
which transformed, transport— 

is now released-—
to serve all industry"

Telegrams : Cryolite. Ave, LondonTelephone : CLErkenwell 3-494
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S U C C E S S !

LIGHT ALLOY PRODUCTS C? LT.° MINWORTH, BIRMINGHAM



t h e  p e h ^ e c t t l t ü s h

C ELLO N

C E L L O N
C E R R I C  C E R R U X

CVS-S18
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The last * General * horse bus leaving London 
Bridge station for Moor gate, Oct. 25, 1911

W H E N  W E  W E R E  Y O U N G

Tim e could no longer wait for the horses, it was marching 
quickly on to  a new  era. It is significant that Cellon should  
be founded in that year, Cellon that was to  becom e so closely  
associated w ith  the progressive and new industries. As we look  
back over those thirty odd years w e see h ow  close are the 
parallel lines o f  C ellon’s developm ent and the trend o f  in
dustrial progress. It is true to say that each has helped the other.

CELLON LTD., KINGSTON-ON-THAMES TELEPHONE: KINGSTON 1234 (5 lines). 
Thorp-Hambrock Co., Ltd., Montreal. Cellon Corporation Pty., Ltd., Sydney
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A  N EW  FILM for Works Managements 
and Operatives

YOU KNOW 2
—  t h a t  m a n y  f a c t o r i e s  u s e  t h r e e  o r  f o u r  
t i m e s  a s  m u c h  s t e a m  a s  i s  r e a l l y  n e c e s s a r y .
—  t h a t  a t  l e a s t  h a l f  o f  t h i s  w a s t e  c a n  e a s i l y  
b e  p r e v e n t e d .

The attention of all business princi
pals is earnestly called to the 20- 
minute speaking film — “ Steam ” 
just released by the Ministry of Fuel 
& Power. It shows with pictures, 
diagrams and figures, the principal 
causes of steam waste, how this waste 
can be avoided; the best ways to 
insulate; the use of trapping systems; 
means of using low-pressure steam 
for process work; how to air vent 
steam heating apparatus; how to 
recover heat in condensate and 
flash steam.

ISSUED BY THE MINISTRY (5f

ARRANGE FOR YOUR STAFF TO
SEE IT — NOW Write tQ the Secretary
o f  th e  R e g io n a l  F u e l  E f f ic ie n c y  C o m m it t e e  
t o  fin d  o u t  w h a t  a r r a n g e m e n ts  a r e  b e in g  
m a d e  in  y o u r  R e g io n .

I f  a  M in is t r y  o f  I n fo r m a t io n  v a n  is  v is it in g  
y o u r  w o r k s  w ith  o t h e r  f i lm s , a s k  f o r  t h e  film  
“  S te a m  ”  t o  b e  s h o w n .  ( A ls o  —  i f  th e r e ’s  
t im e  —  t h e  a c c o m p a n y in g  f i lm  “  B o ile r  
H o u s e  P r a c t ic e  ” .)

I f  y o u  h a v e  y o u r  o w n  p r o j e c to r  (1 6  m m . o r  
3 5  m m .)  b o th  “  S te a m  ”  a n d  “  B o i le r  H o u s e  
P r a c t ic e  ”  w ill  b e  le n t  w it h o u t  c h a r g e  o n  
a p p l ic a t io n  t o  th e  S e c r e ta r y  o f  y o u r  
R e g io n a l  F u e l  E ff ic ie n c y  C o m m it t e e .
O r  c o m b in e  w ith  o t h e r  fir m s  f o r  a  j o in t  
s h o w in g .  N o b o d y  w h o  u s e s  s t e a m  f o r  a n y  
p u r p o s e  s h o u ld  m is s  i t .

) OF FUEL AND POWER
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The proved ELEKTRON alloys are produced in all forms 
by the most accomplished founders and wrought material 
manufacturers. ELEKTRON used in aircraft means 
increased carrying capacity.

# Sole Producer* and Proprietor* of the Trade Mark "Elektron”: MAGNESIUM ELEKTRON LIMITED. Abbey House. London. N.W.1 • Licensed Manufacturers Castings A Forgings: STERLING METALS LIMITED. Northey Ro*d. Foleshill. Coventry • Castings: THE BIRMINGHAM ALUMINIUM CASTING (1903) COMPANY LIMITED. Birmld Works. Smethwick. Birmingham • J. STONE & COMPANY LIMITED. Deptford. London. S.E. 14 # Sheet, Extrusions. Forgings A Tubes: JAMES BOOTH A CO. LIMITED. Argyle Street Works. Nechells, Birmingham. 7 • Sheet Extrusions. Etc.: BIRMETALS LIMITED. Woodgate. Quinton. Birmingham# Suppliers ef Magnesium and "Elektron" Metal far the British Empire : F. A. HUGHES A CO. UMITED. Abbey House. Baker Street. London, N.W 1



iv Advts. L IC H T  M ET A LS  May, 1945

THE ‘ SABRE5 is yet
a n o th e r  o f  t h e  fa m o u s  e n g in e s  
in  t h e  m a n u f a c t u r e  o f  w h i c h  
D .  N a p i e r  &  S o n  L t d .  u s e  ‘ d a g  ’ 
c o l lo id a l  g r a p h it e .  F r o m  th e  
t im e  t h e  e n g in e  le a v e s  t h e  d r a w 
in g  b o a r d  u n t i l  i t  i s  in s t a l le d  in  
t h e  e n g in e  m o u n t i n g ,  u s e  is  
m a d e  o f  t h e  u n i q u e  p r o p e r t ie s  
o f  ‘ d a g  ’ c o l lo id a l  g r a p h it e .  

T h e s e  in c lu d e  h ig h  p u r i t y ,  lo w  
c o e f f ic ie n t  o f  f r i c t io n ,  in c o m 
b u s t ib i l i t y  a t  t e m p e r a tu r e s  u p  t o  
6 0 0 °  C . ,  c h e m ic a l  in e r t n e s s ,  h e a t  
c o n d u c t iv i t y ,  c h e m ic a l  s t a b i l i t y  
a n d  o p a c it y .

D is p e r s e d  in  s o lv e n t  o r  o t h e r  
l iq u id  m e d ia ,  ‘ d a g  ’ im p r o v e s  
n u m e r o u s  m a n u f a c t u r in g  p r o 
c e s s e s .

W r i t e  f o r  t e c h n i c a l  b u l l e t i n s  o n  
e n g in e  a n d  o t h e r  m a c h i n e r y  a p p l i c a t i o n s .

COLŁOIDAI GRAPHITE

PERRY BARR METAL COMPANY LTD.
Engineering Works: 

Middlemore Rd., Handsworth 
Birmingham 21 

Telephone: NORthern 3366-7

Foundries :
Wellhead Lane. Perry Barr 

Birmingham 22B 
Telephone: BIRchflelds4592-3

Laboratories:
Oscott Works, Shady Lane 
Great Barr, Birmingham 22A 
Telephone : GREat Barr 1794-5

DtECASTINGS ARE AVAILABLE AS COMPLETE 
PARTS ACCURATELY MACHINED TO DRAW

ING SIZES — OR AS GRAVITY PROCESS HIGH 
QUALITY DIECASTINGS.

HEAT TREATMENT, RADIOLOGY, DECORATIVE 
FINISHING AND ASSEMBLY ARE ALL WITHIN THE 
COMPANY’S SERVICES.

A LARGE WAR-TIME OUTPUT OF COMPLETELY 
FINISHED CASTINGS OR ASSEMBLIES HAS SATIS
FIED THE MOST EXACTING A.I.D. REQUIREMENTS 
OF MANY AIRCRAFT FIRMS. SIMILAR P.B.M. 
QUALITY IS NOW AVAILABLE FOR POST-WAR 
NEEDS IN ALL BRANCHES OF THE ENGINEERING 
INDUSTRY.

TECHNICAL INFORMATION ON SPECIFIC PROB
LEMS INVOLVING ALUMINIUM DIE-CASTINGS, 
DIFFICULT MACHINING OR ASSEMBLY REQ UIRE
MENTS W ILL BE PROVIDED ON APPLICATION 
TO ANY OF OUR WORKS.



W e have been behind the scenes in m ost important 
war-time jobs, and we intend, by maintaining our high 

standard o f quality, coupled with really speedy service, 
to retain that position . W e can supply large or small 

quantities o f :

R E F I N E D  I R O N ,  N O N - F E R R O U S  
Ä N D  A L U M I N I U M  A L L O Y  I N G O T S
24 hour delivery in London, Birm ingham, Yorkshire  
and Lancashire areas.

E .H IN D  SS? LTD .
T h e  l e a d i n g  F e r r o u s ,  N o n - F e r r o u s  a n d  
L i g h t  A l l o y  S m e l t e r s  a n d  R e f i n e r s .

SOUTH BANK -ON-TEES, YORKSHIRE
L o n d o n  O f f i c e :  2  C a x t o n  S t r e e t ,  W e s t m i n s t e r ,  S . W . l .  rh o n e :  W h iteh a ll 631a  
B i r m i n g h a m  O f f i c e :  3 1 9  C h a m b e r s ,  M a r t i n e a u  S t . ,  B i r m i n g h a m ,  2 .  Phone: Central 107s

May, 1945 L IG HT M ET ALS  Advts.
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We realise that just at the 
moment this question may 
receive a curt answer, but we 
hasten to add that we don't 
really want to pry into 
priorities. We merely wish 
to make the point that no 
matter what choice manu
facturers may make when the 
big change-over takes place 
they can look to Gas to give 
them the same reliable service 
that it has given them right 
through the war years.
The Gas Industry also offers 
free technical advice on any 
matter that may be concerned 
in any way with heat or fuel 
and will gladly undertake 
research on special problems 
arising out of changes in 
production.

NON-FERROUS CASTINGS
War-time research opens a wider field for 
British Engineering into new and essential 
uses of non-ferrous metals and alloys. 
Our specialised knowledge is offered to 
you in castings of
P H O S P H O R  B R O N Z E ,  G U N M E T A L ,  
ALUMINIUM, MANGANESE BRONZE and in 
ALUMINIUM BRONZE which possesses a T en
sile Strength of 45 tons per square inch.

Also  ‘BIRSO ’ Chill Cast Rods and Tubes. Centrifu- 
gally Cast Worm-wheel Blanks, Finished Propellers 
and Precision Machined Parts, Ingot Metals, etc. 

F ully  approved by A dm ira lty  and A .l .D .

T . M . B I R K E T T
& SONS LTD.

H A N L E Y  .  STAFFS
'Phone: Stoke-on-Trent 2184-5-6. ,’Grämt: Dirken, Hinley

_________________________ HC2d.

C O N S E R V A T IO N  o f  

C H R O M IC  A C ID  

A N O D IS IN G  D.T.D.910b

Sulphuric acid a nodi sing is 
officially advised where applicable.

The staff of the 
RUSHTON ORGANISATION  
includes PIONEERS in sulphuric 

anodising.

EXISTING CHROMIC ACID PLANTS 
RAPIDLY CONVERTED OR N E W  

PLANTS INSTALLED.

The RUSHTON ORGANISATION
173, CLARENCE GATE GARDENS 

LONDON, N.W.I



THE BIRMINGHAM ALUMINIUM CASTING [1903] GD. LTD 
BI RMI O WORKS • SMETHWICK • 4 0  - BIRMINGHAM

L IG H T  M ETALS

Your choke of metal and process is »We open If Blrmal is 
jour supplier. You can hate sand-castings for large Intricate 
patterns and short rune; gravity dic-custings for the simpler long- 
rut) jobs (with sand cores if needed for Intricate internal shapes); 
and pressure dk-cAsllngs for the highly accurate small to medium 
mass-produced components. You can also hart- aluminium for 
lightness and high strength, magnesium (“Elrktrou”) «here weight 
economy is paramount, or zinc for dimensional accuracy. RirmaJ 
can supply yoa with all the regular alloys of these metals. Your 
designer Is therefore fref- to specify his requirements secure In 
the knowledge that they can be met.
The servias that tan Ik rendered by Bit mul consists i*f (a) wide 
mt-iaUttrgic.il choice, fb) the process most suitable to the product, 
and (c) impartial adrice to the consumer oa the best metal and 
method to vrft his needs and purpose.

RP-455D
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P r o d u c t i o n  

s i m p l i f i e d

Solve Your 
Assem bly Problems

w it h  L a s s o  p r e s s u r e  s e n s i t iv e  a d h e s iv e  ta p e .  
P r in t e d  w i t h  le g ib l e  in s c r i p t i o n s  s p a c e d  a t  r e g u 
la r  in t e r v a ls  t o  s u i t  th e  p a r t ic u la r  c a b le ,  p ip e  
d ia m e t e r ,  o r  s iz e  o f  c o m p o n e n t  o n  t o  w h i c h  it  
i s  t o  b e  a p p l ie d .  S u p p l i e d  in  v a r io u s  c o lo u r s  
t o  B .S .C .  S p e c if ic a t io n .  P a r t ic u la r ly  s u i ta b le  
f o r  p r e - a s s e m b ly  w h e r e  u n s k i l le d  la b o u r  is  
u s e d .  E n a b le s  p a r ts  to  b e  in s t a n t ly  id e n t i f i e d .

