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The Attempted " Boycott " of the Paris 

Exhibition. 

We are gratified t o find that our 
opinion on this ubject \vhich \Ve 
gave expres ion to in no uncertai11 
term in our la t i ue, i entirely' in 
accord \vit11 that held b)l the majority· 
of the British Exhibitor and cer­
ta inly by nearly the \\'hole of the 
engineering ection. Our plain peak­
ing ha evide ntly not been re li h ed 
by the " boycott" pres , judging from 
the \vay" in \vhich our remark have 
been critici ed. A11d after a ll , there is 
so11ze excuse fo r their d i turbed 
feeling.-- "' ince the attempt \V a . uch 
an utter fa ilure. 

'fhe R eviezo of R eviews h a a fe,v 
-,vorcl t o say on this matter in its last 
i ue, \vhich are very much to the 

• 

po1nt :-

" The ne,vspaper \vere filled \vith 
sugge tion of var}' ing degree of 
id£otcy a to the duty of the outside 
nation ~ t o puni h France for the 
verdi ct of the court-ma rtial on 
Dre}?fus. P aris is to h old a g reat 
Exhibition next year, the chief 
attract ion of \vhich \Vill be the 
pre e nce of exhibitor from all lands. 
S ome feat!terlzecld eems to have 
imagined that it \vould tend to im­
prove matters if the outside public 
\vere to boycott the French Exhibi­
tion by \vay of indica ting it di . e11t 

from the verdict of the court-tnartia l, 
e tc." " Over-emphasized? " not in 
the least 

.l\ strange facti that the en a tiona l 
" boycott" journals are co11tinually cry­
ing out about fore ign com petition 
and blaming the Briti h trader and 
e ng ineer for their alleged ''lack of 
ente rprise," and h e re the same jour­
nal. advocate the clo ing of one of 
our important markets ! in other 
\Vords handing over our f'rench 
ex port business to our corn petito r ! 

vVe d o 110t intend to di CU.' tl1e 
ubject furthe r in the e column . Tl1e 

les no\v said about it the bette r fo r 
Briti h trade. But \ve cannot refrain 
from g iving an extract from a leader 
in Feilden' s .J.Yl agaE£ne : ' \V e have 
noticed \vith ome amu ement the 
claims made by rival member of tl1e 
daily press to the very dubious 
h onour of evolving the 'boycott ' o f 
the Pari Exhibition· e pecially con­
sidering the fact that the m o\"em ent 
really had its origin z'1z tlze offices of 
this;·ournal." Dubious? vVe l1ould 
say o. But \vhat a confe ion ! 

+ + + 

The Education and Training of an Engr= 
neer. 
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Professor Lineham's article in our 
last i ue bearing the abo,Te title h a. 
attracted a g reat deal of a ttention, 
and a large amount of corre, pondence 
ha reached u on the ubj ect. O ur 
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corr sp H1cl nts a rc not \ l1 lly in 
agr rn nt ,,·it h I) rofcssor Lin l1a tn 's 
id al cours of lucation and tra ining 
as th r la id d< vvn, ancl as some f 
tl1es corr s pondents hold v ry l1igl1 
pos iti< ns in tl1 eng ineering world , 
our r acl rs " ·ill , doubtl ss, be int r-
est 1 to learn their vicvV.'. Th 
gen raJ line < f opr osition argutn nt 
tal(en is, t l1at a youth cann t b 
c.' p et cl to d hard manual \ ork 
all lay, a nd tl1en in the c en i11g 
be fr sh an cl able to maste r th tl1cc ry 
o f eng ineering. It is a rgued tha t 
t j rn :· pent in a \V rks fr m sa) ' 8 .30 

to 5 is not Cf n lucive to study fr In 7 
t I o in th .. cning. As to wl1ether 
tl1is i so or not \Ve wo uld ra ther o ffer 
no pinion. T l1c subject is peculia rly 
on for t l1c con. ideration of I r fess r 
I.Ji nehatn an 1 < ther wh have cl1a rg 
of the tra ining of tl1e c11git1eering 
youth, and ar in a p sition t judge 
of hi~ capacity. 

+ + + 

Brake Power of Mechanical Tramcars. 

Tl1 1nost important part f a 
rnecl1anicall)r-c perated tramcar con­
s id reel from the point of view f 
public safety is, of course, the bra k­
ing facilitie. . Tl1is importanc , says 
The P ractical E n cr£neer, is rendere 1 
c n g r atcr at the !)resent moment 
o n accoun t of the growing feeling in 
favour ( f l1ig h r speeds. It has long 
l)ccn cla i n1 d f< r electri c cars tha t they 
tn ay be pu1lccl up immediate ly at any 
tirne \Vith in tl1eir O\vn length. Some 
n1isha ps \vhich l1ave been recorded in 
this country l1ave not served to 
str ngth c n th belief of the public in 
this direction · but whether the various 
l) rakin g a rrang tnents are to blame, or 
t he tnan \\' h o ugl1t to op rate th m, 
is not a l\Va)' S clear. W e a re inclined 
to thin k that it is rnore often th rna n 
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\ h i , a t fa u 1 t tha n the cq ui pmcnt ; 
a n 1 the electri cal tra rncar with the 
rn st up-to-d a t bra kes is qual to 
any rdinary track, a ltl1 ugh the 
d seen t f steer) g ra lien ts m a}' call 
~ r sotncthing addi t ional, as at I3rad­
ford , I-I a lifax, and l1 fficl d. O f 
course, everything must be 1 n to 
have the human c l rncnt effi cient and 
reliabl ; but it may be possible to 
d t too 1nucl1 a ttention th re, at 
t l1 ri sk f n t i rn p r vi n g t h rn -
cl1anical r e lectri cal q ui pmcn t. Too 
rn ucl1 can n t be 1 ne in perfccti ng 
such a1)paratus; and when i t is kn \Vl1 

\vhicl1 sy. t rns of bra king a rc r al l)' 
tl1e m st re lia ble, the fact. cannot b 
t o '"' idel y circula tccl a rnong t rarn vvay 
eng it1e rs. Tl1ere~ re \V attach sotnc­
tl1ing m re than tl1 u: ual im1 rtanc 
to tl1c tes ts \ hi ch a re 11 \ being rnacl 

11 c rtain t ra tn lines in ~ W rk of 
po\ e r brakes. It is stat cl that about 
fifty cl vices, includ ing· a ir, lcctrical, 
a nd mecl1anical brak ·, a rc being 
tried ; and \ V l1c n tl1e in vcstigation ha · 

· been c mpletecl, and the resul ts is ' uccl 
by th ew Y rk I3oard f I) ail road 

• • mrnrss1oners a r 
be f consiclerabl 

kl1 0 \Vl1 , they \VilJ 
value t electri c 

a nd tl1 r tnecl1ani cal tra tn vva)' tnen 
on this s icle of tl1c J. tla n ti c, as ' 11 as 
i 11 the ta tes. 

+ + • 

Ewing's Single- Rail Tramways. 

orne int re:-> ting _parti cul a rs f a 
s ing l -ra il tra tn\ ay a re g iven in a 
recent issue f Transport. This 
tra rn way is tl1e i11 e nti n of Mr. 

harl s E , ing, and is b ing succcs">-
full y us cl in India. It sorn e,vhat 
resern blcs 'a ill t 's M on ra il , an 
ace unt c f \Vl1icl1 \vill be found in ur 
issu of March last. 

In tl1i s system cc th trucks arc 
carried on t\v ( r S( rncti rn s three) 
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double-flanged \vheels, \Vhich a re 
placed centrally under them and run 
on the ra il. They a re fitted a lso \vith 
a \vide-ty red side or ba la nce \vheel of 
large diameter, \vhich keep them in 
an upright po ition. Thi side \vheel 
runs on tl1e road \va y, \V hi le the 
double-flanged \vl1eel , being placed 

• 

OPEN PLATFOR~I TRUCK WITH REl\lCVABLE BOX-SIDES. 

. centrally under the platform of the 
car, bear the \Vhole \Veight of the .ca r 
and its load. The side \vheel has, 
according t o the pattern of the truck, 
either a stra ight or cranked ax le, 
vvhich is pivoted at the centre of the 
truck, and this axle is provided \Vith 
double helical springs vvhich take up 
any jolting caused by inequalities in 
the road s urface in the path of the 
ide \vheel. 

'' The side \vheel is compara tively· 
light, but being placed a t some dis­
tance, u ua lly 5ft., from the centre of 
the truck, it exert~ a leverage g reatly 
in excess of it \veight, and this 
allo\vs of the truck being conside r­
ably overloaded on the far side \vith­
out any risk of its upsetting . The 
\vheel \Veighs genera lly 16 5 lb., \vhich 
a llo\vs for an excess weight of 2~ 
C\vt. being placed on the fa r side of 
the light I-ton truck \vithout any 
danger of its overbalancing. In the 
larger trucks a n excess of 5 or 6 c\vt. 
may be so carried. 

' The g reat advantage of the ystem 
is that tl1e line takes up very little 
. pace ; it can be la id a long the edge 
of a road, leaving the \vh ole of it free 
for ord inary tra ffi c, and as the ra il 

-
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projects 011ly about one incl1 above the 
road surface it does n ot form a eriou 
obstacle to vehicular tra ffic, even if 
left unguarded by g uard ra il at 
crossings. The line can a lso be laid 
on any fa irly level g round fit for 
ordinary bullock carts, and it i. very 
uitable for use in the hill -- a lso. 

" The rolling stock can be m ade of 
tnany patterns for good or pas enger 
traffic. F or ordinary purpo e the 
open platform truck, i11 ,,·hich the 
s ide \Vl1eel axle is cranked to go 
underneath the platform , leaving the 
full \vidth of the latter entirely clear, 
i probably the best, but in certain 
ea e \vhere it is of adYantage to 
have the centre of g ravity as lo \v as 
possible, it may be better to have 
trucks, the platforms of \vhich a re 
only 8in. above g round level ; it 
make an up et impossible a matte r 
of importance in a steep hill line. 

c' The open platform trucks can be 
· very easily loaded \vhen ti pped. F or 

this purpose the side '"l1eel is ra ised 
off the g round, vvhich ca11 easily be 
done by one m an. For loading 
timber, barrels, and other heavy 
thing , this is a g reat ad van tag e. 
L og of timber, di 1no unted g uns, 

I . ·' .. ....... . ~ .. , .... 
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etc., can easily be loaded b)T par­
buckling. The facility \vitl1 vvhich 
truck can be tipped doe .. a\Va)' \vith 
the neces it)l for loading and ut1load­
ing p la tforms a g reat advantage. 

(( The trucks can be d ra\vn sing ly or 
in a tra in steam, e lectrici t)T or other 
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p \Yer can be applied for draught 
purpose ', but for ordinary u "e animal 
po\ver, \vhich is so cheap in this 
country, \vould be the mo t suitable. 
One pair of bullocks, or one buffalo, 
can ' itl1 ea e dra\v a train of six 
light trucks, each loaded \vith one 
ton, or of t\vo 3~ ton trucks com­
pare thi \vith what a pair of bullocks 
can dra \v in a country cart! Taking 
15 mile a day a a fair day's work 
for a pair of bullocks, the keep of 
which, \vith their driver's pay, say 
average I 2 anna a day, it means 
that 6 to 7 ton can be carried in this 
country I 5 mile for I 2 annas, or one 
shilling or from 90 to 100 tons a mile 
at the ame eo t. The economy of 
animal draught on thi line i evident." 

+ + + 

Motor Omnibuses in London. 

Half-a-dozen omnibuses have started 
running in London bet\veen Ken-

• 

nington Park and Victoria Station. 
They are driven by light oil engines, 
and re emble the usual 'bu \ ith a 
. tair\Va)' behind and garden eats on 
top, but \\~ith the addition of an 
exten ion in front for the motor and 
driver, ,,~hich are p laced over the front 
ax le. The 'bus complete \veighs 
about 3 tons and, like the ordinary 
hor e Yel1icle, carrie 26 pas engers. 
If thi experiment prove a ucce , 
additi nal \'·el1icle \vil l at once be 
placed on the before-mentioned and 
other rou te in London. 

