when describing the 
constant speed method : " It will be recognised 
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that t his method of testing is practlCa.lly identical 
with a. stationary test plant in so far as the engine 
working is maintained under constant conditions, 
hut it also has t he practical advantage of including 
in the test the effect of wind resistance and radia­
tion losses, so far as the locomotive is concerned.'' 
~ow the merits of a running test cannot be ques­
tiOned . The best and final t est of the sufficiency 
of a locomotive is performance in service, which 
~ve have put first in our list. Moreover, of all te~:~t!l , 
1t costs the least money, for the engine is earning 
money all the time. But i L takes many months 
to give results, and when they are given they arc 
statistical rather than scientific-if we may make 
such a. distinction. We are not unaware that t he 
statistical method of research is making headway, 
and that in the hands of experts it is capable of 
achieving very notable reRults, yet it is not likely 
ever to displace the " scientific " method when that 
method can be applied. By " scientific " we mean, 
in this case, the isolation and study of one variable 
at a. time. That can only be done under laboratory 
condition.-,, and if, as we hold, it is desirable that 
locomotives should be examined in t hat way, then 
there is no alternative to a fully equipped test 
house. 

Mr. ~ tanier is in a position to speak with more 
authority on locomotive testing machines than 
any one in three out of the four C.M.E .'s of the 
grouped railways, for be was for many years in 
close touch with the plant at Swindon. His paper 
might give the impression that his experience had 
brought him to t he conclusion that the most 
generally useful tests could be carried out on the 
road, but we suspect, in fact, that he would agree 
that every one of the three methods we have 
enumerated has its own special functions, and that 
for the full development of the locomotive all of 
them must be employed. The most conclusive of the 
t hree, we in ist, is the test in actual service over a 
long period, for it is the only one that gives econo­
mic results. A locomotive must be regarded as a 
money-making machine, and it is by its ability in 
that direction that its qualities must be judged. 
Only a prolonged period of daily service is an 
adequate t est of that quality. Neither the con­
stant speed test nor the laboratory test can supply 
t hat information, but both are desirable as p re­
liminaries to the service t est . I n the former , what 
we may call the macro effects of modification can 
be studied whilst in t he latter the micro effects 
can be investigated in a thoroughly scientific 
manner. The greater and greater the progress 
made, the more and more important do 
minutire become. When we are dealing with large 
differences broad tests suffice ; but as we get 
nearer and nearer to finality, closer and closer 
examination is necessary. Hence, however useful 
t he dynamomet er car may be in expert hands, it 
cannot remove the need for a laboratory. 

Defen c e Progr amme Con tracts. 

FoR the next few years many engineering firms 
will be engaged partly or whol1y upon the manu­
facture of material under the Government's 
Defence Programme. They will h.ave to enter into 
binding contracts with the War Office, the 
Admiralty, and the Air Ministry. ~ ome of them 
are already familiar with Government contracts, 
but many are not, and in any case the conditions 
which have been formulated for this programme 
differ materially from those of contracts which 
were placed during the war and which brought 
to some firms unconscionable profits, whilst t hey 
landed others, after the Armistice, on the border­
land of bankruptcy. The pre ent Government i. 
determined that under this programme con­
t ractors shall not be saddled with unwanted 
equipment and buildings after the completion 
of the programme, and that they shall not make 
undue profits at the expense of the nation. A 
form of contract has, therefore, been drawn up 
and certain general conditions laid down, but it 
is recognised at the same time that special circum­
stances may call for special t erms. The matter is 
of such great importance to the engineering 
industries that a clear explanation of the essential 
clauses is greatly needed, and we congratulate 
Mr. David Bremner, Director of the Briti h 
E ngineers' Association, both on the thought for 
his members which he has showed in t he prepara­
tion of an article which we print on page 327, 
and on the lucidity which he has displayed in 
it. We desire also to thank him and t he Associa­
tion for their courtesy in giving us permission to 
print this article in advance of its appearance in 
the B .E.A . Bulletin. We are convinced that every 
engineering firm which is considering a Govem­
ment contract under the Defence Programme will 
read this com menta.ry with interest and advantage. 
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Letters to the Editor. 
( We do not hold ourselves respo1UJible for the opinions of our correspondent8.) 

ROAD ACCI DENTS ANO HOAD D ESIGN. 

Sra,-In tho excellent HUJnnu~•·y of I h<' roacl p•·obi(IJn 
which you gave in your is>iu<' of th<' 11 th in,.;t. you nwn­
tioned tho " tlit~ul>trous effe<'t of leaving it possibl<' for tho 
reckless to maintain speed over a n important crossing." 
May I crave space to point out two different approache~ 
to t he problem of traffic control that exist. Ono i~:~ 

American and aims at providing motorists with a b road 
and easy path ft'oe of all strain except that of oboying 
signals (supposccUy). We are taking our cue from this. 

The other is Con tinental and imposes a. great strain on 
t he reckless by forcing them to obey a navigating rule in 
built-up a reas which has a. marked effect on their standard 
of driving. 

In consequence, while London it~ blockading ovon its 
side streets, whore traffic is light, with signaiR, P aris 
manages the j 1mction of two art.eries like R aspail and 

Montparnasso, where eight rondK ronverge, without light!! 
or police control. 

The navigating rule is not that recommended at one 
time by the Automobile Association, but is the samo as t he 
rule at sea. and is now used all over Europe. Even American 
cities are adopting it. Unfortunately many drivers in 
this country t~till go by the obsolete A.A. nue, with the 
consequence that at cross roads without signals the 
problem Briti11h pedestrians are up against is this :­
Pedestrian P looking A-wards to avoid B is in danger from 
motorist C looking D -wards to see if he can cut in in front 
of E. . 

Thus, so long as we pursue our insular course, we have 
no alternative but to pile on signals until there is nothing 
left but to blast down all our cities and ancient momunents 
and build anow, by which time most motorists will be in the 
air. R. D. AnomBALD, 

D.Sc., M.I.E.E., ARr:~oc. M. InsL. C.E. 
Devonpot'li, Soptomber 21st. 

Sm,- In a leading article, " R oad Accidents and R oad 
Design," in the current issue, you state that the reduction 
in accidents (in 1936) cannot by any means be traced to 
the 30-mile speed limit. 

It is somewhat difficult to reconcile this statement with 
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tho evidence afforded by a. comparison of the monthly 
fatal accident. figures for 1935 a nd the previous years. 

If t.he average total$ of fatal accident s in each month 
for the period J 931- :34 be plot.ted again.'!t those for 1935 

a very rlccidod br<>ttk betwoon the two rnrv<'FI in March 
will be noU>d. }'or January and F(lbt'uary, 19:15, tho total,; 
of fatal accidents were about I :, per cent. above I he 
average for t he previoUR four years, but from March 
onwards thoy wore, except for a peak in No,•ember. 
between 10 por <'ent. and 20 per cont. bt>low the avorago 
for 1931- 34. 

An examination of the weekly totals for 1936 and thi~ 
year, published by The Times a.H a graph, .. howA t.he 
improvement was continued during January and FEibruary, 
1936, but ceased in March. Since then, of course, the 
figures this year compare with the period in 1935, when the 
speed limit wa~ in operation. 

The!IO graphs tJhow clearly that the improvement in t ho 
accident rate started suddenly, during the same month 
that the speed limit was b rought into operation, and that 
it has been maintained at about the same rate. The 
increase of the accident rate of 1936 over 1935 from April 
onwards being roughly proportional to t ho inrrea'!ecl 
number of vehicles registered. 
If the curvos be plotted for total accidentR, 1931- 35, a 

Rimilar but less striking result is obtained. 
An examination of the curves showR, I think, beyond 

reasonable doubt, that speed control, in t he form of t he 
30-mile limit, was responsible for a great part of the 
reduction in accidents last year. 

If the very mild and not very strictly enforced 30-milc 
limit in built-up areas achieved a. J 5 per cent. improvement 
in the fatal a ccident rate, it is surely clear that a more 
strictly enforced general speed control would lead to a 
much greater reduction. H . L . B URTON. 

Weybridgo, September 14th. 

SMOKE FR0:\1 DOMESTIC GRATE . 

Sm,-In your issue of Septombor IIth r<'ference wa~ 
made to a speech by Dr. A. G. Rw~ton at a conference of 
the Sanitary I nspectors' Association in which he declared 
t hat " 1 cwt. out of every ton of coal bought by the 
ot·dina.ry houReholder goes up the chimney unconsuroed." 

Dr. R uston appa rently assumes that all domestic 
appliances a re both inefficient and smoke-producing. 
This is, however, very far from being the ca;;e. Great 
progress has been made recently in the design and 
efficiency of these appliances, and many of them, .,.tably 
cookers, hot water boilers, and plant for central heating, 
are now entirely smokeless. 

Smoke is admittedly a nuisance, but in the first place 
by no means all of it is produced by domestic fires, and 
to the credit of the open coal fire must be set its comfort 
and cheerfulness a.nd the efficient ventilation it ensures. 

T his Council is financing research, which is now being 
carried on at the Goverrunent Fuel R.esearch Station at 
Greenwich, into the possibility of burning ordinary coal 
smokelcssly in the domestic grato, and I should like to 
take this opportunity of reminding your readers that t he 
services of the Council's engineers a.re available, en tirely 
free of any charge or obligation, to assist consumers of 
cool in reducing smoke em ission and obtaining the best 
value for the money they spend on fuel. 

FoR THE CoAL UTILISATION C o uNciL, 

WILLJAM R. CORDON, 

London, September 14th. Diroctor. 

SCIENCE AND SOCIETY. 

Sm,-Sir Jo!!ia.h Stamp's address to'the British Associa­
tion, e.s reported in your number of September 11th. 
contains points which Ahould not be allowed to pa ~ 
unchallenged by the engineering profession. 

There appearR to be an attompt to exonerate the 
economist--and presumably tho financier or banker­
and di titribute the responsibility and blame for the present 
sorry state of affairs among doctors, buRinc~ll men. 
politicians, Acientists, chemists, and engineers. No doubt 
they a re responsible as individuals, but it is difficult to see 
how they are responsible in their professional capacity­
with the possible exception of t he politicians. 

W e are advised that" if we o.re to avoid trouble we muRt 
ta.ke trouble--scientific trouble," and yet engineers, when 
they take an interest in social affairs commence " per­
forming miracles with fancy currencies and their blue 
prints reminiscen t of t he chemical engineer " and " have 
not much greater aptitude as amateur miniAters of fore­
sight than !!tatesmen would have planning research." 
And finally there is the astounding statement t ho.t 
"economic Bnd political provision is the moRt difficu lt 
and precarious because it needs a. technique different from 
his own and is not given by the light of Nature. " 

Surely all this amounts to an attempt to sto.ve off the 
a pplication of sound reasoning so badly required in 
politics and economics and to disparage the resulting 
conclusions. The engineer and others accustomed to deal 
with Nature and natural laws at close quarters are com­
pelled by training and habit to practise logical rea soning 
and to distinguish between cause and effect so t hat they 
soon locate t.ho trouble as one of distribution and t he 
money system. 

There are two points in Sir J osia.h Stamp's address which 
show faulty reasoning. First, the statement that 
" machinery made more employment, in the long nm, 
than it cle~:~troycd." No one should know better t han Sir 
Josia.h Stamp that the idea that t.ho purpo11e of a mnrhine 
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is Lo make work or create employment iH erroneous and 
<'qually so whether we consider a. single unit machine or U1o 
t'conomic system a.s one largo machine designed to fulfil n 
specific function as economic·o.lly t\"4 possible. It is vory 
mu('h !l.!i t.hough wo t.ried t.o wot·k ou t.he nssumption Lho.t. 
Lhe purpose of a motor ca.x· is to consume petrol. Furt.her, 
tho ~:~tatornont. ignores tho present. low efficiency of th<' 
industrial system considered as a whole; no authorit.y 
on the Hubjcct puts tho figure higher than 10 per cent.. HO 

I hat it amounts to this, that. nine out of every ten men 
\\or king t\rO merely busy cha>1ing each other around and 
tnwonsciously maqking the inoOiri<>ncy of tht' cconomi<' 
MJI!lom and the real la.bour-savin~ pO!iSibilities of 
mnchin<'rv. 

• 
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The other point in the address is the suggestion that 
only by the fortunate chance of a. benevolent diota.tor can 
wo havo certain benefit.s which at•e possible, e.g., 2in. addcd 
to t.ho 1werage stature o.nd 7 lb. or 8 lb. to tho avera.go 
weight. of the population. If o. dioLo.tor can bring thi11 
result o.nd democracy co.nnot, it is evidence that there is o. 
defect. in the mechanism by whi<'h the will of the peoplc 
>~hould ho made effective. Tho greatest service that l\n 
l'ngint'or, or anyone else for tha.t matter, can offer hiM 
ft,llow" to-day is advice that. will remedy this d<>fa<'t nnd 
make the will of tha people <'ff<'<'tivo-as it should bo in a 
d!lmO<'rac·y. P. R. MASSON, 

A.M.J. Ml'<'h. E .• M.I. Mar. K 
Birmingham, epternber 18th . 

The Building Exhibition. 

Tll l ·~ twt'ntieth annual Building Exhibition which 
opum•d at Olympia on '1\TC'<ln e>Rday, , 'optomb(lt' 16th, 

iH fr·om the spectacular point of viow certainly t\n 
Pxuntplo of the mod<'rn a r t of <li~:~play. A la t·ge n wnbcr 
of t.h<' stande:; have been spociull y dC'signe<l by arch i. 
t Pets nnd a ll are of a type ttt. on eo ambitious a n<l 
s triking. The main featmo of t\n exhibition stand is 
to <'ttll atlonlion to the pt·oduct~ of the <'xhibitor, both 
hy it s own appearance and by t ho background which 
it fonns for the goods displayt'd. In addition to thcso 
ctualit it's everywhere in ovicl<,nco, the stands hav<' 
th is your boon utilised to attract attention in tl. 

J>tt rt iculnrly novel fashion by moan.~ of their height, 
nnd many of them extend upward1-1 some 20ft. or HO, 
t hor·<'by standing out from tho lower majority in t\ 
m annor likely to a t.ir'acL Lho attention. Threo 
hundr·o<l and eighty-si.x exhibitors occupy the wholo 
o f t ho Ur·ancl H all, including t ho annexe and gallery , 
and t lw g rotmd floor of the N aLiona l H a ll. T his is 
not f~ larger aroa than was occupiC'd before, but tt 

mor<' tightly packed ono, owin g to the gangway 
spaco having boon reduced to make way for sixty 
a<ld.itional stands. It is believc<l to bo the most com­
p rohonsivo exhibition of architooturo and building in 
the worl<l and the la rgest ttnd old<'st privatflly-nrn 
tmdo oxhibition in t.hiH CO\uttr·y. 

Bcrrr.nxNu Rt~SJM.n.cn. 

Tlw solocLion o f out~tanding foat.Lu·os fo r description 
from an exhibition of this kind is not an ea, y taRk, 
but tho D epa r tment. of ScionWic and Indu<;trial 
R esearch has arranged what is certainly an out­
standing di'Splay in tho gallcJ'Y. l\1ost of the work on 
building research carr.ie<l out tmder the Departrn(lnt 
is done at tho Building Research 'tation , but certain 
in vestigations, in part.ioulat· work on acoustics, aro 
carried out at the Nationul Physical L aboratory in 
closo collaboration with tho Building Re.qoarch 
Station, while the study of timbor is t ho task of tho 
l!'orosL Pro<lncts R esearch Laboratory. AJl th ree 
organisation.'-\ of the D epartmen t aro taking part. 
The sect.ion of t he exhibit for which the Building 
:Research Station is rcsponsiblo illustrates recent 
work on plastering ma.toria ls, concrete aggregates, 
t ho driving of reinforced coner<'te piles, the roeasur '· 
mont of small movements in structures, the weather­
ing of building stones an<l the heating of buil<lingH. 
'J'ho National Physical Laboratory oxhibit dE-als with 
the reduction of noise in buildings, including, amon g 
other itoms, t.ho rcducLion of impact n oises, such as 
foot~:~t.eps , by the use of a floating floor, the reduction 
of n oiso transmitted by ven t ilating ducts, a nd tho u"<' 
and tc•Hting of sound absorbing materials. The third 
l--ection of the exhibit, supplied by the Forest Products 
R csC'arch Laboratory, covMs the correct seasoning 
of timber for use in variou1:1 parts of buildings, wood­
wod<ing, inRcct pe ts , dry rot , and wood preservation. 
A ftlahU'e of the exhibit is the number of modolR 
shown, and in the section on architectural acoustics 
t ho viHiLor iA able to toRt for h irnRelf, b y working 
models, the efficiency of variouH methods for reducing 
noiso. Some of tho oxhibit.H aro illustra ted by 
shor t. cinema 6lms. 

Anothor oxhibit of ·inton•sL iH that of the British 
Granito an<l 'Vhinstono .l<'l'doration, which is an 
organisation of the loading gnmit<' and whinstono 
qunrrio.-; in Great Britain. Ono of it!i first activitiNI 
ha:-~ been to form a Research <.:ommittca in order to 
eo-ordinal <' the work of rosoorch d €'partmentl'l 
o.ttaclwd to quarries within tho F cd(wation ; to follow 
tho cour~o of Government an<l othor ro)i;carch in 
rolaLion to the Federation 'H producLs; and. to provide 
\L"oful Lcchnical data both for memb<'rs and fo r· p ro­
.-;pccLive and actual users of tho ston <'. Invo.'ltigations 
rocontly carrie<l out int.o tho b(IIHtviour of concreto 
havo emphasised the importance of the choico and 
the grading of the aggregate, a nd the particular suit­
ability of hard s tone of the granite type has been 
p1·owd in th<>ory and in practice. I t is ~ignificant how 
often reconlly, when a first-class concrete has been 
roquirod for important constructional work, the eugi­
ll~'<'r has spl'cificd an aggrega to of the granite type, 
uv<>n whon it has meant traMport.ing the stone somo 
hun<lrod.s of miles. Pract.icaJ tests, tC'stcd specimen.'! 
of concrote, an<l phoLogt·aphs of sotn(' of these workH 
ttrf' tlw c·h iof fea turel'! of t.ho F NlArA.tion'H d isplay. 'fhH 

pMmNtbility of concr·C'to and mortars and t.he movo­
mon t. of concrete and mortar owin g to changa of 
moiHturC' content arA demoMt ral<'d daily at the stand. 
Spocimons are shown aft.or te.qting in compression, 
lmdor impact Rhowing t.he effect of toughness-in 
fi re, an d a fter being in tho sea for ten yearR. A cluo 
t.o why concrete m ado of g ra n ite and whinstone givN; 
parLicularly good J'<'sv.lts in t hcso and other tests is 
contained in a series of colom od photomicrographs of 
f'ine powders and thin H<'Clions of concl'eto. 

The noccs ity for rapid communication within liH' 
modern la rge office building is a rnattel' of the fir·>~t 
importa nce, an d one way in which t h is problem is 
Holved is demonstrated in u. convincing ma ruter at tlw 
~o~t.and of the Reliance 'J'olophono Company, Ltd., t\ 
subsidio.ry of th o Gonentl Electric Company, L td. 
H er·o are found RC~lianco tolophone systems to suit 
tho particular noods of any organisation. Full di1·cc·t 
inHtnntaneous intercommu nication is provided simply 
by prossing a button or tlU·ning a dial. Variou." 
U.K<.:. automatic telop hon<1 exchanges, with oapaciti<'s 
from five to one thousand lines, can be seen und<' r 
acl\ ra l working condition...,. 

Woon-WonKLN"o MACHINERY. 

Porhaps one of the outstanding sections of tho 
Exhibition this year iH devoted to wood-working 
machinory of va rious kindN, and undoubtedly a groat 
offorL has been made Lo bring those machines up to 
date, both as to automatic working and as to safety 
in use, th us rivalling tho machine tool and the prcsA 
tool, both of which havo shown the lead of rocen L 
years in t hese matters. A typical oxample is the hand 
and power feed planing machine exhibited by Thoma."! 
Robinson and on, L td ., of Rochdale, an d illustrated 
in F ig. l. The principal foatW'O of the machine is the 
ptl.tC~nt cutter block. I t has o. relieved back an<l 
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FIG. 1- PLANJNG MAC HINE- ROBINSON 

opora.tos with a shearing ac· t ion sh~t t>cl to givC\ oasi111' 
a nd cl<~ancr cutting t han t.ho moro orciinary circular· 
block. T h iR is a.ccount.<'cl for by the s lightly oval 
sC'ction of t,ho cutLer block, which loave.q behind each 
cu.ttot· t\ gradually diminishing ~:~pace between t lw 
cutting circlo and t.ho body of t.he block. W hon t ll(l 
cutter block is running, a. vacuwn is formc<l in t his 
HpaCO which ha.-5 t.ho c•ffcct of l'lUCking t he timber down 
to tho tablo as it pass<''~ ovot• the cutters. Ampl<· 
clearance is p r·ovided fo1· honing or whetting-up tho 
cuttC~rs. The block is provide<l with a pair of plain 
cut lOt's and will take mould cutt er~o~ up to 5in. wid<• 
at. t ho front. 

Tho Clttter spindlo is 1110\Ulto<l in heavy ball bear·­
ings enclosed in dustproof hotL'3ings, and is balanced 
dynamically at its running spoed . The preSSW'OH, 
boLh beforo and after t he block, are of the concentr ic 
typo, moWlted so that it is impossible for t hem to 
foul the cutter-s. 'fhey can bo oasily r<~movod for· 
moulding. 

Tho powcr feed roUe~ aro of steol, 3!in. iliametor, 
and covN· the full width of the table. They are drivC'n 
by an enclosed roller chain. The fron t roller is loadNl 
by W(~ights and levers to obtain a uniform pressur<\. 
Thr<'O rates of feed, name>Jy, 16ft., 33ft., and 46ft. 
por minuto a re prov ided Lhrough a self-containNl, 
goar·-box. The fence iH a iTo.nged to cant up to 
45 deg., has quick parn llol ttdjnRtm ont across t.lu~ 
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table a nd can bo locked in a ny desired position. A 
tolosdopic cutter guard m use<l. The top in-feed t~blo 
is made w ider than tho cutter block, and provideR 
ample sup port for stock being robatod. F or pattern­
making it can be cantncl ~:~lightly to give tho necessary 
~-;trip or draw. . . . . 

The thick.nessing or lower· table t!:l carrrcd an vert teal 
s lides a nd t he supporting Hcrews are m onnt.0d on 
ball t.hru."t boarings. Larg<' nnt i-friction roller:'!, 3in . 
diamotor, which oxtond tlw full wiclth of tho t~blt>. 
aro provi<lcd. Thoy a.rn mounted on ball bearmg~<. 
a nd can bo a.dj\L'ltcd Himultl\noously by mMnH of ~~ 
ha nd wh<•ol an<l )';crow. Ext<•n.~ion rollers a r<\ fittA•d 
at. the in -food and out-f<lOd ond::l. Thfl uppor tablos 
for hand feed planing a ro provided with s t rol lips. 
so t ha t the gap over· Lho cuLter block can bfl rocluc0d 
t.o a minimum. 