S u p p l i e s  o f  L a s s o  T a p e  a r e  
a v a i l a b l e  o n l y  f o r  h i g h  p r i o r i t y  
w o r k  o w i n g  to  r e s t r i c t i o n s  o n  
r a w  m a t e r i a l s .

D u r a b l e ,  i n d e l i b l e ,  w a t e r p r o o f ,  
f l u i d  r e s i s t a n t ,  h e a t  r e s i s t a n t ,  
f i x  a t  a n y  p o i n t ,  s u i t a b l e  f o r  
p r e - a s s e m b l y  o r  a f t e r  i n s t a l 
l a t i o n  o f  c o m p o n e n t s .

CABLE ASSEMBLIES LTD.(Subsidiary of Herts Pharmaceuticals Ltd.) BESSEMER RD.,WELWYN GARDEN CITY

----------------------------------------------------- Telephone 2 3 6 6 5  ------------------------------------------ --------- -

Manufacture special
I M M E R S I O N  T H E R M O - C O U P L E S
for quick and accurate temperature readings of

M O LT E N  M ETA LS.
The Amalgams Co. Ltd. also Manufacture  

0HARDENITE CASE HARDENING COMPOUND 
0  EUTECTOID CASE HARDENING COMPOUND 

0  HARDITTE ( S i f s )
  CASE HARDENING COMPOUND ---------
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R A Y  T U B E S
Whenever the Oscillograph trace requires recording ILFORD LIMITED 

can supply the MOST SUITABLE photographic material. Ilford Limited market 
a full range of papers, films and plates for photographic recording of all types 
used in scientific and industrial investigations. The following is a selection of 
materials specially made for OSCILLOGRAPH RECORDING:
CODE NATURE CHIEF USES
SR.I0I Film—Panchromatic.

Very high speed. 
Medium contrast.

Specially suitable for recording red fluorescent screens 
of cathode ray tubes (Phosphate screens) and some
times used for green and blue screens.

H.P.3 Plate—Panchromatic.
Medium contrast.

Sometimes used for recording single transients as it is 
slightly faster than 5RI0I.

5G9I Film—Orthochromatic. 
Very high speed. 
Medium contrast.

The fastest material for recording green and blue 
cathode ray tube screens. Specially suitable for record
ing single fast transients.

SG4I Film—Orthochromatic. 
Medium speed. 
High contrast.

Owing to its higher contrast it is capable of giving a 
denser trace than SG9I but requires a longer exposure.

5BS2 Film—Blue sensitive. 
High speed. 
Medium contrast. 
On orange base.

A new film specially for recording blue fluorescent 
screens of cathode ray tubes. On account of its special 
method of manufacture there is a minimum of image 
spread enabling traces, in which the spot velocity varies 
over a wide range, to be successfully recorded. Also 
suitable for high speed processing.

5B5I Film—Blue sensitive. 
High speed. 
High contrast.

Very widely used for recording blue fluorescent screens 
but without the special characteristics of SB52. These 
two films require approximately the same exposure.

BPI Paper-Glossy.
Blue sensitive. 
High speed. 
High contrast.

Very widely used for recording blue fluorescent screens 
and also for many other forms of recording where a 
paper base is required.
Approximately the same speed as SB5I film.

8B2I Film—Blue sensitive. 
Medium speed. 
High contrast.

Suitable for the direct recording of high speed electrons 
in an evacuated tube.

For an explanation of the code numbers used and for fuller details of these and other recommended 
materials, write for a copy of the Ilford booklet “ Photography as an Aid to Scientific Work."
I L F O R D  L I M I T E D  . ILFO R D  . L O N D O N
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W e a r e  sp e c ia l ly  eq u ip p ed  
w ith  la r g e  u p -to -d a te  
p la n t, fo r  a n o d is in g  
A lu m in iu m  an d  it s  a llo y s  
i n  N A T U R A L  O R  
C O L O U R E D  F IN IS H E S  ; 
C h r o m a tin g  o f  M a g 
n e s iu m  ; Z in c ; C a d m iu m  ; 
E l - T i n  a n d  S l i v e r  
P la t in g  a n d  o th e r  p r o 
c e s s e s .  A .I.D . a p p r o v ed .

EPHONE

!¿: AMIIIISIIVi; & 1’LATHVCK LIMITEDHOLLAND STREET RADCLIFFE LANCS.

A t  the m om ent only half 
the sto ry  can b e  told. 
Not until the peace  has 
b e e n  w on can w e tell you 
of the w ar developm ents 
w hich will b e  incorpora ted  
in the post-w ar design 
and  m anufacture of our 
O p t i c a l - M e c h a n i c a l -  
E l e c t r i c a l  I n s t r u m e n t s  
and  A ircraft E quipm ent.

A V IM O  L T D ., TAUNTON  
S o m e r s e t  ( E n g l a n d )

Approved under Air Navigation Rules 
for Civil Aviation.

PROGRESS by QUALITY

dm 1162

G  ET AHEAD 
OF POST-WAR

THE

N  o  n - F e  m o u s  
D I E  C A S T I N G  C O  LTD
Nonferdica Works, North Circular Road, 

Cricklewood, London, N.W.2
’Phone: GLAdstone 6377 ____

“ CONGESTION”

N O W ,  before the  end o f hostilit ie s, le t 
us, as p ioneers o f B rass G ra v ity  D ie 
Casting , p lace m ore  than 25 ye a rs ’ 
experience a t yo u r disposai. O u r  tech 
nical experts w ill a t a ll t im es  be happy 
to  g ive unbiased advice  on any and 
eve ry  D ie  Casting  p rob lem  invo lving  
th e  use of A L U M IN IU M  - B R O N Z E ,  
A L U M IN IU M  A L L O Y S ,  B R A S S  and 

W H IT E M E T A L .
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Axe-head mould of the Bronze Age

B y  1 8 0 0  B .C .— n e a r ly  4 ,0 0 0  y e a r s  a g o — t h e  A n c ie n t  B r i t o n s  
in  K e n t  w e r e  c a s t in g  t h e ir  o w n  w e a p o n s  o f  th e  c h a s e .

T o d a y  c a s t in g s  s t i l l  c o n s t i t u t e  t h e  fo u n d a t io n  o f  w e a p o n s  
o f  w a r  a n d  h a v e  s t i l l  g r e a te r  a p p l ic a t io n  in  p e a c e .

A n d  in  K e n t  th e r e  e x i s t s  t h e  f ir s t - c la s s  f o u n d r y  o f  K e n t  A l lo y s  
w h ic h  is  a t  y o u r  s e r v ic e  t o  p r o v id e  c a s t in g s  o f  q u a l i t y .

KENT ALLOYS LTD.
S P E C I A L I S T S  IN LICIIT M E T A L  C A S T I N C S

lleail OJJice . . . .  Rochester . . . .  Kent
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H E I G H T  G A U G E S
English: Nos. 110 10 inch; 118 18 inch.
Metric : Nos. 125 25 cm. : 145 45 cm.
Duplex: Nos. 11 OEM 10 inch & 25 cm.

II8EM 18 inch & 45 cm.
Made to highest possible standards of accuracy 
and fully guaranteed. Certificate from 
National Physical Laboratory supplied when 
required. Fitted with hardened knife-edge 
scriber and depth gauge attachment. 
Graduated in 40ths of an inch with vernier 
reading in lOOOths, or in A mm. with vernier 
readings in 50ths of mm.
BRI TI SH N.S.F. CO.,  LTD

KEIGHLEY, YORKS.
London Office: 25 Manchester Sq., W.l

Agents: S teda ll M achine Too l C o ., 147-155 S t . Jo h n  
S t., London, E .C . I .  Phone: Clerkenwell 1010 (10 lines).

GP

A N O D I C  T R E A T M E N T
of Aluminium and its Alloys

C H R O M A T I N G
of Magnesium Alloys

T E C H  N  I C A L  
P L A T I N G S  L T D .
CRAIGS WORKS, LUTHER ROAD, 

TEDDINGTON
T ELEPH O N E  - - - - M O LESEY  240

T RAD E “ GILTEC”  M ARK
A PPR O V ED  A .I.D . A IR  M IN ISTRY  

REF. N O . I38S21/3 I

“ T . P . M
FOR

A N O D I S I N G
NATURAL & COLOURED FINISHES

dm 953

. . . .  present In every industry the 
most versatile ami economical form of 
motive power, « rem arkab le  developm ent 
o f  th e  w o r ld -fa m o u s  DO If T Y  h yd ra u lic  
eq u ip m en t fo r  a irc ra ft.

t-)
D O A T T  E Q U I P M E N T  L I M I T E D .  C H E L T E N H A M ,  EN G L A N D



May, 1945 L IC H T  M ETALS Advts. xiii

W ith you r x-ray equipm ent, as w ith your 
castings, dependable results d o n ’t happen : 
they are built. They com e, in this equ ip 
m ent, from  such achievem ents as finely 
focusing an  electron stream — reducing 
filtration losses in shockp roo f tube  heads 
—designing convenient yet flexible contro ls. 
They continue because o f  accurate, con 
servative ratings, and  because trained 
specialists are w ithin easy reach.

All these poin ts, and  m any m ore, have 
m ade V ictor a synonym  for x-ray dependa

bility. A sk us ab o u t the V ictor KX-140 
— designed for dependable inspection o f 
light-m etal castings. A ddress D ept. IE/18.

V I C T O R  X - R A Y
C O R P O R A T I O N ,  L t d .
15-19 CAVENDISH PLACE, LONDON, W.1 • LANgham 4074

Birmingham— 55 Pershore Street Midland 2110
Manchester— Milne Buildings, 66 Mosley Street Central 0275
Glasgow— 2 Fitzroy Place Douglas 1884
Bristol— 73 Queen Square Bristol 20890

SPECIALISTS IN THE USE Of X-RAYS IN ENGINEERING AND INDUSTRIAL PROBLEMS

T h e  F o u n d r y ’ s  

M a ster  G a u g e . .

D e p e n d a b l e  R a d i o g r a p h y
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If a suitable design of burner is used, the 
trouble can usually be overcome by using 
a High Alumina Firebrick such as NETTLE 
(42/44% Alumina)—a point proved by the 
practical experience of several customers. 
An additional protection to the brickwork 
by washcoating with Maksiccar II. or Stein 
Sillimanite Cement will often be found 
economic. Further information will be 
gladly supplied on request.

CREOSOTE- 
PITCH FIRING
A number of firms adopting 
this fuel have encountered 
new Refractory Problems 
caused by corrosion and 
Vitrification Spalling.

F L U X E S
Sodium  Fluoride 
A m m onium

Bifluoride
M agnesium

Fluoride

R. CRUICKSHANK, 
BIRMINGHAM, 1.

Calcium  Fluoride 

Barium Fluoride  

Lithium Fluoride 

C ryo lith ion ite

LTD., Camden Street,
’Phone : Cen . 7213.

J I G  B U S H E S
SEND NOW FOR OUR REFERENCE CATALOGUE
TALBOT TOOL COMPANY, LTD. 
87, BOROUGH HIGH ST., LONDON, S.E.I

D. Approved Laboratories are now clusively by all leading Aire fall for the X-Ray Examination of and Class 11 Castings.
NDUSTRIAL AND 
METALLURGICAL 

X-RAY SERVICE
LONDON LABORATORIES 

Grove Works. Grove Place. ACTON. London, W.3. 
Head Office and Midland Laboratories:
53. Wentworth Road. Harborne. BIRMINGHAM. 17.