+ + + 

An International Tramways Exhibition 
in London. 

\ e learn that an Internatiunal 
Tratn\\·a)rs and Light Rail\vay Exhi­
bition " pill be opened in the gri­
cultural Hall I lington London on 
the 30tl1 of June I 900. The fact 
tl1at ucl1 a .. chcme i even propo ed 
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sho\v the enormou · tride -- \vhich 
have been made in thi country 
during the la ·t three or four y·ear in 
the direction of improving the mean 
of local eo mm unication. ~ ot merely 
are local authoritie · and tram,,·ay 
companies fully ali ve to the nece sity 
of providing better method -- of 
traction for treet car but the general 
public are beginni11g to ee that the 
most effective mean of providing for 
the quick a nd convenient tran port of 
people from one part of a to\vn to 
another, or bet\veen city and -- uburban 
districts, i the provision of tram\vay , 
and plenty of them, \vith '"iftly­
running cars propelled by" electricity 
or in some other \vay b:y mechanical 
po\ver. The fact that there are 
16,ooo mile of electric tram,va) and 
light rail\vays in the United State 
and Canada, sho\vs how large the 
development i there, and the 
continent of Europe i also being 
rapidly upplied \vith electric line 
for local purposes. F or everal )pear 
there ha been an exhibition of 
tram\vay apparatu and appliance 
at the annual meeting of the 
A merican Street Rail,vay A ocia­
tion, but the forthcoming ho\v at 
the Agricultural H all i the fir t of 
the kind ever held in this countr}·, or 
indeed in Europe. It i promoted by 
the proprietor of the T 1'·aJll'Zk'aJ' and 
Ra-ilway World. a11d an excellent li -- t 
of patron ha been ecured. They 
include the l...,ord Mayor of Liverpool 
Manche ter, L eed Sheffield, Belfa t 
Dublin, and York · the L ord Provo t 

of Gla go\v; the Mayor" of S under­
land Cro don Birkenhead Derby, 
H alifax, Bradford, and other to \\~n · 
the Chairmen of tl1e Tram\vay· C m-., 

mittee of the Corporation of Aber-
deen Blackburn, Blackpool Bolton 
Dundee H udder field, X e\\·ca ~ tie, etc.; 
and the chairtncn of the leading 

• 
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tramway companie in the country, 
.. uch as the North Metropolitan, 
British Electric Traction, Bristol, 
Dublin, Edinburgh and Di trict, and 
London United. The recently formed 
Tramways and Ligl1t Rail\vays 
Association are al ' O patrons, and 
there is a trong advi ory committee, 
consisting of the principal general 
managers of tram,vay in the country. 
1'he Agricultural Hall, where the 
Military 'f our11ament and exhibitions 
requiring large space are held, has 
been selected a the most central 
position and it '"ill be extremely 
convenient for (he purpose, as it 
ha doorway, ufficientl}7 la rge to 
admit fully -equipped tramvvay cars 
-a most important considera-
tion and floor pace suffi cient 
to allow of a manv as ten different 

.I 

lines of tram\Va)' track. The exhibits 
will comprise al l ort of electric 
sy, terns, cable sy terns, corn pres ed 
air, gas and steam systems, permanent 
vvav construction, tunnel construction 
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for underground line , po\ver station 
equipment (including boilers, engines, 
dynamos, and al l sort of auxiliaries), 
cable driving machinery, rolling stock, 
electric car equipment trucks, power 
brakes, etc. Support is al ready as-
'Ured, not only from manufacturers 
and dealers in thi countr}~, but from 
very many abroad, and in particular 
from the United States, which may 
be looked upon a the g reat home of 
the electric traction industry. Cor­
porations and companie in the United 
Kingdom are no\v o actively engaged 
in electrically equipping their existing 
lines and in building· new tram,vays 
that they will all be deeply intere ted 
in the exhibition. Many of them 
have already arrang·ed to end repre­
sentatives, \vhere ever}' opportunity 
will be afforded them of clo ely ex­
amining and obtaining inforrnation 
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regarding all that is newest at1d best 
in connection with tram\vays and light 
railways. The general public also 
who attend the show \vill get many 
new ideas, and will no doubt depart 
determined to urge their local a utho­
rities or tram way companies t o g ive 
greater and g reater facilities for rapid, 
cheap; and pleasant local communica­
tion. We wish the undertaking every 
success. 

+ + + 
Bryan Donkin, M. Inst. C. E., M. I. 

Mech. E. 
It is probable that the present 

decade has produced more notable 
engineers, civil, mechanical and elec­
trical, than any previous one, and it 
is to these, doubtless, in the larger 
degree, that the world owes it rapid 
improvement, progress, advancement. 
In the front rank of these stands the 
subject of our frontispiece, and a fe\v 
particulars of his career will not fail 
to interest our readers. 

Mr. Br);an Don kin i the son of the 
late Mr. J ohn Don kin, and g randson 
of the late Mr. Bryan Donkin, F.R.S., 
vvho, it \vi ll be remembered, made, 
about 1806, the first practical paper 
machine for making paper in a con­
tinuous \iVeb, and vvho \vas the original 
founder of the present firm. 

Born in London in 1835, and after 
having been educated at various 
schools, Mr. Bryan Donkin \¥as sent 
to the U nivcrsity College, L ondon ; 
and later on to the Ecole Centrale, 
Paris, where he passed in French 
his examination for Technical Edu­
cation . 

... ~t the age of 22 he entered hi 
father's engineering \vorks, vvhich 
employed some 200 hands, and went 
through the variou vvork hops. 

The years from I 8 59-62 he spent at 
St. Peter burg as resident engineer to 
a large paper mill employing bet\vee t1 
two and three thou and hand , vvhich 
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his firm erected to the order of the 
Russian Government for mal<ing 
all Bank ote and State papers. 

Five years later he became a 
partner i11 the firm , and is novv Chair­
mat1 and Managing Director. 

H e has made and publi hed nu-
merous Experiment on Steam Et1-
gine and Boilers, a \vell a ariou 
experimental Research \vorks on 
" Conden ation in Steam E ngine 
Cylinders and T emperature C)' linder 
W alls" The Value of Steam 
Jacket " ' Tran mi ion of H eat "­
" Centritrifugal Fans" etc., etc. 

Mr. Bryan Donkin is a member of 
the In titution of Civil E ngineers; of 
the Institution of Mechanical Engi­
neer A merican Society of Mechanical 

. Engineers ; of the V erein Deutsche 
Enge11teure (Germany) : of the R oyal 
Institution ; a11d a l o of the Briti h 
A s ocia tion. 

F or the fir t-named institution, he 
ha vvithin the last 15 year contri­
buted many papers. H e wa also 
elected a member of tl1e late Com­
mittee on the Efficiency of the Steam 
Engine, and i now a member of the 
Committee for R eporting on Standard 
F orm for T abulating Steam Engines 
and Boilers. F rom this institution he 
received the W att Gold Medal ; T el­
ford Premium and also the Manby 
Premium. 

T o the Institution of Mechanical 
Engineers he has contributed several 
papers, notably that on Steam En­
gines and S team Jackets. H e \va 
elected a member of the Council 
about seven years ago. Amongst the 
many committees upon which he ha 
served , may be mentioned " Marine 
R esearch," and he is no\v serving upon 
the cc Steam Jacket," '' Gas Engi11e 
and S team E ngines" Cotnmittees. 

T o the A merica11 Society of 
Mechanical E ngineers, he has read 
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everal papers, and also \vas a member 
of the Committee for Standardising 
Boiler a11d Steam Engine E xperi­
ment.. 

H e is the designer of an instrument 
called by Hirn ' The Revealer," 
.. ~vhich illustrates tl1e effect of con­
den a tion in steam engine cylinder.. 

H e has \vritten everal technical 
?nd scientific article for both Engli .'h 
and French paper , and is the author 
of the follo\ving book : ' Ga , Oil, and 
A ir Engines" (soo11 to be in its third 
edition)," H eat EfficienC)' of the Steam 
Boilers," and joint author with Dr. 
K ennedy of cc E x periments on Steam 
Boiler ." 

+ + + 
The British Association Meeting at 

Dover. 
Some unusuall:y' interesting paper ' 

have been read thi year before the 
British A ssociation at Dover, one 
by Sir William H . \ i\Thite, Director 
of av·al Construction (\vhose por­
trait \ve gave in a recent issue), on 
Steam Navigation at High Speed 
\vas e ' pecially irnportant. After 
tracing briefly the principal steps in 
the increase of speed of mercantile 
and naval steam hips during the 
preset1t reign, Sir vVilliam indicated 
the con tantly gro\ving difficulties in 
the \vay of the still further increa e 
of peed, and sho,ved . hovv pa t 

. . . . ' exper1e11ce 1s agatnst Inventor 
theories of sixty mile an hour. vVe 
\vill not attempt a ummary of thi 
paper here, as it i our intention to 
reproduce it £n e,rtenso in an early 
• 
ISSUe . 

+ + + 
Dover Harbour Works. 

'fhe paper by Me r . W. Matthe\vs 
and J. C. Coode on the Dover 
H arbour W orks \V a opportune. It 
opened vvith a sketch of the effort , 
that have been made to improve the 
navigation facilitie · of the port f 

• 



Engineering Topics. 

Do\·er, some record of \vhich extend 
back to more than four hundred year . 
After various comrn i ions and 
inquirie , tl1e contract for the fir t 
portion of the dmiralty Pier vvas let 
in October I 847, and the pier \\as 
completed, excepting a mall addition 
to the ea,vard end in 187 1. It gave 
fairly good accommodation for 
landing and embarking passengers, 
but during exceptional gales there 
'"a ome difficulty and even risk. 
T o improve the then existing con­
dition the Dover Harbour Board 
con ulted ir ] ohn Coode \Vith a view 
to the con truction of a deep-water 
harbour, and the \Vork \vas anctioned 
by Parliament in 1 89 I. This scheme 
" ·as \vhat is generally kno\vn as the 
"commercial harbour" and consisted 
of an ea tern pier and an extension of 
the Admiralty pier. The heltered 
area \Vould have been 56 acres, and 
about five acre \vould have been 
reclaimed. The only part of this 
cheme commenced up to the pre ent 

time is the ea t pier, the contract for 
the con truction of \vhich has been 
let to Sir ] ohn Jack on. T o\vards 
the end of I 89 5 the Admiralty 
in tructed the author to prepare a 
design for an enclosed harbour 
suitable for the accommodation of 
H er Majesty' Navy. The \vorks 
recommended con i t of (a) an 
exten ion of the Admiralty pier east 
outh-ea t for 2,oooft. ; (b) an arm 

commencing again t the chalk cliffs a 
fe\v hundred feet from tl1e east 
boundar)' \vall, it. direction being 
approximately outh by west, and its 
length 3,2ooft. · (c) an i olated break­
\vater, 4 2ooft. long, forming the 
southern protecting arm ; and (d) the 
reclamatio11 of 2 I acres of the fore-
bore. There are to be t\vo entrances, 

one 6ooft. a11d the other 8ooft. \vide, 
\Vith a depth of even fathoms. The 
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leng th of heltering vvork i to be 
9,52oft., and the area enclosed, 
exclusive of the commercial harbour, 
6 10 acres at lo\v \Vater. The con­
tract for the Admiralty harbour \vas 
let in I 897 to Me sr . S. Pear on and 
Sons, L ondon. 

Mr. E. Marshal! Fox read a paper 
on ' Non-Inflammable \Vood for 
Warship ." Another paper \Va given 
by the H on. Cha . Par on , \vhich 
consi ted mainly of suggestions for 
increasing the speed of cro s-Channel 
steamer · by the adoption of the 
steam turbine bearing the author's 
name. Mr. Mark R obin on, of 
Rugby, di cussed the 1 iclau e boiler, 
and Mr. A. Siemens Electrical 
Machinery on Board Ship." 