Another intor€'sting mttchino sh own by ThomaK 
R obinson and Son, [.tel., is tho precision saw b0nch, 
illus trated in Fig. 2, a us<·ful feat ure of which i ~-> quu. 

J 
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FIG. 2 - SAWING MAC HINE- ROBINSON 

the saw spindle can ts llp f,o 45 dog., with t.ho table in 
the horizontal p osition. Tho m otor is m ounted 
directly on the saw Fipindl<•, and is of 4 H .P. Tho 
spindle bearings are hoavy-duty ball type, f' ndoscd 
in d ustproof housings. T he t a ble has a front part, 
which can be moved on roller' or can be locked in 
position by m eans of a. spring ~:~top. I t is designed 
so that accurate alignment with tho back or stationary 
portion of the table is a lways maintained. The saw 
gap may be op ened up to 4in., to a llow a cutter block 
to be used for moulding, tonguing, grooving, beading, 
&c., or a special saw may bo used for grooving, &c. 
Tho top saw guard is of specia l design, and if> raisod 
and lowered by crank handlo and Rcrew. The hingocl 
fron t, plate can be tW'ned ovor, !'nabling t he Haw to 
be removed without the gultrd having to bP raixNl 
bodily. An adjUJ:Itable noso pi<'C<' is also provid<'cl . 

Another intMrsting ~:~Land in tho wood-working 
machinery Rection is that of Wadkin and ('o., of 
U re~n-Iane 'Vorks, Lcic<>stor. R er <' onE' of the m ost. 
intN'f.'l-lt ing <>xh ibits iR the combined surfacing and 
thicknN~Ring machine', i llm~t ral!'d in Figs. 3, 4, nnd 5. 

FIG. 3-THICKN ESSER DRIVE- WADK IN 

The tables are accurately groun<l to a dead flat finis h, 
and have horizontal draw-out motion for convenionco 
in changing and sharpening cntters . Each table haR 
a lso a rising and falling mot.ion, a nd the table edgos 
adjacent to the cutters a ro 6ttod with steel l ip plat<>s. 
Index scales are provided on boU\ tables to indicato 
tho exact am ount of tho v<•rtical movement. in relation 
to the cutter block. WhC'n l'C'(tuired, the front tab l<' 
can be arranged t o cant for taper planing. This 
scrE\w m ethod of canting n ot only a llows tho tabl<• to 
be ndjw;tod to the COI'J'C'CL height. with a minimum of 
trouble, but t.he ra is ing Horew al~o~o serves to lock t hH 
tablo d own on to mar hinocl fnceR, thus mainLninin~ 
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proper alignment. The cutter block is of the circular 
safety type arrangod to give a shearing cut. It is of 
the two.knife pattern, and designed to support the 
knives up to the od gc-. It consists of a steel forging 
carried in ball bearings, and has a 5in. diameter 
cutting circle. A special arrangement a llows it to 
take moulding cutters without upsetting the ordinary 
planing knives. A cutter setting device allows the 
knives to be set in or out of the b lock by micrometer 
screw motion. 

The thickncssing table is mounted on broad slidE's 
on each side of the main frame, a nd is raised and 
lowered 9.in. by hand wheel. An index scale regist~rs 
the exact thickness of timber being planed. 

Carrier rolls are p roviderl at both ends of the table 
for supporting long wodc In addition , the table iA 
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A brake is fitted on the cutt<" r spindle to bring it 
to rest 'vhen required, and an improved form of 
positive cuttor· lock lc-:~ons the time taken to change 
cutters. Tho h\blo is hoavily ribbed to prevent dis· 
tortion. It. is carried on broad machined slides and 
adjusts up and down by hand wheel and screw. A 
centre p late is lot into it to allow the cutter to sink 
below the table for moulding. The former pin is 
infinitely variable up to a. given maximum, to allow 
of different sinkings with superimposed t emplates 
or format'S, using a parallel pin. Alternatively, a 
two·diametor pin can be used, which, in conjunction 
with the variable height, allows of cutting two 
different recesses of the sam e contour, as well as 
s inking and w1dorcutting. A hand lever immediately 
under the front of Lho table arljn,'l tA the pin inst.untly 
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tion of intorost. Fig. 7 shows a typical oxy.acetylone 
cutter at work on t\ cha~<;~ frame. 

B uiLDING M ATERIALS. 

Tho buil<ling materials section include's ~>omo 
interesting exhibits, and horo G. A. Harvey and Co. 
(London), Ltd., a re exhibiting an office manufactured 
from steel partitioning double.cased and with sound­
insulating mate-rial between. I t is claimed to afford 
the a r•chitc-ct and contractor an c>asy and efficient 
m oan:; of dividing floors in the modern building, which 
to-day a ro stntctur·ally a series of fire-resisting floo t·s 
supported on st c-01 stanchions. With p ermanent 
partitioning, tho architect and tenan t a re ofton 
involved in cost ly inconvenience when it becomes 
nc•cossttJ'.Y to VM.Y 1 ho allocation of floor Rpaco to suit 

FIGS. 4 AND 5 - SURFACING AND THICKNESSING MAC HINE, FRONT AND BACK VIEWS - WADKIN 

provide(L with two anti-friction rollc-n:;, both being 
a rranged with a. smaU vortical adjustment obtained 
simultaneow;ly on both rollers by means of one-hand 
wheel at tho foeding-in e-nd of the machine. 

A "> shown in Fig. 3, the rollet'S are d riven by a. single 
chain. The gear-box provides for three speeds of 
20ft., 30ft., and 46ft. a. minute, and the speeds can 
be varied whilst the feed is in operation. All the 
gears are steel, machine cut a nd run continuously in 
oil. 

The fonco can ts np to 45 dog. a nd is designed to 
give rigidity in a ll positioru;. It is quickly adjustable 
across tho tablo by hand wheel, and the method of 
holding and b~1iding it avoids the need for a vco 

FIG. 6 - ROUTER- WADKIN 

slot in the table. Lover han<lles lock it in any 
dcsired position on tho table. 

Another intm·osting machine exhibited by W adkin 
and Co. is the IJigh-:-~poed router illustrated in Fig. 6. 
The head, as shown, consists of a rotor built on a 
ground s tool spindle running in ball bearings, the 
lower bearing being placed close enough to the cutter 
to obviato whip. 

The head slides on a film of oil on wide vee slide­
ways, and is brought down and locked by a foot 
treadle. A touch on an auxiliary too pedal disengages 
a ratchet holding the head, which is counterbalanced 
so that it rises out of tho work automatically. 

A range of fom· stops control tho head movements, 
a ny of which can be sckcted by hand lever. A furtl1er 
stop gives equal dopLh of cut, irrespective of varia­
tions in tho thickness of tho s tock. All chips are dis­
lodged from tho face o f the work immediately they 
are m ado by a blower incorporated in the head. 

to the required height, and also causes it to disappear 
below the ta.ble surface after use. 

Tho motor is a B.T.H. squirrel-cage unit, controlled 
by a Brookhir:it contactor op~rated by push buttons. 
the s top button can be locked to prevent una utho­
rised use of tho machine. 

BUILDERS' PLANT A.ND EQUIPMENT. 

Turning to t ho section devoted to the builder and 
to the machines displayed for his use, concrete mixors 
and a llied machines at·e much to the fore. Concrete 
in various forms is tho m o!>t popular building material 
to-day and is available in a var·iety of types, colours, 
and forms, as bricks a nd in shoots for special dutios, 
and in various ornamental types. On the stand of 
Ransomcs and Rapier, L td ., an extensive range of 
mixor~ is shown, as woU as a l cubic yard" RapieR " 
410 excavator, which, owing to its four -purpose front 
end equipment, may bo used with a s ingle attachment 
for sewer construction, pipe laying, levelling founda­
tions, road grading, site clearance, craneage, and 
practically any form of earth moving encountered in 
building contt·acts ancl estate development. I t has 
p1·oved exceedingly popular. Its weight is 7 tons. 
Two trav<'l speeds are provided, while a fluid coupling 
of tho V ulcan inclair type can be incorporated if 
desired. A 6/4 cubic foot tilting drum type concrete 
mixe1· with barrow hois t is also shown with its interest­
ing design of power loadcw. All winding gear for the 
skip is at a low level and no overhead shaft or structure 
is needed, thus a llowing the skip to rise:~ to a very 
s teep t\nglC>. This machine is capable of dealing with 
loads of 5 cwt. at l 00- 200ft. per minute simul­
taneous ly with mixing. I t is fitted with a 5 H.P. 
Listor engine. 

R. H . N oal and Co., Ltd., of Plant H ouso, London, 
are also exhibiting an excavator, this time of i-ya r·d 
capacity. ThiR is a half.cir·cle slowing model, particu­
lal'ly ~uitcd for building work, as it can work much 
closee to obstructions than tho full.circle model, 
owing to tho a.bsonco of tail swing. The samo bucket 
can bo usod for skimmcw, back.acter, and navvy, and 
a lthough only a nominal .}-yard cube capacity, tho 
high speed of working givos it an output claimed to 
be equivalent to most ·i-yar'd machines. The machine 
shown is powered by a " Listcr " C.I. engine. 

There are a lso shown the latest models of tho 
'' Rapid " tubular· mast platf01·m hois ts, with rotating 
platforms, and Apecial geared winches, and a. new 
platform hoist, specially designed for use with tubular 
scaffolding, and tho firm's totally enclosed concrf\t C' 

• miX Or . 
The :stand of tho British Oxygen Company is sot 

out to show the utility of oxygen and dissolved 
acetylene in the building trades. Actual equipment 
on viow to demonstrate the valuc of theso gases 
includes welding, cutting and lead burning plant, 
oxygen cutting machine-s, a nd fla re lights . In addition, 
a comprehensive selection of welding and hard facing 
materials is available for· inspection and t est, as well 
as specimens of work done with the aid of the equip­
menL. Demonstrators, who are all experts in their 
particular fields, a re at hand to show vi.c;itors the 
operation or technique of a ny oxy-acetylene applica -

individual requirements. With theso s teel part itions 
th.i~ problem is s imply solved, as the units are inter­
changeable and ena ble any rearrangement to b" 
effected a t a nogug ible cost. 

Another interesting stand in t he materialc; section 
i.-; that of Pilkington Brothers, Ltd., of , ' t. Helen.-., 
Lancashire, who are exhjbiting " armour plat<'" 
and toughcnc<.l glass. The firm is also exhibiting a 
range of glass bricks for building purposes, called by 
tho nam o " I Mulight." The toughened glass, which 
is available in a range of twelve tints, is of heat· 
resisting quality and, it is thought, should havo a 
wide application for flood lighting and st.agc ligh t ing. 
I t is cla imed to bo twice as strong as ordinary glass 
of tho sAm o thickness and at temperatures as high tls 

150 dog. CenL. is said to be unaffected whon sprayod 
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. 
with cold waLor. T he glasses are of two kinds : 
toughened Stippolito selenium glass and tough C>ned 
coloured sheet glass. They a re about tin. thick and 
are supplied in shoots 24in. by 18in. 

Tho " Insulight " glass brick is hollow and the 
internal space is p artially vacuous, thus increasing 
insulation against sound, heat, and cold. I t is scaled 
with metal and the mortar bear ing surfaces aro coated 
with a specia l gritty materia l, which ensures a high 
degree of bond botwcon tho mortar and the gla&'i. 
Erection, it is stated, presents no technical difficnltiE's . 
Glass masonry i.-; claimed to have a ll the hygienic 
advantages of glass, the surface being non-poro\L'> and 
incapable of absorbing odours, water, or greaSE\ or 
of tran.<:,mitting air or gases. 

The amom1t of light t ransmitted by the various 
patterns varies from 73 · 4 per cent. to 84 por cent .. , 
and owing to the surface variations this is well 
diffused. 

UP to the end of Auguf.lt eighteen vessels aggregating 
76,000 groRs tons h~ve been launched thi>~ year on the Tyne. 
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Rolling of the s.s. " Conte di 
Savoia." * 

By Dr.-Ing. R. nE SANTIS and Dr.-lng. M. RUSSO. 

As is well known, the Italian turbine-driven linor 
" Conte di Savoia., " which was placed in the express 
passenger service between Genoa. and New York in 
November, 1932, is fitted with a. Sperry gyro-stabiliser 
plant, comprising three independent oqual units arranged 
in a. separate compartment located directly forward of 
the engine-room a.t a.n averago distance of about 50· 50 m. 
from the stem. :Fig. 1 show~ the longitudinal profilo 
and general dimensions of the vessel ; the shaded area. 
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THE ENGINEER 

(b) The three gyroscopes were then successively put 
in operation in forced precession and in synchronism 
with the natural period of roll of the ship until tho 
maximum angle a: of heeling was reached. The gyroscopes 
were then stopped and the curve of natural decrement of 
roll was drawn. 

(c) T he ship was then brought Qack to the maximum 
heeling angle Cl above mentioned, a.nd one gyroscope 
'\Vas put on to extinguish the oscillatory movement of 
the ship. In this manner the curve of forced decrement 
of roll wa.s obtained. 

T he two curves mentioned in (b) and (c) served to 
determine: 

( 1) The ship's rolling period. 
(2) The decrement «·P between the side angle of the 

ship IX (measured from the mean vertical), and the sub-
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FIG. 1- LONGITUDINAL PROFILE OF THE CONTE DJ SAVOIA 

at the stem indicating the filling out of deadwood effected 
in 1934 in order to make the vessel steadier on its course 
when sailing in a. rough following sea.. 

Table I shows the characteristics of the ship a.nd of 
the gyro-stabiliser plant : 

TABLE I. 
A.-Ship Data. 

Water line length (Lg) .. 
Muximum breadth (l) .. 
Conditions at time of departure : 

244· 10 m. 
29· 20 m. 

41,7 50 metric tons 
9 ·50 m. 

Displacement, fully loaded (Do) 
:\lean draught, fully loaded (io) .. 
:\[eta.centric height, fully loaded 

(r.a)o .. 0 ·96m. 
Complete roll period (To) . . 26 sec. 
Drifting area (A0 ) • • . . • • 2,224 square metros 

Average conditions during a crossing : 
Displacement (D) . . . . 40,100 metric tons 
Draught (i) . . . . 9 · 20 m. 
:\letacentric height (r-a) 0· 63 m. 
Roll period ('t') . . . . 28 sec. 
Drifting area (A). . 2, 137 square metre!! 
Rudder area (u) . . 27 · 60 square metres 
Value of the ratio (C7/A0 ) 1/81 

Bilge keels : 
Length ( ).) .. 
Breadth .. 
Total effective surface 
Value of the ratio (:A{Lg) 

. . 
50 m. 
0· 90 m. 
90 square metros 
1/4· 88 

B.-Characteristics of the Sperry Stabilisers. 

Number of independent equal gyro-
scopes 

Weight of rotol'S .. 
Diameter of rotol'S 
Polar moment of inertia of the rotol'S 

Maximum number ofr.p.m. 
Corresponding rotation speed 

. . 

:\Iaximum kinetic moment of the 
rotol'S 

3 
344 tons 
3 · 96 m. 
3 x 198,052 kilo. 

metres squared 
910 
95·4 radians por 

second 

3 x 18,894,160 kilo. 
metres squared 
(radians) per 

second 

sequent angle p attained at the opposite side, with free 
rolling ship. 

(3) The analogous decrement Cl·)' with stabilised ship. 
(4) The quenching power of each stabiliser. This was 

given by: 
(Ct -y)- (a: -P)=P -y. 

The contract fixed a quenching power of 4 · 7 dog. 
with the three stabilisers in operation at 910 r.p.m. 
on the assumption of a " characteristic product, " for ship 
under full load (metric tons of displacement X feet of 
metacentric height X seconds of complete rolling period), 
not excee<ling 2,160,000. 

Owing to the practical difficulties of having the ship 
with full load, it was agreed to put her at least in the 
following condition :-
D = 34,000 tons, 't' = 24 sec., r-a.= 0 ·8ft., which figures 
correspond to a. characteristic product of 652,800. 

With the ship under these conditions, only one of the 
three gyroscopes (rotor at 910 r.p.m.) should have pro­
duced a. roll quenching power of 4 · 7 deg. For the purpose 
of these tests, however, it was finally agreed to assume 
that the quenching power would vary in inverse propor­
tion to the actual characteristic product and in direct 
proportion to the actual number of rotor revolutions. 

RESULTS OF THE TEST. 

Locality of the Trial$; Genoa Offing. 
Displacement (D) . . . . 38,000 tons 
.Metacentric height (r-a) . . . . 2 ·296ft. 
Period (-r) 28 sec. 
Resultant characteristic product 2,4,41,880 ton foot 

seconds 
Following the procedure previously mentioned we 

obtained: 
or: = 19 dog. after ten simple oscillations 

(/J-yh = 1· 03 deg. with No. 1 gyro in operation 
(/J-Yl: = 1· 20 deg. with No. 2 gyro in operation 
({J -y)) = 1 · 08 de g. with No. 3 gyro in operation 

Therefore, average P-y= 1·103 deg. with the rotors 
at 800 r .p.m. 
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The instrument generally conf!ists of a gyroscopic pen­
dulum whose natural period is so long that the compara­
tively short period of the ship 's motion will not affect it. 
The indication of the yaw is introduced by a small motor 
controlled by the repeating system of the gyroscopic 
compass. With a. similar device, i.e., with a repeating 
motor operated directly by the precession of the stabiliser, 
the indication of the angle of precession is introduced. 

The recordings of the apparatus and their reference 
to the constant intervals of time provide a. continuous 
diagram which not only permits the measuring of the 
amplitude and period of the movements, but a.Lc;o com­
parisons of the behaviour of the vessel with and without 
stabiliser action. Fig. 2 shows a. specimen of a recorder 
diagram with the reference scales indicated. 

According to the contract, during the sea trials a 
sufficient numher of diagrams were obtained with free 
and stabilised roll so as to present a complete picture of 
all sea weather conditions which might cause free rolling, 
ranging from 6 deg. to 22 deg. measured from the vertical. 

The comparison experiments were carried out according 
to the following procedure :-

(a.) During the first fifteen minutes of the tests a record 
d iagram was taken representing the movements of t·he 

Time 

Roll 

Vow 

Precession 

'- ... 
Swau• Se 

FIG . 2 - SPECJMEN OF ROLL · PITCH RECORD 

vessel with the stabiliser off (rotors in motion and pre­
cession zero). 

(b) During the subsequent fifteen minutes a. corre­
sponding diagram was taken representing the stabilisers 
in regular precession. 

(c) The average values of the rolling (ship's free roll 
and ship's stabilised roll) were obtained by measuring 
from these cliagra.ms the total amplitudes of the complete 
oscillations from side to side, calculating the a ri thmetical 
average and dividing by two. 

The gyro-stabiliser plant was to be considered satis­
factory, if the simple rolling did not exceed 3 deg. as the 
grand average of all the trials thus conducted. 

REl\URKS AND DATA COLLECTED IN NAVIGATION (SEE 
T ABLE ll). 

For each comparison trial, besides taking diagrams 
such as Fig. 2, the following characteristics of the ship , 
stabilisers, sea, and wind, were either calculated or noted. 

Free Ship.-(a.) The maximum transverse amplitude 
of roll (total rolling angle from side to side) was measured 
on the part of the diagram reproducing roll. 

Maximum processional speed when 
the gyroscope is in a vertical 

Time. 

position . . . . 0 · 2$ •·adian per 
second 

:\laximum ant.i-roll gyroscopic couple: 

3 x 
1 8·:~!·1160 x 0 · 28 = 1,620,000 kilo. metres 

= 1,620 ton metres 

C.-Weight a1td Space Taken up by the Stabiliser Pl4nt. 
Tons. 

The weight of each gyroscope is as follows :­
Gyroscope, procession gear, and ore.kes . . . . 156 
Motor generator set . . . . 11 
Auxiliaries (S\vitchboards, oil and water pumps, 

filters, coolers, and piping) . . . . 60 

Total . . . . . . . . 
ToLal weight of the gyroscopic plant 
Two turbo-dynamos (860 kW) for 

Lhree motor generator sets .. 

. . . . 
• • 0 • 

foed ing Lhe 

217 
651 

40 

Grand total . . . . . . 691 
The weight of the !ltabiliser plant corresponds to 1· 72 

per cent. of the average displacement of the ship. 
The volume of the compartment housing the plant 

totals 1900 cubic metres, or 1· 4 per cent. of the gross 
tonnage of the vessel. 

Q UENCHING POWER OF GYROSCOPES IN STILL WATER. 

A test was prescribed by the purchasing contract for 
the purpo e of evaluating and detennining the quenching 
action caused by the stabilisers on the rolling motion of 
the ship. 

Quenching power is meant as the difference between 
the increment or decrement of free roll and the forced 
increment or decroment when the stabiliser is in operation 
during the first half period of roll after the ship has left 
the p osition of maximum inclination. 

For practical reasons it was preferred to measure the 
decrement instead of the increment of the roll. 

The test was carried out as follows :--
(a.) The value of r-a was first determined by inclining 

the ship while lying at anchor in still water. 

• From a paper presented at the int.ernntione.l meeting of 
the Society of Naval Architects and Marine Engineel'S, New 
York, September 14th to 19th. 
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FIG. 3-DIAGRAM SHOWING ROLLING IN BEAM SEA 
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FIG. 4 - PITCHING AND ROLLING IN WAVES ACTING ON THE BOW 

Contractual quenching power, determined as above, 
for each of the three gyroscopes : 

800 652,800 
4 · 7 X 910 X 2,441,880 = 1 ·104 deg. 

The actual quenching power during the tests corre­
sponded almost exactly to the contro.ct requirement. 

SEA TRIALS, CONTRACT TER111S. 
The stabiliser plant is equipped, within the same room, 

with a. Sperry roll, pitch, and precession recorder pro­
viding a permanent record of the periodic amplitude of 
the ship's roll, pitch and yaw and angle of precession of 
any one of the three stabilisers. This r ecorder also 
indicates the time a t equal intervals of ten seconds each. 

(b) The average roll wa::; obtained by measuring on 
the portion of the said diagram all the total rolling angles. 

Stabilised Ship.- ( c) As in (a.). 
(d) As in (b). 
(e) The number of rotor revolut ions was noterl by 

periodic readingR of the continuous revolution counter. 
(f) A verago course of the vessel. 
(g) Strength and direction of tho wind as judged by the 

deck officer on watch. 
(h) Strength and direction of the sea as noted on the 

bridge. 
(i) The actual average length of waves L (as average 

of several observations) was determined as follows:--
(1) The wa.vo crest was sighted from the upper deck 

with a semi-circular sighting instrument, thus determining 



t ho anglo «of tho wave diJ·cc·tion with the intendod cour11o 
of the ship. 

(2) T ho period of encounter Trt (i.e., tllo time required 
by a wave t.o roach Lho point. whoro f he p rovious on o11 
encountered tho hull) wo.~:~ dot.ot·rn inocl with a. chronometer . 