G R I P
HARDENED, LAPPED 

AND GROUND

D R I L L
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O  I  L I T E
S  E L F  -  L U B R I  C A T I N G

B R O N Z E  B E A R I N G S

“Oilitc” reduces bearing failures to a minimum wherever it is applied to 
suitable components. The lubricant content is ample to cope with variations in speed 
and load over a considerable range, and will do this continuously during the life of 
the component, whilst, where necessary, additional lubrication can be readily embodied 
in the design without difficulty. The accuracy of finished dimensions and limits is 
equal to that of the highest grade machined bearings, thus making for case of assembly 
and fitting. As an alternative to force fitting, “Oilitc” can, if desired, be embodied 
in Light Metal Die Castings during casting, thus reducing the manufacturing 
operations of the components, although Oil must be impregnated later



G I B B O N S
Gibbons Bros. Ltd., Dibdale Works, Dudley. Phonc:Dudley3l4l (P.A.B.X.). Grams:“ Gibbons, Loner Gornal” . 
London Office : 1S1-4 Palace Chambers, Westminster, S.IV.I. Telephones : Whitehall 6417-8 and S3S9.
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G a s  P r o d u c e r  P l a n t

S IG N A L L IN G
V I T A L

in fo rm a tio n  to Y O U

THE SHANNON LIMITED
IMPERIAL HOUSE (Dept.E.S), 15-19 KINGSWAY, LONDON, W.C.2
And at Birmingham, Bristol. Liverpool, Manchester. Newcastle. Glasgow (Agent)

Signals on Shannon Visible Records pull the eye to vital 
facts and figures. They instantly reveal essential and 
urgently needed information, enabling immediate action to 
be taken. Shannon Visible Records can be used in any 
department or branch of your business, and have many 
advantages over ordinary book or card records.

Send Id. stamp for leaflet (Paper Control Order 48).

General view of operating platform of Producer Plant.

Installation of five me
chanical self-vapourising 
Gas Producers each gasi- 
fyinghalfatonofCokeand 
manufacturing 7 ,̂000 
cub.ft. of 130 B.T.U. Gas 
per liqur. We design, 
manufacture and erect 
Gas Producer Plant to 
individual requirements.
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iSTERM ETîOur engineers are readily available 
for consultation on new products

SABRE Engin« C rank«**» 
Bottom Cover in ELEKTRON
Majfietlunt Alloy-

E l e k t r o N ^ A l u m i n i u M
NORMAL A HïAT TREATED
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O K h d ta J?

THE LIGHTEST MATERIAL FOR 
BATTERY POWERED ELECTRICS

GMIJMIIM1 VM

MAGNUMINIUM, four times lighter than steel, with 
high weight/strength ratio and maximum machinability, 
is the obvious choice for the electric vehicle manufacturer, 
as it is for the automobile, aircraft and speedboat indus
tries. In all forms .of transport and handling the weight 
economy of MAGNUMINIUM spells increased carrying and 
lifting capacity. Portable tools, office machines, domestic 
equipment, all gain new merit when fashioned out of the 
lightest known metal. For full technical details apply to 
the Sales Department.

M A G N E S I U M  C A S T I N G S  & P R O D U C T S  L T D  • S L O U G H
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E D I T O R I A L  O P I N I O N

Y o u ’l l  K e e p  It  Q u ie t, W o n ’t Y o u ?

L IST E N E R S to wireless news in the early days of the war contrived to 
extract quantities of unsuspected fun from those unfortunate spokesmen 
in Cairo, whose extension and compression of the tru th  frequently proved 

excessive, even for the then very elastic front in the W estern Desert. T hat 
phase of history is finished with, but Ministries, and subordinates who mis
m anage their news, flourish still, like the green bay tree. Their m ethods of 
•handling inform ation are. too often, as prim itive and questionable as were 
those of the inspired am ateurs in Egypt.

Particularly  may this charge be levelled against those concerned with pub 
licity for the so-called "  tem porary ”  alum inium  house. Details were ap p ar
ently supplied to the Sunday Press and, in part a t least, to the daily P re ss : 
in the case of the latter, the public notice received was, in the main, ignored; 
favourable reviews appeared in certain  representatives of the former, bu t in one 
case, at least, the project received a most dam aging and uncritical write-up.

This m ishandling of the  situation has, we feel, done harm , first to the general 
cause of post-war housing and, secondly, to the aluminium industry. Let us 
examine the systematic qualification applied to these newer types of proposed 
post-war buildings— “ tem porary ” houses. The use of this adjective can here 
be justified only with the greatest of difficulty. Exam ination of the num erous 
types of prefabricated or unit-constructed house a t the T ate  Gallery site, will 
show that, m aterially, the bulk will still be in perfect order even in 25 years’ 
time, whilst from the design standpoint, their survival is certainly to be 
commended, w hatever the opposition from “  brick boxes ”  of the sort which 
disfigured our countryside after the 1914-1918 war.

To probe into this m atter a little more deeply, w hat is the public’s verdict 
on the prefabricated house? Fewr have had opportunity  personally to inspect 
the different forms in which it is available, and fewer still have, as yet, been 
given the chance to test out the structures by  actually  living in  them . Invari-

c l



204 LICHT METALS May, 1945

ably, where the house has been seen, it has made a convert in its favour. 
In Stepney, for example, certain prefabricated units (of the most primitive 
type, we consider) have been m ade available— no bathroom , outside sanitation, 
hopelessly inadequate cupboard space, and no means of confining and isolating 
the smell of cooking and the odours of washday. Yet these hutm ents, which 
have little to recommend them beyond their cosiness and w arm th, are most 
highly praised by those living in them. Recently we explained tha t the dis
advantages cited were uncommon to the bulk of “  tem porary ”  houses; that, 
in fact, there were almost a dozen types differing in no wise in  their internal 
appointm ents from w hat we are pleased to consider the ordinary house. We 
added tha t in most cases the "  tem porary ” house had more to offer than the 
m ajority  of older cottages in rural areas. Of them all, the alum inium  house, 
w ithout doubt, presents the greatest attractions.

Perhaps the public, to which appeal should be made, is not interested in the 
fundam entals of design; the ingenious devices to which resort has been made 
for assembling the sections cannot be seen and, probably, in any case, will 
gratify only the engineer. In  contrast, however, eternal truths, such as ample 
cupboard space, ready accessibility, m odern conveniences, and planned orderli
ness; are factors which autom atically draw the buyer.

On the question of price, out of which so much capital was made in a 
censorious paragraph in a certain Sunday newspaper, it is difficult to avoid this 
comment, that the sum  quoted was that resulting from the valuation, on a 
current basis, of a prototype, and cannot be considered as representing the 
ultim ate mass-production figure.

Along with the rest of the models created in a worthy effort to solve the 
housing problem which will face this island and most of the E uropean m ain
land after the war, the aluminium house has been made, we fear, the plaything 
of the political juggler. The ultim ate success or failure of the scheme will not 
seriously affect the well-being either of Members of Parliam ent or Ministers; 
an alarm ing percentage of the population, however, will suffer if the general 
project be not materialized. Let this public,' therefore, see the alum inium  house 
and be the first and final arbiter of its merits. We are convinced tha t its verdict 
will be overwhelmingly favourable.
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A l u m i n i u m  a n d  M a g n e s i u m  

i n  t h e  E l e c t r i c a l  I n d u s t r i e s

The A u th o r  Continues h is A c c o u n t f r o m  
“ L ig h t M e t a l s 1 9 4 3 / 8 / 1 3 6 , D ea ling  
W ith  the M echanica l P roperties, M ore  
E specia lly  in  the H e a t e d  S t a t e ,  o f  ' B .  J .  B R A J N I K O F F  

A lu m in iu m  in R e la tionsh ip  to its Use
as a C onductor

I N  th e  l ig h t  o f  p re s e n t- d a y  k n o w le d g e , 
d if fe re n c e s  b e tw e e n  m a te r ia l  b o d ie s  a re  to  
be e x p la in e d ,  f ir s t ,  b y  th e  n a tu r e  o f  th e  

e le m e n ta r y  p a r t ic le s  ( t h e  m o le c u le s ) ,  a n d , 
s e c o n d ly ,  b y  m o le c u la r  a r r a n g e m e n t .  T h e  
la t t e r  f a c to r  is  o f  s p e c ia l  s ig n if ic a n c e  in  th e  
s o lid  s ta te ,  a n d , in  r e c e n t  y e a rs ,  th e  in t r o 
d u c t io n  o f  , n e w  e x p e r im e n ta l  m e th o d s  h a s  
m ad e  p o ss ib le  a  m u c h  m o re  p ro fo u n d  
in v e s t ig a t io n  o f  i t .

F r o m  b o th  th e  th e o r e t ic a l  a n d  p r a c t ic a l  
s ta n d p o in ts ,  s tu d ie s  o f  m a t t e r  w i t h  th e  a id  
o f  X - r a y  in te r fe re n c e  t e c h n iq u e  h a v e  p ro v e d  
v e r y  f r u i t fu l .

T a b le  1.— B re a k in g  S tre n g th  and E lo n g a tio n  
o f A lu m in iu m  a t E le va te d  T e m p e ra tu re s . 

(A f te r  Be n g o u g h .)

Heating
Temperature,

oC.

Resistance 
to rupture, 
kg./mm."

Elongation,
A>

Contraction 
% in cross- 

sectional area

20 13.6 11.5 75
200 9.9 15.0 78
275 7.8 17.2 79
330 5.4 20.3 88
375 2.7 25.0 88
396 1.55 56.0 90
450 1.1 65.0 96
520 0.7 68.5 Nearly 100
560 0.39 70.3 Nearly 100
610 0.33 75.0 Nearly 100
625 0.31 39.0 92

S in c e  its  d e v e lo p m e n t  b y  L a u e  in  1912 i t  
h a s  b e e n  in s t r u m e n ta l  in  c o r r o b o r a t in g  b y  
d ir e c t  e x p e r im e n t  m a n y  a s s u m p t io n s  re g a rd 
in g  th e  c r y s t a l l in e  s ta te .

Physical and Chemical Characteristics of 
Metals

T h e  p ro p e r t ie s  o f  a  b o d y  w i th  re s p e c t  to  
s t r e n g th  d e p e n d  v e r y  m u c h  o n  th e  c o n d it io n  
o f th e  m a te r ia l .  T h e  in t e r n a l  s t r u c tu r e  o f  
m e ta ls  is  p a r t i c u la r l y  im p o r t a n t  f r o m  th is

p o in t  o f  v ie w .  M e ta ls ,  as a  ru le ,  a re  a g g re 
g a te s  o f  c r y s t a l l in e  u n it s  d isp o se d  in  a 
h a p h a z a rd  m a n n e r ;  b u t  b y  m e a n s  o f s p e c ia l 
te c h n iq u e s  la rg e  s in g le  c r y s t a ls  c a n  b e  
p ro d u c e d .

S in g le  c r y s t a ls  o f  m a n y  m e ta ls  c a n  
s u s ta in  e x te n s io n s  u p  to  so m e  h u n d re d s  pe r 
c e n t ,  a n d  a  ro d , fo r  in s ta n c e ,  b e co m es

T a b le  2.— B re ak in g  S tre n g th  o f A lu m in iu m  
a t  E le va ted  T e m p e ra tu re s . (A f t e r  L u d w ik .)

Heating temperature °C. Breaking strength of 
aluminium, kg./mm.2

20 11.6
75 10.6

135 7.65
310 2.6
403 1.25
510 0.55
600 0.35

Specimen annealed at 
350°C.

f la t te n e d  in to  th e  s h a p e  o f  a  b a n d  o r  s t r a p  
b e fo re  i t  f in a l ly  b re a k s .  W i t h  th e  h e lp  o f  
th e o r ie s  Csf th e  s t ru c tu r e  o f  c r y s t a ls  w e  c a n  
c a lc u la t e  t h e ir  s t r e n g t h ,  t h e  th e o re t ic a l  
v a lu e  o f  w h ic h  is  u s u a l ly  s e v e ra l h u n d re d  
t im e s  g r e a te r  th a n  t h a t  a c t u a l l y  o b s e rv e d . 
T h is  a g a in  p o in ts  to  th e  f a c t  t h a t  th e r e  a re  
w e a k  p la c e s  w i th in  th e  c r y s t a l .  B y  t a k in g  
c e r t a in  p r e c a u t io n a r y  m e a su re s , h o w e v e r ,  i t  
is  n o w  p o ss ib le  to  a t t a in  n e a r ly  th e o re t ic a l  
l im its .