+ + + 
''The Centenary of the Electric 

Current. '' 
Tl1e above is the ti tie of a lecture 

delivered by Profe~ or J. A. Flem­
ming in the course of \vhich the 
author aid that the investigations of 
.r'\le andro Volta, born in Como in 
I745 opened a ne\v chapter in the 
history of electrical discovery by 
giving to the \vorld the voltaic pile. 
To regard the modern u e of the 
electric current tl1u · given to us by 
V olta \vas to realise the a tounding 
result \vhich a century had brought 
about. Some idea of the ' e rest1l ts 
might be found in the fact that in the 
year 1898 very little le than 
£8 5 ooo ooo \V a invested i11 Great 
Britain alone in electrical enterprise. 

+ + + 
''Recent Experiences with Steam on 

Common Roads." 
A paper \VOrthy of particular notice 

also wa one by Mr. ] . I. Thor11ycroft, 
F.R.S., on the above ubj ect. The 
author, after referring to the \vork of 
early inve.t1tors in thi fi eld \vent 011 
to refer to the re triction ·till put 
upon elf-propelled vehicle, by the 
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la\v. The L ocom otive on Hig hways 
. et, 1896, though re moving some 
obstacles, wa still an imperfect 
measure. The clause pressing most 
hardly \vas that re tricting the \veight 
of the vehicle unladen to less than 
3 tons. Merchant and ma11ufac­
turers insi ted on loads of from 5 
to IO ton being dealt with, but it 
\Vas commerciall)' impossible to build 
a durable \rehicle \vithin the limits of 
the tare, although one might be con-
tructed that \vould perform the ser­

vice on trial run . 
Other very interesting papers were 

read, \Vhich \Ve hope to be able to 
refer t o in early issues. 

+ + + 

" England's only hope." 
A m ost intere ting and instructive 

serial article on American Competi­
tion," by Mr. W. K ent, the i\ ssociate 
editor of the E ngineering News of 
New Y or]{ ha been running through 
the columns of recent i sues of En­
gineering. We do not agree with 
some of the argume11ts put forward ~ 

but, as an merica n vie\v of the ques­
tion, it i -vvell \vorth perusal. The 
author conclude as follo\vs: "Eng­
land's trouble \vith A merican com­
petition to-day i not due to any fault 
of geog rapl1ical location nor to any 
failure of natural re ource . It seems 
rather t o be due to the natural 
peculiarities, or to tl1e prejudices, of 
her people. F orty years ago the 
English \vorl< horJ. \Vere the best in 
the world, her vvorkmen \vere the bes t 
and so \Vere her products. E very 
Et1glishman l<ne\v thi , a .. did the rest 
of the \vorld, a nd every Englishman 
\Vas brought up to believe not only 
that every thing E ngli l1 \vas the best 
but that it \Vould al,vay continue to 
be, and that no improvement \vas 
necessary. Meantime, the re t of the 
world h a been advancing, \vhile 

• 
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Engli hmen have been content to 
have things remain as they \Vere. 
The English O\vner of workshops has 
now had his eyes opened, and hi 
mental peculiarit)' call it conserva­
tism, or as some do, pigheadednes -
\vill disappear, and he vvill do his part 
to retain hi fair share of the world's 
markets ; a lthough he must be content 
to share some of them with A merica, 
Germany, Belg ium, and, perhaps, 
some day, sa}r twenty year hence, 
vvith Russia. But what of the 
English \vorkman? H e has a 
fundamental fallacy implanted in his 
brain to the effect that the total 

· amount of \vork to be done is a 
limited quantity, and if he does too 
much in a day, or obtain the help of 
a machine to d o more than he ha 
done, there 'vill be less \vork for him 
to do to-morrow, or else he \vill be 
reduci11g the amount to be done by 
his fellow-vvorkman, and ' tal<:ing the 
bread out of hi m outh." Will he ever 
get thi fallacy dislodged from his 
brain, and learn that \vhenever he 
gets a machine to help him double 
his day' \vork, he thereby increa e 
the \vorld ' \Vealth, and makes it 
possible for him to get a larger share 
in the di visio11 ? 

The labour que tion, it eem , 
therefore, is the g reate t factor in the 
great problem of England' rneeting 
American corn petition. It cannot be 
solved by reducing the daily wage of 
labour. It must be olved b}' the 
owner providing the machiner)' , and 
by .. the worl<man u ing that machinery 
to produce double tl1e \vork that he 
has done heretofore. This plan 
affords the 011ly l1ope of the \vork­
mat1's having his daily wage increa ed 
as they sl1ould be, and of England' , 
h oldit1g tl1e place her geographical 
position and natural re ource entitle 
her to i11 the \Vorld's marl~et .. . ,, 
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THE HISTORY AND DEVELOPMENT OF 
MOTOR CARS. 

By W. FLETCHER, M. Inst. Mech. E. 

Author of "SteaJn on Collunon Roads, ' &c. 

IV. SO.ME RECENT T YPES. 

HE " erpolle t " motor cars of 
French construction claim 
sotne notice a t our hands. It 

is quite true that a couple of year 
ago these carriage .. fig ured frequently 
in the technical papers ; of late \Ve 
have not heard much concerning 
them, b . t a a variety of ca rriages 
have been built and have ansvvered 
admirabl)? in p rac­
ti ce, the ·e a rticle 
\vould not be com­
plete \Vere they to 
be omitted . Fig 20 

sho\vs the erpollet 
boiler and engine as 
used on the m otor 
cars \vhich gave ex­
cellent re -- ul t . The 
boiler i tl1e chief 
feature of intere t 
and it i clearl; 

• • 

\vhich the feed \Vater i formed into 
steam as required. 'fhe boiler has 
been used for many purposes, 
including steam tricy·cle , and 
numerous motor cars by M. Serpollet 
and others. The working pre sure i 
300 lb. per sq. inch or m ore, \vhile 
the test pressure ha been from I 5 to 
20 time as grea t as the hig hest used 

•• 

een in the ill u -
tration. I t i · acal)il­
l a ry \Va t e r- tu be 
boil er, the tube of 

FIG. 20.-THE "SERPOLLET " BOILER AND STEAIVI PHAETON ENGINE. 

which \vere, a first m ade, closed 
up by flat tening, "' O that there \Vas 
'Carcely an}· IJa age for vvater. The 
tubes \Vere ub equently m ade of the 
crescent form a sho\vn by Fig. 2 I , 

and \\"ere enca ed in cast iron , the 
tubes being put in the m o uld and cast 
iron run round them. It is an in­
stantaneou generation boiler, into 

in actual practice · the boile r i very 
satisfactory a to economy. The 
eng ine employed i of the horizorrta l 
t ype having t vvo cy linders bolted to 
the frame of the vehicle. On the 
cran k h aft there a re t\VO pi11ion,~ of 
different diameters, for gearing into 
t\vo spur wheel on the counter ha ft, 
by means of the e \Vl1eel t\vo .. peed .. 

107 
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a re s cured. O n ach e nd f 
the counte r l1aft a cha in pinio n 
i fi xed , \vhi ch comtnunicate m otio n 
t the dri ving ax le, a · h \ Vl1 . The 
feed p ump i driven fr m tl1e cra nk­
. haft. When the dri ver d ire. to 

• 

J7· ~/. 
ta rt the carriage he m ove a lever, 

vvhich eau e \Vater to be p u1nped 
into the boile r. fte r the eng ine i 
once ta rted the p ump feed the 
boile r continuou l}p and a utom ati c­
a lly. The exh aus t team i conveyed 
to the t op of the boile r, a nd i there 
super-heated in a ilencer, a nd leaves 
the m otor car in a n invi ible form. In 
order to p revent the e. cape of m oke 
vvhich , f cou r. e, \V uld be an annoy-

I 
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vehicle i .. ·h \\ ' 11 by F igs. 22 and 2J. 

The eng ine con. ist. of a pair of hori­
zonta l cylinder. , 2~ in. dia1neter and 
2-l- in. tro ke, the cra nksha ft being 
connected t o the dri ving \\'heel by 
m eans of p itch ch ains. The coke 
to rage i s ufficient for a journey, 

under good cond it ion , of 40 mile ", 
but the \Vate r tank has to be refilled 
evera l time.. in t hat di tance. T he 

pump u 'ed fo r upply ing the boiler i · 
of abo ut 1 in. in dia meter and of i in. 
troke. In the earlier m otor vehicles 
erpolle t e m1loyed one teering 

vvheel, \V hich vva not altogether 
ati factory . In the later machine 

he ha ado1) ted a nevv method of 
teering , d e vi d by Mr. J eantaud. In 

thi arrangement the for\ a rd axle is 
not m ovable, but i · fi xed parallel to 
the rear a x le, a i hovvn in F ig . 24 
and 25. From the e fi g ure it 
will be seen tha t the fi xed ax le 
te rminates in a fork at each end, in 
\vhich i p laced tl1e tee piece made 
\Vith bearing , and extended to carry 
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F1o. 2. ~ TH& SERl'OLL itT STmAJa~ C ABBlAOL · FIG . 24 & 25 . 
B'to z 3 

a nce on a public r ad , the fue l 
employed is coke. Tl1e toking i to 
a con iderable extent a ut m a tic, the 
a rra ngement be ing uch tha t t he 
coke i caused t o fa ll n the fi re g ra te 
by the m otion of t l1e \ ehi cle a it 
p rogre.'SC . 

m ore recen t t)' pe f c r1) llet 

the \vheel. By tl1is a rrangement a 
free m ovem ent i allo\ ed to the 
wheel in a l1 rizonta l plane around 
the bearings of the cro head. T he 
m a nner of'" rking tl1e y tern \\' ill be 
understood by· reference to the 
d iagra m F ig. 26 \vhere it \vill be 
een tha t tl1e end of the lever M M, 
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are kept at a fixed di tance apart by 
means of a connecting rod, and an)' 
movement transmitted to this rod is 
transferred to the \vheels through the 
levers vvhich, ho\vever, pa sed through 
different angles 'vhen hifted as 
indicated by the dotted lines in Fig. 
26. By this system the motor car 
can be turned ver}T easily and \Vith 

. 

quite a short radius. For the present, 
at all events, this sy tern of steering 
gear ha been definitely adopted by 
M. Serpollet.% From the illustrations 
Figs. 22 and 2 3, it vvill be seen that 
the motor of this vehicle is placed 
beneath the floor. The engines are 
sho,vn b.Y Figs. 27 and 28 the t\vo 
C) linders are placed ide by side, the 
connecting rods a re coupled to the 
crankshaft in the usual manner, a 
pur pinion on the crank haft drive 

a '"heel on the counter haft. A neatly 
de,~ised set of compensating gear i 
placed on the countershaft, by means 
of \vhich the chain \vheel on each end 
of the shaft act as dri,Ters \vhether 
the motor car is tra veiling in a straight 
line or turning a corner. From 
Fig. 22 it \vill be seen that the chain 
\vheels on the counter haft drive the 
axle by t\vo pitch chain , and t\vo 
chain \vheel keyed to the driving 
axle. The feed pump is driven by an 
eccentric on the crank haft ; the motor 
and other \vearing parts are lubricated 
by an automatic arrangement, so as 
to save the conductor as much trouble 
a possible. 