(3) Tho average speed of Lho ship (; wl\s calculated 
both on Lho number of propollo•· •·ovolutionH and t,he u aua.l 
calc\Jla.tions of the ship '11 11ta.fT. • 

(4 ) With the a.fore~:~aid olomontH t.ho a ctua l w1wo 
longLh W(\lj obtained according to the following formu la :-

L 

where V (speed of advance of Lho WII.V<I) i>~ connect.ed with 
the length L by the following formula :-

V JrJ L 
2 n' 

(l) 'l'ho height, h of tho WtWCH (u.vorago of Heverul 
obsorvationa) was obtained by ob11orving from tho lower 
docks (when the Rhip was in t\ wM·o t rough), the posit.ion 
of the wave crest, and roughly comparing it with somo 
k nown height of the hull. In viow of Lho evident difficulty 
of obtaining reliable measurements, the obser·vations woro 
conducted from Lwo points; lho averages t.hu.<J obtained 
were gonorally very clo1<c. 

(m) Tho wave slope 0 wu:~ obtained according to tho 
known formula. for trochoido.l WIWO!l- O=n H /L, 0 being 
Lho angle of the ta~gent at. tho wave inflection point 
to the hor·izontal line. 

T H E EN G I N E E R 

g rca.Lor difficulty. l n Table 11 the doubtful or mi1111Cd 
ob11orva.tions of the wave particulars are indica.Led with 
int<.>rroga.tion points. I n the H&mo table aro recorded 
the result!:! of fourteen official compariaon tests with froo 
and sto.b iHsed ship. The ship's spood wa.s held consto.nt 
for a.Jl tho tests at about 26 · 15 knot!'! with negligible 
nuctuo.tions from trial to Lrial. 

l•'ig. 5 shows portions of diagram~:~ corresponding Lo 
t~omo of the observations recorded in Tahle II. 

ANALYIWl OF THE 0BSEitvATIO.NS: GENERAL Jtl!:liiAltK!-1 

ON WINDS ANO \VAVF:S. 

The UHua.l Atlantic route followed by the " Conto di 
Htwoia " from Gibraltar to Now York iH R.long tho 38 dog. 
N. paro.llPI, while for tho return trip it i :~ approximately 
along tho 40 deg. N. paro..llol in ordor t.o ta ke advantage 
o.s much as possible of the south branch of the Gulf Stroo.m, 
which, acting in tho direction of tho ship's comso, aids hot· 
pro gross. 

AA iA well known, tho inton.<JiLy of the Oulf Str·oam 
gradually d ecreases along the 40 d og. parallel, becoming 
negligible near tho Azores (30 dog. W. Greenwich). 'J'ho 
:~hip'R obser vations confirmed the fact indicated on tho 
pilot'R charts that westerly winds and seas prevai l on 
t.ho Atlantic zone comprising the turual ship's route11. 
In thiA connection, it will suffice to mention that in 
thirty-oight Atlan tic crossings, including Lwo winter 
seasons, rough seas o.nd strong windR coming from tho 

'l'AJJL~ H. 

' z f RE.f. RoLL S TA61LIZEO RoLL PARTICUL ARS PARTICULAR~ 
WEATHfR CoNDITIONS NVM8( R Of oc:o MAXIMUM Mf OIUM IIAliMVM Mt OIU M ~(VOlVTIOMI 3111~·~ OF WAVf .S Of 51111' w _ WINO U A la I- AM, liTUO( 4MPliTUO[ AI>II'\.I TVO( AH,liTUD( OF Tt1( OUI.I( Lm Hm.e.,..., o, ... (~~) ..J.;, 

c~ OF . OlL or ROlL or ~OlL or ROLL ROTO·~ ( q) ea \ <b\ ( C ) ( d. ) (e ) (r) (q ) (hl (\l tt\ (m l ( n ) ( o ) l P ) 

1- { 
.s· - 4 }6' - - WSfl w.sw (oniu.s~d J t'a - l'fod , r a lt' 

900 go· - 1 ' ' 39.500 0.66 2& 
7. oo' 3. os' s 4 . . .sr uall.s. 

2-{ - &. so• i . as· ~w ltou~h J t'a -ltt'9ular wav~.s 
&80- 890 90' ~~ HO 4·5 .... 7· 39.500 0. 6& 26.5 - ht~h ~on.stant wind. 

~a· - 6 . 6° 4 4 

3-{ - 6.so· 2 .o 35' .SI~~p rt'~ular w a vt'.s go• SW ~w • • 26.5 1 2 . s o• • 880- 890 104 4-5 t--7.~ 39.8 0-6& 4.&& - luj h con.st anf wind. 9.o· • 4 4 - 2.45 

4-1 
13. o• 5. 21: -a .o· z.ae• ~w SW l?ou~h in c-rt'a .sin9' .ua. 

880· 890 go• 120 14-5 ~6:40 39.8 o. .. 26.5 i J . s· 6. 2· -b{ - - 4 4 .Stron~ wtna'. 
H . 5• J .os· 

s-{ ~ s. s· a. 6' - - w w l?ouf111 Fo!lowin9 .ua 9i0 95' ? ? ' 39 600 0. 67 2!>.S -
6 . o' 2.39" 3 3 • . . ,.,~ular wav~.s -11~11 wind. -

:a{ u . 7' 6 .72' - -- n .a· s.u· &&0·&90 SW .SW Ht9h irrt'!JUiar .sn~ . 
6· 

~ 26 .5° 9 .64' 
HS' - l&O 8 ? -a' ? 4Q.Z70 0.71 2l6 - 5· 6 6 - 7 . • .Siron~ w lna' .srua ll.s. 

n .f 6 . 91 ' OHM[D 

·{ U .J • H .J• - -- 24. 0° 10. s. Stor m . l(~qvy irrt'fflll trr 

7· lbj 21. '. &.1'' - - 8&0- 890 ag• ~w .SW 
1f01 • wtrvt'.s c11nl"u st>d a'tr t>c-lton. 

?_3. 7 · 7. 1' - I? 7. 30 39.570 0.64 29 6 · 7 7 - 8 • Wt>ry l't~ra t7n d trr~u 
t z• .1' H 91" - - ClwriMII 'l2 .4' • . 72' /a r wi n a'. 

raJ. %7. s' . 
H .a· -

6 '1 
- - 4 5 . o· •••• N" NW 21. ~· H . 7" - 910 go· 4.0 .., -7.'3o' 59.900 0.62 26.S fl":~vy.ua. R'~u/ar wavt'.s - -- - 45.5' 4 . .s· 5 5 ..slron~ constant wtnd. • a .•• u .s - -

9 I~ a{ - - u .s· 1.4· 
• it .•• 34 . 0 - - NW NW 

/ { 21. o• • 910 gs· i70 7 • • Ht>avy .ua rt'~t~lal' w.rv~.s - - 6.90 - -7. 50 4i.OOO 0.71 26.5 
24. o• u .t• 5·6 6 - 7 .JI " " n ~ wtiu¥. - -- - 11. o• 5.45" 

iO-{ 15 . 0° 6 .7· - - NW NW 910 90" fZO 5 • • /?()(lgh .ua. R~ular rww.s - -7. 30 41.000 0.71 24 - - 10 . s · t .4· 5 - '+ s 1&111 1111/UI' .Jf &lt:T/t.s . 

H-{ - - ~ 6. o· •••• WNW 6 9i0 gQ" 1 7 ? 
l'f~gf'f'tl/~ l'~f&lh/" W# VI'.J . 

• • (ONFUUD 4UOC 0. 71 B 
2~ . 5 7.97 • . • ( M llnuons !!)h i w;;ut .SfU<rl/.s - · - I 

tal. 22 . " • 7. 57' 
I - -

12 ' ~ 
u .o· 9. 93' 

go' 
w~w 

HHIV!f i'~I/OWII'nf irr~~V/171' - • a. o· 6. 49" 910 'NSW 7 ? 1 ? • 13. 2'+' 
3UOO 0.64 30 27 . .5 

. . . Jftl • JlrM~ 111111~ .s't~a//.s . - (ONFUS!:D • a. o· '···· 
bt{ 

ta.s· 12 . 90' - -- 20 . o· a.s· NW 13 9i0 go· 
'{ H .o· 41 . 6. -- 6 - z z. o' a.os• 

14 - { 
u .o• 6.9%' - .SW 9i0 go· -

' - 9.o· Z.7' 

(n) 'J'ho d i>~placemenL J) of f.ho ~;hip waa Laken from t ho 
capacity plan on which the fu(l), froHh water, provisions, 
and t.Ulolt water ballast conditionR woro kept. up to date 
according to the daily ullaging in the double bottoms and 
tanks. 

(o) T ho initial metacentric height. r-a was calculated 
with roliahle approximation by the above-m(>ntioned plaM. 

(p) The average roll period of the sh ip ,. was taken 
from examination of tho diagram11. 

(q) Summary of the condition of the sea and wind. 
At timoa t he wave characteristics wore not taken with 

t~e required precision , owing to tho peculiar sea. concii­
tlons. Also, a.a it was important to avoid d isturbing 
L~e pal!songors by carrying out experiments during day 
t1me, some observations woro obtained at night under 

• Nonl.-1'ablo indicating tho slrt,ngth of tho wind and 1!<'11 
uur·ing lho trials:-

Wind. Sea. 
0 •• . . <.:aim .. • • . . • • • • <.:a lm 
I • • Li((h t brcc~u • • • Smooth • • 
:! • • . . Modoralo brcCt.l' . . • • , light swell 
a • • • • Moderate wine! . . • • • • Rwell 
4 • • • • Fresh wind • • • • Hathor rough . . 
(j Sfrong wind . . • • Rough 
6 . . . . Stormy wino . . • • • • Vory rough 
7 . . . . Gale .. • • . . ' . . . High 
8 • • • • Strong gulo • • • • • • Very high 
0 • • • • R urricano • • • • Raging 

H~IIV!ffonl'us~d J~" irrt>p l11r 
NW6 • • WI#V~.J. H111i1 WI#II~ :S a'tr;o~/1~11 

(ONfUlll HO? 71 - 7. 30 )9.500 O.ii 30 • 4 5 • .rl' lht' f lltll'/ t'l' 
vvini .s ~t~all.s . 

SW 
190 6· ? 

_,. 
39.100 

JiO&tfh .St'a. ~~flll/al' 11/IIV~~ 
& 0.59 24 Con.slant ml1df'ral t> win tt. 

,.,,,.,. ao. 

ell.F!t, or adjacent qua.drantH, wer·e encountered only Lwico. 
T ho following is a. gono,·o.l doHcription of the seas and wind#! 
prevailing on the Gulf Stream cout·ae a1:1 compared with 
the usua l conditions encountered from the Azores to 
the coast of Portugal. 

I n tho former zono wave11 are accompanied with rather 
violent winds o.nd squalls, which constantly o.nd suddenly 
change in direction and intensity. The wave formationH 
a re difficult to identify and appear with broken and foamy 
lops. T here a.re often Rim\lltancous t rains of waves 
differing in chara cteristics and direction. At times su ch 
diroction11 are even opposite and can bo recognised by 
small shor t waves of in ogula.r p rofile over riding and 
d eforming the larger fot·mo.t.ionH. T his kind of agito.tion 
i1> Uliuo.Jly termed by acamen " conf\IHed sea." T ho forces 
duo to Huch a confused soa, being tho continuously variable 
resultant of several components of a non-periodic character, 
cause the ship to assumo complex and disordered move­
ments wh ich will bo hoftor o.no.lyAed in tho HCction on 
" Stem Quarte ring Sea." 

On the con trary, in I ho A tlnn tic zone, ox tend inp; 
approximately from tho Azores to the PortuguoHO coa>~t, 
W<'ll-dofined wave systems p revail during stormy HCaH 
accompanied by s trong winds of coni inuous chnracter. 
The features of theso wavo systems rnay be eaHily osti­
mo.ted. It is in this zone t.haL the classic " dead soa " 
(residuum of preceding stormA) often appears with largo 
wo.voR having regular p rofile a.nd constant direction and 
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poriod. Tho ro>~ulL of tho tlction on tho t~hi p iH ~~ r<.>gular 
oHc· ill~~oting pendulum movement. 

C'HAilACTI1RISTICS OF TU~ \,V AVgs. 

J•'r·om our obHorvo.LionH wo have found : 
(a) l n actual practice the wave formationH are 1:1eldorn 

regular. Groups of waves of a pproximate uniformity 
Me followed by othor groups or individual wo.vos which 
difTor from tho preceding onod. [ t is difficult, generally, 
to ascertain whothM tho succession of such differing 
group~:~ followH ovon a n approximate law. l n aU event:~ 
Ruch irregularity is romarko.blo along the route plil'd by 
t.ho " Con to di Savortl." on hor Gulf. tream cour-<o. 

(b) The actual maximum wo.vo length oncounfored 
Aoldom exceeded 200 m ., tho longest wo.ves ob11orved 
during a. westbound croHHing having lengths of 300 m. 
AA to minimum wavo longth, none was observed Ahorter 
Lhn.n from 90 m. to l 00 m. 

(c) The actual period of tho wt.we:,~ oncounLered agreed 
c· losoly with the lengtb according to the known ratio : 

T J2 n L. 
(I 

Thili was proved as follows :-
With waves progressing in a direction opposite to the 

>~h ip 's course, tho actual period of the wave was calculated 
from f.he measurement of the period of encounter and 
from the ship '~:~ speed. Furthermore, the actual wave 
length was evaluated by sighting the po;;ition along the 
s hip of the crests of Lwo subsequent waves. The two 
clomontA calc\1la.ted in this way aorvccl to check Lho 
formula. 

In accordance with tho above the vo.luo!! of t-ho porioc.IF; 
were about twelve secondtl maximum and about. seven 
to eight seconds minimum. 

(d) Though, as above stated, lho obsorvo.tio011 on 
the heights of the waves, po.1·t.icularly along tho Gulf 
Stream, were particularly difficult, noverthelo>J~. o.t least, 
as fn.r as the ob~:~orvo.tions on which it is possible to rely 
are concerned, heights of I 0 m . to ll m. represent. a 
maximum value a!:l regards waves 180 m. long. 

(e) Tho ma.ximum wo.vo slope found WQ'J about 10 dog. 
for waves lOO m. to 200 m. long. 

RELATIONS EETWJ~EN W AVES AND San>. 

As tho current theory ho.s established , practical no.vigu.· 
tion has confirmed t.ha.t accentuated rolling occurs when 
thoro is resonance between tho wave period and the 
actual t ransverse poriod of the ship. In speaking of Lhe 
ofTectR of resonance with wave period we do not mean 
tho real period, but tho apparent one or period of encounter 
of the wave with tho hull . The latter evidently dopcnd.'i 
on the ship's speed and on tho wave direction as compared 
with the ship 's courso direction (see " Remarks and Data 
Collected in Navigation "). W e considered tho " Conte di 
So.voio.'s" complete period of r oll, in average conditions 
of navigation, as abo\Jt. twenty-eight seconds, basing thi1:1 
value on the results of tho oscillating trials in still wator·. 
We may add that m oro than once in the Atlantic and in 
t he Mediterranean, in order to determine the natural 
d ocroase of roll, with running ship, thoro were conducted 
artificial rolling trials b y tho stabilisers ; thus it wac; 
easy to got the real value of the ahip 's period, which 
resulted very closely to that previously determined of 
about twenty-eigh t sccon&. 

H t•: A l\1 E N f) I:)!.: A. 

T he maximwn !!i:to of t.ho w1WO formations ah·eady 
mentioned having beam di1·ocLion d o not cause the " Con to 
di Ao.voia " to ho.vo rolling movements of remo.rlcl\blc 
n.mplitudo. 

T he wave poriod>1 differ H<> much in rospcc•t to t.ho 
average ship 't! period (twonty-eight seconds) that coi.ncid­
onco between the two pcriodA is not at all possible. In 
order to realise Rynchronism with a beam ~ea, waves 
800 m. long would be required, while during tho thirty­
eight Atlantic crossings in which we have participated 
the maximum length of 300 m. hac; never beon HUrpa.sc;ed, 
as above stated. We may add that a. sea of this kind was 
judged by the comma.nder of tho "Conto di So.voia " 
a s one of the worAt he had rnet wiLh in m oro than thirty 
years of navigation. 

A beam end sea- that iH, perpendicular or· nearly HO t.o 
tho ship- is very rare and cn.u>~CA in p ro.rtice a r ather 
regu lar roiling ; o.lso, tho amplitude of l.ho movement 
with the largest p oHsi blo wa.vos remains goner·o.lly at a 
low value and approximately constant. 

This oscillatory movomont haR a frequency inlorm<'diato 
between the frequencies of the waves and tho ship. 
li'urthormore, when tho wavE.'s encounter tho hull tho 
previous movoment is intorrored with by a. Httrcession 
or quick beam shiftings or very amall amplitude (a fraction 
of a degree) having t.ho character of forced oscillationH. 

A portion of a diagram Hhowing the roll m ovement. 
described above is reproduced in Fig. 3. The sea, which 
appeared a lmost rogulM, had Lhe following a voras;(o 
characteristics :- L, 160 m.; H , about 6 rn.; 'I', ton 
>~Otonds . 

1t i~:~ interc!:lting to noto that Lho t\Ctual u.vorago roll 
period wo.s 18 · 8 sec., which i~:~ n.pproximatoly intermcdiatl' 
between the wave o.nd tho ship's periods. The transvM1W 
amplitudes of roll (very Mmall) averaged hardly 1· 01 dog., 
and therefore tho uae of tho slo.biliRer/4 would ha.ve beon 
11uperfiuous. On tho other hand, owing to tho small 
ro lling angle and to the irregular movement., tho stabi liser>~ 
would have performed with intermittent prece11sion a.nd 
therefore low efficiency. 

Another romarka.hlo obijervo.tion it1 Lha.t Lho courKO 
with a. beo.m end aoo. remo.inA prn.ctically unaltered, all 
Lho Hmn.IJ doviatiom; which O(·cur cu.n bo onsily corrcct.ed 
hy the l'udd er. 

How QuAH'l'J~IUNO S.~>A. 

The influence of a. bow quartering a:;o& on tho movement 
of tho ship is a more or lO!l>i accentuated pitch, while 
tho maximum amplitude!! of roll a.ro hardly perceptible 
o.nu of a. regular character. 'rho wo.ve formations from 
t.ho foro quarter:~, ovon if of con~;idoro.ble 11ize, in their 
encounter \vith o. hull p1·oroe<ling at high ~:~pocd, as t.ho 
" Con to di Savoia," carulot havo much eflect. on tho 
rolling. In this connection it iR sufficient, to note tho 
following :-

( I) T he noticeable s hor·toning of Lho apparent wtwe 
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periods makes tho possibility of synchronising with the 
ship's own p eriod, already excluded fot· beam sea , more 
remote. 

(2) The decrease of the wave slope, which according 
to theory is proportional to wave impulse, causes a smaller 
transverse moment. In fact, the formations are C\lt 
obliquely and the transverse component of the slope 
derrea!ies until it is eliminated whon the wave direction 
coincides with the ship 's direction. 

The rolling is manifested with an i.negular succession 
of transverse shifts having periods approximately equal 
to the apparent average wave period. From time to time 
a rare larger roll, having a longer p eriod, is followed 
immediately by a series of small rolls ; in general, a rlose 
correspondence can be noted between rolling of greater 
a";lplitude and maximum pitch angles. 

. The transverse m ovement of t he ship encountered 
wtth a ll the bow waves, and particularly with those 
originating right from the bow, proved in a ll cases alto­
get~er negligible and did not require the use of stabilisers. 

Fig. 4 shows the roll in waves having a period of 
encounter equal to seven seconds acting on the bow. 

PlTCBlNG . 

~he ship 's own period of pitch (measured when encoun­
termg small bow waves) maintained itself within narrow 
limit8 of about seven to eight seconds. The pitching 
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the actual wave lengths producing appreciable rolling 
vary within narrow limits, from lOO m. to 200 m. Within 
these wave lengths and at the ship 's average speed of 
26 · 5 knots, synchronism is produced with wave angles 
of about 35 deg. to 50 deg. with the ship 's course, so 
t hat the danger sector covers an arc of approximately 
15 deg. 

Before examining more closely the results of stabilisa­
tion it is useful to deal with the usual movements observed 
on board the vessel in an agitated sea, whose direction 
with the theoretical ship 's course forms an angle less than 
90 deg. 

(a ) Continuous and p eriodical deviations from the 
pre-established route occur. The values of the angular 
deviations are proportional to the sea force, being notice­
ably affected by resonance of the periods. With the same 
average size \Vaves and the same encountering angle the 
effect on the yawing is remarkably greater when crossing 
t he Gulf Stream. 

(b) Each complete deviation of route is accomplished 
in a time practically equal to the corresponding p eriod 
of each double rolling. The horizontal and transverse 
moments are thus eo-periodical, while the maximum 
resp ective amplitudes also correspond. 

(c) When yawing, the ship tends to fall parallel with 
the waves, thus the angle of leeward deviation is less 
accentuated than that to windward. Also, the leeward 
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course deviations are not of remarkable amplitude. 
The oscillat ion period is intermediate between the period 
of encounter (twenty-t\vo to twenty-three seconds 
a nd the ship 's period (about twenty-eight seconds). The 
stabilisation is very good, the roll reduction ranging up 
to a maximum of 70 per cent. 

(b) Almost regular sea with average period of encounte r 
equal to tbo ship's period-observations Nos. 8 and 9, 
(a), (b), (c), (d), Table II. 

Under these conditions the srup's free roll i8 of a rather 
regular nature, i.e., groups of oscillations of a gradually 
increasing trend and not having uniform frequency are 
interfered with by transverse maximum peaks caused 
by the action of waves, which suddenly change in size 
and direction from the normal type characterising such a 
sea. T he average oscillation period can be considered 
near enough to the ship's own period, which is of constant 
value passing from t he free to the stabilised ship. The 
course deviations of a few degrees (4 deg. to 6 deg. on each 
side) with free ship a rc reduced by stabilisation. 

Aside from the sporadic peaks mentioned , the stabilisa­
tion of the srup with the above sea may be considered 
satisfactory ; the comparison trials show reductions of 
t he rolling from a maximum of 60 per cent. with not very 
strong seas to a minimum of 50 per cent. with stormy seas. 

(c) Irregular sea (confused). (Observations Nos. 6, 
7, 12, and 13, Table II.) In t his case the phenomena 
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FIG. 5-ROLLING DIAGRAMS ILLUSTRATING SOME OF THE OBSERVATIONS IN TABLE 11 

diagrams collected have not, in general, been uniform. 
Only when the periods of encounter approach the actual 
~hip's longitudinal period do the curves representing the 
movement show a good regularity in t he increase and 
decrease of pitch amplitude and also a noticeable uni· 
formity of the periods of the single roll. I n genera l, when 
we have synchronism of t he perioc.L<J a considerable 
amplitude of pitch is observed. 

The large wave formations of n regular nature, syn­
chronising with the ship, generally p ermit the ship to 
hold her usual speed. On the contra.t·y, especially in the 
Gulf Stream, when the sea appears remarka bly irregula r, 
it is not convenient to steam at high speed because of 
danger to the structure of the hull. I n fact, sudden large 
waves causing great p itch angles are generally followed by 
small ones against which t he ship is forced to pound 
heavily. 

With periods of encounter noticeably shorter than that 
of the shi~, t he vessel pitches in her natural period of 
~even to e1ght seconds. The oscillation angles are small, 
1.e., I deg. or 2 deg. as a maximum. 