T h e  p h y s ic a l  c h a r a c t e r is t ic s  o f  m e ta ls  m a y 
b e  a lte re d  b y  m e c h a n ic a l  t r e a tm e n t .  T h u s ,  
th e  s p e c if ic  g r a v i t y  a n d  th e  e le c t r ic a l  c o n 
d u c t i v i t y  o f  a lu m in iu m  (a s  th o s e  o f  c o p p e r )  
in  th e  sh a p e  o f  a  c o ld - d ra w n  w ire ,  a re  so m e 
w h a t  lo w e r ,  a n d  th e  s p e c if ic  v o lu m e  g re a te r  
th a n  th e  c o r re s p o n d in g  p ro p e r t ie s  o f  b o th  
m e ta ls  in  th e  m a s s iv e  a n n e a le d  fo rm ; th is  
f a c t  is  c o n d it io n e d  b y  c h a n g e s  in  c r y s t a l l in e
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Heating temperature, °C ... 16 100 200 300 350 400 500 600
Nature of 
aluminium 
specimens

Resistance to rupture,
kg./mm.2 8.2 6.4 4.35 2.50 1.63 1.10 0.54 0.28 Test piece sub

jected to anneal
ing treatment

Elongation, % 51.2 62.3 83.9 90.4 124.0 127.9 121.4 150.0 Specimen sub
jected to anneal

ing treatment

Breaking strength, kg./mm.2 11.7 10.3 7.7 4.65 2.10 1.44 0.64 — Cold-rolled 
test piece

s t ru c tu r e  a s s o c ia te d  w i t h  c o ld - w o rk in g . 
A l t h o u g h  c o ld - w o rk in g  (e .g . ,  c o ld - ro ll in g )  
d e c re a se s  th e  e le c t r ic a l  c o n d u c t i v i t y  o f  
a lu m in iu m ,  th e  e f fe c t  is  s m a ll  c o m p a re d  w ith  
th e  in c re a s e  o f  s t r e n g th  a c h ie v e d .  S p e c if ic  
v o lu m e  c o n d u c t i v i t y
o f  h o t- ro lle d  a lu 
m in iu m  w a s  fo u n d  
to  b e  b e tw e e n  60.5 
a n d  61.5  p e r c e n t ,  o f 
t h a t  o f  c o p p e r ,  
w h i ls t  t h a t  o f  th e  
h a rd - d ra w n  m a te r ia l  
v a r ie d  b e tw e e n  56.2  
a n d  6 0 .7  p e r  c e n t ,  
o f  t h a t  o f  co p p e r , 
a c c o r d in g  to  p u r i t y  
a n d  o th e r  c o n d i 
t io n s ;  f o r  a n n e a le d  
h i g h -  p u r i t y  a lu 
m in iu m  th e  v a lu e  is  
6 4 .6  p e r  c e n t ,  o f  
t h a t  o f  c o p p e r .

M o re o v e r ,  e le c t r ic a l  c o n d u c t i v i t y ,  a s  w e ll 
as h e a t  c o n d u c t i v i t y  a re  a lso  a ffe c te d —  
a lm o s t  a lw a y s  in  th e  d ir e c t io n  o f  d im in u t io n  
— b y  th e  p re sen ce  o f  v a r io u s  a d m ix tu r e s  in  
th e  m e ta l,  fo r  w h ic h  re a s o n , in  s p e c ia l  f ie ld s  
o f  a p p l ic a t io n s  ( v iz . ,  e le c t r o ly t ic  co n d e n se rs ,

h ig h - g ra d e  fo i l ,  e t c . ) ,  th e  p u r i t y  o f  a lu 
m in iu m  s h o u ld  b e  o f  th e  h ig h e s t  d e g ree  
p o ss ib le .

O n  th e  o th e r  h a n d ,  p o s s ib il it ie s ,  o p e n e d  
up  b y  e le c t r ic a l ly  s u ita b le  a l lo y s  b a sed  o n  

s u p e r  - p u r i t y  alu-

T a b le  4.— M ech an ica l P ro p e r t ie s  o f A lu 
m in iu m  a t  E le va te d  T e m p e ra tu re s  (a f te r  

le  C h a te lie r ) .

Heating temperature,
°C.

Breaking strength of 
aluminium, kg./mm.2

15 18.7
100 15.3
150 12.9
200 10.1
250 7.7
300 5.7
350 3.3
400 2.4
460 1.6

m in iu m ,  a re  ju s t  a s  
g re a t ,  a n d  t h e i r  
s p h e re  o f  u t i l i t y  is 
b o u n d  to  e x p a n d .

T h e  g re a t  p r a c t i 
c a l  im p o r ta n c e  o f 
h i g h -  p u r i t y  a lu 
m in iu m  a n d  a lu 
m in iu m - b a s e  a l lo y s  
in  e le c t r ic a l  t e c h 
n o lo g y  h a s  le d  o f 
la t e  t o  t h e ir  in t e n 
s iv e  s tu d y ,  p a r t ic u 
larly'- w i t h  r e s p e c t  to  
p ro b le m s  a s s o c ia te d  
w i t h  fu r th e r  r e f in 
in g , im p ro v e m e n ts  

o f  m e th o d s  o f  p ro d u c t io n ,  a n d  th e  p e r fe c 
t io n  o f  te c h n iq u e s  fo r  th e  e x a m in a t io n  o f 
th e ir  p ro p e r t ie s .

M o d e r n  p h y s ic o - c h e m ic a l a n a ly s is ,  
to g e th e r  w i t h  a c h ie v e m e n ts  o f  m e ta l lo 
g r a p h y ,  h a v e  e n a b le d  us  to  a  fu l le r  e x te n t

T a b le  5.— R esu lts  o f T e n s ile  T e s ts  on  A lu m in iu m  Bus-bars in th e  H e a te d  S ta te .

No. of aluminium 
specimens

Heating tempera
ture, °C.

Resistance to rup
ture, kg./mm.2

Elongation, Average breaking 
strength, kg./mm.2

Mean elongation
%

1 No heating 14.8 7 14.9 5.752 No heating 15.0 4.5
11 50 14.7 5 14.5 512 50 14.3 5
13 100 14.1 8 13.55 714 100 13.0 6
15 150 12.3 6 12.35 7.2516 150 12.4 3.517 200 10.5 5 10.5 5.7518 200 10.5 6.519 250 9.4 5.5 9.08 5.520 250 8.75 5.5
21 300 7.45 6 7.14 6.2522 300 6.85 6.5
23 350 4.5 6.5 4.75 7.024 350 5.0 7.5
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to  a p p re c ia t e ,  a t  le a s t  in  p a r t ,  th e  p ro cesses  
t a k in g  p la c e  in  a lu m in iu m  u n d e r  v a r io u s  
c o n d it io n s  o f  m e c h a n ic a l  t r e a tm e n t ,  to  s tu d y  
th e  e ffe c ts  o f  a l lo y in g  i t  w i t h  v a r io u s  m e ta ls  
a n d  n o n - m e ta ls , a n d  to  e s ta b lis h  th e  p re c is e

T a b le  6.— R esu lts  o f  T e n s ile  T es ts  on  A lu 
m in iu m  Bus-bars B e fo re  and A f t e r  S u b je c 

t io n  to  H ea tin g .

No. of 
speci
mens

Temperature of 
annealing 

treatment of 
aluminium, °C.

Breaking 
strength, 
kg./mm.2

Elongation, 
per cent.

1 Priortto anneal
Average

14.9 5.75

2
ing treatment 

50 14.8 6.0
3 100 14.5 5.0
4 150 14.8 6.0
5 200 13.8 5.0
6 250 13.3 6.0
7 300 11.3 10.0
8 350 8.6 35.0
9 375 8.0 35.0

r e l a t i o n s h i p s  
b e tw e e n  th e  c o n 
s t i t u e n t  p a r t s  o f  th e  
a l lo y s  a s  r e v e a le d  
b y  e q u i l ib r iu m  d ia 
g ra m s .

K u r n a k o f f  a  n  d 
Z h e m c h u jn y  h a  v  e 
s h o w n  t h a t  p h y s ic a l  
p ro p e r t ie s  o f  s o lid  
s o lu t io n s  v a r y  s u c 
c e s s iv e ly  p a r a l le l  
w i t h  th e  c o n te n t  
o f  th e  c o m p o n e n t- m e ta ls :  th u s , th e  h a rd n e s s  
o f  e v e r y  p u re  m e ta l  in c re a s e s  a s  th e  c o n te n t  
o f  a se c o n d  m e ta l  a d d e d  to  i t  r ise s  to  a  
m a x im u m , w h e re a s ,  o n  th e  c o n t r a r y ,  its  
e le c t r ic a l  c o n d u c t i v i t y  d e c re a se s  u p  to  a 
c e r t a in  m in im u m  l im it .

Mechanical Behaviour of Aluminium
O n e  o f th e  s h o r tc o m in g s  o f  a lu m in iu m  as 

a  m a t e r ia l  fo r  c o n d u c to r s  a n d  b u s-b a rs  is 
t h a t ,  ‘ in  c o m p a r is o n  w ith  c o p p e r ,  i t  h a s
lo w e r  m e c h a n ic a l  p ro p e r t ie s .  T h u s ,  fo r  
e x a m p le ,  w h e re a s  th e  te n s ile  s t r e n g th  o f 
c o p p e r ,  in  th e  a n n e a le d  s ta te ,  is  o n  th e  
a v e r a g e  24 k g . / m m .2, t h a t  o f  a lu m in iu m  is  
o n ly  a b o u t  10 k g ./ m m .2 W i t h  th e  o b je c t  
o f  im p r o v in g  th e  m e c h a n ic a l  c h a r a c t e r is t ic s  
o f  a lu m in iu m  i t  is  s u b je c te d  to  c o ld  d r a w in g  
o r  r o ll in g ,  in  c o n s e q u e n c e  o f w h ic h  i t s  te n s ile  
s t r e n g th  c a n  b e  ra is e d  fro m  15 to  28
k g ./ m m .2, d e p e n d in g  o n  th e  d e g re e  o f  w o rk  
h a rd n e s s  r e s u lt in g  fro m  th e  t r e a tm e n t .
H o w e v e r ,  s u c h  h a rd n e s s  is  r e ta in e d  b y  th e
m e ta l  o n ly  u p  to  a  c e r ta in  te m p e ra tu r e  le v e l ,  
b e y o n d  w h i c h  i t s  s t r e n g th  p ro p e r t ie s  d r a s t ic 
a l l y  fa l l  d u e  to  r e c r y s t a l l iz a t io n .  T h e  t e m 
p e ra tu r e  a t  w h ic h  b u s- b a rs  u s u a l ly  o p e ra te  is  
h ig h e r  t h a n  t h a t  o f  th e  s u r ro u n d in g  a tm o 

sp h e re . A c c o r d in g  to  n o rm a l p r a c t ic e ,  th e  
e le c t r ic a l  lo a d  o f bu s-b a rs  is  c a lc u la te d  to  
a l lo w  fo r  t h e ir  o v e r h e a t in g  to  th e  e x t e n t  o f  
a p p r o x im a t e ly  40 deg rees C .  a b o v e  th e  
a m b ie n t  t e m p e ra tu r e .  I f  th e  m a x im u m  
te m p e ra tu re  o f  th e  a i r  b e  t a k e n  to  b e  e q u a l 
to  40 d e g ree s  C . ,  th e n  in  th is  ca se  th e  b u s 
b a rs  h a v e  to  w o r k  u n d e r  h e a t in g  u p  to  
SO d e g ree s  C . I n  th e  e v e n t  o f  a sh o rt-  
c i r c u i t ,  th e y  m a y  e x p e r ie n c e  lo c a l  o v e r h e a t 
in g  u p  to  200  d e g re e s  C . o r  m o re . A s  to  
th e  c a b le s  o f  o v e rh e a d  t ra n s m is s io n  lin es , 
t h e y ,  to o , a c c o rd in g  to  Z e e r le d e r  a n d  B o u r 
g eo is , c a n  b e  h e a te d  b y  th e  a c t io n  o f c u r r e n t  
a n d  b y  th e  s u n  u p  t o  90 d e g ree s  C .

T h e  m e c h a n ic a l  s t r e n g th  o f a n n e a le d  p u re  
m e ta ls ,  p ro v id e d  t h a t  th e y  d o  n o t  u n d e rg o  
a l lo t r o p ic  m o d if ic a t io n s ,  g r a d u a l ly  d e c rea ses  
as  th e  t e m p e ra tu r e  r ise s ; o n  c o o l in g  t o  th e  
i n i t i a l  te m p e ra tu re ,  th e  m e c h a n ic a l  s t r e n g th  
is  r e s to re d  to  th e  o r ig in a l  v a lu e .  H o w e v e r ,  
in  th e  ca se  o f  a  m e ta l  a c q u ir in g  th e  w o r k
h a rd n e ss , su c h  r e c o v e r y  is  p o ss ib le  o n ly  a f t e r
it s  h e a t in g  u p  to  t h e  r a n g e  o f  te m p e ra tu re s  

b e lo w  th e  te m p e ra 
tu r e  o f  r e c r y s t a l l iz a 
t io n ,  a s  h e a t in g
a 'b o ve  th e  le v e l  o f
th e  la t t e r  le a d s  to
t h e  d is a p p e a ra n c e  o f 
w o r k in g  e f fe c ts  a n d , 
c o n s e q u e n t ly ,  to  th e  
lo ss  o f  im p ro v e d  
m e c h a n ic a l  s t r e n g th  
in h e re n t  t o  t h e  
c o ld  - w o r k in g  p r o 
cess.

T a b le  8.— H a rd n ess  o f A lu m in iu m  Bus-bars 
D u r in g  th e  P rocesses  o f  H e a t in g  and C o o lin g .