Messrs. Serpollet have recently 
introduced a ne\vly-con 'tructed motor 
car of a maller and lighter type than 
those already described. It is in­
tended for t\VO pas engers. The 
motor is a ne\v idea, a half- ectional 
elevation of it is ho\vn by Fig. 29. 
It consi t of four open-ended cylin-

* Engineering, October 25th 1895. 
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ders placed horizontally in opposite 
pairs ; the cylinder are connected to 
a crank chamber, a ho,vn. The four 
piston rods are coupled to a t\VO­
thro\v crank, having the crank pin 
dispo. ed 90 deg. apart; each crank 
pin is connected to a pair of opposite 
piston rod . Slide valves are dis­
carded, the steam distribution is 
effected by cams on a second shaft, 
driven b)' equal-sized pinion from 
the crank haft. The four cams 

I \ 
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which operate the sliding stems are 
ho\vn · the sliding terns have rollers 

\vhich are kept in contact \vith the 
cam by prings, \vhicl1 are secured to 
crosshead on the valve stems. The 
cam are made to lide longitudinally 
upon the second motion haft; by 
altering the iJosition of the cam the 
period of admis ion can be regulated 
from nothing to a · mucl1 as So per 
cent. of the troke. Tl1e motor can 
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.'ecure economical 
re ult . Iiig 30 
ho,,- a hal f-eleva­

tion of the boiler, 
\vhich i arranged 
for burning petro­
leum instead of 
coke, as before . 
The boiler con-
i t of three part.' , 

a coil of piping in 
tl1e 1 O\ver part of 
the ea ing, \vhich 
act a a prelimi­
nar)· heater; a y -
tern of four ro\V" 
of t\Yi .·ted tu be.' 
arranged in erie , 
\vhicl1 act a ~ a 
yapouri er, and a 
super-heating coil 
placed in the upper 
part of the boiler. 
The joint of the 
tu be " are protected 
fron1 the heat of the 

FIG'. 27 & 2 - THE " ERPOLLET '' TEA.i\I CARRIAGE. 
furnace by 

f baffle 
means 
plate .. . 

be run at a g rea t peed, and i econo­
mical in the con umption of team. 
T he crank running in an air-tight 
box i a good feature, and the reduc­
tion of the clearance pace help to 
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'fhe principle aim d at in de igning 
thi boiler \\Te re : to regulate the 
upply of petr leum in accordance 

\vith that nece .. ar)T for the complete 
vapori ... ation of a ll the \\·ater in the 
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boiler; to make the consumption of 
oil and \Vater vary \\ ith the energy 
developed b}· the motor and to make 
the production of energy a matter of 
automatic regulation. The e objects 
are effected by mean of t\VO plunger 
pump of unequal dia meter and 
variable troke, the one upplying oil 
and the other feeding the boiler \vith 
\Vater ; the e pump .. are \VOrked by a 
lever and an eccentric and the stroke 
and di placements are o a rranged 
that the ra tio betvveen the quantit)' of 
petroleum and the quantity of \Vater 
pumped can eitl1er be a fi xed one or 
varied at \\r ill.~~ 

Me ' r . l\tkin on and Philipson, of 
e\vca tie have recently introduced 

a motor carriage, \vhich i illu trated 
byr F ig. 31. Mr. J ohn Philipson, like 
many other engineer , believe that 
the application of steam to lig·ht 
motor cars ha not received the atten­
tion \vhich it de erves. Mr. I>hilipson 
ha , therefore been \vorking i11 con­
junction \vith Me r . T o,vard, a 
"'" re,vca tie firm of eng ineer , and the 
outcome i a vehicle \vhich has 
attracted m uch attention in the 
.l Torth of E ngland, \V here it ha bee11 
put to ome very exacting te t . 
T he carriage is absolutely free from 
noise and vibration \vl1en travelling, 
and it climbs very ea ily hills 
\\' ith a g radient of one in nine. The 
carriage i of the \vagonette ty pe, 
carrying t\vo persons on the box and 
four behind eated vis-a-v is. The 
body is upported on ellip tical springs 
of great ela ticity, attached to a 
double of orig inal de ign on \vhich 
are mounted the engi11e and boiler. 
The latter con ist of a number of 
stout ... piral steel tube . itua ted in a 
circular teel casing, one of them 
act ing a a feed heater and the other 

* La l~evue 7ech nz'qza. 

I I I 

as generator and ' uperheate r . Petro­
leum or coke can be u ed for firing ; in 
the latter case the fu el i fed in from 
the top of the boiler. The \vorking 
pressure is 175lb. per sq. inch. The 
motor consi ts of a pair of h orizo11tal 
reversing eng i11e , capable of pro­
pelling the motor car fully· loaded a t 
a speed of ten to t\velve miles an 
hour. P o\ver is tran mitted from the 
engine shaft to the hind carriage 
\vheels by pitched chain and sprocket 
wheels ; a compa-ct differential gear 
is fitted to the driving ax le. The 
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FIG. 30.-HALF-ELE\'ATIO~ OF BOILER 1: ED IN 

"SERPOLLET , C R. 

steerage i effectecl by a lever on a 
vertical p ind le and chains ; the 
\Vheel are of the c arven " ty pe and 
have solid rubber t~r re . 'f,vo po\ver­
ful brakes are p rovided. The point 
for congra tulation re pecting the 
construction of thi vel1icle, is the fact 
that t vvo old-esta bli. hed fi rm of coach 
builders. and eng i11eer have \vorked 
together in harmon)' \v itl1 mo t 'a ti -
factor}? re ul t . \\~ e m a ~)l ' Cl) t that the 

• 

• 

• 

• 
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MODERN LOCOMOTIVE PRACTICE OF THE WORLD. 

By HERBERT PARKER and JAS. HORSFALL. 

I. I . TROI)U TOH. \ r. 

E a re often a ked, cc Why a re 
there o rn any different l( inds 
of locomotive ? Wh~y not 

ma ke them a li the a me, like o m a ny 
Walthatn \vatche ? They a ll have 
one duty to perform to pull tra ins, 
ju. t as \vatches record the flight of 
time." 

11 very true, a nd if this could be 
brought about a g rea t deal of time 
a nd trouble would be aved. 

But all iron horses d o not require 
t o travel at the ame speed , a a ll 
\vatches do or ought to do. Nor d o 
they all need to develop the same 
po,ver. 

A good eng ine l1aving c.ylinder 
17~ in. diameter by 26in. stroke, and 
wheels 5 ft. 2~ in. dia tne ter ' vill 
develop a tractive force of I 27·4lb. 
for each pound of e ffective pre '~ ure 
per square inch in the cy·linde rs. 
Thu :-

I7"SX 17.5X 26 
62 ·5 == I27 "4 

A passenger eng ine \Vith 7ft. 
d riving wheels a nd cylinders of I 8in. 
diameter by 26in. stroke will exert 
only I oo·3 Ib. of tractive force, 
although its cylinders a re la rger, the 
difference be ing due, f c urse, to the 
d ifferent sizes of the driving ,,vh e:el . 
Thus:-

r8x r8x26 
84 

= roo·3 

]~ut the latter engine \voulcl travel 
comfortably at 6o miles per h our, 

+~-

vvhile the goods e ng ine \vould only 
be expected to reach about l1alf this 
speed. 

S uppo e \Ve made tl1e1n a ll goods 
e ng ines, \vith eight m all vvheels 
coupled. Io,v, suppose you \Vantcd 
to get from Manche ter t o I__j verpool 
in the shorte t po. sible time. 

U nderthe p re ent a rrangem ents you 
t ake a eat in the tra in a t the Centra l 
S tation then : R-r-r-r-r-Warrinrrton 

b ' 
the only topping place. Y~)U l1ave 
negoti a ted the six teen miles in 
e ig hteen 1ninute . Then: 1~-r- r-r-r­

Cen tra l Liverpool. You l1a ve done 
the vvhole thirty -four mile unde r 
three-fourtl1s of an hour \vhich is 
not so very bad . P erl1ap yo u have 
accomplished this feat frequently, and 
being q uite accustom ed to it, t ake it 
as a m atter of course. So hould 
):ou wi~h t o kno\v '"' hat it \vould be 
like upposing there vvere 11 thing t 
fa ll back upon but our e ight-vvheel 
goods eng ine, tl1en ju t a ttempt to re­
peat the experiment some fine unday. 

Soon a fte r s tarting you come to a 
full st op. What ! W a rri11g ton a l­
read}'? "Can such tl1ing be or is 
visions a round ?" By no m anner of 
m ean , ne ither Warringt n 110r 
v is ions a re around. No thi is 
~ imply tl1e firs t st a tion a nd there fo re 
the first . topping place 0 11 tl1e way. 
The second t a tion \vill be the 
econd l1alting 1)lace. T l1e third vvil l 

be the ne ... t , a11d so on apparently 
for ever. 

113 
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A change comes o'er one' pirits, 
and the impression prevail that every 
rail\vay tation in Great Britain and 
Ireland is crowded into the pace 
bet\veen Manche ter and Liverpool. 
You had no idea there \vere so many 
in the \V hole \Vorld. 11 this is bad, 
but \VOrse remai11 in front. For 
\vhen you reach a certain pot in the 
far interior al l the pas enger \vill 
have to tur11 out and go into encamp­
ment: and the tra in \vill cra\vl a\vay 
empty. O\V you \vill have a g lorious 
opportunity to cool dO\\'n and wait 
until another train can be picked 
up ome\vhere to carry :you a little 
further. 

Very· little of thi experience \vould 
suffice to make you completely 

• 

tired of the slo\v progress made, 
even uppos ing the engine to have 
done it best in the way of speed. 
Probably before you reached the half­
\vay encampment, )'OU would be 
praying for an engine that could 
get over the ground a little quicker­
in a ,,·ord, for a passenger engine. 
You \vill have learned by no\v that 
at lea t t\VO different types of engines 
are de irable. And, if you look 
further into the subject, \vill see that 
far more than t\vo are needed, and 
\vill perceive that u e has not spoiled, 
nor custotn taled, their infinite 
variet~y. 

We mu t remember that rail\vay 
are not built to 'Uit engines; but 
engines mu. t be built to uit ra il,vay , 
and mu ,t be competent to handle 
their traffic. Very probably )' Our ne\v 
engine \vill need to be considerably 
rnore po\verful than any other on the 
rail,vay for vvhich it is intended . 

V\' hen designing a locotnotive one 
of the very fir~t que tions to be asked 
is: What gauge has it to suit ? 
Li.ke the Great Ea tern team ·hip 
the seven feet gauge i 110\V happily 

• 
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extinct. But it has left quite a little 
family behind it, ranging from sft. 6in. 
d own to nothing. For have we not 
the single line railway ? And \Ve 

may call thi the duck egg gauge. 
symbol= O. . 

You vvill find that the extreme 
dimensions allo\vable are some\vhat 
strictly defined. You \vant to de ign 
an engine of a certain po,ver and 
\vhich is not to exceed a certain 
pace of the dimensions. For instance, 

take the 4ft. 8tin. gauge. If the 
7ft. \vas too big the 4ft. 8§ in. 
is too little, for this figure at once 
settle the di tance bet\veen the tyres 
as 4ft. St in., and you \vill have to 
crush a lot of \vork into this pace. 

By the altitude of bridges and 
tunnel the height of the chimney i 
confined within certain limits ; if 
these limits are exceeded then the 
chimn·ey will be knocked off, as 
actually happened on the Seacomb 
and H oylake Rail\vay. On the other 
hand the part. mu t not be placed 
too close together or they \vill be 
inconvenient to get at. The \vidth 
acros the platform must not go 
bey·ond a certain fi gure. . 

Even the length of the engine is 
limited by the sharpest curve on the 
rail,vay. Suppo e you have an en­
g ine of 8ft. fi xed \vheel ba e, \vith a 
bogie 6ft. I ~ in. in front of the leading­
''yheel. With thi. engine tanding on 
a curve of I 50ft. rad iu , the bogie 
centre \vill be 4· I I in. to one id e. 
The fi xed \vheel ba e \vill gi ·e you 
a ver ed ine of ·6s in. ; thi will have 
to be deducted and will leave 
4·1 1 ·65 3·46. Say 3 ~ in. of _, ide 
mo ·ement, or a total to right and 
left of 7in. Thi amount of side 
play \vill have to be allo\ved for, 
or the eng ine \vill leave the metal . 
A nd this i , not an imaginary ea e, 
but is take11 from actual practice. 