When the periods of encounter a re about half that 
of t he ship, the latter pitches somewhat irregularly at 
an average period which is intermediate between the 
two. The oscillation amplitudes show maximum limits 
of 7 deg. t o 8 deg. (total angle), while the averages a.re 
small. 

S TERN QUARTERING SEA. 

Typical roll conditions of noticeable amplitude occu1· 
only with stern quartering seas when, as established by 
theory, the apparent periods of the waves become longer 
an~ sometimes approach t he actual ship's roll p eriod. 
Tins fact is not peculia r to t he " Conte di Savoia," but 
is a general one and is well known to seamen. 

Taking as a basis a complete period of oscillation 
(average during navigation) equivalent to t wen ty-eight 
seconds, the diagram reproduced in Fig. 6 is drawn, 
from which it is possib le to determine for various wave 
lengths the angle between the wave direction a.nd the 
ship's course when synchronism occurs, such angles 
being functions of the ship's speed. 

As appears from the results of the observations con­
duc ted on board the vessel and recorded in Table II 

roll shows la rger values as compa red with those to the 
weather side. 

(d) Generally, the effect of the rudder to b ring back 
the ship on her course is scarcely efficient, particularly 
with a rough a.nd confused sea. At times tiller angles 
up to 23 deg. were necessary to stop the deviation and 
bring the ship back on her intended course. 

(e) Hand steering by t he helmsman has a lways been 
more efficient than automatic steering. 

(/) The instantaneous rotation axis of the horizonta l 
movement of the srup may be considered as being at 
a bout 60 m . from t he bow. 

These explanatory notes on the m ovements of the 

28 Knot~ 

FIG. 6 - WAVE PERIOD AND SHIP PERIOD 

ship in following seas are very important because they 
greatly influence the rate of stabilisation attainable. 

NOTES ON THE EFFICIENCY AND RESULTS OF 
ST ARU.ISA'l'ION. 

(a) Normal sea with average period of encounter 
lower t han the srup's period. (Observation No. 14, 
Table II.) 

Under t hese conditions the J•olling appears rather 
regular with small and constant increments, while the 

are very variable a nd irregular ; consequently, the 
stabilisation rate is somewha t low. 

T he diagrams of rolling with free ship present a ll t he 
following main characQteristics :-

(1) The roll does not follow a bsolutely a uniform law 
with regard to the values of the increments and decrements 
in the succession of the oscillations. The differences 
appear very often excessive (differences up to 15 deg. 
have been noted between the amplitude of two consecutive 
rolls). Even with following waves w hose slopes, as far 
as the effect of causing the roll is concerned, may be 
considered negligible, an excessive roll has occurred with 
extremely variable increments. 

(2) The ship's oscillation periods a re always ditierent 
as t hey succeed one another, with considerable irregulat· 
variations, and therefore exclude any possible uniform 
periodicity. 

(3) Course deviations of a. noticeable amplitude (up 
to 25 deg. total angle) accompany t he rolling. 

Moments of dangerous synchronism between per iods 
of encount-er and the ship's period, with conRequent 
heavy de,riations from the route, are interposed by 
moments of relative calm with m inimum regular oscilla­
tions soon followed by peaks of heavy listing due to the 
approach of waves having different characteristics as to 
direction, size, a nd period. 

In these short moments of maximum beam inclination 
we believe that the yawing action above mentioned ha.q a 
remarkable influence on the roll. Furthermore, it should 
be pointed out that the stabilising effect of the gyroscope 
is evidently reduced as to efficiency, because the precession 
movement, whose period is not variable from instant to 
instant, cannot follow the irregular period of the ship's 
movement. 

Therefore, it may be deduced that the resonance 
situation of the periods is one of the most dangerous, 
both because the impulses causing the listing act syn­
chronously a.nd because important route deviations 
occur which introduce new transverse forces (centrifugal 
forces) in addition to the foregoing. In view of t h is it 
appears useful to modify the average period of encounter 
by changing the speed of advance or the route direction 
(see formula in " R emarks and Data. Collected in Naviga­
tion "). The benefit realised by an adequate reduction • 
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of the ship's speed is apparent from the following results 
observed in service :-

Ship's Average Mnximum 
speed, knots. amplit-ude of x·oll, amplitude of roll, 

deg. deg. 
26·5 . . 12·30 . . • • 31 · 0 
24·6 . . . . 8·60 20·5 
23·5 . . 4·98 24·5 
22·5 4·60 . . • • 17·0 

Jt. should be noted fuxther that a. reduction of the speed 
not only diminishes the period of encounter, but also 
increases the ship's period, and therefore has a. twofold 
offect in preventing a. dangerous state of synchronism. 

GENERAL RESULTS OF TRE STABILISATION OF THE SHIP. 

The general results attained with the stabiliser plant 
during the first eighteen months of operation of the 
'' Conte di Savoia. "were as follows:-

Average of all averages of free ship, 9·063 deg. (total 
angle) ; averages of all averages of stabilised ship, 
5 ·143 deg. (total angle) ; with an average reduction of 
the roll of 44 per cent. 

IMPROVEMENTS DEVELOPED BY TirE OWNERS TO I NCREASE 
THE ANTI-ROLLING QUALITIES OF TEE SBJP. 

From e. practical point of view, and as a. direct con­
sequence of the observations made, the Ita.lia. Steamship 
Company adopted the following means of improving the 
general anti-rolling features of the ship, with particular 
consideration to the most unfavouxable sea condition.q, 
i.e., confused following sea :-

(a) Filling out the deadwood as shown in Fig. 1, which, 
by increasing the drift plane, partially reduces the tendency 
of the ship to fall off her course. The position and shape 
of this fin have been determined after numerous experi­
ments conducted in the Rome National Tanlt with an 
experimental apparatus especially designed and built. 

(b) Decrease of the ship's speed when subject to a con­
fused following sea. This has enabled us to reduce the 
extent of the period of encounter and consequently to 
avoid the resonance with the ship's own period of roll. 

A further result has been a reduction of the centrifugal 
force due to the incipient deviation of the ship from her 
course, which force combines with the lateral fluid reaction 
and forms an inclining couple tending to heel the ship. 

It is useful to remember that the centrifugal force, 
when all other circumstances are unaltered, increases 
according to the second power of the ship's speed. 

The slackening of the speed under the above circum· 
stances will not interfere with the regularity of the service, 
as the few hours lost in this way may be recovered before 
tho end of the voyage during subsequent fair weather 
by developing a. speed greater than normal. This is 
possible because the vessel has remarkable reserve engine 
power. 

(c) To trim the ship by the stem as much as possible 
in order to increase the area of the after drift plane. 

(d) To ballast so as to lower the position of the centre 
of gravity within the limits compatible with the other 
requirements of navigation. This makes possible the 
decrease of the arm of the couple referred to under (b). 

(e) To reduce within convenient limits the number 
of revolutions of the lee-side propellers in order to minimise 
the tendency of the ship to fall parallel with the waves. 

(f) To accelerate the action of the rudder, making its 
response to the control of the helmsman prompter. With 
mechanical improvements it has been possible to increase 
the velocity of its manccuvring 28 per cent. I t is known 
that the efficiency of the rudder increases with its velocity 
of angular rotation, i.e., with the decrease of time necessary 
to turn it to a given tiller angle. 

(g) Installation of a special automatic steering device. 
Such apparatus, functioning gyroscopically, detects the 
angular velocity of the ship's deviation from her course 
and consequently steers the rudder with corresponding 
readiness and intensity. 

(h) To use particular care for the most convenient 
arrangement and distribution of liquid cargo on board, 
so as to avoid additional oscillatory movements out of 
phase with the action of the stabiliser plant. 

All these proceduxes have noticeably improved the 
stabilising efficiency of the " Conte di Savoia. " 

It is worth noting that for a. new ship which is to be 
stabilised particular attention should be paid to the 
factors affecting the route stability. In this connection 
the rudder area and power of the steering gear should be 
as large as possible. 

As recorded in Table I, the ratio of rudder area to 
drifting area for the " Conte di Savoia" is 1 to 81, which 
agrees with the usual ratio adopted for similar ships, 
such as the following :-

" J::uropa ". . . . 
" Ile de France " 
'' Rex ,, 

• • 

" Em~reaa of Britain " 
" Lus1tania. " . . . . 

. . 

. . 

. . 

. . 

1 to 82 
I to 71 
I to 77 
1 to 73 
1 to 87 

However, we think that the following formula given 
by W. J. Lovett in his book " Applied Naval Archi­
tectuxe " is quite suitable for high-speed vessels :-

Drifting area 1 
'Rudder area=Bl k ffi . t x 90. oc coe cten 

According to this formula the rudder area of the " Conte 
di Savoia. " would be 41 square metres instead of the 
actual 27 ·50 square metres. 

We believe that this greater value would have improved 
the course stability and consequently the rate of the 
stabilisation of the ship. 

CoNOLusroN. 
According to all the information '"e have obtained, 

the behavioux of the ship in a. rough sea is very complex 
and depends on many very important factors varying in 
time and space. 

Numerous studies on the subject have been published 
recently, of which the following may be mentioned :-

G. Rabbeno, " Stabilizzazione delle navi," Annali 
Vasca Na.ziona.le Roma, 1933. 

Basset and Hodgkinson, " New Studies on Ship Motion," 
" Transactions" of the Society of Naval Architects and 
Marine E ngineers, 1935. 

In these praiseworthy studies, the authors have pre-
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!:!entod their interpretation of this complex problem. 
It is not oux intention to discuss their views, but to submit 
the results of oux extensive investigations conducted \Vith 
the " Conte di Savoia.," so that students of this important 
practical problem may benefit by oux experience with the 
largest gyroscopicaUy stabilised ship. We trust that this 
information may be of assistance. 

SIXTY YEARS AGO. 

TRE name " Hell Gate " is to-day associated chiefiy 
with a bridge and a power station. Sixty years ago it 
~>till retained the significance attached to it by the early 
navigators who attempted to approach what is now New 
York by way of Long I sland Sound and the East River . 
Near the entrance to the river they encountered a reef 
projecting for 300ft. from the Long Island side. At low 
tide the reef for nearly the whole of its length lay not more 
than 12ft. below the suxface. When the tide ran fast and 
the wind was high the water fiew over the rocks in immense 
breakers anrl boiled and bubbled in a thousand eddies. 
The name given to the reef by the early navigators in 
later years offended the susceptibilities of some refined 
Americans, who proposed to alter it to " Huxl Gate." 
Fenimore Cooper who laid the scene of a sensational 
incident in one of his novels at the reef led a vigorous 
opposition to the suggestion. To-day the name remains 
as it was originally, but the reef has gone. I t disappeared 
on the afternoon of September 24th, 1876. In July, 1869, 
engineers under General Newton began the attack upon it 
by building a cofferdam between high and low water 
marks at the junction of the reef with the shore. Within 
this cofferdam they sank a shaft or pit to a. depth of 33ft. 
below low water level and from this shaft ten headings 
radiating beneath the roughly t riangular-shaped reef 
were driven. These headings were from lOft. to 22ft. 
high and had an average length of about 270ft. At every 
30ft. they were connected by cross galleries of roughly the 
same section. The total length of the headings and cross 
galleries reached 7425ft., and the excavation involved the 
removal of 47,461 cubic yards of rock by drilling and 
blasting. In the course of this work 39! miles of holes 
were drilled with the aid of compressed air and about 
59,000 lb. of blasting powder, nitro-glycerine, and other 
explosives were fired. The spoil was drawn out by mules 
and was lifted to the suxface by a steam derrick. By 
June 1875 the excavation of the headings and galleries 
was completed. The whole reef was then being supported 
on about 160 columns formed by the intersection of the 
headings with the galleries. To effect the final demolition 
of the reef the columns and the roofs of the passages were 
drilled for explosive charges. On the morning of September 
12th 1876 fifteen picked men were entrusted with the 
task of inserting the charges in the holes. Altogether, 
52,206 lb. of explosives were placed in position in 4462 
holes. The insertion of mercury fulminate detonators 
and their connection to cables completed the under­
ground work. The cables were taken to a wooden house 
containing twenty.tbree batteries, or a total of 960 cells. 
From a safe distance electrica,l communication throughout 
the excavations could be established by means of a 
secondary battery. Before the charges were fired on 
September 24th, all the workings were Hooded. The 
spectacle when they went off was not very grand. There 
was a very moderate report and not a very considerable 
upheaval of the water, but a. tremor like a mild earthquake 
was felt over a considerable distance. The reef was com­
pletely shattered and for the most part collapsed down­
wards into the headings and galler ies. Loose de&ris was 
subsequently removed by dredging. 

GOVERNMENT INSPECTION OF DAMS 
IN AMERICA. 

As a result of a. series of failures of dams some 
years ago in the United States, some of the States have 
passed laws for the inspection of existing dams and requir­
ing official endorsement of p lans for new structuxes. In 
California the law required the inspection of all existing 
dams within a. period of three years, and also the approval 
of new plans and supervision of the construction work, 
supplemented by periodical inspection of the condition 
of all dams. The only exceptions are those dams that are 
owned by the Federal Government. Under that law, 
the California. State Engineering Department has inspected 
830 dams already built, and has checked and inspected 
some 400 jobs of repair work, besides approving the 
plans for 120 new dams, whose cost has aggrega.tfld some 
£12,000,000. Of nearly 600 dams now under State super­
vision, the great majority- 379 in number-are earth 
embankments, of ordinary or hydraulic construction ; 
50 are gravity dams of masonry or concrete, 39 are loose 
rock embankments, 59 are arch dams, 34 are of the multiple 
arch and buttress types, and 27 a re of timber or miscel­
laneous types. Defects in the dams inspected are largely 
due to inadequate capacity of waste weirs or spillways, 
insufficient quality of materials and of construction work, 
and neglect of geological studies of the foundation con­
ditions. In the designs of new dams submitted for 
approval, a cuxiously common defect was the provision of 
curved waste way channels or spilhvays, even where the 

-
Height Elevation 
above Storage. above Nt\me. 

river bed. sea. level. 
Feet. Acre-feet. Feet. 

Hydraulic fill .. 295 100,000 775 Calaveras 
Rolled earth . . 194 100,000 1,371 Caialco 
Rock fill .. • • 320 56,000 1,481 San Go.briel 
Concrete gravity 350 222,000 575 Pardee 
Concrete arch .. 355 5,900 2,015 Pncoima 
Multiple arch .. 141 1.290 1,7 11 Dalton 

overfiow water would have a high velocity of Bow. Such 
design is so contrary to requirements of safety that it bad 
to be revised for approval. Of the principal types of dams, 
the largest are a~ tabulated above. 
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An Air Preheater. 

ALTHOUOR the preheating of combustion air for boiler 
furnaces may be generally looked upon as a modem 
development, Meldrums, L td., of Timperley, Manchester, 
remind us that they adopted such practice in their refuse 
destructors as long ago as 1899, and that a. plant then 
installed is still working, and raises the temperature of the 
air to some 400 deg. Fah. In these circumstances, it is 
only na.tuxal that the firm should have the experience 
necessary to meet modern requirements and to bring 
up to date existing boiler-houses. 

Such an installation, which we illustrate, is that at 
Messrs. Luca.s's factory, Spa.rkhill, Birmingham. This 
consists of two Lancashire boilers, the gases from which 
originally passed direct to the stack at a. temperature of 
over 700 deg. Fah. The air heater has been placed outside 
the building, as will be noticed from the illustration, and 
the gases are delivered int.o the existing chimney base. 
The gases are reduced to a temperature of approximately 
385 deg., the air being heated up to a. temperatuxe of 
320- 400 deg., dep ending on the load on the boilers. The 
gases make a. double pass through the heater, first vertically 
upwards through the tubes on one side, and then vertically 
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down through those on the other side. They are drawn 
through the system by means of an induced draught fan 
and delivered into t he chimney base. The air is forced 
horizontally round the tubes also in two passes, the air 
at the delivery end being adjacent to the tubes which 
carry the hottest gases. In this way both the gases and the 
air for combustion make a double pass through the heater. 
The air is collected from the top of the boilers, where it 
is at a. considerable preliminary tempera.tuxe, and delivered 
through steel ducting along the top of the boilers to the 
boiler front. 

The boilers are fitted with " Meldrum " sprinkler stokers 
with fixed grates, and the stoker fronts are of the Meldrum 
hollow pattern. Secondary air is circula ted through the 
fronts and enables perfect combustion to be obtained. 
The fire- bars a.re of a. special mixtuxe to stand the high air 
tempera.tuxe. Each stoker is driven by its own motor, 
mounted directly on the stoker front. The drive is through 
worm reduction gear and the motors drive by chain. 

As regards the saving by use of this plant, the coal con­
sumption on these two boilers originally averaged 20 tons 
per day, and consisted of double screened nuts. The price 
of this coal at the time of fitting the stokers wo.s 2 l s. 6d. 
Owing to the colliery settlement, the price to-day would be 
22s. 6d. I t was found, however, that a. cheaper class of 
fuel, namely, "peas," could be used with these stokers 
and hot air draught, at the price of 17s. 3d. p er ton, and 
the consumption was reduced to 16 tons per day. The 
sa.ving represented by the combined improved efficiency 
and the cheaper fuel represents a. total of over £2000 p er 
annum. At the same time the duty of the boilers has been 
increased, and a. very much greater output is now possible, 
whilst the steam pressuxe is maintained o.t an even figure. 

Electrical Equipment for Small 
Hoists. 

A NEW hoist for mining service has been designed 
by Holman Brothers, of Co.mborne, in collaboration with 
the British Thomson-H ouston Company, Ltd. Intended 
for service abroad as well as in this country, it incorporates 
fea.tuxes which give complete safety for lowering men, 
even in the hands of unskilled operators. As will be seen 
from the accompanying illustration, the hoist is very 
compact, and although (without control gear) it weighs 
only 1110 lb., it is capable of exerting a. mean rope pull 
of 2300 lb. a.t a. rope speed of 200ft. per minute with a. 
15 H.P. motor. The control gear, together with a. B .T.H . 
electro-hydraulic tbrustor, enables full control for raising 
and lowering to be obtained from one control gear handle 
without the necessity for manccuvring brakes or clutches. 
A B.T.H. 15 H.P. slip-ring motor with totally enclosed, 
dustproof brush gear, is coupled to the drum through a 
fiexible coupling and high-efficiency, totally enclosed, 
oil bath gearing. The brake is normally " on " and is 
lifted by the thrustor only when the motor is energised. 
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Consequently, the brake is instantly applied when the 
controller iR hrought to t ho "ofT" position, and, it is 
claimed, thore i'l no shock, a~ Lbe thrustor operates 
smoothly yet without. dangerous delay. The specially 
designed control gear is very compact, comprising a 
circuit breaker with o.mmeter, a controller, and resistances, 
enclosed in one case suitable for mining se1·vice. 'Vith an 
equipment operated by unskilled labour overspeeding 
when lowering is usually a difficulty on A.C. supplies, 
but this, it is clo.imed, is avoided by the design of the 
control gear, and by tho automatic brake operation. 
When solenoidR are used for brake mecha nisms, it is 
possible to bum them out t.hrough overload if the b rake 

ELECTRIC MINE HOIST 

is wrongly adjusted, but no such thing is possible with a 
th11Jst.or. Furthermore, the makers state, the upward 
" push " of the thrustor, as compared with the upward 
" pull " of the solenoid, simplifies the design of the brake 
mechanism in certain respects. 

THE MODEL ENGINEER EXHIBITION. 

THERE is one aspcct of the .Model Engineer Exhibition, 
which i» now open at the Royal Horticultural Hall, 
' Vestminstcr, but clo~;es on Saturday, that has, we believe, 
escaped general attention. And that is its historical 
value. Enthusiasts will always go in for the pure modelling 
of contemporary machinery and plant--that is to say, 
its reproduction on a miniature scale--and often, as is 
exemplified in the present Exhibition, these model~ are 
really faithful. Such models can be retained in museums 
for the information of future generations quite con­
veniently, whilo t.he actual machines almost inevitably 
get scrapped with t.he mo.rch of progress. · 

This year there ft.l'<' some notable exa.mples of perfect 
modelling, including especially a triple-expa.nRion marine 
Ret combined with u.n oxht\usL tm·bine, on which Mr. 
Mulhom, of Booth, L t111<'!'1., is s!lid l o have expended 
5000 hour>~ of labour. vV<> desirecl to know how he con­
trived the blading of t.ho Lurbino, but c·ould not find the 
" modeller." 'rhero aro 1nany other excellent modelR, 
including ono of an engineering workshop with its engine, 
and many petrol engines, but who.t struck us most, as 
ever, was the preponder·o.nce of locomotives. some of 
them exhibited in their embryo state. in the enthusiasm 
of their builders. It would, however, we think, be worth 
while to foster an attempt to produce less orthodox 
designs. Some of these tiny locomotives a re intended for 
traction purposes, and it L'l quite conceivable that on a. 
::~mall scale a. vertical boiler and engine with screw gearing 
would be far more effective than the normal locomotive. 
Again, there is the Sha.y locomotive used in the logging 
camps of America. '"e cannot recollect ever ha,·ing seen 
one modelled. 

Another impression gn.incd from a. tour of the E xhibition 
was an increased interest in nautical affairs. There are 
some excellent model!~ of old-fashioned historical vessels, 
alongside really beautiful model sailing racers. It was 
noteworthy that somc of these racers were fitted with 
modern steel mastl'!, but. to an old-fashioned sailor they 
do not look AO graceful n» tho!1e of wood. An interesting 
exhibit is a chart showing the numed rigs of many Scottish 
fishing boats. 

Aeroplanes, no.t.urally, p1·ovicle a n over -increasing field 
for tho modeller, and thoro is one of a. low-wing mono­
plane with a. wing spread of 8ft. 6in .. which is intended for 
an attempt on the height record. There is also the usual 
exhibit of tho Royal Air 'Forre, including some really 
c>xce!lent examplos of fitting work, and o. number of officers 
are m attendance who ar('l most courteous in answering 
questioM about training and prospect.<J in the Force. 

The number of stands devoted to the tools and machine~ 
required by the model engineer is not, perhaps, quite 
so great as usual, but that is made up for by the compre­
hensive nature of those that are there. 

We congratulate Mr. l\farshall on his exhibition, and 
imagine that with his a sociation with the electrical 
Press, his next exhibition will be even more extensive and 
popular. 

'l'BE LATE MR. A. C. HAY.-The death took place on 
September 13th, at his home in Glasgow, of Mr. Adam C. 
Hay, who for many years was managing director of R. 
and J. Dick, Ltd. , bolting manufacturers, Glasgow. Mr. 
Hay WI.UI connected wit.h the company for upwardq of 
fifty-eight. years. He entered its service as a boy, and in 
later years was ap{lointed foreman, and subsequently 
manager of the belting department. He became a 
director of the firm in 1908, on the flotation of the com­
pany, and later managing director. li'or six years pre­
viously he had been a. partner in the firm. 

THE EN G INEER 

The Defence Programme. 
CONDITIONS OF CONTRACT. 