Heating
temperature,

oC.

Average diameter 
of three 

indentations, 
mm.

Brinell
hardness

Prior to heating 1.41 39.6
50 1.42 39.6

100 1.54 33.0
150 1.64 28.5
200 1.90 21.0
250 2.18 15.9
300 3.00 8.0
350 3.36 6.1
300 3.18 7.0
250 2.72 9.9
200 2.43 12.6
150 2.25 15.0
100 2.05 18.2
50 1.9 19.0
20 1.96 19.4

A lth o u g h  a lu m in iu m  s e le c te d  fo r  use  a s  a  
c o n d u c to r  m a t e r ia l  is  o f  th e  h ig h e s t  m a r k e t 
a b le  p u r i t y ,  y e t  i t  a lw a y s  c o n ta in s  iro n  
as  F e A T ,  w h ic h  is  in c a p a b le  o f  p a s s in g  in to  
s o lid  s o lu t io n ,  a n d  s i l ic o n  w h ic h ,  o n  th e  c o n 
t r a r y ',  is  r e a d i ly  s o lu b le  a t  h ig h  te m p e r a 
tu re s . b u t  o n  s lo w  c o o l in g  o f  th e  a l lo y  to

T ab le  7.— B r ln e ll  H a rd n ess  and Im p ac t 
S t re n g th  o f A lu m in iu m  a t L o w  and H ig h  

T e m p e ra tu re .

Temperature,
OC.

Brinell
hardness

Resistance to 
impact, 
kg./cm.‘2

. -8 0 From 35 to 40 From 5.2 to 6.2
0 From 32 to 38 From 4.0 to 4.2

+  200 From 22 to 18 From 2.8 to 3.0

c 2
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th e  o r d in a r y  t e m p e ra tu re ,  is  a lm o s t  c o m 
p le t e ly  re le a se d  in  a  fre e  s ta te .  Z e e r le d e r  a n d  
B o s s h a rd  c o n s id e r  t h a t ,  in  th e  e v e n t  o f  th e  
s im u lta n e o u s  p re se n ce  o f s i l ic o n  a n d  iro n , 
th e re  is  fo rm e d  a  t r ip le  c o m p o u n d  po ssess 
in g  l im ite d  s o lu b i l i t y .

H e n c e  i t  is  seen  t h a t  c o m m e rc ia l  a lu 
m in iu m  e m p lo y e d  a s  a  c o n d u c to r  m a t e r ia l  
is  n o t  a  p u re  m e ta l  in  th e  s t r i c t  sen se  o f  
th e  te rm , h u t  m u s t  b e  re g a rd e d  a s  a n  a l lo y ,

T ab le  9.— In d e n ta tio n  D ia m e te r  and B r in e ll 
H a rd n ess  o f  A lu m in iu m  Bus-bars a fte r 
H e a tin g  to  T e m p e ra tu re s  b e tw e e n  50 and 

3 5 0 °C .

Annealing of aluminium bus
bars, temperature °C.

Diameter of 
indentation, 

mm.
Brinell

hardness

Prior to annealing treatment 1.35 42
50 1.35 42

100 1.42 39.6
150 1.40 39.8
200 1.42 39.6
250 1.45 38.0
300 1.63 28.5
350 1.89 21.5

a s  a f t e r  r e c o o lin g . T h e  te s ts  in c lu d e d :  —
(1 ) M e a s u re m e n ts  o f  h a rd n e s s  a t  th e  

t e m p e r a tu r e s :  20, 50, 100, 150, 200, 
250, 300, 350 d e g re e s  C .

(2 ) D e t e r m in a t io n s  o f th e  u l t im a t e  
s tre ss , o r  b r e a k in g  s tre ss , a t  th e  sam e  
te m p e ra tu re  le v e ls ,  w i t h  s im u lta n e o u s  
e v a lu a t io n s  o f  th e  te n s ile  s t re n g th  a n d  
e lo n g a t io n  o f th e  s p e c im e n s  a t  th e  
m o m e n t  o f  r u p tu re .

(3 ) M e a s u re m e n ts  o f  h a rd n e s s  a f t e r  
h e a t in g  fo r  15 m in u te s  a t  50, 100, 150, 
200, 250, 300, 350 d e g ree s  C . a n d  c o o l
in g  to  ro o m  te m p e ra tu re .

(4 ) D e t e r m in a t io n  o f  b r e a k in g  lo a d  
u n d e r  th e  s a m e  c o n d it io n s .

T h e  sp e c im e n s  o f  a lu m in iu m  b u s-b a rs  
u se d  fo r  th e  d e te r m in a t io n  o f h a rd n e s s  a n d  
u l t im a t e  s tre ss  h a d  a  c ro ss- se c t io n  o f  40 b y  
4 m m .;  th e  re a so n  fo r  s e le c t in g  th is  s ize  
w a s  d u e  to  th e  fa c t  t h a t  b u s-b a rs  o f a  
s m a ll  c ro ss- se c t io n a l a re a  possess a  g r e a te r  
d e g re e  o f  w o r k  h a rd n e s s , in  co n s e q u e n c e  o f 
w h ic h ,  a l t e r a t io n s  in  p ro p e r t ie s ,  a s s o c ia te d  
w i th  th e  d is a p p e a ra n c e  o f  th is  h a rd n e s s  o n  
h e a t in g ,  s h o u ld  b e  r e v e a le d  m u c h  m o re  
m a r k e d ly .

T ab le  10.— Effec t o f R e s is ta n ce  H e a t in g  on  M ech an ica l P ro p e r t ie s .

No. of 
aluminium 
specimens

Temperature of heating 
by the electric 
current, °C.

Strength of 
current, 

A.

Period of 
heating, 

hours
Elongation, % Brinell hardness

Breaking
strength,
kg./mm.-

1 Prior to heating 8.0 40.0 12.69
2 From 90 to 100 900 162 8.0 37.0 12.77
3 From 200 to 230 1,500 16 15.0 30.5 8.80

a n d , c o n s e q u e n t ly ,  th e  n a tu re  o f  c h a n g e s  
o c c u r r in g  in  i t s  m e c h a n ic a l  p ro p e r t ie s  d u r 
in g  h e a t in g  is  s t i l l  m o re  c o m p lic a te d  b y  
m o d if ic a t io n s  in  p h y s ic a l  c o m p o s it io n .

Experimental Studies and Tests
F r o m  t h e  c o n s id e r a t io n s  a s  p u t  fo rw a rd  

i t  s h o u ld  b e  q u it e  o b v io u s  t h a t  a  k n o w le d g e  
o f th e  m e c h a n ic a l  p e r fo rm a n c e  o f  a lu 
m in iu m ,  b o th  w h e n  h e a te d  to  a  h ig h  te m 
p e ra tu r e  le v e l  a n d  a f t e r  i t  h a s  b e e n  re c o o le d , 
is  o f  th e  u tm o s t  im p o r t a n c e  fo r  a  g re a t  
v a r ie t y  o f  p ro b le m s  in  e le c t r ic a l  e n g in e e r in g ; 
su c h  k n o w le d g e  is  n e c e s s a ry ,  a b o v e  a l l ,  as 
a  b a s is  fo r  d e v e lo p m e n t  w o r k  o n  th e  u t i l iz a 
t io n  o f a lu m in iu m  a l lo y s  a s  c o n d u c to r  
m a te r ia ls .

A m o n g s t  .n o ta tf le  c o n t r ib u t io n s  i n  th is  
d ir e c t io n  a re  th e  re s u lts  o f  t h e  s y s te m a t ic  
re se a rc h e s  c o n d u c te d  b y  f j s o f f  a t  th e  
R u s s ia n  E le c t r o t e c h n ic a l  I n s t i t u t e .  T h e s e  
c o m p r is e  a n  e x te n s iv e  se r ie s  o f m e c h a n ic a l  
te s ts  o n  a lu m in iu m  b u s-b a rs  h e a te d  to  d i f 
f e r e n t  t e m p e ra tu re  le v e ls  w i t h in  th e  ra n g e  
f ro m  50 d e g ree s  t o  350 d e g ree s  C . ,  a s  w e l l

T a b le  11.— In flu e n ce  o f S e c t io n  on  M ech an ica l 
P ro p e r t ie s .

Cross-sectional area 
of aluminium bus

bars, mm.
Brinell

hardness
Resistance to 

rupture
kg./mm.-

40 x 4 42 14.9
40 x 8 40 12.69
60 x 8 30.2 10.8
80 x  10 28.5 10.0

Ultimate Strength of Aluminium in Hot
and Cold State
T e s ts  fo r  b r e a k in g  s t r e n g th  o f a lu m in iu m  

d u r in g  h e a t in g  h a v e  b e en  c o n d u c te d  b y  
v a r io u s  w o rk e r s ,  b u t  th e  re s u lts  o b ta in e d  
a re  r a t h e r  d is c o rd a n t ,  p a r t i c u la r l y  w i t h in  
th e  t e m p e ra tu r e  ra n g e  fro m  50 to  350 
d e g re e s  C . T h is  m a y  b e  e x p la in e d  a s  d u e  
to  d if fe re n c e s  in  p u r i t y  o f  a lu m in iu m ,  as 
w e l l  a s  i i i  th e  d e g re e  o f  w o rk - h a rd n e s s  o f  
t h e  s p e c im e n  e m p lo y e d .  T h e  f o l lo w in g  
d a ta ,  g iv e n  in  T a b le s  1, 2, 3 a n d  4,
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s u m m a r iz e  th e  re s u lt s  d e r iv e d  b y  B e n -  
g o u g h ,1 L u d w ik , 2 M a r t in , 3 a n d  L e  C h a te -  
lier,-* r e s p e c t iv e ly .

T e s t  r e s u lt s  t o r  b r e a k in g  s t r e n g th  a n d  
e lo n g a t io n  o f a lu m in iu m  u n d e rg o in g  h e a t 
in g ,  a s  o b ta in e d  b y  d if f e r e n t  in v e s t ig a to r s ,  
a re  p re s e n te d  in  F i g .  1.

Experimental Part
T h e  s p e c im e n s  a s  a d o p te d  a t  th e  R u s s ia n  

E le c t r o t e c h n ic a l  I n s t i t u t e  fo r  th e  t e s t in g  o f 
th e  b r e a k in g  s t re n g th  w e re  fa s h io n e d  fro m  
h a rd - d ra w n  a lu m in iu m  b u s- b a r  in  a c c o r d 
a n c e  w i t h  th e  s h a p e  a n d  d im e n s io n s  a s  i n d i 
c a te d  in  F ig .  2 , fro m  w h ic h  i t  w i l l  b e  n o te d  
t h a t  th e  g a u g e  le n g th  fo r  e s t im a t in g

t y in g  w ith  a sb e s to s  c o rd  in  su ch  a  m a n n e r  
t h a t  i t  w a s  in  c o n ta c t  w i th  th e  s p e c im e n . 
T h e  t im e  p e r io d  re q u ire d  fo r  a n n e a l in g  w a s  
15 m in u te s ,  a n d  t h a t  (fo r th e  t e s t in g  o f 
sp e c im e n s  in  th e  h e a te d  s ta te  10 m in u te s .

T h e  t e s t in g  o p e ra t io n s  fo r  d e te r m in in g  th e  
b r e a k in g  s t r e n g th  o f  a lu m in iu m  w a s  c a r r ie d  
o u t  in  a  M o o r  a n d  F e d e r h a f f  p re ss  o f  tw o  
to n s  c a p a c i t y .

T e s t  re s u lts  r e la t in g  to  s tu d ie s  o f  th e  
u l t im a t e  s t r e n g th  o f  a lu m in iu m  in  th e  
c o u rs e  o f  i t s  h e a t in g ,  a n d  a ls o  a f t e r  re c o o l
in g  to  ro o m  te m p e ra tu re ,  a re  g iv e n  in  
T a b le s  5 a n d  6, r e s p e c t iv e ly .  F u r t h e r  
r e s u lt s  o f  th e  e x a m in a t io n  o f th e  m e c h a n ic a l  
p e r fo rm a n c e  o f a lu m in iu m  u n d e r  th e  a c t io n  
o f h e a t  a n d  a lfte r  c o o l in g  a re  p re s e n te d  
in  g r a p h ic  fo rm  in  F ig s .  4 a n d  5.