• 

• 
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The ra ils a re only calculated to 
carry a certain load, and thi weig l1t 
mu t be di ' tributed over a certa in 
nutnber of axle . Then, again , the re 
a re s uch point a , \vhe ther the eng ine 
h as t o run over a level road, o r to face 
lo ng and steep inclines, \vha t load t o 
drag; t o climb the ide of a hill , or 
\VOrry up the £ns£de of a m ountain a 
la Mount P ilatu R ailway on the 
. ha res of L ake Lu cerne \V hen a rack . 

eng ine \vill be \vanted ; if m a ny· 
toppages h ave t o be m ade ; the dis­

tance between '~'ater and fue l sta tions ; 
t o run through a carefully enclosed 
country like E ng land, \vhere every 
in eh of its path \Vi 11 be c a ref u 11 }' 
\vatched and g·uarded , or tra ver e 
the open p rairie lands s uch as \Ve m eet 
\v ith in tl1e U nited S tates, or in South 
i\merica; it path lighted up a t night 
by its own povverful head la m p, and 
carrying a steam jet t o frighte n off the 
cattle for h ere there is not a particle 
of fencing to keep them off the track. 

The answers to these que tion , a nd 
m any others, con ide rably a ffect the 
desig n, and may alte r the appeara nce 
of a locom otive t o a s urpris ing extent. 
L ook , for insta nce, at the ta rtling 
d ifference betvveen E ng lish and 
A merican locom otives. The charac­
ter of the fue l used is not \vithout its 
e ffect . F or an E ng lish fire g ra te 
would be quite useless in A m erica. 
In many respects the A m ericans h ave 
the advantage of us in not be ing so 
'' cabined, cribbed , confined." T he.y 
can m ake their boile rs as high and as 
la rge as they like. 

The bar fra m e is like the ft)' in 
a mber ; n obody in this country eem 
t o care very much about the fly, the 
only question ee1n t o be h o\v it 
m anaged t o get there. It h as " got 
there," and ~ eerns inclined to t op. 
This ty le of fra m e was orig ina lly 
made before the advent of roll ing 

R . . T ' ngtnetrtng tmes. 

rr.tills. We al' a;.: l1ad smi th. \vho 
could be depended o n to forge a 3in. 
b a r. But to have a lot of 3in. bars 
welded together a nd then ham­
mered do,v n in to a 1 in. plate \\'as 
expecting too much. But, even 11 0 \\' , 

som e people p refe r to use ba r frames. 
No doubt they find some sat i ' faction 
in doing so. It is a case of survival­
like the splint b ones in a ho rse' , leg. 

We \veil reme1n ber some F rench 
eng ines in \vhich, if a piece of iron 
3in. thick were wanted, it vva. ob­
tained by riveting together six plates 
o f -§-in . iron, thus making it appear 
tha t there vvere no smiths in all Gaul. 

The sam e ra il,vay h ad some W irons 
t o \vhich o ur specia l a tten tion \vas 
called , on account of the excellence 
of their \Vorkman hip. As the ( Eng­
li sh ) smith said, in bending a flat bar 
edgeway , there is al,vays a bad edge 
and a good edge. After a brief 
examina tion, \Ve comforted h im by 
the a ura nce tha t they had been 
punched fro m a solid plate! There 
can be no doubt tha t such \vas 
actually the ea e. 

A m erican eng ineers tl1ink that bar 
frame· s uit their country best. We 
know tl1at sla b frames suit o ur · and 
if slab fram es will do for u , they 
oug l1t t o be good enough for every­
body e l e. But every body el e \v ill 
n ot h ave them. H £nc £fleE facrinzre. 

In addition to a ll this diffe rent uper­
intendent h old different opinion ' , 
\veil founded, doubtless, each upon 
his O\vn experience. Each i per­
fectly ure a bout the colo ur of ltis 
~ ide of the shield. o t wo of them 
'vill be fo und to agree about the 
dimen ,ion a nd a rrangement of that 
mo t importa nt deta il , the boiler. 
W l1at uit one \vould be utterly 
condem ned by another. The nly 
point in \Vhich they a ll agree i that 
the)' ha ll a ll d iffe r. 
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No \Ve may as vvell accept it a a 
fact ab z"nitio, that a g reat variety of 
locomotive \vill be called for, and, 
being called for, vvill have to be 

· supplied ; if they are to be u ppl ied by 
u ,, then \Ve mu t "act accordin'." 

It \vould almost appear that all 
locomotive \Vork mu t be ituated 
sorne\vhere in the kingdom of R econ­
ciled Impos ibilities. Our much endur­
ing camel must be trong enougl1 and 
big enough to d o it \vork, but it 11zust 
be small enough to pa s through the 
eye of }'Onder tunnel. 

We hall find a mple room for 
ingen uit~y and judg ment in fulfillin g 
a ll these ~ eemingly con trad ictory 
condition ·, the locomoti \·e being 
the onl.Y type of engine to \vhich 
many of them apply. vVe feel 
inclined to invent a pro\rerb that fill , 
the bill , and say He \vho often 
atten1pt tl1e extremely difficult, \vill 
.. ometime. achieve the utte rly im­
po . ible," or, to quote the \vord of a 
\vell-kno\vn locom otive chief, ' 'fhu s 
}·ou ee that by mean of a little 
·cheming we overcome ob tacle,· 
\vhich at first ight pre ·ented every 
appearance of being utterly in. ur­
mountable." 

Every ri ver endeavour to , tra ighten 
out it bed ; in d oin g o, it meets 
with ob truction it cannot overcotne, 
and i bound to go r und. We do 
not mean to say that every river vvill 
eventually become a perfectly tra ight 
line from ource to ea ; but the fact 
remains that every river in the \vorld 
i cea ele · ly try ing night ~nd day to 
shorte11 it rovte a mucl1 a it 
po. ibly can. 

similar process i · going on in the 
locomotive vvorld, and i11 these 
article dealing first \vith pas engcr, 
then \vith goods engines, aftervvards 
\vith special locomoti ve ·, et lzoc g enus 
o11zne \Ve hall finally di ·cu. ·ome of 
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the leading details of construction­
vve ·hall endeavour to trace the orig in 
a nd rea ·on for the r ,oo r different 
tyle \Ve see, to define the various 

obstruction met \vith, to di ·cover if 
a s traight course \vill ever be 
practicable, and if not, \vhy not. 

.Should time permit, \Ve shall have 
a fe\v \vo rd , to ay' upon a subject 
\vhich must intere t everybody, viz., 
ra il,vay' acc iden t . Once on a time 
a . certa in old lady \Va a l<ed if he 
\vould like to be in a rail,vay accident, 
or would prefer to be blown up on a 
teamer. She chose the latter, saying : 

-" Suppo e you a re in a ra il\vay train, 
and there is a collision, vvhy, where 
are you ? On the othe r hand, if you 
a re on a ' teamer and the boiler goe 
up, \vhy, there you are ! " 

Ta 'tes d iffer. Personally, \Ve pre­
fer a rail\va:y acc ident. }'or one thing, 
there i ~ 110t the additional risk of 
being dro\vned. H ov;ever, as a 
friend of ours once ob erved, " We 
mu t hut our eve to the crie of the 

~ 

dead," and shall have to confine our 
attention , tri ctly to the engineering 
aspect of each case. 

Rude people sometimes ay : "Put 
a beggar on hor ebacl< and he ,vill 
drive to tl1e devil." 

Gentle reader, after a )lear or tvvo 
of hurndrum nffice \vork did you ever 
find your ·elf on the footpl ate of a 
\veil ex pres pa senger engine ? If 

' O being human perhap the arcl1 
enemy r f m ankind \vould not appear 
ju t then quite o blacl< a. he i 
general ly painted. And you might 
po -- ibly feel tempted to pay his sable 
maje ty a flyin g vi it , or, a t any rate, 
might feel di l)osed to lool< \vith 
toleration upon mi e rable , inners \vho 
did. 

On a certa in ra il\vay leading to 
Santiago, the apita l of Chile there i , 
a certa in half-vvay l1ou e or tatio11 
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callc l Llaillai, ''her' C\' f) b cl)· ~ t( p-.; 
fo r refresh 111 c n ts. l I a' in g b c n to 1 d 
that in 1) an i . , h c \ 'r )' 'v r cl is 1 r -
nounc l as it is s p lied, ) ' u ar 
naturall)' s tagg red t< l1 ar that thi s 
11a 1n i. ~ 1) r n u n c 1 \ ' a r-\ ~ \ R ! 

t an)' rate, \\' h, v ft n h ar l f 
antiag , and \\' ha,· a faint r col­

lccti n f a rrr at cath lral th re 
ha ing b n ntir ly I str y l by 
fir . ~r ar r) .. anxi us t ... this 
fa 1n LL an cl b aut i f u 1 i t) , an l 'v a r 
~till t\\' nty r thirt)· tnil s n th 
\\'rong : id < f Llaillai. ] -~ r a \\·o nd r 
in 'hi] th gr un I i.' fai rl)' 1 , . I, th 
1 in a 1 1 r .. ~ i tn at l )' s t r a i o-h t. u pp s 
\V p n l1 r out a '' 1 tl . ' t t 
Inuch p n ut but just nou Th; sa)·, 
~ r in ·tanc ~ r ab< ut all sh is ,,. rth. 

b ut n u g h, a . it \\ ~ r , t g c t a 
tn v n th train. 

f c u r. c i n 1:.. n g 1 , n l i t " · u 1 I 
n v r I t g b y n I r g ulati n 
~r d, [! r i: it n t \vritt n, "Th u 
s ha 1 t n t tn a k up f r t i In l "' t " ? 
J~ u t ) · u l1 a v b n 1 on ~ · n u b h i n 

this c untr)' t kn '" that th re is 
n< thing ' hich the ' hilin s nj ). s 
tnuch as a j k . 'fh ar al\\·ay~ 

bubbling ov r '"i th high- lass h utn ) Ur. 

1 h n '\ h)· r b t h tn " · h y l p r i v 
t h rn f a 1 it t 1 ha r rn I c ss n j ) · ITI n t ? 
\ ~ · e 11, " 11 " ·hat In u t b m us t. 
" pull th IJlug ut an ! 1 t h r er :· 

'[he cncrin g i \ s a ,,.j lcl sn o rt 
roun l fl the lri ,·in < \\·h cls th 
sp k s and bal, n \\ jo·hts Iisapp , r. 
'fh cou1 lin rr r I b c n1es a 1 u L 
1 ~ or a m tn e n t ~ l1 p u s , s a 1 it tl 
sand is sprinkl I n the rail s, an l 
t h n 111 a j tic a 11) ~ 111 ) v s t h ~ rn t i n 
\\. >rk. Th C( Ll}) ]ings tight n, ~h ~ ~ c ls 
h r ~ t h g r i 1 s t h r a i Is. h c is ff ! 

]~ ~ r n 1 n g th f th train has 
been tra,~cr , cl th s pe " 1 i ~ 1uit 
r sp ctabl . 

' on hcdcr s and tr c f1v a t us 
.,1 

l i k ' }) r j cc t i 1 s, t h ) r r Ll s h ll p n l1 !-' ; n) p 
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1 as t an 1 1 i sa pp 'fhe enbi ne 

lan ~s rn e rrily· up an J d< "n, nd 
. ' \V a) 'S fr ITI . ' i l t ~ i cl . ,. 11 n~ hila r­
ating lung to ~tarb ar l an in\ ig r, t ­
ing plung t p rt. \\Te take hold of 
~ rn c t hi n g t a\· o i l b in g t h r \ v n ff. 
~ c ntinu us ,,·al1 f tcl cr r < ph p le'i 
ari "' ~ . 'l' h n in b "<rin" t "tnell f 

i 1 ~ ·11 b c m s 1 c t r i c. .. \ 1 it tIc 
bir 1 s trike , th n in , and fal l:"~ d ad 
up n th plat~ rtn. 1 h furnace 
r a r , f rag tn c n t · c f c r n 1 cc a 1 
h i h 1) b j tu tn .i n u ~' an l i n A a m 111 c b 1 , 
dart " ·il Jl)· up an l do,vn th fire-b x 
lik c m ts 1 ne.,. tail .. f fire b hind 
th ITI. 