(TH E BRlTISU ENGLNBI!:R '' A SO()IATION.•) 

THE big armnmont and other engineering firms who are 
experienced contractors to the Adroira.lty, the War Office, 
or the Air Ministry do not need any advice from us con­
cerning conditions of contract. But under the Defence 
Programme large nwnbers of contracts for war material 
\Vill be placed with engineering firms possessing litMe or 
no experience of such contracts or of manufacturing the 
particular kinds of articles which they will now be required 
to produce on a. considerable scale. In many such cases 
new machinery and even new buildings will be necessary 
for t he execution of the contract, and this introduces 
unusual complications into t.he conditions of contract. 

I n view of the imparLance of the matter, we have been 
at some pains to inform ourselves, and we believe that the 
information nnd advice given in this article may be 
helpful t.o somo of our members in dealing with con­
dition.q of cont.ract.. t.o which they a.re unaccustomed. 

BecatL'>e it would serve no practical purpose to do so, 
it is not proposed to review clause by clause t he general 
condition.q of contract used by the Admiralty, the War 
Offi<'e, nncl the Air Ministry. Their respective printed 
conditions of <'Ontro.ct for normal use are firmly estab­
lished and are unlikely to be altered. To the extent that 
they are applicable to any particular rontract, they arc 
not open to argument and the tenderer must accept them 
if he want!! the order. A large proportion of defence pro­
gramme contracts, howe,·er, will be the subject of special 
conditions of contract suited to the particular circumstances 
of the case. In the main., these special conditions are 
needed because of some departure from the normal pur­
chasing procedure, as, for example, the financing by the 
Government of new machinery and plant required by the 
con tractor for the execution of his contract. 

It is to certa.in questions arising on special conditions of 
rontract that we will now direct our attention. 

BJn;A K CLAUSE. 

Apart ft·om othor considerations, it is necessary for 
political rea.'>ons that the Government in entering into 
contracts for war material should provide against the 
possibiliLy of their commitments exceeding the national 
needs in certain eventualities which cannot be pre­
dicted. It is customary to make this provision by meaAA 
of a break clause, and it is of vital importance to the 
contractor that ho should give his careful consideration to 
the wording and implications of such a clause, when pre­
paring his tender and negotiating a contract, wlth the 
t>bject of providing against the risk of the economic basis 
of h is <'Ontract being upset by premature stoppage of pro­
duction or by changes in the volume of work and the period 
of its production. The saving to the Government effected 
hy the operation of a break clause should not be a.t the 
expPnse of the contractor, e.nd he will be well advised to 
see t.hat he is protected in this respect. This protection, 
however, muRt necessarily be limited to compensation for· 
expendittu•e actually incurred, including irrevocable 
liabilities properly undertaken in respect of a. contract, 
but whirh have not yet maturl"d fo1· payment. There can. 
of C'Onrsc. bf' no compensa.t.ion fot· t he loss of an expected 
pro6t. on the cancelled part of a c·ontract. 

I n somo ca.<Jes the risk to the cont.ractOl' has been t·ernovod 
or minirnised by dividing the contract into two or mora 
con.'lecutive period~ of time, each corresponding to a 
Rpecificcl output, an< l providing that the contracts depart­
ment conce•·ned, not less than three months before the 
expiration of n. period, shall give notice thereof if it be the 
int.ention not to require t he output contingently con­
tracted for i1t respect of the next ensuing period. ThiR, 
of course, means that there would be no break during a 
period of planned production on account of which the 
contractor had entered into financial commitments. This 
is a. valuable precedent to be borne in mind. 

Contracts under the present defence programme a.re due 
to hA completed by March 31st, 1939. 

CAPITAL EXPENOJT~RE RISKS. 

The Great War left in its train some disastrous losses of 
capital expended on additional buildings, machinery, and 
plant to meet the abnormal war demands to which peace­
t ime requirements were never likely to approximate. 

The impossibility of employing them profitably after 
the war converted a large proportion of these temporary 
a.c;sets into heavy liabilitiel'!. With this lesson in their 
minds, engineering firms are naturally very fearful of 
increasing their capital commitments for the purpose 
of expanding their p roductive capacity to meet the defence 
programme requirements. If the Government had not 
decided to relieve the contractor of this risk, where neces­
sary, it is doubtful whether it would have been possible 
to carry ont tho defence programme within the prescribed 
time. 

The Govemment have boldly met this difficulty by 
undertaking to finance a pproved additions to the con­
tractor's machinery and plant, on the condition that they 
are to be and to r0main Government property. Another 
condition iJi that the contractor shall maintain this 
Government prop<wty in serviceable condition and hold 
it at the disposal of the Government for six years from the 
date of his first contract. The maintenance expenses to 
be borne by the Government. It is recognised that it 
would bo an extravagance to allow potentially productive 
machinery, &c., to remain idle, if at any time it should be 
possible for the contractor to use the whole or any part of 
it for the execution of commercial contracts. Further­
more, the reasonable use of such machinery and plant 
would be the best way of maintaining it in good service­
a.ble condition. 

For these reasons it has been provided in special con­
ditions of contract that the Government, as and when 
occa!'lion a rises, may give permission for the whole or part 
of the productive equipment, which is the property of the 

• This artiolo wiU be printed in the next number of the 
British Engineers' Aaaocio.tion. I n view of ita importance and 
th.rou~h the courtesy of Mt·. David Bremner, we are enabled to 
print •t at onoe.-Eo, THE E. · 
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Government, to be used by the contractor in consideration 
of hil'! paying nn agreed rent.al. 

TrrF. LooATroN OF GovERNMENT F.LNANCED NEw 
MACIDNERY AND PLANT. 

As sta.t.ed above, machinery and plant financed by the 
Government will remain the properly of the Government, 
and it is only with the consent of the contracts department 
concerned that it may be used by the contractor for any 
purpoRe othe1· than tho execution of a Government con· 
tract. l t will therefore be advantageous to so place a nd 
segregat.e such new equipment that the suspension or 
curtailment of its operation may cause the least possible 
disturbance of the economical administration a.nd operation 
of the contractor's works. Such segregation will not 
alway» be practicable. In some cases una.voidable inter­
mixture and possibly even partia.l interdependence of 
machinery and plant owned by the contractor and by the 
Government respectivoly may present serious difficulties , 
in ways which will be obvious to any works manager . By 
careful thought and planning every effort should be made 
to minimise t he n umber of such cA.Ses a.nd the difficultiel'! 
a.qsociat.ed with t hem where intermixture is una.voidable. 

l tlfu{ OF Loss oF oR DAlltAOE TO GoVERNMENT 

P ROPERTY. 

Clause 4 of lhe general conditions of contract of the War· 
Office reads as follows :-

" Risk of loss of or damage to Government property. 
The contractor guarantees the due return of a.ll Govern· 
ment property i!'lsued to him, and will be responsible to 
the full value t hereof to be assessed by the Secretary of 
State for a.ll loss thereof or damage thereto from what­
ever cau»e happening while in the possession or control 
of the contractor, hiA s<'rvants, workmen or agents." 

It i» clear that the contractor might find himself in diffi­
cultie8 if he accepted this condition, as worded, in respect 
of Government-owned machinery and pla.nt used by him 
for the cxecution of a Government contract, because it 
would have been subjected to wear and tear for which no 
allowance is provided. T his difficulty has been recognised 
by the ContractR Department of the Wa.r Office, and it 
has been met in special condit.ioM applicable to t h is cla..'>s 
of contract by amending the wording in such a way as to 
require t he contractor to return Government property 
" in serviceable condition." 

Attention should be given to this point when entering 
into contracts, a nd it should be borne in mind that the 
contractor'~'> risk of losR of or damage to Government 
property is ins urabl(l. 

PRICE V ARJATION CLAUSE. 
In principle, the need for a price variation clause in 

certain circumstances is recognised , but in contracts now 
being made for completion within this financial year, i.e., 
before March 31st, 1937, engineering wages and steel price.-; 
are regarded as having been fixed for t hat period. I n 
t hese respects it is therefore unnecessary to provide for 
price variations. In the case of some costs i tems, e.g., 
non-ferrou..<~ meta.ls, where the prices are subject to con­
siderable unpredictable variations, a suitable price 
variation clause is usually included in the contract .. 

A price vo.ria.tion clause should be equitable. It is not 
intended to profit either party at the expense of the other 
party. As the '\VOrding of some price variation clauses is 
open to miRconstruction, we have drafted the following 
clo.use which is thought to be devoid of ambiguity :-

" This Lender is based on the rates of wages anc.l t he 
pl'icos of materials now ruling, and in the event of its 
being accepted o.nd o. contract being placed, any 
inerenses or decreases in the said rate or prices to the 
extent that they increase or decrease the costs act.ually 
incurred by the contractor in t he execution of the con ­
tract shall be fully compensated by countervailing 
increa.ses or decreases in the contract price or any part 
thereof in respect of which a separate price has been 
quoted in the tender." 
Contractors, however, are not all of one mind on t ho 

subject of price variation clauses. In fact, there are stron~ 
differences of opinion, not only in regard to the wordin~ 
of a clause, but a lso concerning t he desirability of makin~ 
any provision for p rice variations. In these circumstances 
it would be improper for us to express any opinion of our 
own on the question of policy, t he decision of which must. 
be left to the free discretion of the tenderer or cont ractor, 
subject only to the wishes of the purchaser. 

The wording we have suggested is merely submitted for 
tho consideration and guidance of contractors who may 
find it necessary eit.her to propose or to accept a. price 
variation rlause. 

CON'rnAO'r PatoE. 

W hen tho nature of the contract permits, the nonm\l 
system of inviting competitive tenders is adopted, and tho 
price is fixed before the cont ract is p laced. But the typical 
case with which the average engineering contractor will 
bo concomed under the defence programme is one in which 
he contracts to make and supply ar ticles for war purposes 
lying outside the Rcope of his ordinary manufacture, and 
for which ho is inc•ompetent to fix a price with reasona.ble 
accuracy. 

The practice in theRe easel'! varies. In the case of the 
War Office it is for the tenderer to prepare estimates of 
cost to the best of h is ability, and then, in consultation 
with t he contracts department, to agree upon a fixed 
maximum price, including an agreed allowance for profit. 
But it is a. condition insisted upon by the Government. 
that the contractor's costs and profit shall be subject to 
examination, and if it be found that the maximum prico 
would in fact yield more t han the approved profit, a 
redressment is made. In no circumstances will the Govern­
ment pay more t han the maximum price fL""ed in 1 he 
contract, and any loss due to the estimated costs having 
been exceeded must be borne by the contractor. 

On the other hand, it is recognised that unless there be 
some inducement to the contractor to exercise his skill 
a nd energy to reduce his costs, a very moderate standard 
of performance m ight become the rule, and t he Govern­
ment would be deprived of the benefit of possible economies. 

J.i'or theso reasons, in appropt·iate cases, any savings 
effected are shared between the Government and the con -
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tractor in 
made. 

p roportions agreed upon when the contract is 

CHAROES (ONCOST ON PRODUCTION, D ISTRIBU'l'lON, 
AND GENERAL). 

considerable value of the orders and the certainty of pay­
ment for work properly executed in accordance with the 
contra ct. 

from the power equipment and alterations to the springing 
to a.da.pt the vehicle to higher speeds than those for which 
the original design was got out : 

Wo shall be happy to givo our members a.ny further 
advice or assistance in our power. D. A. BREli1NER. TABLE H.- Operating and Shed Coau Over Six Month8 • 

The a tten tion of the reader is directed to the a rticle 
en~itl~ " ~he Defence Programme: Industry and 
Pr1ces, whic~ ap peared in t he March-April issue of t he 
B.E.A. Bullettn (Vol. 17, No. 2, page 24). With regar d to 
" Charges, 11 some points of impor tance to the con t ractor 
are put forward _on pages 27 and 28. When negotiating 
contr~ts otherwiSe than by way of ordinary competitive 
tendermg where the contract will be Jet at a definite 
tend~red p~ice, it will u sually be necessary to submit 
deta•led esttmates of costs a nd to discuss t hem with one 
of the princ~p'!'l officials of the contracts department con­
cerned. . It ts tmporta.nt that at this stage the question of 
the vartous proposed. charges and their validity should be 
ful l_y and frankly d1scus~e~, and a. clear understanding 
a~nved .at as to the permiSSible charges, otherwise serious 
difficulttel! are likely to arise at tho later stage when cost 
accounts and the amount actually to be paid by the Govern­
men t have to be agreed. We believe there is no reason 
~o anticipate a rbitrary and unfair treatment of "charges" 
•terns, provided that t he tenderer or contractor presents 
an honest case and is competent to explain how his figures 
have been a rrived at. 

PROFITS. 

~hat are profits and how a.re they to be computed ? 
Th1s question p;esen~s difficultie~ not a lways apparent at 
first s1ght. It •s destred to avo•d the financial exploita­
tion of the nation's d efence needs by those who are called 
upon to supply the things to satisfy them. I n other words 
tho public expects the Govern ment to buy their we.; 
material o.t economical prices, and to that end to resist 
a nd defeat any attempts a.t " p rofiteering. 11 When speak­
ing of this matter in its various aspects, it is customary 
for use to be me.de of numerous words a nd phrases lament­
ably lacking in definition and precision, a mongst which 
a re the following :-Profiteering, extravagan t profit fair 
and reasonable profit, legitimate profit. ' 

The truth is t hat " p rofit 11 is a relative term and a 
va1·ia ble quan tity. A dictionary definition of p rofit is 
" exc.ess of ret~~ over outlay, 11 i.e., it is relative to outlay 
a nd m quant1ty 1t may vary between wide limits fixed 
only by usage, which in its turn is merely an expression of 
the lessons of experience. T here is no such thing as an 
absolute rate of profit possessing a special ethical anction. 
It is therefore impo ible to give any precise definition to 
such phrases as " fair and reasonable profit " or " extrava­
gant ~;>rofit," tho~gh every educated business mind has, by 
exper•e':lce, a cqwred a judgment, a sense of the proper 
pr~port10ru:s and fitness of things, which enables it to per­
cen:e the _upper and low~r limitl! of permissible profit in 
a g •ven kand of transactton, of which the particulars a re 
known. .!<'or example, the man in t he street would have 
little difficulty in making ~~ his mind tha t a p rofit of 
100 per cent. on som e mumtJon of war would be a crime 
against the Government and the people ; also t hat, on 
t ho other hand, a profit of 1 por cont. would be a crime 
aga inst any reasonably efficient contractor. 

It is hoped that enough ha.~ been said to make it clear 
t hat, at any rate, for the immediate purpose of defence 
programme contracts, it would be a. sheer waste of time to 
t heorise about the ethics of profit making or to attempt to 
define a particular rate of p rofit and the method of com­
puting it which would be the one and only right and proper 
profit for general application to the defence programme 
contract!:!. 

There will be a large variety of cases in which the 
requiremo':ts ~nd the conditions will differ greatly, and 
a lt hough 1t will be possible to group t hem in a much 
smaller number of categories or classes, each of these will 
have to be dealt with on its merits. 

THE COMPUTATION OF PROFITS. 

Only in a minority of cases (chiefly aircraft and engines 
for same) will defence programme contracts account for 
the entire output of a contractor during any period. Con­
sequent!~, t~e profits, as given in the profit and loss account 
and carrted mto the ba lance sheet, will not be the profits 
to ~e examined and approved in connection with any 
pa rt •cula t· D .P . contract. T he whole of t he activities of 
the contracting firm might show a loss, whilst a D.P . 
con tract executed during ~he financial year might have 
yielded a p rofit. Alternatl\rely, the balance sheet might 
show a hand ome profit, in spite of t he fact t hat D.P. 
contracts carried out had reRulted in a heavy loss. 

The only profit with which the Government Contracts 
Departments. will properly be concerned will be the profits 
on each part1cular D.P . contract, as ascertained from the 
contractors' accounts relating to that contract. T he 
easiest case will be where it has been possible to segregate 
and operate as a sepa rate entity machinery a nd p lant 
financed and owned by the Governmen t, a nd which alone 
a re used in the execution of a particular D .P. contract. 
T he most difficult case will be where a D .P . con­
tract has been carried out with mach inery and plant 
owned partly by the contractor and partly by the 
Government, and intermixed in t he same building. 
In such cases the calculation, allocation and agreement of 
the appropriate " charges " will pre ·ent, difficulties and 
will require careful and competent consideration. 

SOME GENERAL 0BS£ltvATIONS. 

Government contractors for war materials, in this 
count~y, are exceptio~lly fortunate in having to deal with 
techn1cal and purcbas mg depa rtmen ts endowed \Vith the 
h ighest standa rds of competence and probity. 

Railcar Operation in the Argentine. 
Two oil-electric railcars were shipped by Sir W. G. 

Armstrong Whitworth o.nd Co. to the Buenos Aires 
Western Railway in the autumn of 1934. The work 
carried out by these units was described by the chairman 
of the company at its annual genera l meeting, and the 
notes have been handed to us by the makers. 

T he following table gives the general p articulars of 
the two cars :-

B.H.P. . . . . . . . . . . 
Taro weight . . . . . . . . 
Luggage space . . . . . . 
Starting T .E. (4 ·5 ad.h.) .. 
Number of passengers in railcar 
Speed . . . . . . . . . . 
Transmission . . . . . . . . 

450H.P . 
Articulated. 

450 B.H.P. 
67t tons 
55 sq. ft. 
14,000 lb. 

48 
60 m.p.h. 

Electric with 
constant 
power 
control 

Engine . . • • . . Armstrong­
Sulzer 

--- - ----

140 H .P . 
Single. 

140 B.H .P. 
31! tons 
65 sq. ft. 
6,850 lb. 

48 
40 m.p.h. 

E lectric A.B.E. 
simplified 
system 

Armstrong­
Saurer 

SERVICE OF ARTICULATED CAR. 
Thi.s car started work in the Argentine in September, 

1934, and after various trials was commissioned to operate 
a. spec ial service from Buenos Aires to Lujan for the 
Eucharistic Congress, covering 4760 miles in the fortnight. 
On October 13th, a regular daily ser vice was begun between 
Buenos Aires and B ra.ga.do of 273 miles per day. This 
?ontin~ed until Dec?mber 1st, when a preliminary engine 
mspect•on was carr1ed out to ascertain that the engine 
was " finding itself " satisfactorily. T he daily mileage 
was then increased to 335 and the service increased from 
six days per week to seven, the route being Buenos Aires 
to Neuve d e J ulio. On February 4th t he ser vice was 
again extended to Car los Cassares, some 32 miles further 
from Buenos Aires, thus raising the daily mileage to 
400 m iles. 

On April 2nd, the car was withdrawn for the periodic 
engine examination, having completed 53,000 miles. 
I n the course of this examination fifteen piston rings and 
twelve carbon brushes for the generator were replaced, 
together with one big-end shell, the white-metal of which 
showed signs of cr acking, and which it was considered 
wiser to replace. 

The same service was resumed on April 12th and was 
main tained until the second engine inspection, which 
took place a fter the vehicle had covered 89,000 miles, 
and was completed in seven days (July 15th to 21st 
i~clusive). On this occasion two piston rings and another 
b•g-end shell were changed. 

The same service of 400 miles per day was resumed 
on July 24th, and continued until November 5th, when, 
a.fter covering 126,000 miles in t h irteen mon ths without 
a ny fa.ilure of the power equipmen t , the vehicle was 
wit hdrawn for general overhaul. Such failures a.'3 did 
occttr were en tirely con fined to hot boxes, &c., a nd had 
no relation to the type of motive power employed. 

T he replacements were as follows :-
Set compression rings a nd upper scraper rings (lower 

scraper rings returned to service). 
Two valve springs. 
Set carbon brushes for traction motors. 

The greatest ova.lity recorded in checking up the crank­
shaft was less than 1/1000in. 

Up to the general overhaul no valve or valve seating 
had required truing, but only slightly seating down with 
grinding compound. At the general overhaul some of 
the valve seats were lightly recut, but none of the valves 
requ_ired more than light grinding in before returning to 
serviCe. 

Dur ing the overhaul incipient signs of failure p roved 
almost negligible--various electrical connections were 
remade, a. resistance element changed, and a certain 
number of 6exible connection replaced, in order to ensure 
the highest possible degree of reliability once the machine 
was returned to service. 

From the start of work in the Argentine until the 
overhaul (12~,000 miles), the average fuel consumption 
was 4 ·59 mtles per gallon, while the lubricating oil, 
including complete changes at the specified intervals 
and a lso for new oil after the overhaul, worked out to 
445 m.p .g., or 1· 04 per cent. of the fuel used. 

CosTs OF THE ARTICULATE.o CAR. 
Data are now available from which the complete costs 

of the 450 B.H.P . car can be arrived at, and they are 
TABLE I.- Shop Overhaul Co814 of 450 B.H.P. Railcar. 

P reliminary inspection .. 
1st engine examination .. 
2nd .. .. .. 
General overhaul : Power 

Mileage, 
approx. 

11,000 
42,000 
37,000 

36,000 

Man 
hrs. 

247 
330 
338 

2,771 

Relative 
British lllaterial. 

cost. 

£ 
14 . 1 
26· l 
26·8 

154·0 

£ 
1 · 05 

22 · 0 
l7 . 5 

107 ·2 

~ngineer~g firms who are not accustomed to doing 
busmess w1th the War Departments will find almost 
invariably that they can rely on receiving fair and reason­
a b le treatment, and valuable assistance in overcoming the 
trutial. d!fficulties of entering into a new and st range field 
of act1v1ty. 

equipment . . . . . ·l 
Account from works for 

repainting. wheel turn­
ing and sundry modifi­
cations, 3,000 dollars, 
divide, say . . . . . . 2,0 0 115 .5 7·5 

126,000 5,766 336·5 235 · 25 

It must be recognised that the business methods of 
Government Departments a re neces.'3&rily more rigid and 
p recise than those of the average commercial p urchaser, 
a lso that the expenditure of public money calls for special -
safeguards involving an elaborate system of record keeping Cost for 126,000 mil~s • .£571· 75, or 1· 09d. per mile. 
and accounting in which t he contractor has to play his shown in T ab les I and II below, in which it will be n oted 
par t at some expense. that the charg~s of certain modifications a re included. 

All this, however, is more than compensated for by the T hese were ch1efly the improvement of dust exclusion 

Labour, cleaning . . . . . . 
Inspection : 

Power, equipment . . . . 
Coaehwork and mechanical 
Axle-boxes . . . . . . 

;\laterial. cleaning, tools, &.c. 
Remainder . . . . . . . . 

Fuel, 52,439 litres. . . . . . 
L ubricants (all purposes) .. 
Driver at £14 · 45 per month, 

covering. say, 5,600 miles 
permonth .. .. .. .. 

Guard, say, as driver . . . . 

£ 
60· 1 

25· 1 
14 · I 
25·2 
16 · 9 
21 · 0 

199·5 
30·0 

. . 

. . 

. . 

• • 

. . 

. . 

• • 
. . 