P u b l is h e d  in f o r m a t io n  o n  th e  m e a s u re 
m e n t  o f  h a rd n e s s  o f  a lu m in iu m  u n d e r  th e  
¡in fluence  o f  h e a t  is  s c a n t y .  O f  th e  e x is t 
in g  w o rk s  m e n t io n  s h o u ld  b e  m a d e  o f  th e  
in v e s t ig a t io n  o f  h a rd n e s s  a n d  re s is ta n c e  to  
im p a c t  w i t h in  th e  r a n g e  — 80 d e g re e s  to  
+ 200 d e g ree s  C . ,  c o n d u c te d  b y  S c h w in n in g  
a n d  F is c h e r .5 T h e  r e s u lt s  o b ta in e d  b y  th e se  
w o rk e r s  o n  sh e e ts , s p e c im e n s  8 m m . th ic k ,  
a r e  re c o rd e d  in  T a b le  7.

T h e  r e la t io n s h ip s  b e tw e e n  th e  h a rd n e s s  
v a lu e s  a n d  o th e r  m e c h a n ic a l  c h a r a c t e r is t ic s

O ¡0 30  IOO ISO 200 ISO 300 330
TEttttmmzz, -c

o f  a lu m in iu m  d u r in g  h e a t in g  a n d  a f t e r  c o o l
in g  a re  m o s t  r e a d i ly  c o m p a re d  w i t h  th e  h e lp  
o f  th e  c u r v e s  in  F ig s .  4 a n d  5, a s  d e r iv e d  
b y  th e  R u s s ia n  E le c t r o t e c h n ic a l  I n s t i t u t e .

T h e  te s ts  w e re  c a r r ie d  o u t  in  a  S h o p p e r  
p re ss  u s in g  a  s te e l b a l l  5 m m . d ia m e te r  
u n d e r  a  lo a d  o f  6 2 .5  k g . ,  th e  sp e c im e n , 
c o n s is t in g  o f a  h a rd - d ra w n  b u s- b a r  o f  
40 b y  4 m m . c ro ss- se c t io n  a n d  880  m m . 
lo n g , w a s  p o lis h e d . H e a t in g  w a s  e f fe c te d  
b y  th e  e n d s , r e s is ta n c e  o f  th e  spec im en .

o loo 200 loo -too soo eooc 
TEMPERATURE, ■C

F ig . I (a b o ve ).— C u rve s  sh o w in g  tem perature  
re la tion sh ip s  be tw een  b re ak in g  strength  a n d  
e longatio n  o f a lu m in iu m  : 1, a n n e a le d  a lu 
m in ium , M a r t in  ; 2, co ld -d raw n  a lum in iu m , 
M a r t in  ; 3, B e n g o u g h  ; 4, le C h a te lie r  ; 5, 
a n n e a le d  a t 3 5 0 °C ., L u d w ik  ; 6, co ld -d raw n  
a lu m in iu m  bus-bar, 40 ■ 4 mm. cross-
section , R u ss ia n  E le c tro te c h n ica l Institu te .

F ig . 2 (r ig h t).— M e c h a n ic a l properties of a lu 
m in ium  bus-bars. C u rve s , read ing  from  top 
s h o w  : ha rd n ess on  h e a tin g  ; h a rd n ess  a fte r 

coo ling  ; b re ak in g  strength  ; e longation .

e lo n g a t io n  w a s  t a k e n  e q u a l t o  200  m m . T h e  
h e a t in g  o f s p e c im e n s  w a s  c o n d u c te d  in  a n  
e le c t r ic  tu b e  fu r n a c e  600 m m . in  d ia m e te r  
a n d  200 m m . lo n g , f i t t e d  w i t h  n ic k e lin e -  
w o u n d  h e a t in g  u n its .  M e a s u re m e n t  o f th e  
te m p e ra tu re  o f  th e  s p e c im e n s  w a s  p e r fo rm e d  
w i t h  a id  o f  a  c o p p e r- n ic k e lin e  th e rm o 
c o u p le ,  th e  h o t  ju n c t io n  o f  w h ic h  w a s  
a t t a c h e d  to  th e  c e n t re  o f  th e  te s t  p ie c e  b y
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b e in g  c o n n e c te d  to  th e  le a d s  o f a  c u r r e n t  
t r a n s fo rm e r .  T e m p e r a tu r e  (-m easu rem en ts  
w e re  m a d e  w ith  th e  s a m e  c o p p e r- n ic k e lin e  
th e rm o - c o u p le  a s  u se d  in  th e  te s t in g  o f  th e  
b r e a k in g  s t r e n g th ,  th e  h o t  ju n c t io n  o f  th e  
th e rm o - c o u p le  b e in g  in s e r te d  s id e w is e  in to  
a n  a p e r tu r e  d r i l le d  in  th e  m id d le  o f  th e  
b u s-b a r.

O n  a t t a in in g  th e  re q u ire d  te m p e ra tu re ,  
t h e  sp e c im e n  w a s  in d e n te d  a t  th re e  p o in ts ,  
c a re  b e in g  t a k e n  to  p ro d u c e  th e  im p re s 
s io n s , a s  f a r  a s  p o ss ib le , n e a r  th e  m id d le  
p a r t  o f  th e  b u s-b a r, in  o rd e r  to  e n su re  t h a t  
th e  t e m p e ra tu r e  le v e ls  o f th e  se g m e n ts  
te s te d  c o r re s p o n d e d  p e r f e c t ly  to  th e  te m p e ra 
tu re  re g is te re d  b y  th e  p y ro m e te r .  T e s ts  
w e re  c o n d u c te d  b o th  d u r in g  th e  h e a t in g  o f 
t h e  sp e c im e n  a n d  in  th e  co u rse  o f i t s  c o o l
in g . T h e  d e te rm in a t io n s  o f  th e  h a rd n e s s  
o f  a lu m in iu m  in  a n n e a le d  s ta te  w e re  c a r r ie d  
o u t  o n  th e  c o r re s p o n d in g  s p e c im e n s  used  
in  te s t in g  fo r  b r e a k in g  s t re n g th .

A s  h as  a l r e a d y  b e en  s ta te d ,  u n d e r  a c tu a l  
s e r v ic e  c o n d it io n s ,  o v e rh e a d  c o n d u c to r s  a n d  
b u s-b a rs  m a y  b e  h e a te d  s o m e tim e s  u p  to  
a  te m p e ra tu r e  o f  SO o r  100 d e g ree s  C . T h e  
t o ta l  d u r a t io n  o f su ch  p e r io d ic  h e a t in g s  in  
th e  c o u rs e  o f  s e r v ic e  l i f e  m a y  r e a c h ,  in  th e  
a g g re g a te ,  so m e  th o u s a n d s  o f h o u rs .  O n  
th e  o th e r  h a n d ,  in  th e  e v e n t  o f  a  sh o rt-  
c i r c u i t ,  th e  te m p e ra tu r e  m a y  r is e  t o  200 
d e g ree s  C . a n d  o v e r ,  b u t  i t s  d u r a t io n  in  
su c h  c a se s  w i l l  n o t  b e  g r e a te r  th a n  a  fe w  
se co n d s . Z e e r le d e r  a n d  B o s s h a r d  h a v e  
o b s e rv e d  t h a t  a lu m in iu m  c o n d u c to r s ,  a f t e r  
t h e ir  h e a t in g  b y  c u r r e n t  fo r  1,000 h o u rs  a t  
70 d e g re e s  to  90 d e g re e s  C . ,  w e re  p a r t i a l l y  
a n n e a le d , t h e ir  b r e a k i n g  s t re n g th  
d e c re a s in g  f ro m  15 k g ./ m m .2 to  10 k g ./ m m T  
U n d o u b t e d ly ,  in  th is  in s ta n c e ,  b e s id e s  th e  
d u r a t io n  o f h e a t in g , th e  a p p re c ia b le  h a r d 
ness in h e r e n t  to  h a rd - d ra w n  a lu m in iu m  
c o n d u c to r s  p la y e d  a  p a r t .

T h e  in f lu e n c e  o f a  s h o r t  h e a t in g  ‘o n  th e  
m e c h a n ic a l  p ro p e r t ie s  o f a n  a lu m in iu m  
w ir e  h a v in g  a  b r e a k in g  s t r e n g th  o f 
21 k g ./ m m .-  a n d  a n  e lo n g a t io n  o f  4 p e r  
c e n t . ,  w a s  s tu d ie d  b y  S ie b e , w h o  e s ta b 
l is h e d  t h a t  c o m p le te  a n n e a l in g  a t  260 
d e g ree s  C . w a s  re a c h e d  a f t e r  60 secs ., a t  
350 d e g ress  C .— a f t e r  10 secs ,, a n d  a t  400 
d e g ress  C .— a f t e r  4 secs ., a t  500 d e g ree s
C .— a f t e r  1 sec . o f  h e a t in g

E x a m in a t io n  o f th e  b e h a v io u r  o f  a  h a rd -  
d r a w n  a lu m in iu m  w ir e ,  o f  b r e a k in g  s t re n g th
2 2 .3  k g .  / m m .2, u n d e r  th e  a c t io n  o f 
m o m e n ta r y  h e a t in g s  b y  m e a n s  o f th e  
e le c t r ic  c u r r e n t ,  w h ic h  c o r re s p o n d  to  th e  
e f fe c ts  p ro d u c e d  b y  th e  o c c u r r e n c e  o f s h o r r i  
c i r c u i t s ,  h a s  b een  c a r r ie d  o u t  b y  S c h m it t . "  
T h is  w o r k e r  fo u n d  t h a t  th e  w ir e  b e g in s  to  
lose  i t s  m e c h a n ic a l  s t r e n g th  a t  160-ISO  d e 
g rees  C . A f t e r  h e a t in g  to  180 d e g ree s  C . fo r
0 .1 sec . i t s  r e s is ta n c e  to  r u p tu r e  w a s  9 9 .8  
p e r  c e n t . ,  a n d  a f t e r  10 secs .— 87 p e r  c e n t ,  
o f  t h e  o r ig in a l  v a lu e .  A f t e r  h e a t in g  to  200

d e g ress  C . ,  th e  b r e a k in g  s t r e n g th  o f  th e  
w ire  fo r  th e  s a m e  p e r io d s  w a s  fo u n d  to  be 
e q u a l to  93 p e r  c e n t ,  a n d  81 p e r  c e n t . ;  
a f t e r  h e a t in g  to  250 d e g ree s  C . ,  78 p e r  c e n t ,  
a n d  68 p e r  c e n t . ,  a n d  a f t e r  h e a t in g  u p  to  
300 d egress  C .— w a s  63 p e r  c e n t ,  a n d  
55 p e r  c e n t . ,  r e s p e c t iv e ly .

F r o m  th e se  d a t a  i t  is seen  t h a t ,  a s  a  
c o n d u c to r  m a t e r ia l ,  a n  a lu m in iu m  w ire ,  
p o sse ss in g  m a rk e d  h a rd n e ss  o w in g  t o  co ld-  
w o r k in g  is  v e r y  s e n s it iv e  to  b o th  lo n g  
h e a t in g  u p  to  100 d e g re e s  C . a n d  m o m e n 
t a r y  h e a t in g  w i th in  th e  ra n g e  200-300 
d e g ree s  C .

TEtlPERh TURE 'C

Fig. 3 (a b o v e ).— M ech an ica l p ro p e r t ie s  o f 
bus-bars a fte r  heating  and co o lin g , I.e ., In 
th e  annealed  s ta te :  to p  cu rv e , hardness 
va lu es ; ce n c re  cu rve , b reak in g  load ; b o tto m  

c u rv e , e lo n g a tio n .

W i t h  a  v ie w  to  a s c e r t a in in g  th e  in f lu e n c e  
o f h e a t in g  b y  e le c t r ic  c u r r e n t  u p o n  th e  
m e c h a n ic a l  c h a r a c t e r is t ic s  o f  a n  a lu m in iu m  
c o n d u c to r ,  U s o f f  to o k  a  b u s- b a r o f 40 b y  8 
m m .» c ro ss- se c t io n a l a r e a  a n d  1,600 m m . 
lo n g ,  a n d  s u b je c te d  i t  to  e le c t r ic  h e a t in g  to  
a  t e m p e ra tu r e  o f  90 to  100 d e g ree s  C . fo r  
162 h o u rs .  S u b s e q u e n t ly ,  th e  t e m p e ra tu r e  
w a s  ra is e d  t o  200-230 d e g ree s  C . fo r  I S  
h o u rs . P r i o r  t o  th e  a p p l ic a t io n  o f  h e a t ,  
a n d  a f t e r  b o th  p e r io d s  o f  h e a t in g ,  d e te rm i
n a t io n s  w e re  m a d e  o f  th e  h a rd n e s s , b r e a k in g  
s t re n g th ,  a n d  e lo n g a t io n  o n  sp e c im e n s  c u t  
fro m  th e  b u s-b a r. T h e  re s u lts  o f  th e se  te s ts  
a re  p re s e n te d  in  T a b le  10.