\\ "h re i .. t 11 i vi 1 n ' ? If h be 
in tlzf'rc th 11 h av n l1 lp him \Vho 
ca nn t h lp l1im · lf. If a n)' c \V"l 

c m in th ,,,.ay nor. , h \\' very 

a' v k ''·a r l i t " · i 11 b ~ r t h c 'v:. 
xy<r n, h)·dr g n nitr n I-I ~ 

•> •I ' 
and ~ and all kind c f 

""' -
eh em ica l: ru ·11 r a rina fr rn th 
funn 1 [! rmin tr a b autiful cur\·e in 
th air, n t f n c .· ~ ity quit pa ra­
b lie , but rai: in o- an od ur ju. t 
iia b li e. 

I ~ r ne '" \V ill rid tl1 \vhirh\ ind 
and Iir et tl1 st rrn. a tch a 
crlimiJ ~' f l_.u c i~ r, \\' .. tar hitn in 
th .. face. liut s n h i.' f r behind , 

iling hi.· \vinb~ in th vain h< p f 
ea tcl1i 11 us. b jcct · I a 1 ut f the 
11( r'i z n, err)\\' rapi ll)r in s iz , < nd 
cann na 1 us ri rrht an I 1 ft. I ~ ng 
str aks o f brilli a nt c 1 ur a1 1 car an 1 
lisal p ar, th fl \V rs ar in full 

b 1 111. I I u ~ s er ( t ~ a n l ' c r i u"' 
ntrc pti ns ,,. ha\' n t tirnc t 

natn , bombar 1 us, th )' flin cr th m­
s }\• ' ITia Jl)" U} 11 U , yet 11C\'Cf 

:·trik us. cl u l f du ' t n 'hr u 1 ~ 
the train, a n l all is as it ' h ull b . 
I~' r n e ,,. t c s t th full p ·try of 

lTI ti H1. 

l3ut s u c l1 ha1 piness n1ay, n t en lure 
~ r \"cr. Gra l uall Y' th ~ 1 cl 
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_ l k ns, ' 1 j et .. b hin t, as tllne 

th ir usu< 1 ~ ber ,l""l ect h u"' ~"' tr) 
hard t 1 o k. a~ i f t h \' h a 1 11 ' c r , 

~tirr J a ~ ot in thctr ]i\ ~~. f\n l 
th ·n '' c dr 1 anchor at I laillai a fe\v 
_ ~ n 1. l ~ r t h c a pI) in t cl t 1 111 • 

1 ~ u t '\ h a t 111 at t er ? ~ u c h t h i n g "" 'v i 11 
• 111 ti 111 s he PI en e\· n n the be~· t­
Ill ( n c g I r c i l \\·a) , an l C r on c. e '' e 

an llattcr ur~clYC"-~ the t have 
) J 1. 

I I r h o 'v 1 u i et i t s c 111 ~ ! \ ~? c 

I C< 111' >11"-~Ciou"" thclt a tnu"'i al 
< c tl1J anirn :.nt >f n< ~~ ha~ attend cl 

u r \\'l i l car ~cr. "'ort f hrun n1er-
c: t 1-( nvil choru · I ere, in the ~dcncc 

• 
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f the t n1l . '' .. fir~ t be er in t n tic 
thi'5. \~ c l Ire~~ each ther \vit11 
quite unnecc"'~ar)· ,·iolcncc. 1 ut thi"' 
~ n \Vear~ < ff an I th~n c\ cr)·b 1) 
c ljourn to the r )frL:~hn1 nt-ro >tn . 

.. >f1e 11 'er tas te I b tt ~ r. cigar"' 
n ' c r u c for c ex ha I .. cl "'o 1 c 11 c i < u ~ an 
ar< 111< . 

13ut '' e an ne t expect t > 1 lt:cl~ 
C\ r) b< l)·, an I n " ol l gentlen1an 
,,.a I lainti' cl)- enquirinb '"hat 
"dc,il, ha I lri,en th train ~>r the 
1 a t t " ~ n t \" 111 i n u t ~ . n d . u c h i ~ 
gratitude. 

( l o bt ( nztinuctl. 

---~~=---------------------------------
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THE THEORY AND CONSTRUCTION OF BALL 
BEARINGS. 

• 

By W. H. HALE . 
• 

( R eproduted fro Ill " 7/te Scientiji( A llteritan. ") 

P to the date of the advent of the 
modern bicycle, ball bearing had 
no practical application. They 

'' e re cientifictoys, mechanical curia i­
tie , of admitted excelle11ce, truly, but 
far too cotnplicated and delicate for 
ordinaryy use. But \vhen man becam e 
his O\Vn horse, the fir t ta k for l1is 
ingenuit}r \Va the devi ing of tneans 
for lightening hi labour, and the ball 
bearing proved to be foremost a tnong 
uch mean . 

But the bic~ycle manufacturer, 
in tead of tarting \vith the theory 
and principle of ball bearings, and 
de igning a ball bearing perfectly 
adapted to the bic}rcle, took the appli­
ance a .. l1e found it, and placed it on 
hi s bicycle, only mal<ing 'Uch changes 
as vvere absolute!)' nece sa ry to make 
it conform to its ne\v condition '. ./\t 
the pre ent day, t\venty years and 
more after the advent of ball bearings 
into ever}' -da:y mecha11ics, there are to 
be found rnany of the troubles and 
much of the con truction of the 
earlier type . 

In th . 01) inio11 of the \Vritcr the 
m o t vital parts of a bicycle arc its 
bearing '. "fhese should be con­
structed t o run \vith the lea t possible 
friction under ervice conditi n , for 
the longe t po sible time \Vith the 
l ea~t possible care. The e may seem 
to be unattainable cond ition , and it 

i · g ranted that they are, but their 
approximation should be the aim of 
every builder of ' high-g rade" bicycle . 
The pre ent univer a l te t of the 
running q ualitie of a bicycle ball 
bearing is to rai .'e the wheel from the 
floor a11d s pin it, noting the lapse of 
tim e till it come to rest. Thi · i no 
test fthe bearing under ervice cond i­
ti on . Many mal<e of bicycle might 
be cited \vho~e \vheel spin beautifully 
\vithout a load, but vvhich \veary the 
rider m ost unaccountably vvhen ridden 
upon. 

We have seen that the uperiority of 
ball bearings lies in the fact that 

• • , . , . 
• 

FIG. I. 

rolling friction i le than liding. 
Further stud:' of the subject \vill di -
close the additional fact that like 
\V heel ball mu t be proportional to 
the load .. they carry, and the urfacc 
on \vhich they travel · and it is the e 
t\v c ndition ', \vhich have been over-
1 ol<ed or ig nored, that require olu­
tion if the ba ll bearing is ever to com e 
into genera l use. That bicycle 
builde r do not under tand the 
princi l) lC of ball bearings is !)roved 
by the fac t th a t a careful b ervation 
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of a n)' c n iderable number of bicycle 
ball bearing \vill sl10\\' there i · no 
u n if or tn it)' in e it l1 e r the · l1a :P e or the 
size o f the ball cup , the ize o r num­
b""' r of the ball or the ·hape or angle 
of the cone ; and a tl1e ·e bearings 
a re intended t o· a cco rn pli · h identical 
r suit , there must be e itl1er extre me 
ela tici t.Y in the science of ba ll bear­
ing con truction, o r e l e the majo rit)' 
of the ·e bearing .. are incorrectl~y d e­
s ig·ned. 

T o properly get at tl1e principles of 
ball bearing., it i nece ar;r to go 
back fir t t o the \ve ll-kn \Vn advan­
tage of liding friction. If a man 
de.· ire to m ove a box a long a fl oor, 
he pu he it. A certain amount o f 
fore e i required t o d o it. If l1 e can 
: lide it only by great effort, l1e place: 
a rolle r unde r it, \V he n he 1nove it 

FIG. 2 . 

\vith ease. Thi d em on · trate~ the 
·uperio rity o f rolling over lidinp; 
bea ring. . If nO\\', h e places another 
roller in contact \vith the fir t , h e \vill 
find that the box \\'ill m ove easie r 
than \vl1en ·lid, but no t o ea il)' 
as \vhen on one rolle r only, and 
this increa e of fricti on is due 
to rubbing or sliding of the t\vo 
roller · on one another; and ·o on. 
I3all can, · of cour c, be ·ub tituted 
for ro lle r. , and the result o f the ex­
periment \vill be tl1e ·a me · yo u 'vill 
have eliminated the sliding friction 
bet\veen the box and tl1e floor, but 
you \vill have added the liding fric ­
tion bet\\·een the contact 1)oint of the 
rolle r or ball s. 

12[ 

Tl1L. s itn ple ·t for1n o f ball beJ.ring~ 

there fo re, i · on e ball rolling be t\veen 
t\vo plane ·urface (see Fig. r ). Such 
a bearing· i , practically fricti onle s~ 
but it is impracticable in applied 
m ecl1a nics. T\vo r m ore ball , must 
be employ·ed, and tl1ey must be re-

. t r i c t e d i n t l1 e i r IJ at h o f t r a\· e 1. 'f he e 

nece · ·ities intr duce t\vo elements of 
fri c tion, and it is the purpose of this 
paper to h o\v ho\v this friction may 
be controlJed and reduced. 

It \vill n ot be neces ary to d em on-
·trate that ball bearings are unsuited 
to plane urface m otion, e ither con­
tinuou o r rec iprocal, and that they 
find the ir proper place as bearings fo r 
j ournal , particularly tho e running 
at hig h 'peed . / \. , it i nece ary to 
re tain the ball in a d e finite and dis­
tinct path of travel, they cannot be 
made to run be t,veen an it1ne r 
cylinder a11d an outer cylindrical 
tube. In .. uch a bea ring tl1ey 
\Vo uld n ot re main in their proper 
place -- . ome m ean of c nfine-
ment i therefore requi ' ite. Thi 
hould take uch a form a t o 

inte rfere a little a .. po . ible \vith 
the free rotati n of the ball ' , a nd 
is one of o ur tn o ·t important line , of 
inve ·tigation. The fir t m ethod used 
to accompli ·h thi · confi11ement \vas 
to cut a curved channel in the shaft 
it ·e lf, \ Vi thin '" hich the balls ro tated 
( Fig. 2). The n a mean of adju ' t­
m et1t fo r wear \Vere fo u11d nece ary 
the uter tracl< of the ball \vas al o 
made a channel, but divided in tl1e 
centre, directly in the path of the 
ba ll , and the t\v halve .. made to 
advance to\vard r re treat from one 
anothe r by m ean of cre\v thr ad s 
cut upon tl1e m. Bearing · o f this 
ch a racter a re till in u e, altl1ougl1 
originally desig ned more than t\venty 
year · ago, a nd tl1i survi val is n ot due 
t o r marka ble e . .rcellence C)f de ig n, 
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but to the con ervatism of the user . balls thernsel ves. .Some forms of 
This form of bearing l1as not only the ball bearings reverse this, placing the 
friction of the ball~ against each other, cone in ide and the ball cup ou t­
but also that of the balls against the . ide, but the type remain. the same . 
. ides of the channels. 'l' his is practically the ball bearing 

The first departure from thi as \Ve kno\v it to-day. 
method con isted in making the In this form of bearing the balls 

F I G. 3· 

channels V instead of U- haped, in 
order to make the path of the balls a 
line instead of a curved urface. To 
some extent this \vas an improve­
ment, but it introduced a tvvi t­
ing friction bet,veen the balls 
and their tracks and increased 
rubbing between the balls them-
e! ves, O\ving to their 11ot rolling 

011 the end of their vertical diameter . . 
Some of this style of bearings are 
still in use. 
'" Whe11 the pre .. ent t}rpe of bicycle 
came into existence it became po -
sible to discard the ingle form of 
ball bearing and to con truct a 
double one, and it i tl1is type \vhich 
is no\v uni\ ersally u ed, and \vhich 
invites our attention in thi di cu -
sion. Typically the e are all alike. 
They con i t of a circula r ball cup, 
\Vith a flat back, forming t\vo point 
of contact for each ball. The e cup 
are placed at oppo. ite ends of the 
. haft, \Vtth their backs to\vard each 
other, \vhile out ide of them, and 
encircling tl1e shaft, are t\vo hollo\v 
truncated cone bearing again t the 
balls, their smaller diameters being 
in contact 'vitl1 or underneath tl1e 

. revolve on tl1ree different diameters, 
varying according to the po itions of 
the three points of contact. 1 'hey 
cannot, therefore, obtain perfect rota­
tion in any· one plane, and must have 
some sliding friction at all points as 
\vell a the friction upon eacl1 other. 
The bearing surface of the shaft can 
be neither a cylinder nor a disc, for 
these \vo uld be unadju stable · it 

. 
must, therefore, be a cone. In the 
construction of these cones all sorts 
of arbitrary angles are being used, 
each maker evidently having one of 
his O\vn, which he believes to be or, 
at least, claims to be the only cor­
rect one. The most common angle 
i 45 deg., although there are many 
bicycle builders \vho could not tell 
)lOU the angle of the cone they u "e, 
and \vho \vould not think the matter 
of any con · equence if they cou ld. 