Pence per 
mile. 
0 ·265 

0 . 110 
0·062 
0 · Ill 
0·075 
0 · 003 

0·716 

0· 881 
0· 132 

0·62 
0·62 

2·253 
Throughout theiie costs the charges for material have 

been translated from dollars to £ at par ( 11 · 45 dollars 
to £), and the cost of material is, therefore, equivalent 
to the prevailing cost of such material in England. Labour 
has, however, been translated according to custom at 
the rate of " a. shilling's worth of work costs 1 dollar " 
using actually 17 · 3 dollars to £, which is a. conservati ~e 
figure. The summary of t-he data. given in the tables is 
as follows :-

Operating cost . . . . . . 
Shed ,. . . . . . . 
Overhauls and shop work 

• • 

• • 

. . 2 · 253d. pCll' milo 
0·716ci. " .. 
1· 090d. .. .. 

4. 059d. .. .. 
SERVICE OF SINGLE CAR. 

The 140 B.H.P. vehicle, after running prelimina1·y 
trials and demonstrations, took up a regular duty on 
January 7th connecting Haedo, which is on the electrified 
section of the Buenos Aires Western Railway, with 
Ta.blada.. This is a. shuttle service and the introduction 
of the oil car effected considerable economies in that 
under Argen tine law, no passenger train is allowed to b~ 
pushed, and, consequently, s hunters had to be stationed 
at both these stations to assist in coupling and tmcoupling 
the steam locomotive when changing from end to end of 
the train. The railcar, being self-contained and reven;ible 
did not require this additional labour, which a.t best wa~ 
not fully employed. 

In January, 1935, an accident occurred on the electrified 
section, necessitating the temporary cutting off of current 
between two stations. The railcar was called upon to 
run a shuttle serv ice and bridge the gap as a temporary 
measure. 

On March 15th, the fir::>t engine inspection was carried 
out after the car had travelled 8350 miles. Its duty was 
resumed again on March 18th. 

On May 6th the service was changed and the car ran 
from Haedo through Ta.blado. and on to Marmot, whore 
t he Buenos Aires Western Railway connects up with 
the Buenos Aires Great Southern Railway. Thi.s change 
of ~ervice ~ave. a mileage of 1150 miles per week, and 
agal? const1tuted a. shuttle service, involving 4 · 3 mile 
sect10ns. 

The Haedo-Marmol serv ice has been maintained up 
to the present, though in July, 1935, the engine wa~ con­
verted to the new standard design of the Armstrong­
Saurer range, namely, by the application of the direct 
injection dual turbulence cylinder heads, the advantages 
of which _are clearly demonstrated by the a"erage fuel 
consumptiOn figures before and after conversion, which 
compare as follows :-

)files per gallon originally . . . . . . . . . . 5 · 3 
., ., .. after conversion . . . . . . . . 7 · 0 

It is a lso interesting to note that on the Ha.edo-Marmol 
service the ca.r is regularly called upon to haul a. cold 
storage van containing foodstuffs, and that its ability to 
do this has again resulted in a considerable economy 
in operation for the railway company. The ca.r has now 
completed so~e 47,00~ miles and ~a.s. gained the support 
of the t ravelling p ublic, to whom tt ts known as " cuca.­
racha "-flying beetle. 

• 

CosTs OF TRE SINGLE CAR. 
The operating costa of the 140 B.H.P. car cannot be 

quite so clearly classified as in the case of the 450 B .H .P. 
since it is !lot pos;;ible to segrega te the cost of cleaning 
from. routme mamtenance of the power equipment. 
Suffictent data over a short period of fifteen weeks are 
however, available a.nd shown in Table Ill but' this• 
unfortunately, does not include an engine exa~ination :~ 

TA.BLE Ill. 
Period oight weeks. 

Mileage . . . . . . . . . . . . . . . . 17 . 20. 
6·6 
0·672d. 

Fuel consumed, 2,800 gallons, miles per gallon 
Cost ?f f~el, 5?3 dollars, pence per 1uile . . . . 
Lubncatmg oil consumed, 66 · 1 gallons ratio 

lubricating oil to fuel, per cent. . . ~. . . 2 . 45 
Cost of lubric11;ting oil, say, 3s. 6d. per gallon. 

pence per mtle .. .. .. .. .. .. O· 156d. 
Cost of lubric~ting all p1111JOses, 202 dollars, 

pence per mile .. . . .. .. .. .. .. 0 . 238d. 
Labour: 

l\1?-intenance, cleaning, 875 dollars, pence per 
mile .. .. .. .. .. .. .. .. .. 0·672d. 

l.\laterial, 96· 5 dollars, pence per mile . . . . 0 · I I 3d. 

From th~ data given. in T~ble I~ t~e operating cost 
can be arnved at by mcludmg dnver s wages, cost of 
overhaulR, &c., f rom other records of the same vehicle: 

Item. Cost per mile. 
d. 

0·672 
0 · 238 

lt~uel . . . . . . . . 
Lu?ricating oil and grease: ~11 p~rp~~s : : : : 
Dnver, _250 dolliU'S per month driving. say, 25 

days m the mo~th-daily mileage 200. . . . 
Cotud, say, M dr1ver . . . . . . . . . . . . 
)faintenance material . . . . . . . . . . 
.Maintenance and cleaning labour . . . . . . 
Eng~ne examination (approx. each 20,000 

m•les) : Man hours. 150 at average cost 0 · 96 
doll~rs pe1· ~our, 144 dollar:& _; 1.\dd 50 per cent. 
for mspect1on and suporvJSion, 216 dollars 

Total, per mile • • • • • • • • • • 

0·75 
0 · 75 
0 · 113 
0·672 

0· 168 

3. 363d. 
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Markets, Notes and News. 
The prices quoted herein relate 

f.o.b. steamer. 
to bulk quantities. Unless otherwise specified home trade quotations are delivered f.o.t . Export q uotations are 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 

The International Steel Position. 

During the last few months the position of the 
Continental ste~l 1~akers has greatly improved , although 
they ar•e not enJoymg tho same rush of activ ity which the 
British works havo experienced for more than a year . 
Conditi_ons in the ~err~an _steel. trade perhaps more nearly 
approxunato the sttuatron m thrs country, whilst in France, 
although the works are well off for orders, the industrial 
position naturally creates uncertainty and has a disturb­
ing effect upon business. Judging, however from the 
export business which has been transacted lately by the 
French makers, the iron and steel trades of that country 
have been less affected by the prevailing conditions than 
have some of the other industries. In Belgium the works 
greatly improved their position as regards the orders on 
their books during July and August, and although the 
activity has slackened, they still have several weeks' work 
in reserve. I n August the total booked by Cosibel, the 
Continental steel works selling organisation, was 196,000 
tons, of which 70,000 tons were for home consumption. 
At the end of the month 44,000 tons were unspecifierl. 
A feature of the Belgian situation is that t he home trade 
lately has been taking about 40 per cent. of the total 
tormage booked, compared with about 25 per cent. to 
30 per cent., which was formerly regarded as normal. 
Like the British, the Belgian steel trade is passing through a 
transitional period and for the first time in the history of 
the industry the re-rollers and the steel makers have 
reached an agreement which is apparently working 
smoothly. Export prices are controlled by the Cartel by 
arrangement with the British steel makers, and recently 
quotations were advanced for several South American 
markets. Some surprise was occasioned by this move­
ment, as until latterly tho Continental makers have had 
to give suhstantial concessions to meet American com­
petition. Last week important Cartel meetings at which 
the British steel makers were present were held in Paris. 
The operation of the Cartel for thin and galvanised sheets 
was r eviewed, as well as the position of the British 
merchants. I t is w1do1·stood that whilst progress was made 
on all these subjects no final settlement was reached. It 
was e>..--pected that tho licensing of steel imports into Great 
Britain would be put into force on October l st. It is 
probable, however. that some delay will occur, as certain 
points have still to bo settled. This week representatives of 
the British and Continental steel makers met officials of 
the Board of Trade to discuss the subject. 

The Pig Iron Market. 

Now that the first rush of autumn buying has 
passed the market for pig iron has settled down on rather 
quiet lines. Consumers have placed heavy forward con­
t racts, but in most districts more business is offering 
than the makers care to accept. It is suggested that some 
of this is the result of a desire on the part of ironfounders 
to build up reserves. The attitude of the makers, how­
ever, is not sympathetic. as their whole production is 
required for the satisfaction of users' immediate needs. 
On the North-East Coast activity in t he market has died 
down and little has been heard of now business, although 
buyers would be prepared to place fresh contracts. 
Generally speaking, the present product.ion is suffi cient 
to satisfy current contracts, but there is little to spare 
to meet any new demand. The makers claim that they 
have given their regular customers an opportunity of 
covering to the end of the first quarter of next year, and 
that many of them have done so. There is, of course, 
little iron available for export, although a. substantial 
tonnage was recently sent to Australia. :Most of the 
e~--port merchants complain that the works are still in 
arrears with deliveries against contracts on overseas 
account. In t.he Midlands the demand seems to be 
gradually broadening, and whilst most of the big consumers 
have covered their requirements so far as they can esti­
mate until the end of next March , others have bought 
only until the end of this year. J n some cases producers 
have rationed th€1ir customers to the quantities taken 
during the previous six months. There has been an active 
demand for special irons lately, the prices of which are 
uncontrolled, and trading in forge iron has also improved. 
In S?otland business shows no signs of relaxing and the 
requrrements of the light castings industry are on a good 
scale. Al_though some consumers have bought Scottish 
foundry tron for far forward delivery, the producers 
are not keen to accept this business. The market for 
hematite has become quieter rather on account of the 
limited qu~ntities which t-he makers will have for d!.sposal 
for some t1me to come than as a result of anv slackening 
in ?onsumers' requirements. Considering the difficulties 
w~ch ~hreaten the supply of ore, production has been 
m~mtamed, but there seems little chance of any consumer 
bemg able to add to his stocks if he should be fortunate 
e~ough to hold _any. The tightness which it was feared 
rrught develop_ m the market for basic iron appears to 
have been avotded. Arrangements were made to import 
a.~ut 60,~00 tons of Russian basic iron with the option 
of mcreasrng the quantity ; but it has not been found 
necessary to call for the latter supplies. 

The Midlands and South Wales. 

The market for steel has broadened during the 
past week or two, but the a ctual volume of business has 
not increased in proportion simply because the steel manu­
fact~rs are not in a position to accept all the business 
offermg for the dates on which it is required. Practically 
every. department of the steel works is operating at 
capacrty and order books are somewhat congested. On 
the . other hand, consumers are pressing for deliveries 
a~amst contracts and the weights of individual specific&· 
ttons_show a tendency to rise. F or some weeks the tight­
ness m the structural steel department has caused uneasi· 
ness, and lately this has become accentuated as a result 

of the increase in the demand. Constructional engineers 
are pressing new orders upon the steel works, and at the 
same time trying to accelerate deliveries against o ld 
contracts. A certain amount of irritation has been caused 
by cases in which work in hand is r eported to have been 
bel~ up through the difficulty of obtaining material. 
It IS not easy, however, to see how the situation can be 
remedied and it is pointed out that additional imports 
of Continental steel would not fully meet the case as 
British steel is specified for most of the work now being 
under taken b y the constructional trades. The position 
in the semi .finished steel department is also creating 
apprehension, since it is d oubted if the increase which 
has taken place in the home production this year will 
enable the British makers to satisfy the requirements of 
the consuming industry. It is assumed that the British 
Federation will again import supplies of semis in excess 
of the quota; but this will only be done if it becomes 
absolutely necE-ssary. In this case, also, it is pointed 
out t hat the demand is p rincipally for British semis as 
the contracts users are working upon specify this to a. 
greater extent than formerly. The plate makers are 
much better off for orders t han at this t-ime last year, 
and there is a considerable amount of fresh business which 
will probably come upon the market shortly. Most of the 
steel s~eet mills a re well employed, but except for some of 
the thrcker ~auges the position is not so tight as in other 
sections of the trade. The motor car manufacturers are 
taking heavy tonnages of special sheets, and there is a. 
strong demand for strip. The re-rollers in the Midlands 
~re ~thout exception bus~ly employed, and their anxiety 
IS chtefly to secure supplies of semis. In South Wales 
there has been no sign of any relaxation in the activity 
that. last month re~u lted in ~his distx:.ict becoming the 
leadrng steel-producmg area m the country. The tin­
plate mills a re working at over 60 per cent. of capacity, 
and their steel requirements are ket>ping the p roducers 
of sheet a nd tin-plate bars busy. 

Scotland and the North. 

AJI the Scottish steel works are assured of 
active employment until the end of the year , and it is 
anticipated that the steel production in Scotland for 
1936 will constitute a recorrl. The shipyards are taking 
considerable quantities of plates and sections, and it is 
expected that this demand will continue for some 
months. Of late there has been a. halt in the placing of 
contracts for new ships. but the work the yards have in 
hand will necessitate the use of large tonnages of steel, and 
it is underst ood that orders for new vessels will be placed 
later in the autumn. The marine engineering establish­
ments and the boilermakers are also busily employed 
and <'onsiderable quantities of plates a re being taken 
up. The constructional engineering concerns in Scotland 
have work in hand to keep them busy for months to come, 
and they are exerting considerable pressure upon the 
steel makers to obtain delivery of joists and sections. 
Export business does not develop, but few of the makers 
are anxious to take fresh business for overseas in the 
present congested state of their order books. The pro­
duction of sheets is on a goorl scale and the manufac­
turers have enough work in hand to keep them busy 
until the end of the year . Business has been principally 
in the thicker gauges and by far the greatest propor tion 
of the output has passed into home consumption. Most 
makers would like to secure more export orders, but 
in sp ite of arrangements with the Continental Cartel 
overseas trade is slow in d eveloping and reports from 
several markets indicate an increase in competition from 
American and Japanese makers, who are outside the 
arrangement. In the home market the tonnage of special 
sheets which is being taken by the motor car industry 
is a feature of the position, whilst a strong and gro\ving 
demand comes from the manufacturers of tanks and 
drums. I n Lanca hire the constructional engineers are 
pressing specifications for joists and sections upon the 
works. A fair amount of new business has been placed, 
but few of the makers are able to quote for anything like 
near delivery. The re-rollers are experiencing a heavy 
request for their products. and the quantities of bars of 
all kinds which are passing into consumption has aroused 
comment. With the devl.'llopment of the autumn trade the 
request for special steels has broadened. 

Current Business. 

The British Chilled Roll and Engineering Com­
pany, L td., Empire Works, H averton Hill , Middlesbrough, 
has been acquired by Davy Bros., Ltd., Sheffield. The 
Birmingham Corporation has placed an order for twelve 
trolly omnibuses with the General Electric Company, Ltd., 
Witton, Birmingham, and for sixty-five motor omnibus 
chassis with the Daimler Company, Ltd., Coventry. 
H ayward-Tyler and Co., Ltd., pump makers and brass­
founders, Luton, have closed the waterworks fittings 
department of their works and the branch has been taken 
over by Edward Barber and Co., Ltd., engineers and 
brassfounders, Paxton-road, London, N.l7. Five hundred 
acres of land at Avonmouth have been acquired by the 
National Smelting Company, Ltd., as a result of recent 
developments. An order has been p laced by the Air 
Ministry with the Furness Shipbuilding Company, Ltd., 
Haverton Hill-on-Tcos, for four large hangars to be 
erected at Royston Aerodrome, Herts. It is estimated 
that 2250 tons of steel work will be required. A new seam 
has been struck by the West Houghton Coal and Cannell 
Company, Ltd. , which will considerably prolong the life 
of the pit. The London and Thames H aven Oil 'Vha.r ves, 
Ltd. , are taking 70 a cres of la.nd for the establishment of an 
oil refinerv at Dublin H arbour. The Dublin H arbour 
Board wili r eclaim 17 acres. The Department of Overseas 
Trade announces that the following contracts are open for 
tender :- South Africa, Johannesburg City Council : 

two portable self-contained asphalt and bituminous 
macadam mixers (Johannesburg, October l Oth); Union 
of South Africa, Public Works D epartment: two vertical 
cross-tube boilers with a working pressure of lOO lb. per 
square inch, and two Weir feed pumps; high and low-tension 
switchgear and transformers, (J ohannesburg, October 9th ); 
two locomotive type boilers, two feed pumps and 
oalorifier, &c. (Pretoria, October 16th); South African 
Railways and Ha.1·bours : two pressed steel tanks and 
accessories (J ohannesbur·g, October 19th); Argentine 
State Oilfields : fouL· syncht·onous motors for three-phase 
A.C. and accessories (Buenos Aires, October 9th) ; seam­
less steel and galvanised iron pipes, galvanised curves, 
couplings, bends, flanges, &c. (Buenos Aires, October 
6th) ; 16,000 m. of seamless black steel piping, nominal 
diameter 6in.; four two-stage air compressors, each of 
approximate capacity of lii cm. per minute at a pressure 
of 8 atmospheres; electric motors, 440 volts D.C. (Buenos 
Aires, October 8th); Indian Stores Department: 4500-kW, 
6600 volts turbo-alternator set, condensing plant, and 
auxiliaries to specification (New D elhi, October 27th) ; 
Egypt Ministry of Communications: bridge over the Nile 
at Samannoud (Cairo, November 3rd). 

Copper and Tin. 

The market for electrolytic copper continues to 
gather strength and, in spite of the increases in production 
and rumours that a. further rise of 5 per cent. will be 
announced shortly, prices have shown an advancing 
tendency. Occasionally some easiness has developed, but 
this has been shortliva9, and for the time being market 
sentiment seems to be <tefinitely in favour of the metal. 
I t is generally considered that stocks in all countries are 
not more than normal, and that it will not be difficult for 
the consuming industries to absorb the increased pro­
duction ; but, of course, this will depend to a. very great 
extent upon the quantities which will be required fo1· re­
a rmament purposes by the various countries engaged in 
schemes of this nature. The advance in the export price 
of electrolytic copper has brought it almost level with the 
American domestic quotation, and has given rise to expecta­
tions that the latter will be raised to at least lOc. within 
the noxt week or two. On the other hand, the producers 
generally appear to have set their faces against increasing 
the price and to be bent upon encouraging consumption. 
I t is interesting to note t hat the world's stocks of refined 
copper at the end of August, according to American 
figures, totalled 405,580 tons, compared with 432,320 tons 
at the end of July. Of these, 205,740 tons were in the 
United States, compared with 21 , 700 tons at the end of 
the previous month. The world's production of refined 
copper in August was 128,630 tons, compared with 119,450 
tons in July. Firm conditions have ruled in the standard 
market and there has been a cer tain amount of profit. 
taking on the advance in prices. The copper put on the 
market, however, was taken up by consumers, as t he 
industrial demand was somewhat in excess of the supplies 
offered by the p roducers. . . . Although there have been 
some fluctuations in t he tin market the general tendency 
has been for prices to advance. T his has been largely due 
to persistent suppo1·t from strong interests, but when 
this has ceased a. weaker tone has developed. For the 
time being the market shows an inclination to follow any 
pronounced lead, which naturally accentuates both the 
strength and weakness in prices. The market has been 
overshadowed by the forthcoming meeting of the I nter­
national Tin Committee. The question of the Siamese 
quota will be discussed and it is probable that the quota 
for the December quarter will be fixed. Sales in the East 
have been rather limited and at t he same time little tin 
has been put into Liverpool warehouse or shipped to the 
United States. The market is somewhat puzzled by this 
position. 

Lead and Spelter. 

There has been no change in the situation in the 
lead market and the steady demand from consumers has 
maintained prices. In fact, the general impression seems 
to be that if indtiStrial requirements continue at their 
present rate quotations must necessarily rise further. In 
this country most consumers have covered themselves 
forward and are taking heavy deliveries, and on t he Con­
tinent also the situation has appreciably improved of late. 
T o some extent business with foreign users has been held 
in check by the financial restrictions in force in m any 
countries, but as much of the lead now in demand is 
required for rearmament purposes it frequently happens 
that these difficulties can be overcome. The manu­
facturers of lead pipes and sheets are well booked for 
weeks to come, but most of them appear to have arranged 
for their supplies. A number of fresh contracts have been 
entered into and no difficulty has been found in placing 
these, although the full prices have had to be paid. It is 
not easy, however, to obtain supplies of prompt metal if a 
consumer requires quantities to supplement contract 
deliveries, and the position in this respect is indicated by 
the fact that a backwardation of about Is. 3d. rules upon 
the London Metal Exchange. A fair quantity of Mexican 
lead is expected to arrive at the end of September, and it 
seems likely that a good proportion of this will go into 
consumption, although probably some of it will be placed 
in warehouse. . . . Prices in the spelter market have 
fluctuated rather sharply at times, but for the most part 
the market has benefited from sympathetic influences 
arising from the stronger tone in other non-ferrous metal 
markets. Fundamentally the position in this market does 
not alter and for this reason sentiment of late has played 
a rather important part in the price movements. On the 
whole, the demand for the metal is good, but the pro· 
duction is much too large to promote healthy conditions. 
Lately thoro has boon a certain amount of speculation and 
at times profit-taking has caused a reaction in prices. 
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Current Prices for Metals and Fuels. 
Makers' official home 

British Steelmakers : 
trade prices per ton, delivered buyers' stations. Sections, joists and plates are subject to a rebate to home users purchasing only from 

joists, 22s. 6d. : plate.s and sections, 15s. • For Markets other than Canada, India, Australia and New Zealand, 5s. per ton must 

t South Africa Ss. and Foreign Markets 2s. 6d . higher. 

associated 

be added . 
• 

N .E. COAST-

PIG IRON. 
Home. 

(Dfd Ttu6-idt Area) 
£ 9. d. 

Hematite Mixed Nos. • .. 4 6 0 .. 
4 6 6 .. No. 1 . . . . 

Clevelo.nd-
No. 1 . • • . 

No. 3 G.M.B ... 

(D /d Teuaide Area) 
. . . . 3 17 6 .. 
. . . . 3 15 0 .. 

No. 4 Forge . . . . . . 3 5 0 .. 
Buio (£.88 5/- reeate) . . 3 15 0 

MtDLANDS-

. . 

. . 

. . 
• • 

. . 

Staffil.- (Delivered to Black Country Station) 
Nor~h Staffs. Foundry . . 4 0 0 . . . . 

, , Forge 3 15 0 . . . . 
Buio (wu 6{- rebnte) . . 3 15 0 .. 

Nortbampton­
Foundry No. 3 
Forge 

Derbysbire-
No. 3 Foundry 
Forge . . . . 

SOOTLAND-

•• • • 

. . • • 

. . 

3 l7 0 
3 12 6 .. 

4 0 0 .. 
;j 15 0 .. 

Hematite, f.o.t. furn aces• 4 5 fi . . . . 
No. 1 F oundry, d itto . . 4 1 6 . . . . 
No. 3 Foundry, ditto . . 3 19 0 . . . . 
Basio, d /d (Lua 5{- reeate) 3 16 0 . . . . 

Export .. 

£ 1!. cl. 
3 14 li 
3 15 0 

N.W. COAST- { 4 5 6 d fd Glasgow 
Hematite Mixed Nos. •. . ~ 11 0 ,. Sheffield 

.. 17 0 ,. Birmingham 

• Lua 5/- rebate. 

MANUFACTURED IRON. 

LANCS. ANI> Yonxs.­
Crown Bars .. 
Beet Bars 

MIDLANDS-

•• 

. . 

Rome. 
£ s. d. 