E v a lu a t i o n  o f  T e s t  R e s u lt s
Variation of the Resistance to Rupture 

H e a t in g  e v e n  to  50 d e g ree s  C . re d u ce s  th e  
b r e a k in g  s t re n g th  o f a lu m in iu m ;  a n d ,  o n
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f u r t h e r  h e a t in g ,  th e  v a lu e  b e g in s  to  f a l l  
r a p id ly ;  th e  h ig h e r  th e  i n i t i a l  re s is ta n c e  to 
r u p tu r e  o f  th e  m e ta l ,  th e  m o re  a p p re c ia b le  
th e  d ro p .  A s  m a y  b e  seen  f r o m  F ig .  1, a l l  
th e  c u r v e s  a p p ro a c h  o n e  a n o th e r  a n d  te n d  to  
c o n v e rg e  a t  a  s in g le  p o in t  in  th e  n e ig h b o u r 
h o o d  o f 600 d e g re e s  C .

T h e  te s ts  h a v e  d e m o n s t ra te d  th e  fo l lo w in g  
v a lu e s  fo r  th e  lo ss  o f  o r ig in a l  m e c h a n ic a l  
s t r e n g th  o f a lu m in iu m  b u s-b a rs  o w in g  to  
h e a t in g :—

60 d e g re e s  C . —  2 .5  p e r  ce n t.
100 d e g re e s  C .—  9 .2  p e r  c e n t .
200 d e g ree s  C .— 30 p e r  c e n t.

A s  re g a rd s  b u s- b a rs  h a v in g ' a  la rg e r  cross- 
s e c t io n a l a re a ,  i t  s h o u ld  toe re m e m b e re d  
t h a t  th e  d e g re e  o f  h a rd n e s s  d u e  to  co ld-  
w o r k in g  d im in is h e s  a s  c ro ss- sec t io n  
in c re a s e s . T h u s ,  th e  m e a s u re m e n ts  o f  
h a rd n e s s  a n d  b re a k in g  s t re n g th  o f  b a rs  
te s te d  in  th e  c o ld  c o n d it io n  y ie ld e d  th e  
v a lu e s  a s  in d ic a te d  in  T a b le  1 1 . '

T h e  c h a r a c t e r  o f  th e  a l t e r a t io n  in  th e  
m e c h a n ic a l  p ro p e r t ie s  o f  a lu m in iu m  b u s 
b a rs  p o sse ss in g  v a r io u s  d e g ree s  o f  w o r k  
h a rd n e s s  d u r in g  th e  h e a t in g  s h o u ld  c o n fo rm  
t o  th e  lo c i o f  th e  c u r v e s  o f  F ig .  1. A s  th e  
in t e n s i t y  o f  h e a t in g  in c re a s e s , re s is ta n c e  to  
r u p tu r e  w i l l  f a l l  s te e p ly  fro m  its  o r ig in a l  
v a lu e  a t  ro o m  te m p e ra tu re  r ig h t  u p  to  400 
d e g ree s  C . , w h e re  a l l  th e  c u r v e s  m e e t  a t  
a lm o s t  o n e  p o in t ,  r e g is te r in g  a  b r e a k in g  
lo a d  o f 1.5 k g ./ m m .* T h u s ,  w h e n  th e  
in i t ia l  re s is ta n c e  to  r u p tu re  o f  a n  a lu m in iu m  
b u s- b a r  in  th e  c o ld  c o n d it io n  b e  k n o w n ,  i t  
is  p o s s ib le  t o  d e te rm in e ,  a p p r o x im a t e ly ,  its  
b r e a k in g  s t r e n g th  a t  o th e r  te m p e ra tu re s .

A n a ly s is  o f  th e  d u r v e  in  F ig .  4 r e v e a ls  
t h a t  o n  c o o l in g  th e  m e ta l  a f t e r  h e a t in g  i t  
w i t h in  th e  ra n g e  50 d e g ree s  to  150 
d e g re e s  C . ,  th e  o r ig in a l  r e s is ta n c e  t o  r u p tu r e  
is  p r a c t i c a l l y  re s to re d . H e a t in g  to  h ig h e r  
t e m p e ra tu re  le v e ls  le a d s  t o  a  g r a d u a l lo s s  o f  
m e c h a n ic a l  s t r e n g th  in  th e  c o ld  s ta te .  
T h u s ,  fo r  e x a m p le ,  th e  lo ss  o f  s t r e n g th  in  
a lu m in iu m  th ro u g h  h e a t in g  a t  200 
d e g ree s  C . is  e q u a l to  7 .5  p e r  c e n t .  D r a s t ic  
r e d u c t io n  o f re s is ta n c e  t o  r u p tu r e  a ls o  o c c u rs  
a f t e r  a n n e a l in g  a lu m in iu m  a t  250 d egrees
C . ,  d u e  t o  th e  o n s e t  o f  r e c r y s ta l l iz a t io n .

Elongation at Moment of Rupture
T e s ts  o n  b u s-b a rs  h e a te d  u p  to  250 

d e g re e s  C . h a v e  re v e a le d  t h a t  th e  v a lu e  o f  
e lo n g a t io n  a t  th e  m o m e n t  o f  r u p tu re  do es 
n o t  a l t e r .  I n  B e n g o u g h 's  e x p e r im e n ts ,  
s im ila r  b e h a v io u r  w a s  d is p la y e d ,  e lo n g a t io n  
s h o w in g  a  r e la t iv e ly  s m a ll c h a n g e  w i th in  
th e  s a m e  te m p e ra tu re  r a n g e . T h is  f a c t  
in d ic a te s  t h a t ,  in  th e  h o t  s t a te ,  a lu m in iu m ,  
w h i ls t  lo s in g  i t s  m e c h a n ic a l  s t r e n g th ,  do es 
n o t ,  a p p a r e n t ly ,  s u f fe r  a n y  m a r k e d  in c re a s e  
in  p la s t ic i t y  p r io r  t o  t h e  o n s e t  o f  r e c r y s t a l 
l iz a t io n .  A f t e r  a n n e a l in g ,  b e lo w  250 
d e g ree s  C . ,  th e  e lo n g a to n  o f  a lu m in iu m  is

u n a f fe c te d , its  v a lu e  r e m a in in g  th e  s a m e  as 
t h a t  o f  u n a n n e a le d  m e ta l .  F r o m  250 
d e g ree s  C . a n d  a b o v e ,  h o w e v e r ,  e lo n g a t io n  
r a p id ly  in c re as e s .

Variation of Hardness
T h e  h a rd n e s s  o f  a lu m in iu m  b u s-b a rs  

v a r ie s  d u r in g  h e a t in g  in  a  m a n n e r  a n a lo g o u s  
to  th e  r e s is ta n c e  o f  th e  m e ta l  to  r u p tu re .  
A t  50 d e g ree s  C .  th e  d im in u t io n  o f 
h a rd n e s s  is  n e g lig ib le ,  b u t ,  o n  h e a t in g  a t  
h ig h e r  t e m p e ra tu re  le v e ls ,  th e  v a lu e  q u ic k ly  
fa l ls . T h u s ,  fro m  th e  c u r v e  in  F ig .  4 i t  c a n  
b e  o b s e rv e d  t h a t  d u r in g  th e  h e a t in g  o f th e  
m e ta l  a t  50 d e g re e s  C . ,  th e  lo ss  o f  h a rd n e s s  
is a b o u t  4 p e r  c e n t . ;  a t  100 d e g ree s  C . i t  is  
16.5 p e r  c e n t . ,  a n d  a t  200 d e g ree s  C . th e  
d ro p  is  47 p e r  c e n t .  T h e  h a rd n e s s  o f  a lu 
m in iu m  is  p r a c t i c a l l y  u n a ffe c te d  b y  
s u b je c t in g  th e  m e ta l  to  a n n e a l in g  w i t h in  
th e  t e m p e ra tu r e  ra n g e  50-150 d e g ree s  C . ,  
b u t  a n n e a l in g  a b o v e  150 d e g re e s  C . cau se s  
a  m a rk e d  fa l l .

O n  th e  b a s is  o f  th e  fo re g o in g  e x p e r i
m e n ta l  d a t a  a n d  o th e r  a v a i la b le  in fo r m a 
t io n ,  i t  is  p o s s ib le  to  d r a w  th e  fo l lo w in g  
g e n e ra l c o n c lu s io n s  w i t h  re g a rd  t o  th e  
v a r ia t io n s  o f  th e  m e c h a n ic a l  p ro p e r t ie s  o f  
a lu m in iu m  c o n d u c to r s  in  th e  sh a p e  o f w ire s  
a.nd b u s-b a rs  a t  o p e ra t in g  te m p e ra tu re s  a n d  
s h o r t- c ir c u it  o v e rh e a t in g .

T h e  h e a t in g  o f a lu m in iu m  b u s-b a rs  u p  to  
80 d e g re e s  C . re s u lts  in  r e la t i v e l y  l i t t l e  
r e d u c t io n  in  m e c h a n ic a l  s t r e n g th  in  th e  h o t  
s ta te  ( t h e  d e c re a se  is  a b o u t  10 p e r  c e n t . )  
a n d ,  p r a c t ic a l ly ,  d o es  n o t  a f fe c t  s t r e n g th  
p ro p e r t ie s  o n  th e ir  r e tu r n  t o  th e  o r d in a r y  
t e m p e ra tu re .

A lu m in iu m  c o n d u c to r s  c o n s is t in g  o f hard-  
d r a w n  w ire s ,  lo se  o n  h e a t in g  u p  to  80 
d e g ree s  C . ,  a n  a p p re c ia b le  a m o u n t  o f  th e ir  
m e c h a n ic a l  s t r e n g th ,  in  c o n s e q u e n c e  o f  th e ir  
p o ssess in g  a  g r e a te r  d e g ree  o f  in i t ia l  h a r d 
ness d u e  to  c o ld - w o rk in g ; th e  loss  m a y  
re a c h , a f t e r  lo n g  h e a t in g ,  25 p e r  c e n t ,  o f  
th e  o r ig in a l  s t r e n g th .

T h e  h e a t in g  o f a lu m in iu m  c o n d u c to r s  
a n d  b u s- b a rs  u p  to  200  d e g ree s  C . e n ta i ls  
a  c o n s id e ra b le  lo ss  ( f r o m  30 p e r  c e n t ,  to  50 
p e r  c e n t . )  o f  th e  m e c h a n ic a l  s t r e n g th  in  th e  
h o t  c o n d it io n ,  b u t  th is  c a n ,  t o  a  g re a t  
e x te n t ,  b e  r e c o v e re d , p r o v id e d  t h a t  th e  
p e r io d  o f h e a t in g  b e  s h o r t .  I n  th e  ca se  o f  
bu s-b a rs  th e  lo s s  m a y  b e  10 p e r  c e n t ,  
m a x im u m , b u t ,  in  c o n d u c to r s  m a d e  o f  h a rd -  
d r a w n  w ir e ,  th e  d r o p  is  a p p r e c ia b ly  la rg e r ,  
n a m e ly ,  fro m  10 p e r  c e n t ,  t o  20 p e r  c e n t ,  
o f  th e  o r ig in a l  s t r e n g th .  F i n a l l y ,  th e  h e a t 
in g  o f  a lu m in iu m  c o n d u c to r s ' a t  h ig h e r  
te m p e ra tu re s  o w in g  to  s h o r t- c ir c u its  may- 
le a d  to  th e ir  c o m p le te  a n n e a l in g .  I n  th e  
ca se  o f  a  f la s h - o ve r  i t  m a y  b e  p re s u m e d , o f 
co u rse , t h a t  lo c a l te m p e ra tu r e s  o f  su c h  h ig h  
o rd e rs  w i l l  b e  re a c h e d , t h a t  c o m p le te  fu s io n  
o f  th e  m e ta l w i l l  o c c u r .

(To be continued.)
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N E W S
G e n e r a l ,  T e c h n i c a l  

a n d  C o m m e r c i a l

Lighc-alloy Castings

W E  h a v e  re c e iv e d  a  rep lj-  fro m  E .  
C a r r in g to n  in  a n s w e r  to  a  le t t e r  fro m  

F .  N .  S m i t h  re p ro d u c e d  o n  p a g e  170 o f 
"  L ig h t  -M etals ”  fo r  A p r i l .  T h e  la t t e r  
co m m e n te d  u p o n  c e r ta in  d e ta i ls  in  a n  a r t ic le  
b y  C a r r in g to n  fe a tu re d  in  th e  M a r c h  issu e  
o f  “ L ig h t  M e t a l s ' '  (p a g e  1 0 3 ), a n d  th e  
a u th o r  o f  th e  o r ig in a l  a c c o u n t  h e re  g iv e s , 
a t  le n g th ,  re a so n s  fo r  c e r t a in  o f  h is  s ta te 
m e n ts .