The correct angle of a cone hould 
be such as to allo\v the g reate t 

FIG . d . 

po ' ible freedom of rotation to the 
ball, and avoid unneces ary \vedging 
and cro\vding. That of 45 deg. 
(Fig. 3), i clearly \vrong for it pre-
ent the three mo t \videly eparated 
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path .. o f rotation po. ible, and, there­
fore, eau es the g reate t amount of 
t\vi .. t. What i. tl1e be t a ng le, then, 
and ho\v shall \Ve find it ? It is 
evident that it mu t be le s than 
45 deg., for even tl1a t ang le exert too 
g reat a pre ure again. t the back of 
the ball cup. 

If \\·e take a ectional sl<etch o f a 
ball cup (F ig. 5), conta ining ball , and 
dra\v t\\'O line through the contact 
point· of ba ll and ea e of t\v oppo-
ite balL·, \ve ha ll find th o e line to 

intersect in the centre of the h aft a t 
a d i tance back of the ce11tre of the 
balls equal to one-half the dia meter of 
the ball ea e. If from thi point 
line. be dra\vn touching the inner 
'urface of the e oppo ·ite ba lL , a 
cone i formed \vl1o c apex i tl1e 
centre of the prolongation of the 
axi , of rotation of the ba ll , and 
\\'ho e urface i .. .' uch a to con­
ti nuou l:y ma in ta in the ba ll , in thi 
rotation. In add ition, this cone i 
governed a nd dete rtn ined by the 
number and ize of the ba lls in the 
ea e, size and confi g ura tion of the 
ea e it elf, and the path of tl1e balL' . 

/\nother deta il that h a.' rece ived 
fa r le. s a ttent ion th3n it de.--e rve i:· 
the ·ize and numb~r of the ba ll · used. 
Quarter-inch ''?as the orig ina l bic:y·cle 
.: ize, bu t a fe\v )'ear.-- ago it \vas fou 11d 
t hat larger ·ize \vere better. Tl1ey 
d id not break nor spl it so read il y, d id 
not rougl1en up they did not jatnb, 
and the)? did not ,,·ear t he cones a11d 
cup so rapid ly. T he 1 ·~ in . \vas bette r 
than the -l in ., and the => in. better tl1an 
the 1\rin. T he. e \vere fact easily 
proved by demonstra tion, a nd the 
bicycle builder accepted the1n as .· ucl1 
and took advantage of them. H e did 
not eek the cause for the imp rove­
ment, nor d id he t r_y to a certai11 ho\v 
far tl1e improYement \Vould con tin ue. 

It remains, then, for the theori. t , 
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the experimenter, to tal<e up thi s good 
enough itnprovement and learn the 
cause of it uperiority, as \vell as to 
reason out the p ossibility of con­
tinued improvement up to the logical 
or practical limit. The que tion is : 
If the la rger ball mal<e the better 
bearing, \vhy does it do so, and ho\v 
long \vill increa e in size continue the 
improvement ? 

With a g iven ball cup and a g iven 
ize of haft the la rge t balls tha t can 

be put into the ea e \v ill have a 
diameter equal to one-half the diffe r­
ence bet\veen tl1e diameter of the 

• 

haft and ba ll cup, but thi. size of ba ll 

• 

• 

•• 

' 

, , 

' 

, 
/ 

' ' 

- ...... ' / 

/ • 

FIO. 0. 
• 

could not be u ed, . ince t l1ere \voul d 
be no roorn for the bearing cone and 
hence no chance fo r adj u ' t ment. S ix 
is t he best, and p re ent t l1e \vell­
kno,vn symmetrical appearance f a 
circumscribed hexagon a sho\rn in 
F ig. 4, and the cone become , of 
u able size. H ere, too, ' ' ye 11ote a 
m arked peculia rity · tl1e ba ll s and 
their beari11g con e a re approximate ly 
the same s ize. 

Experie11cehas ho\vn tha t too mall 
ba ll break up in service, and la rger 
balls have been emplo;'ed un til a t the 
pre ent day from seven t o te11 a re tl1e 
number. ge11era lly selected. Decrease 

• 
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in number and increase in size has 
invariably resulted in improved bear­
ing , but a before tated there has 
been little or no serious attempt made 
to ascertain the limit. With every 
increase in ize of ball there is a 
decrea e in the ize of the cone until, 
\Vith ix ball. , as vve have een, the 
bearing diarneter of the cone and tl1e 
diameter of the balls are p ractical ly 
the arne. This suggests a the 
logical limit of improvement the point 
\vhere the wearing diameter of the 
cone equals the diameter of the balls 
u ed. 

In designing a ball bearing for 
general purposes, there fore, which 
shall embod)' the principles above 
presented, the first thing to do is to 
a certain the tnax imum load. This vvill 
determine the . ize of the axle that 
may be u ed. A upon thi axle is 
to be placed the ha rdened cone vvhich 
serve as the inner bearing for the 
ball , the thicknes of such a cone 
mu t be added to the diameter of the 
ax le in order to determine the proper 
size fortl1e balL .. , and the diameter of the 

• 
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cone at this bearing point, piu t\vice 
the diameter of one of the balls used, 
\V ill be the inner diameter of the 
required ball cup. 

If the six ball bearin g be adopted, 
and supposing that we have found a 
-i in. axle to be sufficient, the allo\vance 
of ~ in. on each side for the bearing 
cone 'vill be ample, vvhen it is evident 
that \ve sl1a ll need six r in. balls for 
the bearing, and that the outer ball 
cup \vill have an inside diameter of 
3in. It may be argued that this \vill 
make a clum y bearing, that smaller 
ba ll s \vi ll make a s maller cup 
and g ive a neater effect. To this it 
may be ans\vered that clum:· ine i 
m erely the point of vie\v. The present 
pneumatic tyre was clum y \vhen it 
first appeared ; no\v the absence of it 
would be clum y. J3all bearin g , to 
be generally succes ' ful, mu t be prac-

-
tical, and to be practical all senti-
mental regard for appearance · must 
be cast to the vvinds, and uch a bear­
ing devised as \vill be t fulfil all the 
demands that may be placed upon it. 

• 
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THE PROSPECTS OF SHIPBUILDING IN FRANCE. 

By EDW ARD CONNER. 

H\r do Japan, or,vay, and 
other rising nation g ive 
preference to England and 

German}·, ra ther than to F'ra11ce, 
\vhen requiring hips? Simply 
becau e l~rench docky'ard vvor~ too 
·lo\vly, \vhile the price demanded by 
French firm , are too exorbita nt. 
Another cause of the st ag11ant state 
of hipbuilding in F ra11ce i .. to be 
found in the fact that a " tocl{ " of 
. hips i \Vanting ; ships are only built 
cc to order," strictly , peaking ; l1ence, 
no read_y-made ves els are to be found 
'vhen \vanted. Tl1i defect ive system 
of building ships "only to order" 
engender considerable delay, in 
addition to seriou ly upsetting the 
plan of hip-broker . In an~y ea e, 
French dockyards, it mu t be aid, 
a re not equipped, a a general rule, 
for turning out any special class of 
hip ; this explains \Vh}' merchant 

ve sel so frequent!)' suffer in thi 
re pect. Though d ocky'ards in 
}'ranee can be utili ·ed by subven­
tioned companies, the}' a re next to 
inacce ible to other trading ship . 
.~. ot the le s, bounties enter largely 
in the construction of F rench l1ip , 
a \vi ll be see11 by the follo,ving 
instance. Thu , the bounty for the 
hull i 6 5 franc the 1nea ured ton, 
\vhile the bounty on macl1incry i 
I 5 franc the double hundred,veight. 
\Vhy, then, it is often asked in the 

intere t of l~rench indu ·try, is it not 
po ~ ible, con idering such liberal 
g rants, to turn out cl1eaper hips, and 
so relieve commercial depre'"' sion ? 
As far as French shipo,vners are con­
cerned, they are quite vvilling to rely 
on 11ational industry · yet they admit, 
not,vithstanding this, that they are 
positively di couraged, like M. Borde. , 
and further maintain that tl1e price 
demanded, as \Vell as the bounties 
accorded, do not uffice to 
make both ends meet. ./\ ctually, 
they are more tl1an t\vice the 
estimates asked i11 Great Britain. 
Again, another drawback tO\i\'ards the 
advance of the Frencl1 shipbuilding 
trade i , that tlzirty month are exacted 
before delivery hence \Vh}' builders 
in France much to their regret, are 
unable to produce cheaper or quicker 
\vorl<. Not only does France occupy 
the fourth rank among· the m P.rcantile 
navie · of the \;vorld , but her output of 
carry ing trade is accepted a being 
one hundred per cent inferior, as com­
pared \vith that of Germany, or 3 ooo 
times belovv the tandard of Briti h 
result . o one que tion the fact 
that Great Britain po · ,e , e 11umerou .. 
other advantage , that of being able 
to construct a g reater number of steam 
ve el than F ranee, for in tance. It 
is e timated tl1at E11 o-land has nearly 
ninety-.four steam ve el t o place 
again t tl1e fift}r per cent. ailing l1ips 
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\vhich France build . Further, labour 
has so progres ed throughout Great 
Britain lately that from I 889 to I 894, 
England \Va · able t o reduce the 
number of her hands by a one-six th, 
\vithout affecting her operation , this 
i to be attributed to perfection i11 
plant a11d macl1inery ; nor \Vas there 
the same amount of \vork done in 
actual .. l1ipping in Fra11ce at the close 
of I 896, for e_ ' ample, there \V ere at 
tl1at epocl1 7 I I 562 tons in hand in 
England a~ compared Yvith only 
35,000 to1zneau;~· in France a \vide 

• marg tn. 
As regard a remedy, alas, but few, 

if an}·, hopes ex ist ; at least a long 
as the Government continu<: .. so 
attached to it economic policy. For 
instance among some of the principal 
obstacles in the \vay to be removed 
are to be cited, the taxation of all ra\v 
materials nece ary for the construc­
tion of hip , until this impost is done 
a \vay \vith, cheaper production is 
purely a matter of impossibility. ow 
in England as \vell as in Germany·, no 
such tax exists, hence, tl1eir com­
mat1ding advantage over F'rance. If 
the according of bounties to Fre11ch 
shipbuilder ha 11ot been benefi cial, 
that to navigation has equally bee11 
attended \vith no happy results. 