. . 10 10 0 
ll 0 0 

Crown Bars . . . . 10 10 0 
Marked Bars (Staffs.) . . 13 0 0 .. 
No. 3 quality. . . . 
No. • ,, . . . . 

SCOTLAND-
Crown Bars .. 
Beet.. . . • • 

N.E. COAST-
Common Bare 
Beet Bare 
Double Beet Bars 

• • 

•• 

• • 

• • 

8 17 6 .. 
9 7 6 

I 0 10 0 .. 
.. 11 00 .. 

.. 10 10 0 

.. 11 0 0 

.. 11 10 0 

NORTHERN IRELAND ANI} FREE STAT~­
Crown Bars f.o.q. . . 10 17 6 • • 

STEEL. 
LONDON AND TRtll SOUTH- Rome. 

£ 8 . d . 
Angles 
Tees .. 
Joiats 

• • 

• • 

• • 

Channels .. 

• • 

• • 

• • • • 

• • •• 

Rounds, 3in. and up 
,. under 3in. 

• • 0 2 6 .. 
. . 10 2 6 

!I 10 0 . . 
0 7 6 

• • 

F lats, 6in . and under .. 

10 2 6 .. 
!I 9 6 .. 
!) 0 6 .. 

Plat.-11, lin. (basis) 
,. ,\in. . . 
" tin. . . . . 
.. ,\in. . .. 
., lin. . . 

NORTH-EAST COAST­
Angles . . . . 

. . • • 

• • 

. . 1'eee .. 
Joiete 
Channel11 .. • • • • 

Rounds, 3in. and np 
,. under 3in. 

P lates, Jin. (bBSia) 
,. i\in . .. 
.. lin. . . 
, ,\in. . . 
u lin. . . 

Boiler Plates, jin ... 

• • 

. . 
0 12 6 .. 
0 17 6 .. 

. . 10 2 6 .• 

. . 10 7 6 

. . 10 0 0 

• • 

£ s. cl. 
0 0 0 

. . I 0 0 0 

• • 

. . 

• • 

• • 

• • 

0 7 6 
0 li 0 

10 0 0 .. 
!I 7 0 .. 

0 7 6 .• 
!) 12 6 .. 
0 17 6 .. 

. . 10 2 6 

•• 9 15 0 .. 
• • 9 17 6 .. 

1\J'tDLANDS, AND LEEDS AND 018TRtCT­
£ 8. cl . 

Angles .• 
Tees .. 

• • • • 0 • 9 0 0 .. 
• • •• • • 

Joists • • . . • • 
Channels. • . . . . 
Rounds, 3in. and up 

, under 3in. 

• . 10 0 0 •. 

. . 
9 7 6 

9 6 0 
.. 10 0 0 .. 

9 7 0 .. . . 
Flate, 6in. and under .. 9 7 0 •. 

9 10 0 Plates, iin. (basis) 
" ,\-in. . . . . 
" tin. . . . . 
, 1r in. . . . . 

" t ;0. . 0 0 • 

Boiler Pll tee, tto . . 

. . 

. . 9 15 0 .. 

. . 10 0 0 .: 

.. 10 5 0 .. 

• • OilS 0 •. 
. . 10 0 0 .• 

.. 

. . 
• • 

• • 

. . 

. . 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

. . 

. . 

. . 

. . 
• • 

• • 

• • 

. . 

. . 

. . 
• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

•• 

Export 
£ s. cl. 

10 0 0 
10 12 6 

10 0 0 
12 10 0 

10 0 0 
10 12 6 

10 0 0 
10 12 6 
11 10 0 

Export. 
£ 11. cl. 

• 8 o o 
•o o o 
• 8 o o 
• 8 5 o 
• 9 o o 

7 15 0 
7 15 0 

t8 5 o 
t8 10 o 
t8 16 o 
to o o 

!I 0 0 

£ s. cl. 
• 8 o o 
• 9 o o 
•8 o o 
"8 5 o 
•o o o 

7 15 0 

ts 5 o 
t8 10 o 
t8 15 o 
tO 0 0 

0 0 0 

£ a. d. 
•8 o o 
•o o o 
• 8 o o 
•8 5 o 
•g 0 0 

8 0 0 
7 15 0 

t8 6 o 
t8 10 o 
t8 15 o 
to o o 

9 0 0 
-

STEEL (contin·ued). 

GLASGOW AND 

Angles .. 
Tees .. . . 
Joists .. 
Channels .. 

DISTRtOT-
. . . . 
. . . . 
. . 
. . 

Rounds, 3in. and up 
, under 3in. 

Flats, 5in. and under 

Plates, Jin. (bMis) 
, /c in ... 
,. f in. . . . . 
., A in. . . . . 
,. j in. . . . . 

Boiler Plates . . . . 

SOUTH VVALES AREA-­
Angles . . . . 
Tees . . . . . . 
Joists 0 • • • • 0 

Channels .. • • . . 
Rounds, 3in. and up 

, uuder 3in. 
Flats, 6in. and under 

Pia tea, 

" .. 
" .. 

jin. (bMis) 
,\in ... 

J. . • "'"Jn • .. 
-frin ... 
A in. . . 

. . 

. . 

. . 

. . 

R ome. 
£ s. d. 
9 0 0 .. 

10 0 0 .. 
9 7 6 
0 5 0 

10 0 0 
0 7 0 
!) 7 0 

!) 7 6 
9 12 6 
9 17 6 

. . 10 2 6 .. 
!) 15 0 

• • 0 17 6 

£ 8. cl. 
0 0 0 

10 0 0 
I) 7 6 
9 5 0 

10 0 0 
0 7 0 
!) 7 0 

0 10 0 
9 15 0 

10 0 0 
10 (i 0 

. . 10 0 0 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Export. 
£ 8. d. 

•8 o o 
•o o o 
• 8 o o 
• 8 5 o 
• g 0 0 

7 15 0 
7 15 0 

t8 5 o 
t8 10 o 
t8 15 0 
to o 11 

0 0 0 

£ e. d. 
•s o o 
• !) 0 () 
•8 o o 
•s :; o 
• g 0 0 

7 5 0 
7 10 0 

ts s o 
t8 10 o 
t8 15 o 
t9 0 0 

9 0 0 

ImtLAND--r.o.Q. 

Anglee 
Teee .. 
Joiste 

• • 

• • 

.. 

. . 
• • 

.. 
• • 

81lii.J"AST. 
£ 8. cl. 
0 5 0 .. 

.. 10 5 0 .. 
9 12 6 .. 
0 10 0 .. 

10 5 0 

REST 01' lBPJLAND. 
£ s. d. 
9 7 6 

10 7 6 

• • . . 
Channels .. • • 

Rounds, 3in. and up 
., under 3in. 

Plate&, .. 
•• 

" 
" 

fin. (basis) 
~fin. . . . . 
iin. . . . . 

.fr in. . . . . 
iin. . . 

8 5 0 

• • 0 12 6 

• • 0 17 6 
. . 10 2 6 
. . 10 7 0 
. . 10 2 6 

. . 

. . 

OTHER STEEL MATERIALS. 

9 15 0 
9 12 6 

10 7 6 
8 5 0 

t 9 15 0 
t iO 0 0 
t1o 5 o 
t10 10 0 

10 5 0 

Rome. Export. 
Sheets. £ s. cl. £ 11. d. 

10-G. to 13-G., f.o.r . . . 10 5 0 9 5 0 
14-G. to 20-G., d /d .. 11 15 0 . . . . 9 15 0 
21-G.to24-G.,dfd 12 0 0 .. 10 0 0 
25-G. to 27-G., dfd 12 12 6 . . 10 15 0 

The above home tradt~ prices are for 4-ton lots and over; 
2-ton to 4-ton lots, 1 Os. per ton extra ; and unclar 2-ton IotA 
308. per ton extra. 

Galvanised Corrugated Sheets, Basis 24 G·-
Rome. £ s . d. 

4-ton Iota and up . . 14 0 0 
2-ton to 4-ton 1ote 14 7 6 
Under 2 tone . . 16 0 0 
Export: £12 7a. 6d. to £13 2e. 6rl . , o.i. f. Indiu. 

Tin-plates. 
20 by 14 basis, f.o.b. Bristol Channel Ports, 18s. 9d. 
Tin-plate Bars, d fd Welsh Works, £5 15e. Od. to £6Os. 0<1. 

13illete. £ e. cl. 
Basio (0· 33% to 0·41% C.) .. 7 5 0 

, Medium (0 · 42% to0· 60 % C.) .. 7 15 0 
, Hard (0 ·61%to 0·86%C.) .. 8 5 0 
, , (0 ·86%to0·99%C.) 8 15 0 
, , ( 1% C. and up) . . 0 li 0 

Soft (up to 0· 25% C.), 600 tone and up 6 2 11 
Rails, Heavy, 600-ton lots, f.o.t. 8 10 0 

., Light, f.o.t.. . . . . . 7 10 0 

FERRO ALLOYS. 

'fungeten Metal Powder .. 
Ferro Tungsten . . . . 

.. 

. . 

Ferro Chrome, 4 p .o. to 6 p.o. carbon 
, , 6 p .c. to 8 p .o. 
., , 8 p.o. to 10 p .c. . . 

3/1! per lb. 
3/- per lb. 
Per Ton. 

£21 10 0 
£21 0 0 
£21 0 0 

Per Unit. 
1/-
7{-
7/-

, , Specially Refined 
, , Max. 2 p.o. oarbon 
, , , 1 p .o. oarbon 
, , , 0 · 60 p .c. carbon 
, , ,. carbon-free .. 

£33 10 0 
£36 5 0 
£37 5 0 
9ld. per lb. 
2/5 per lb. 

11/ -
11 /-
12/-

Metallic Chromium . . . . . . . . 
Ferro Manganeee (loose), 76 p .o ... 

., Silicon, 46 p.c. to 60 p .c. . . 
£11 5 0 home 

.• , 76 p.c. . . . . . . 
, Vanadium . . . . . . 
,. Molybdenum . . . . 
,. Titanium (carbon free) . . 

Niokel (per ton) . . . . . . . . 
Cobalt . . . . . . . .. . . • 

£12 10 0 scale 5/- p.u. 
£17 17 6ecale6f-p.u. 
12/8 per lb. 
4/6 per lb. 
9d. per lb. 
£200 to £205 
6/- tn 6/1 per lb . 

NON-FERROUS METALS. 
Ojficml Pricu, September 23rd. 

COPPI!IR­
Casb .• • • • • 

Three months .. 

• • 

• • 

•• 

. . 
£38 15 0 to £38 16 3 

£39 0 0 to £39 l 3 

Electrolytic . . . . . . £43 2 6 to £43 12 11 

Beet Selected Ingots, d/d Bir-
mingham . • . . . . £43 15 0 

Sheets, Hot Rolled . . £72 0 0 

Tubes, Solid Drawn (basis) 
Home. 

11d. 
Export. 

lld. 

, Brazed (basis) 11cl. lld. 

BRA-SS-
Ingots, 70/30, d /d Birminghsm £33 0 0 to £35 0 o 

R ome. Export. 

Tubes, Solid Drawn , 2/ 1 Alloy 

" Brazed •• 

10d. 

12d. 

10d. 

12d. 
T IN-

Cash .. • • • • • • • • . . £1!12 5 0 to £192 15 0 

Three months .. .. 
LEAD: • • • • • • . . 
SPELTER: • • • • • • • • 

Aluminium Ingots (British) .. 

£.190 

. . £18 

£13 

• • 

15 Oto£191 5 0 

0 0 to £17 18 0 

17 6 to £14 2 6 

£100 to £105 

- -
FUELS. 

SCOTLAND. 
LA.NA.RlUIRlRE-

(f.o.b . Grangemouth)-Navigation Unscreened 
Hamilton Ell . . . . . . . . 
Splints . . . . . . . . 

AYRaBIRE-
(f.o.b. Porte)-Steam . . 

FlJ"ESBllUC--
(f.o.b. Methil or Burntisland)--

Prime Steam . . . . . . 
Uneoreened Navigation •• 

LOTHIANS-
(f.o.b . Leith)-Hartley Prime 
Secondary Swam . . . . 

• • 

• • 

ENGLAND. 

YORKS811Ull, MANOHESTI!IR­
B.S.Y. Hard Steams .. 
Furnace Coke 

NonTauMBZRL.AND, N"EWOASTLtt­
Biyth Beet . . . . . . . . 

,. Second. . . . . . . . 
, Beat Small . . . . . . 

Uneoreened .. • • • • • • 

DoRBAM-
Beet Gas .• •• • • • • • • 

Foundry Coke •• • • • • 

• • 

• • 

• • 

. . 

. . 
• • 

• • 

• • 

.. 

. . 
•• 

•• 

. . 

•• 

• • 

. . 

. . 

. . 
• • 

. . 

. . 

SnlllRilllt.D- Inland. 
Beet Hand-pioked Branoh .. 26/- to 29/­
South Yorkshire Beet . . . . 23/- to 25/­
South Yorkshire Seconds 
Rough Slaoke. . . . . . 
Nutty Slaoks .. 

.. 20/- to 21 /­

.. 11 /- to 12/­

.. 10/- to 11 /-

CARD~- SOUTI:I WALES. 
Steam Coals : 

Beet Admiralty Large .. 
Beet Seconds 
Beet Dry Large .. 
Ordinaries . . . . 
Bunker Smalle .. 

• • Cargo Small& .. 
Dry Nuts .. 
Foundry Coke 
Furnace Coke 
Patent Fuel .. 

. . . . 

. . . . 
SWANSl!IA-

Anthracite Coals : 
Beet Large . . . . 
Machine-made Cobbles 
Nuts . . . . . . 
aeane . . . . 
Peae . • . . 
Rubbly Cui m .. . . 

Steam Coale : 

. . 

. . 

Large Ordinary •• . . 

. . 
. . • • 

. . 

. . • • 

. . 

. . 

. . 

. . 

. . 

. . 

• • • • 

FUEL OIL . 

Inland consumption ; oontraots in bulk. 

• • 

. . •• 

. . 

. . 

. . . . 

. . . . 

.. 

. . 

. . 
. . • • 

• • 

Export. 
15/- to 15/6 
15/9 to 16/6 
18/6 to 19/-

Hf-

14/9 to 15/-
15/- to 16/3 

14/6 to 14/9 
14/-

10/6 to 23/-
19/- to 241-

16/- to 16,6 
15/- to 15!6 

13/-
14/6 to 16/6 

14/8 to 15/-
24/6 to 26/8 

19/6 
19/- to 19/46 

18/6 
18/3 to 18/6 
13{6 to 14/6 
12/6 to 13/-
24/- to 25/-
30/- to (7/6 
24/6 to 25/-

21/-

36/- to 40/-
41/- to •8/6 
(0/- to 48/6 
25/- to 35/-
19/- to 23/6 
11 /6 to 12/-

18/- to 20/ 6 

Exclusive of Government tax of Id. per gallon. 

Ex Ooean Installation. Per Galloo 
Furnace Oil (0 · 960 gravity) . . . . 3!d 
Diel!el Oil . • • • . . • . • • . . . . 4d. 
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French Engineering Notes. 
(From our own Corrupondent in Pari8.) 

A Crucial Test. 
Ttm settlement of the dispute in the Lille tex-tile 

industry may prove to b e a turning point in the relations 
between employers and their men. When employers found 
themselves wholly unprepared to meet the tactical strike 
methods adopted by the men at the outbreak of the labour 
revolt, and were helpless in face of the Popular Govern­
ment's refusal to do anything to stem the strikes, they 
saw that their only alternative was to create a united 
front in opposition to that of labour. They have now taken 
the first determined and su ccessful action. The occupa­
tion of factories in Lille in support of a. claim for an 
advance in wages corresponding with the rise in living 
costs was m et by a refusal to negotiate or to accept any 
arbitration until the factories were vacated. The claim 
for a wage advance was not rejected . but was to be sub­
jected to an inquiry into the actual rise in living costs. 
Later, employers presented an ultimatum to the Govern­
ment to the effect that they intended to exercise com­
plete authority in their own factories. To that end, the 
illegality of " stay in " strikes had to be confirmed by the 
Government, which would take measures to prevent their 
recurrence in the future, and all Soviet organisations in 
workshops and factories must be entirely suppressed. 
This latter demand necessitates an amendment of the 
Matignan contract relating to the appointment of work­
shop delegates who are alone authorised by the labour 
unions to present workers' claims to the management. 
I t was expected that this clause would have offered some 
safeguard to employers in consequence of precautions 
taken to ensure a free election by the men, but Com­
munist unions have manipulated the clause in such a 
manner that they are often able to impose the choice of 
their own representatives. There has consequently been 
a. rapid extension of Communist organisation in big works. 
'l'he Lille employers demand t hat instead of one delegate 
representing all the workers in a factory, and thereby 
exercising an authority which is a p owerful aid to extremist 
influence, there sha ll be delegates representing different 
categories of workers, or a. delegate for each shop, who will 
be elected under conditions which will ensure that the men 
are not subjected to outside pressure in their choice. 
H a ving obtained satisfaction on these essential points, 
the Lille employers consented to an advance of 6 p er cent. 
in wages, instead of the 10 per cent. d emanded by the 
m en , towards the higher liv ing cost, the extent of which 
will be ascertained when the usual returns are published. 
The m en accepted all the conditions imposed, and, after 
evacuation, work at all the factories was resumed. 

The Labour Federation. 
This success of the Lille textile firms has been 

obtained with the backing of the newly formed General 
Confederation of Employers, and the r ecovery of t heir 
n.uthority has seriously p ert urbed the General Labour 
Confederation, which is holding a. m eeting this week to 
rliscuss the situation arising out of the amendment of the 
Matignan contract. The Government committed itself 
to this amendment in v iew of the gravity of the industrial 
s ituation, and a fear that the Lille conflict would create 
serious issues and danger in v iew of the general resistance 
of the employers. I t is probable that the amendment 
will be slight, although su.ffir.ient for the employers to 
regain their liberty, but the Labour Confederation affects 
to regard any tampering with the contract a.s imperilling 
the men's interests. A stage has now been reached at 
which the Confederation Generale du Travail will have to 
mo.ke a sharp distinction between Socialist and Communist 
action, and it is difficult to see how this can be done with­
out a. violent split o.nd more agitation before industry 
can settle down on the basis of the Matignan contract, 
amended in a way to enable employers to carry on busi­
n ess normally. Employers have the support of a large 
and growing section of men who a,re satisfied with what 
they have got and object to be deprived of work by futile 
strikes. They are sane enough to see that they have 
nothing to gain and every thing to lose by agitation, and 
it is believed that there is some sanity in the Labour 
Confederation where the moderate element is drawing 
away from the extremists. The Confederation does not 
represent one-half of the total number of workers, a lthough 
recognised as completely representative by the Govern­
ment. Workers outside show increasing discontent at 
the manner in which industrial activity is disorganised. 
I n the Paris area 3000 engineers, techuicians, and fore­
men have sent a protest to the Government insisting upon 
the gravity of the situation, and now that employers a re 
organised for the defence of their liber ty, and have made 
it clear that their aim is to make con ciliation as easy as 
possible, there is better prospect of matters right ing them­
selves in the future. 

Coal Organisation. 
Amongst what may be called the Socialist " key " 

plans that drift towards a national control of certain 
industries is the organisation of t he coal trade, which was 
included in th e first batch of mea&ures carried through th e 
~hamber of Deputies some weeks ago. As many collieries 
m the Nord and the Pas de Calais are stated to be working 
at a loss, it was feared that the raising of wages would 
have necessitated the closing down of some of them, for 
which reason the Government elaborated a plan for making 
good those losses by an additional tax on coal import 
licences and by creating a comptoir under the direction 
of the Mines Department for the sale of coal on the home 
market, including coal imported at the discretion of the 
comptoir. This comprehensive atTangement for placing 
the colliery industry and the marketing and importation 
of coal under the complete control of the Mines Depart· 
m ent was rejected by the Senate pending an exhaustive 
inquiry into the whole situation by the Mines D epart­
ment and the Ministry of Finance, and the Bill was whittled 
clown to the fixing of coal prices in different districts for a 
period of three months and t,he payment of a subsidy to 
coalowners who work at a loss. Financial inspectors and 
mining engineers have n ow been appointed to carry out 
the inquiry , so that the Senate will probably be able to 
resume the debate on t he Government's proposal during 
November next. 

THE RNGINEER 

British Patent Specifications. 

When an inve-mion is CQmmunicated f rom abroad the name and 
addru8 of the CQmmunicator are printed in italiC8. 

When an abridgment is not illu8trau.d the Specification is 
without drawing8. 

Copies of SpecificatioM may be obtained at the Patent Office, 
Sau Branch, 25, Southampton-building8, Chancery-lane, W.C.2, 
18. each. 

The date flr8t given is the date of appLication ; the 8tcond date, 
at the end of the abridgment, is the date of the acuptance of the 
complete Specification. 

STEAM GENERATORS. 

451,9112. August 30th, 1935.- TtJBULOUS STE.UI GENJ::RATORS, 
Siemens-Schuckertwerke Aktiengesellschaft, Berlin-
Siemensstadt, Germany. 

In this steam generator the steam is washed or scrubbed 
before it enters the superheater. The generator, shown dia­
grammatically, comprises a radiant heat section A, a convection 
heat section B, and a superheater C. The steam leaving the 

~451,992 
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two first sections po.sses through the cleaning chamber D on 
its way to the superheater. ln this chamber it is subjected 
to the <'leaning action of a sp1·ay of water which washes down 
impurities into the tank E, from which they are occasionally 
s ludged o.way. The cleaning water is circulated by the pump F 
and is replaced when necessary by the connection 0. H is the 
feed pump.- A ugu8t 14th, 1936. 

ELECTRICAL APPLIANCES. 

451,989. July 22nd, 1935.-THERMIONlC ELECTRODES, The 
General El&etrt"c Company, Ltd., Magnet H OU8e, King8Wa,y, 
London, W.C.2. 

This invention relates to thermionic cathodes, more par­
ticularly for electric gas-filled discharge devices carrying 
current exceeding 1 ampere. According to the invention the 
manufacture of a thermiooic cathode comprises the steps of 
filling the interior of a heli.x of a refractory metal with a paste 
of material of high thermionic emissivity and then heating the 
resulting body so as to convert the paste into a hard coherent 
m888. The material of high thermtonic emissivity may be a 
mixture of alkaline earth oxides, or compounds reducible to 

N0451.989 Fig I 
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oxides, with tungsten powder. If so. it is preferably prepared 
by sintering the usual mixture of oxides or carbonates with 
tungsten powder to such a temperature and for such a len$th 
of time that a constant volume is obtained, and then grindmg 
the resulting mass. By this means shrinkage during the second 
step characteristic of the invention is reduced or abolished. The 
paste may be made with alcohol as the liquid constituent. The 
heli.x is preferably of tungsten and is close wound, so that there 
are no rntentional gaps between the turns. The heating and 
sintering step is preferably conducted in an oven filled with a 
neutral or reducrng atmosphere at a temperature of at least 
1700 deg. Cent. Fig. 1 is a perspective view, and Fig. 2 is 
Jongitu~inal section on a larger sce.le.- A ttgJUt 14th, 1936. 

451,983. June 13th, 1935.-E LECTRICAL CONDENSERS, The 
P lu8ey Company, Ltd., Vi{;Grage-lane, llford, E8sex. 