The a. pect of the shipbuilding 
indu try in France is indeed very 
distressing, and no\vhere i thi .. rnore 
vi ible than by casting a rapid glance 
at. the commercia l . ide of the ques­
tion ; the eriou. decli11e of the 
French mercantile navy is solely to 
be attributed to the gloomy prospects 
of sl1i pbuilding IJroper. I 11 fact, fe,v 
people in Fra11ce, if any, believed 
that their merchant navy was so 
lamentably defective, until their 
cou11tryman, M. R oux spoke out, 
and thre'v full light upon the many 
dangers that threaten the commerce 
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of F rance. M. Charles R oux, \vho 
is a 11 authorit)' upon maritirne and 
commercial questions is to be vvarmly 
congratulated for so ably repre enting 
facts, as they actually exi t, and 
avoiding any further attempt at 
illusion. In his important report 
upon the decline of hi country's sea­
trade, he attributed the eau e of the 
g ro\ving evil to a multitude of 
offi cious a11d offici al wrongs, all of 
which handic:ap its progress, and 
paral:yse its e ffort to advance. l-Ie 
firmly believes that the Government 
was avvare of the exact condition of 
affair .. , but felt too nervous to disclose 
facts ; ho\vever, since M. Roux under­
tool( to reveal a ll , the people have 
lo t no time in urging the Legislature 
to exercise a ll due dexterity and o 
check the mi chief, which as everyone 
i prepared to admit increa es in 
gravity every year, and that in spite 
of State bounties. F or in tance> 
eleven million of fran cs are annually 
voted by the Chamber of Deputies 
for the relief of the French mercantile 
m arine. Apart from the e ele,·en 
millions of franc , additional financial 
assi tance i a l o accorded to the 
fe \v Compa11ies of ~avigation that 
convey the mail as \vell a goods. 
This subsidy of eleven millions of 
franc i , divided into tvvo part · fir t, 
premiums to builders of hips \\hich 
amount to three million of francs, 
and econdly, e ig·ht million of franc 
vvhich a re duly di tributed \vith the 
object of upporting and encouraging 
f1 u vial and coa ting trades. Yet, all 
this financial a , i tance pro e .. insuffi­
cien t to arrest the decline of the 
merchant navy of France. Well may 
French taxpayers ask: \vhat then 
becomes of their hard-earned money 
in pre ence of sucl1 u11 ati,'factory 
return , like the fe\v following case . 

In I 887 Engla11d had teatn-trading 

, 
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v ~ el , of 100 ton and abo,~e, repr -
s nting a total f 6,592,496 tons; 
I~"'rance, 722 252; Germany· 628 296; 
and .1. ":' Or\\'a ) r) I 50,689. I~ ven tl1oug 11 
France \vas distantl)r ,' cond t l~n g­

land, t11e t onnage f 11 r me rchant 
ervice \Yas next to in ' ig nificant' he n 

c tn pared 'vi t h t 11 e 1 at t r. I n I 8 9 5 
t\v ) ears a fte r the la\\' '"a passed 
according bounties t m e rchant , 11ip , 
J~"' rance ccu pied but the tl1ird plac , 
En g·land 9 9< 4 280 ; Germany 
I 306,77 I · F ranee, 64 598 · a nd 

or\vay·, 455 ,3 17 t n, . Tl1us, 'l1il 
}"'ranee gained only 142,346 ton .. 
England'.. t tal augmented b)' 
3,39 1,784; Germany b)r 6;8,475; 
and or,,·a}' by 304 628 ton . .. o 
\vonder then, tl1a t in 1 r ·ence of th 
relati,·e fa lling·-off on the part f 
France and of the alarrning progrc .. 
achieved b)r Great I3rita in German)' 
a: \vell a .. rvvay, M. R o ux rloe not 
l1e ' itate to prophe 'Y that \vit11in tl1e 
next eight year unle some radical 
change t ake plac ·, f ranee \vill 
occupy but the fourtl1 place a a '11ip­
ping nation. o r i M. R o ux a t a ll 
hopeful f 'eeing l1is c untry ge tting 

n. om 1 e ti tion [! r in tanc , is 
much too fi e rce be t,vcen countries 
no,vaday to g ive France a cl1a nce of 
c ming again to the front. Of 
cour e, France can n ver c mpete 
\vith, nor d e, she ven entertain 
, uch a pos ~ ibilit)' , a t lea t, \\' itl1 Great 
I3ri tain , \V hicl1 \vill ever remain tl1 
fir t of maritime po,vers, a \vell a .. 
l1ead the li t in ·hiJ)building ; but tl1e 
idea of Germany that marche \vit l1 
g igantic . t 1 - r\vay, Ita ly, a nd 

pain, surpa ing l1cr is indeed ter­
rible for I-1 r nchmen to c ntemrJlat . 

. regards ermany it must b 
added that l1ad l1e n t s Id tn a n)r f 
her ve. els t ] a pan, tl1e increase i11 
her O\vn c mmercia l fl et \ V uld b 
greater till. 1 n an) ~ cas , th best 
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pr of that Gertnany i determinecl 
be ~ re very long to become a e ri us 
sl1il)bui1ding ri a l, a nd that .. l1c is bent 
up n ccup)iing l-1 ranc 's ~ rme r 
po iti n that of being second to 
}__, ng land is t o be found i11 the fact 
tl1at \vl1ile itl I 96 France had but 
two sl1i p. in c ur e of con truction , 
Ge rtnan )' \vas bu ·ily e ngagecl i11 

building· no fe \\'Cr tha n thz"rty-tltrce. 
It is n secret that m re tl1an three­

~ urtl1s f the export trade f I~ ra nee 
i: carried n by fo reig n bo tt m ; thi , 
s tate of thing.' bids fa ir to c ntinue, 
as th re is no re rn d.y likely t o be 
appli d. The nl~ po ible amelio ra­
tion, as sugg·ested b)r M. I) oux in l1is 
ig·nifi cant rep ort i , t o have rec urse 

t a tl lden-time syste tn or l) ractice, 
that f accord ing half a b ut1ty to 
ships built in for ig n c untrie ,, and 
to be placed on the }""'rench reg·i te r ·. 
In his pinion thi i , the o le m ean " 
of e na bling the !1 rencl1 1nercl1ant navy 
t eo m p t e \\ i tl1 o ther 11 at i n s. If 
this be not d ne and 'OOn ubve n 
tic ned mail boat s \vill r main the nly 
1nod o f tran p rt a a ila ble ~ r 
Franc , in the Ea t e pecially, ' ince 
he r xnercan tile tnari ne i , , te rri bl }' 
11a ndicapped that it i , doom d t 
' ink " ultimate !)~ ut of cxi ' te tlC<..:. 
It "'' uld be rrone u .. t c nclude 
that tl1e actua l g ran ting f a l1alf 
pre miuxn a , t a ted \\'Ould al n suffic 
t o en. ure a ti .. faction ; no . ucl1 tl1ing ; 

n tl1e contra r)' , t o many m or 
impedixnent , still rc xnain t be cleared 
a \V a)' · It j , at tl1is particula r p in t 
that tl1e initia tive pirit f r~ r nch 
sl1i p- ' ncrs, an l f om 1)anie · f 
N a vigati n \V ill fi ncl an ccasi n ~ r 
dis1)la )~ in g tl1e ir id a a nd 1 r j cts. 
Franc tho ug l1 terribly l1a ndicapped 
in tl1e 1n vemen t. f re f rm , ho ulcl 
end avour as sl1 l1a clone late l}' t 
t a ke 1 aceful posse i 11 of irn IJOrtant 
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li ~h fr ports, a o tl1 r countri s cl . 
13y so actin g ' h e \vill d tnu ch to 
s trength n he r \veak m a ritim e tra ns­
acti ns. Free co tnmcrc ja l ports arc 
indeed the g reatest of blessings t th 
traders f t o-d ay. What can b e 
better than t po: es. fr e accessible 
1laces, \vhe re g od can be intr duce I 
in b nd, tn anipula ted and tra nsfortned 
,vithout being taxed, p rovided they be 
re-shi pp cl? Every nation is a t las t 
beginning t underst and m ore and 
m ore the in valuable impo rta nce f 
free po rts. J apan l1a in this re pect 
accotn p lisl1ed \vonder , s ince h e r 
recent, a r \Vi tl1 hina; he l1as pened 
na a l school , for the corn plete 
the retical a nd technical instructi on 
of l1er sailo r , the better t o be in 
t o uch \vith G reat Britain. F ra nee, 
indeed, might do \VOr c tl1a n study· 
the naval re form o f 'pu. hing" J apan ; 
a la ' , the ~ rmer can only ad mire the 
progre ' S of o the r nation , a the \V ant 

f fund s prevent France from ad pt­
ing any f their admirable \\'ay a nd 
m eans. A ve, tnore, nor i · it too much ., 

t o add, tha t France h as no facilitie 
fo r competin g \vith he r ri vaL ; '' none 
\V hat. ever," ob. e rve .. M. l) ux. To 
make rnatters \vor. .. e, the temp ra ry 
admission of merch a ndi e, as \vel] as 
the laws a nd regulation of the I-1 rench 
\vareh ou e y t e rn are oppo ed t a ny 
change t a kin g place in the m a nipu ­
lating o f goods ; the re is even ta lk f 
.·uppre sing thi semi-toleration ; it 
\vill be thu ea ily een that red­
t apeism is a l o t o be dreaded in 
France. 

The a bsurd la \v of J anuary 30th, 
1872, whicl1 h as proved ·o cletritnenta l 
t o the French commercial shipping 
\vorld in general , thougl1 ince lig htl y? 
tn od ified , continue t exercise a 
ruino us e ffect upo n trade. That la' 
a ls levie ~ a pecial q ua)' tax, a 
·"mooring in1post," as it \\'Cr , n a ll 
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shi p , ' he th r French o r fore ign, that 
trade \Vith F ra nee, and consequently 
hav to m a ke a s t ay, ho\vever short 

r long, a t a po rt. The tax in ques­
ti on is base I on the tonnage f the 
vesseL 'fl1u s a n impost of half a 
fran c per to n is levied on ships \vhosc 
con "' ig nme nt is : tri ctly E uropean, in­
c luding a fe\v Mediterranean to\vns­
Morocc and Mogador to \Vit ; and 
one fran c per satne quantity upon all 
good cotning fro tn Ea tern coun­
trit!S. The unfairness of the said la\v 
is, th a t the a m ount o f merchandi e 
landed count · for n othing-; if only 
part or the \vho le of the goods be 
di ·emba rked a t any French port the 
a m e tax is le ied, a nd ha to be paid 

as a m a tte r f course. Here, again, 
France i · a t a d isad an tage as com­
pared ,vith o ther na ti ons, \vhereas 
fore ig n ships can re ta liate by re­
fusing to accept good for 11 ranee 
under s uch c nditio ns, and unle s the 
fre igl1t of the me rch andi e is sufficient 
t o defray c ·t of the quay dues. 
French . hi po' ners a re unable to 
mainta in such a n independent atti­
tude, con ·eq uen tl }r the)' are once n1orc 
victimized. 13}7 \vay of conclu i n, M. 
R o ux c ndetnns a nd rightly so­
the gen era l econon1ical S)' tern of his 
country ; and until thi phase of the 
I-1'rench Legislature be seriou ' ly re­
formed , J-1'ra nce tnus t continue t 
rem a in impassive vvhile her trade is 
d\vindling, t o say nothing of her 
commercia l navy, \vhich h a .. to b .... 
propped tq b)' la rge sums fr m the 
pocket of ra t payer , \rh reap n 
benefit in e~'change fo r their patri tic 
liberality. uch is the actual state 
of the French shipping~ que ·ti n, 
' hi cl1 is e ngaging so tnuch a ttenti n 
ju t no\v throughout the \rhole 
countr)' · The cnig tna till a\\'aits 
a soluti n \vhich sectn.' neyer 

• cotntng. 
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