This invention relates to electrical condensers of the electro­
static type. The gene~al object is to p~ovide S';!Ch a condenser 
in a compact form, SUitable for operatiOn at h1gh voltage and 
having a high capacitance in units of the same volume. The 
invention consists in a dielectric spacer for electrostatic con­
densers comprising a non-fibrous cellulose sheet having incor­
porated therein a water-free ester of a polyhydric alcohol of 
the class comprising glycols and glycerols. for example, triacetin. 
Referring to the drawll:tgs, Fig. 1 is a perspective ~iew, 
partly broken away, showrng a fiat-plate condenser, and F1g. 2 
is a vertical se<;tional view of an arrangement showing a rolled 
condenser within a. protective housing. The cellulose is pre· 
fere.bly impregnated or plasticised by washing the sheet m e. 
pure alcohol or amyl acetate mixture of one of the dielectric 
materials above mentioned. When thus treated, a definite 
change in physical structure is noted. The sheet becomes soft 
and stretchable, and also maintains e. tacky condition. Where 
·• cellophane" i~ used, care must be exerc~d. to prevent 
moisture absorptiOn. After the cellulose spaoer 1s unpregnated, 
preferably by passing a thin sheet, about 0 · 4 mm. thick, through 
a bath of one of the mixtures, it goes through a pair of drying 
rollers which takes off the excess material. The length of time 
of immersion is dependent upon the concentration, temperature, 
and solvent action of the materials used. With certain materials 
the use of the amyl acetate or alcohol may be dispensed with. 
The condenser may be made by rolling a conductor, such as 
0 · 0025in. aluminium foil, on each side of the plactisised cellulose 
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material and then windin~ up into a tight roll, an extra. she~~ of 
dielectric material being m terposed to p~yent sho~ ~ll'cwt-rng 
of electrodes when wound. Plain or oxtclised alummtum may 
be used. After being wound into shape, the condenser is placed 

~451,983 Fog I 

in a low-pressure heated chamber to release aoy volat-ile matter, 
and the entire unit is covered with e. waterproof compound . 
Because of its non-fibrous uniform dielectric spacer. the con. 
denser will withstand a higher voltage than condensers of the 
fibrous spacer type.-Augu.tt 14th, 1936. 

MINING MACHINERY. 

451,804. February 29th, 1936.-COAL SEPARATORS. \V. Barker. 
Shooters Hills, near Longton, Stoke.on-Trent. 

This is a machine for separating coal from dirt and shale, 
operated on the pneumatic princi,J?le. The rough coal is supplied 
to the sloping deck A, which is Jigged by the mechanism B. at 
its upper end. Through this bed there is blown a current of air 
by the fan C, the duct D, and the uptakes E E. F lexible con-
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oections are provided at F. The deck is constricted towards the 
middle, as shown in th" plan view. The action of the air blast 
and the jigging st-ratifies the coal and the dirt and the former falls 
over the sides at the restricted part of the deck. The dirty stuff 
goes on and meets the two slicing plates G and H, which divert 
the shale in two grades into the side shoots J and I<, while t.he 
fines go over the end at L.- A ugust 12th, 1936. 

MACHINE TOOLS AND SHOP APPLIANCES. 

541 ,987. July l Oth, 1935.-CuTTINO 'fmtEAD·UKE BooiF:s 
INTO STAl'LES, K. Grunert, 4 Lutherplatz, Zit ta.u in Saxony, 
Germany. 

This is e. machine for cutting fibres into standard lengths. 
or staples, o.t a high speed. The fibres are delivered into the 
vert,ical guide A from a conveyor, and are gripped by the feed 
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rolls B and C. Both t hese rolls have inserted teeth, those on 
B being serrated and those on C rubber covered , so that they 
grip the fibres firml y. In e. plane at right angles to the feed rolls 
there rotates a two-bladed knife D, which is so geart>d that it 
passes between the gaps between the feed roll teeth and severs 
the fibre.- A uyust 14th, 1936. 

SHIPS AND BOATS. 

451,982. May 25th, 1935.-PAYINo OuT C J~AR Fon SmP~' 
DAVITS, H . G. Taylor, Ridgway, Lower P enn, near \\"olvE'r­
hampton. 

The inventor explains that e. ships' boat is usually loweretl 
away at a. much greater speed than that at which it is hoisted 
aboard again. As a consequence, there is a liability for the 
motor driving the winch to be damaged by overspeeding durin~ 
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lowcrinl(. So he mtroducea a centrifup:al friction clutch A lsodaum aluminat<" 111 fonned 11 ith so~ium rarbon~te _or NaOH . 
bclllccn tlw motor B and tlw gearing C of the winch. Thas , The surplus a lkala as suata~lc for kccpmg_t~e slumma an solutaon 
clutch only comes into Opt'rutaon 11hcn tho motor attains a and to prev<'nt thf' alumma from ~recapatatmg. T_he procc88 

atRclf accordinp: to the pn.'sent anv<'ntaon, IS the followmp;, va.t.:­
Tho ~re or tho slap; or other suitable crude substance, su<-h 88, 
for mstan<-o, bouxaw, which contains vanadium. !S smelted or 
melted 11 ith an alkah carbonat<' or decomposed m a pr<- ure 
vcs!!el or autoclave with oo alkah-hyrlroxidc or an a lkah car­
bonote or a maxture of thcso two substances. The alkalmo 
f'xtra<'t thus obtain<'d <-on tnins the vsnadium as sodium vanadat<'. 
At the same time af phosphorus and arsemc wen: present m t hl'l 

0 raw mntoriol these sul>'ltanct•s are found now an the sol ut aon 
ohtained, os ~odaum phosphate and sod_iu_m arsenate. F rom the 
alkaline solution thMo nro then prccapatated at a concen t ra ­
tion of 20 40 dog. Bcaum6 and a cool!ng down of the lye to 
approximatt'ly 10 1/i rlcg. C<>nL, sodaum vanadatl', so~lllm 
phosphate, and sodium arsenatl' . . which now only c~mtaan a 
vcrv sma ll umoun t of a lkali a lumanato and some sorhum rar­
bonato or <·ommon soda as impurities. The salt thus pre-

0 cipitatod ha11 f.L concentrated content of vanadium of 4 to 8 per 
cont. The pa·esence of phosphates _and ars~nates is ess~ntia l to 
precipitate tho double salt on coolmg. It ~~ thus, for mst&;nce, 
possible in this monoer to leach from n bawote (crude alum~na), 
having o. content of only 0 · 02 to 0· 03 per cont. of vanadaum. 
thb vanadium up to 80 per cont. of the total am~unt presen t, 
and then to precipitate it. l_n cas<~ t~e r~w materaal used con; 
tai011 no phosphorus or arsemc nt a ll , at w1ll be found nee<>ssar~ 
to add suatoble quantities of these t>lements to it, to favour the 
pr~>cipatataon of tht> vanadhun. AufJUSt 14th. 1936. 

predete nnined SpN•d ; wht•n the c~nt is cut off. so that 
the motor stops. ll 111 entirrly free-. The boat is then lowered 
undE>r the <-ontrol of 1 he c!'ntrifugal brake D.- . J UgtUt 14th, 1936. 

MOTOR CARS AND ROAD TRAFFIC. 

45J ,563. December IIth, 1935.- MOTOR VEHTCLE HOISTS, 
J . D. Handley, Hilbre-street, Liverpool, 3. 

The idea is prope rly to illuminate the underside of a motor 
car raised on a lift so that it can be thoroughly inspected . The 
lift is of any normal design and is equipped with electric lamps 
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at such points os A A A. The lamps a re held in brackets as 
shown in the detail s ketch, so that, they can be swung round and 
are wired in parallel. Th<> supply lead is ahown at B.-Au!]ust 
7th, 1936. 

451,579. December 7th, 1934.-CONTKOr. GEAR FOR CAR 
ENOINES, R. S. Guy, Snurhielc>igh. Albrighton, Wolver­
hampton. 

This is an arrangC~m<'nt for automatically stopping the engine 
of a car which has bet>n loft with the engine running after a 
pr~>dettonnined 1 imCI, A plungc•r sw 1tch A is connected with the 
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brake levC~r oft h<' cor by a Bowdf·n 11 ir~> B. In nonnal running 
this switch is <-l o~~t:d and thP il(nitaon circuit is complete. H. 
however, the brake is applied the s" itch is opened and the 
electro-magnl't C looscs atR c>nC~rgiBing current. Its residual 
mafnPtism. ncvrrthcl<' , holds tht> armature D against thE' 
pul of the spring J;: for som<> tim!'. EvPntually, the annature 
as r~>IE'AAE'd end th(• 1~1taon rircmt is broken.- .tlu!]u<rt 7th, 1936. 

METALLURGY. 

451 ,981. ~lay 21st, 1935. A PRoc-ESs Ji'OR R Ec:ovERil'O 
VANADIIJ.I PRO>l llD~TAS (' ~;s 0 1' POOR VANADil"M CON­
TENT, 0 .. Jochcm. Crr·iz-Dolou. CE'nnany. 

It has h<'<~n found t hot it iR pos~ibl<> to recover vanadium as 
alkali vonadatf.l', both from the lyt> produced by smelting or 
ro88tmg the subAtanC'<'8 contoinmg a "''ry small percenta~o of 
vanodaum, with sodaum (lSrbonote {soda ash) and subsequent 
lixi~~hon o_r lf.l'achinl(. and also from the lye obtoinerl by decom ­
posataon wath sodaum carbonatf' or caustic h vdrate of Aoda 
(NaOH) undf'r prcssul'(' in on auto<'lave, o.L a l'ertain degree of 
c~>n.con~ral ion of . alkali nl"!minatE> (to render possible the pre­
rapatataon on <'Oohng), ond an tlw prclll'nro of nn exce88 of alkali 
by cooling to o. <-ertain temperature in the presence of alkali 
phosphate and iii'S('OIItCI. Tlw pl'l'ripitatt> is enriched to s uch a 
degree that 11 pnyR to work it up furtlwr. , ince Al t0 3 is pr<-scnt, 

MIS CELLANEOUS. 

451. 02. ~ftl\' 14th , 19:35.- D RAWJNO T ABLES, \\' . ~111\'ltta, 
Anchor \\'arks. Pork -rOl\d, Aston, Birmingham. 

ThiR drawing-office table is sve~ia lly devised ~or \lse in ('0~­
junrtaon wath a draughting macha~e. The d r':'wmg board A as 
mountrd on a spindle B , ~o that at may be t!lted to a~y con­
ven ien t angle, and the wc>aght of th_e draup:htang machme (n~l 
shown) is counte rbalanrf'd by tht> wNght C. The leverage of thas 

N"451.802 

• 

weight can be adjuRted. The angular position of the board is 
held by tht> toothed <tuadrant D and spring-controlled pawl E. 
The standards for the board can slide vertically between the 
guide ro lls F F. a nd its weight is counte rbalanced by C. A fool­
operated trigger H , working in conjunction with a rack. holds 
the board steady os regards height.- AugJUt 12th, 1936. 

Forthcoming Engagements. 
Secretariu of I mtitutioM, S ocutiu, <fee., duirotu of having 

noticu of meetings iMerted in thi, column, are requuted to note 
that, in order to make sure of it8 insertion, the necusary information 
should reach this ofllu on, or before, the morning of the Monday 
of the week preceding the meetin!]s. In all caau th~ TntE and 
PLACE at which the meetin!] is to be held should bt clearly stated. 

TO-DAY AND SATlTRDAY, SEPT. 26TB. 
FARADAY Soo.-In the Chomilltry Theatre, University of 

Edinburgh. General discUBSion on " Structure and Molecular 
Forces in Pure L iquid& and in Solutions." 

I RON AND STEEL INST.-Autumn meeting in Diisseldor f. In 
order to provide further opportunity for the d iscUBSion of papers 
p resented at DUBseldorf, aaditional sessions will be held in the 
Lecture Thoatre of the Institution of Civil Engineers, Great 
Oeorge-street, London, S.W. l , on Thursday, October 29th, and 
Fraday, October 30th, commencing each day at 10 a.m. The 
afternoon se88ion on Friday, October 30th , will constitute a 
joint meeting wath the Institute of British Foundrymen. For 
programme, sec page 84. 

" MODEL ENGINEER " EXITlBlTION.- Royal H ort icultural 
Hall, Westmins te r, S.W. l. J 1 a.m. daily. 

TH VRSDAY, 0 <'T. 1sT. 
lNST. OP ~IJ.:TA I.fi.--Jom('S Wntt )f t>moria l Ins titute. Birming­

ham . Barmin~hom Lo<'OI Sf'rt ion joint meeting with the Iron 
and , l<>t>l lnt~titutc> . "Strip Sh~>eL Production," G. A. V. 
RustWII. 7 p .m. 

T uESDAY, OcT. 6TH. 
INST. OF MARINE ENOINEERS.- 86, The Minories, London, 

E.C.3. P rcRidentiol nddfe88. 6 p .m . 
\VEDNESDAY, OCT. 7TH, 

Lrv&RPOOL ENOtNEERINO Soo. (I~o~c.).-9, The Te mple, 
Liverpool. Prosidontio.l address. 6.30 p.m. 

Tu unSDAY, OcT. 8TH. 
RAtLWAY CLun.- Royal Scottish Corporation RaU, Fetter­

lane, E.C.4. "Somo British Railway Accidents," Mr. H . W . 
Bardsloy. 7.30 p.m. 

RoYAL AllRONAOTJCAL Soc.- Royal Soc. of Arts, 18, John-
streot, Adelphi , W.C.2. •• Aerodynamics and tructural 
FeatureB of Tapered Wings," Dr. 0 . V. Lachmann. 6.30 p.m. 

FRIDAY, OC'T. 9TH. 
INST. 011 :\h:C'IIANICAL ENOINEERS. torey's-gate. \\'est -

mmster, S.W. l. " Aircraft Accidents : Their Causes and 
Prevention ," an infonnal meeting introduced by ~L L. Bramson. 
7 p .m. 

iNST. OJI \b~T \1..8: ' JIEFFI ELD L OCAL £CTION.-~on-
Forrous C<'tion of th<> Applaed Science Department of th<' 
Universit y. 't. Coorge's-square, heffield. " The T rend of 
Rcseo.reh in No n-ferrous ;llotallurgy," Chairman's adclre88 by 
Professor J . H . Andrew. 7.:)0 p.m. 

J UNIOR INsT. Oil' ENOINEERS.- 39, Victoria-street, London 
S.W.l. " T he Mi<'roscope in Engineering and Industry," Mr. 
A. E . Binghum. 7 .30 p.m. 

MOl•IOAY, OC'T. 12TH. 
I NST. ()P ;\I~;1'A 1 .'4: RWANHt-:A LOC'A I •• f:C'TlO.S.- Y.:\l.C.A .. 

Rwon8<•l\. "Horno Obj<octives of Corrosion Research." G. D. 
Bl•ngough. 6.:30 p.m. 

SEP'l'. 25, 1936 

Jso,T. OP Tn '"""ORT. -At thl" rnslltutaon of ElrrtriC81 Engi­
nN•rs. \ JC'tor in Embnnkm~>nt, \\ .C.2. P resulNllial addrc~11 by 
• 'ar Alfrrcl Head. 5.30 p.m . 

Tl P.,DAY, (kT. 13TJI. 
I~sT . or :\l t.'T,\1., : XoRTU -EA'>T COA'>T Lm Al. SECTJO~ 

Elec t n r al Enp:an«-<>rmg i.A>C'luro Th«-atre, Armbtrong Colll'l(f', 
Xew<-ostlt>-upon-'1'1 ne. " Solde rs." Chaannan's addi"('..S b~ H . 
Dunford Smith. 7.:30 pm. 

I NST. OY \h:TAI-'1 : fkOTTJ-.11 LOC'AI. ~ t:rTION.- \\"orkR villit to 
Babror k and \\' alrox. J.td .. Dumbarton. 7.30 p.m. 

\\' t:o~t.!iDAY, OcT. 14Trr. 
I NbT. ov S.\ SITAR)' E~OI.SEERS .-Caxton Hall, \\'f'Rt minjjt<•r . 

S. w. 1. " H<'c<'nt \\' orkan~s of Sludge Dag('Sf a on Plant nt Satt IOIC· 
bourn(•," )Jr. '1. \\' . LAAhmar. 6 p.m. 

TuuBSDA v, OoT. 15TH. 
1 NST. o•· F ue1 .. - l nst. of ~rechanical Engineers, toroy's-gale, 

S.W.J. Presid<'ntio.l address by Sir John Cadmao. 2.30 p.m. 
Melchott Lecture by Prof. Dr. Fronz Fischor. 3.30 p.m. Annual 
dinner a nd donee at the Conno.ught Rooms, Great Queen-street, 
W.C.2, at 6.45 p.m. 

I N'!T. 0 11 METAI.S. Nntional Physical Laboratory, 1'1'd ­
dington . " The Common Fadd of the Engine<'r and )l<'tnl­
lurgiAt .'' H . J . Gough. 7.:H) p .m . 

FniDAY, OcT. l 6TB. 
J UNIOR INST. OJ' E NOINEERS.- 39, Victoria-street, London, 

S.W. J. "~lonolith ic Furnace Construction," Mr. J . Dugwd. 
7.30 p.m. 

INsT. or ~fARJNE ENOIN'E£RS.- G, The Minoriea, London. 
E.C.3. " Tho Bunnoistor and \Vain Two-stroke Cycle Engme," 
Dr. H . H . Blacbe. 6 p.m. 

J .ssT. OF TtlANbi'ORT.-At thf' I nst1tution of Electriral F:nSt•· 
nPers. ViC'toraa Embankment, \\' .C.2. .. Road TranRport 
.'totaRllrs," ~f r. A. E . KarkuR. 6 p.m. 

\\'R:DNESDAY, OCT. 21ST. 
LIVERPOOL ENOINEERI.SO Soc. (I.sc.).-9, The Temple, 

Liverpool. "The Oswestry Booster Plant on the Vyrnwy 
Aqueduct ," )Jr. F . H. Auger. 6.30 p.m. 

LAUNCHES AND TRIAL TRIPS. 

Q~:&&N \'H'TORJA. motor ship; built by Barclay Curie and 
Co .. Ltd .. to the order of Thos. Dunlop and Sons; dimensions, 
length 43Jft. 6in., _breadth 5Gft. , ~epth 37ft. 6in .. . 9200 to_ns 
deo.dweight. E nganes, three-cyhnder opposed-paston oal ; 
launch, 'eptember 15th. 

lJntSOANt; ST,\R, motor ship ; built by Cammell Loird and 
Co., l.td .. to the order of Blue Star Lino, Ltd .: Dimensaon11. 
length 522ft . 5in .. breadth 70ft., depth 43ft. 4in. Engmt•s, 
tl\ o ul:eer single-acting. two-stroke, ten-cylinder oal ; launch. 
Sep tember J 6th . 

BRITISH P owER, motor ship ; buil t by Harland and \\'olff. 
Ltd .. to the order of British Tanker Company, Ltd.; dimensions. 
463ft. by 61ft . 6an . by 34ft. Engines, six-cylinder four-stroke 
oil. Launch, eptomber 16th. 

Jo:ssEX, motor shap ; built by J ohn Brown and Co .• Ltd . . 
to tho order of Now Zealand hipping Company , Ltd.; d amcn­
llions, length 530ft., breadth 70ft., depth 47Ift., gro!lB tonnai(E' 
about 11.000. Engines. two .Rrown-Doxford opposed-piRton 
oil, each 6500 H .P . at 120 r.p.m.; launch, September 17th. 

W ALi)JBR CASTLE, motor ship ; built by H arland and WolfT. 
Ltd .. to the order of Union Castle :11.ail Steamship Company, 
Ltd .; dimensiona, 246ft. by 39ft. by 22ft. EnRines, two-stroke 
airless injertion oil. Launch . September l 7th . 

PERSONAL AND BUSINESS ANNOUNCEMENTS. 

THE Puosruoat BHON?.E CoM PANY. Ltd .. h88 removed to 
lari(Or ollict:K nt G4 • .'t. Thomas's-l!treet. Borough. London. 
S.E. l . 

TIME SwiTCn£s AND IN>iTROMENTS, Ltd .. 120. Victoria-street. 
\\'estminster . London. S . \\' . 1, inform us that, as from Sopternbtlr 
21st, the sale of tune RY. itches previously conducted by thl' 
• tonobradge Elcct racol Company. Ltd .. has boon t ransfer red to at. 

TuE J oB.N TROi)IPSON ENOtNEERl.SO Colu>.LSY, Ltd .. Wolver­
hampton. hu taken over Traumph ' toker. L td .. of Leeds, 
manufacturers of oil t ypt>s of mechanacal stokers, e levators, and 
conveyors. The company wall still operate 88 Triumph Stoker, 
Ltd. , ut ats presont address at Kirkstall-road, Leeds, and the 
ex isting staff and employees will be maintained. 

TELC'ON {INDt' l'iTRIAI. FLOORS), Ltd., is the name of a com­
pany whaC'h has bet>n fo nned for the sale in Great Bratain and 
ovortl()a8 of Ste lcon anchor steel plates and Stolcon stool-clad 
flags. which for the past ten years have been handled by Langley 
London , L td .. of I 0 I , BorOu$Zh High-street, London. S.E. J. The 
addro&s of the new company is Clifford.& Inn, London, E.CA. 
Mr. F . A. Longley 11ncl Mr. T. Kilburn are directoNI of thf' 
company. 

CONTRACTS AND ORDERS. 

The Editor i1 olwo.y1 happy to print short o.nnouncement1 of 
contract-1 and order1 in thi1 column provided they are sent to him 
in time to have new1 value and that Lhty are likely to interut rtaderl. 

I NTERNATIONAL COMB USTION, Ltd .. h88 received an order for 
sixteen " L " stokeors , saxleon air heate rs , and Ash-handlinp: 
plant for the C roon" ich power station of the London P88SOnger 
Transport Board from Yarrow and Co., L td. " L " stoken1 
o.re already m operation at this station, and this o rder brangs 
the total to twenty-sax. Each stoker will be lOft. 6in. wide b) 
19ft. long, givinJOC a p:rate area of 199 square feet. makmg the 
" L " stoker g rato area 5262 square feet at this station. The­
ash-handlmg plant wall be an extensaon to the existmg ash 
<'Onvoyor. 

C'ROMPTON PARKINSON, Ltd., has secured the contro.ct for 
the electrical equapment of the new mill at \\'arrington for 
Thames Board ~fall s, Ltd. This contract covers high and lo"­
tension switohRear and tronsfonnors for the power station , " 1th 
motors fo r driving auxilaary plants. The mill eqlaipmont "all 
consist of specially design<'d h igh and low-tension truck ty p<' 
rubicles, power transfonnen~, and lighting transformen~. ln 
all there wall be o.bout sixty high-tension motors of 100 B.H. P. 
and upwards, the majority of these machines being of thf' 
Crompton ~atented o.uto-synchronoua type. Other machines 
will compraso slip-r ing motors, direct-current vari.D.ble-spe('fl 
motors, and the whole of the motors for about tweoby-so,·en 
cranes. 
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