I  w a s  v e r y  in te r e s te d  to  re a d  in  ‘ L ig h t  
M e ta ls  ’ fo r  A p r i l  (p .  170) M r .  S m i t h 's  
c o m m e n ts  o n  m y  a r t ic le  w h ic h  a p p e a re d  in  
y o u r  M a r c h  issue .

"  A s  re g a rd s  th e  e lo n g a t io n  o b ta in e d  on
D . T . D .  298 te s t  b a rs , 1 q u it e  a g re e  t h a t  
f ig u re s  b e t te r  th a n  t h a t  g iv e n  (11 p e r c e n t . )  
a re  o f te n  o b ta in e d ,  h u t  I  a m  c o n f id e n t  t h a t  
s u c h  re s u lt s  a re  n o t  o b t a in e d  in  th e  m a jo r i t y  
o f  fo u n d r ie s  u s in g  th is  a l lo y .  M r .  S m ith  
w i l l  n o  d o u b t  a g re e  t h a t  g o o d  re s u lts  c a n  
o n ly  b e  o b ta in e d  i f  th e  w h o le  o f  th e  c a s t in g  
a n d  h e a t  t r e a tm e n t  p ro cesses  a r e  c a r e f u l ly  
c o n t ro l le d  b y  th e  la b o r a to r y .  I  c a n  a ssu re  
h im  t h a t  e v e n  u n d e r  s u c h  c o n d it io n s ,  u p  to  
q u it e  r e c e n t ly ,  so m e  fo u n d r ie s  w e re  h a v in g  
d i f f i c u l t y  in  e v e n  g e t t in g  b a rs  to  pass  
s p e c if ic a t io n , a n d  I  m y s e lf  h a d  q u ite  a  lo t  
o f  t r o u b le  w h e n  th e  a l lo y  f ir s t  c a m e  in to  
use. A n  in te r e s t in g  p o in t  w a s  t h a t  I  a lw a y s  
h a d  m u c h  g re a te r  d i f f i c u l t y  in  o b ta in in g  
s a t is f a c t o r y  re s u lts  w it h  D . T . D .  304 th a n  
w i t h  D . T . D .  298, b u t  th e  r e p re s e n ta t iv e  o f  
o n e  o f  th e  f irm s , w h ic h  w a s  v e r y  c lo s e ly  
c o n n e c te d  w ith  th is  a l lo y ,  to ld  m e  th a t  th e y  
c o u ld  e a s i ly  g e t D . T . D .  304  a n d  D . T . D .  361 
fig u re s , b u t  h a d  d i f f i c u l t y  in  g e t t in g  D . T . D .  
298 fig u re s . I t  seem s t h a t  w i t h  t h is  a l lo y  
th e  fo u n d r y  a n d  h e a t- t re a tm e n t  c o n d it io n s  
a r e  s o m e w h a t  c r i t i c a l ,  a n d  t h a t  w h e n  th e  
c o r r e c t  c o n d it io n s  h a v e  b e en  fo u n d  fo r  a n y  
in d iv id u a l  fo u n d r y ,  th e  l a b o r a to r y  m u s t  see 
t h a t  t h e y  a re  a d h e re d  to .  A m o n g s t  o th e r  
th in g s , c a s t in g  te m p e ra tu r e  c e r t a in ly  h a s  a 
m a t e r ia l  e ffe c t u p o n  p h y s ic a l  p ro p e r t ie s  a n d  
a  h ig h  c a s t in g  te m p e ra tu r e  c a n  i t s e l f  e a s i ly  
be th e  ca u se  o f  lo w  re su lts .

V e r y  s l ig h t  a d u lt e r a t io n  m a y  a ls o  h a v e  
a s e r io u s  e f fe c t  u p o n  te n s ile  f ig u re s , a n d  
b e ca u se  o f  th is  c u s to m e rs  w o u ld  b e  w e ll 
a d v is e d  to  o rd e r  D . T . D .  299. 304 a n d  300, 
fro m  f irm s  w h ic h  s p e c ia l iz e  in  th e se  a l lo y s  
r a th e r  t h a n  fro m  jo b b in g  fo u n d r ie s  w h ic h  
w i l l  s u p p ly  c a s t in g s  fro m  a n y  a l lo y ,  b u t  
w h ic h  m a y  n o t  h a v e  f a c il i t ie s  fo r  th e  c a r e fu l  
c o n t ro l  o f  th e se  r a t h e r  s p e c ia l a l lo y s .

T h e  f ig u re  o f  11 p e r  c e n t ,  is  t h a t  w h ic h
I .b e l i e v e  a n y  w e ll- c o n d u c te d  f o u n d r y  s h o u ld  
be  a b le  to  a t t a in .  I  d o  n o t  t h in k  t h a t  m a n y

fo u n d r ie s  w i l l  b e  a b le  to  a v e r a g e  16.4 p e r 
c e n t . ,  a n d  1 h e a r t i l y  c o n g r a tu la t e  M r .  S m ith  
a n d  M e ss rs . K e n t  A l lo y s  o n  th e se  e x c e lle n t  
f ig u re s , a n d  o n  th o se  o b ta in e d  w ith
D . T . D .  300.

"  R e g a r d in g  th e  use o f a lu m in iu m  d ie s  
fo r  d ie  c a s t in g ,  M r .  S m i t h  s a y s  t h a t  m y  
s ta te m e n t  t h a t  ‘ a s  th e se  h a v e  th e  sam e  
th e r m a l e x p a n s io n  a s  th e  c a s t in g s  th e  
d a n g e r  o f  c r a c k in g  is  p r a c t i c a l l y  e l im in a t e d  ’ 
is , o f  co u rse , fa l la c io u s .  H e  says:* ' F r o m  
c o n s id e r a t io n s  o f d ie - c a s t in g  p r a c t ic e  i t  is 
o b v io u s  t h a t  th e  t h e r m a l  e x p a n s io n  o f  th e  
d ie  m a t e r ia l  is  a lm o s t  a  n e g l ig ib le  f a c to r  in  
d e te r m in in g  th e  c o n s t r a in t  to  th e  c o n t r a c 
t io n  o f  th e  c a s t in g  in  th e  d ie  p r o v id in g  th e  
th e rm a l c o n d u c t i v i t y  o f  th e  d ie  m a te r ia !  is  
o f  a  r e la t i v e l y  h ig h  o rd e r ;  th is ,  o f  co u rse , 
is  t ru e  in  th e  case  o f  a n  a lu m in iu m  a l lo y  
d ie . ’

“ I  d o  n o t  th in k  t h a t  th is  is  a t  a l l  
' o b v io u s , ’ a n d  i f  M r .  S m it h  c a n  b e  p re 
v a i le d  u p o n  to  e n la rg e  u p o n  th is  s ta te m e n t  
in  a n  a r t ic le  in  "  L ig h t  M e t a l s , ”  1 a m  su re  
i t  w i l l  b e  re a d  w i t h  g re a t  in te r e s t .

"  M e ss rs . K e n t  A l lo y s  h a v e  n o  d o u b t  
m ad e  v e r y  m a n y  d ie  c a s t in g s  in  D . T . D .  29S, 
a n d  k n o w  t h a t  o n l y  s im p ly  s h a p e d  c a s t in g s  
c a n  b e  m a d e , a n d  t h a t  e v e n  w i t h  th e se  
p ro d u c t io n  is  b y  n o  m e a n s  easy. N o w  th e  
th e rm a l c o n d u c t i v i t y  o f  a n y  m a t e r ia l  
d e p e n d s  u p o n  th e  te m p e ra tu r e  g r a d ie n t  
b e tw e e n  th e  tw o  fa c e s .1 W o u ld  M r .  S m i th  
s a y  t h a t  i f  h e  u sed  i r o n  d ie s , b u t  in c re a s e d  
th e  c o n d u c t i v i t y  b y  b lo w in g  c o ld  a i r  o n  th e  
o u ts id e  o r  s p r a y in g  th e m  w i t h  w a te r  c r a c k 
in g  w o u ld  b e  e l im in a t e d ?

"  T h e  h ig h e r  c o n d u c t i v i t y  p e rm its  a lu 
m in iu m  d ie s  to  b e  u sed  a t  a m u c h  lo w e r  
a v e r a g e  te m p e ra tu r e  th a n  is  used  w i t h  iro n  
d ie s  (a b o u t  300 d e g ree s  C . in s te a d  o f 
400 d e g re e s  C . ) ,  a n d  th is  m a y  h e lp  to  p ro 
d u c e  a  s o u n d  c a s t in g ,  b u t  I  a m  s t i l l  o f  th e  
o p in io n  t h a t  th e  s im i la r i t y  in  th e r m a l 
e x p a n s io n  h e lp s  m a t e r ia l l y .  ’ I t  s h o u ld  b e  
p o in te d  o u t  t h a t  th e se  a lu m in iu m  d ie s  a re  
a n o d iz e d  a n d  w h i le  th e  c o a t in g  is  t h in ,  th e  
f a c t  s t i l l  r e m a in s  t h a t  i t  h a s  h e a t- in s u la t in g  
p ro p e r t ie s  a n d  w i l l  lo w e r  th e  c o n d u c t i v i t y  
o f  th e  d ie .

“  T h e  m a in  p o in t  in  M r .  S m i t h ’ s la s t  
p a r a g ra p h ,  h o w e v e r ,  is  t h a t  h e  la v s  d o w n  a  
c o n d it io n  fo r  a  d ie  w h ic h  w i l l '  h a v e  n o  
c o n s t r a in t  o n  th e  c a s t in g , a n d  th e n  s a y s  
t h a t  a lu m in iu m  d ie s  's a t is f y  t h a t  c o n d it io n .  
T h is ,  th e n , c o n f irm s  m y  o p in io n  t h a t  th e  
a lu m in iu m  d ie  is ' o n e  o f  th e  b ig g e s t  s te p s  
fo r w a r d  in  th e  in d u s t r y  fo r  so m e  t im e . ’ 
M r .  S m it h  q u o te s  th is  s e n te n c e  b u t  does 
n o t  c o m m e n t  u p o n  i t .  I  c a n  o n ly  h o p e  
t h a t  h e  a g re e s  w i t h  i t . '  I  o u g h t ,  p e rh a p s ,
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to  s a y  t h a t  I  a m  in  n o  w a y  f in a n c ia l l y  
in te r e s te d  in  a lu m in iu m  d ie s .

"  W h a t e v e r  th e  th e o r y  o f  th e  m a t t e r  m ay 
be , th e  fa c t  d o es  re m a in  t h a t  a l lo y s  w h ic h  
h a v e  h i th e r to  b e en  lo o k e d  u p o n  as  im p o s 
s ib le  d ie - c a s t in g  a l lo y s ,  a n d  a lso  p u re  a lu 
m in iu m  a re  s u c c e s s fu l ly  c a s t  in  a lu m in iu m  
d ie s .

“  I  s h o u ld  l ik e  to  t h a n k  M r .  S m it h  fo r  
h is  in te r e s t  in  th e  a r t ic le  a n d  fo r  h is  
c o m m e n ts . ” — E .  C a r r i n g t o n .

Light Metals in Post-war U.S.A.

F R O M  a  c o r re s p o n d e n t ,  B e t t y  F r a n k ,  in  
U . S . A . ,  co m e s  th e  fo l lo w in g  p ic tu r e  o f 

p la n s  in  t h a t  c o u n t r y  fo r  r e o rg a n iz in g  th e  
i ig h t- m e ta l in d u s t r ie s  fo r  c o p in g  w i t h  p e ac e 
t im e  p ro b le m s . S c h e m e s  in  h a n d  p ro m ise  
to  see a lu m in iu m  a n d  m a g n e s iu m  c o n 
t r ib u t in g  to  th e  c r e a t io n  o f  60 ,00 0  n e w  s m a ll 
b u s in e sse s  a t  th e  c lo se  o f h o s t i l it ie s .

T h e  w a r  h a s  r e v e a le d  so m e  s t a r t l in g  fa c ts  
a b o u t  l ig h t  m e ta l  p ro d u c t io n  in  U . S . A .  
W h e r e a s  b e fo re  th e  w a r  160,000 to n s , o r  
15 lb .  fo r  ea ch  A m e r ic a n ,  w a s  p ro d u c e d  
a n n u a l ly ,  w a r t im e  c a p a c i t y  o f  1 ,250 ,000  
to n s ,  o r  a n  in c re a s e  o f  f r o m  s ix  to  e ig h t  
t im e s  in  c a p a c i t y ,  h a s  b e en  re c o rd e d . 
E q u a l l y  r e v e a l in g  a r e  th e  fig u re s  w i th  
r e s p e c t  to  m a g n e s iu m  p ro d u c t io n ,  w h ic h  
in c re a s e d  f r o m  a n  a n n u a l  figure-  o f 3 ,000  
to n s  b e fo re  th e  w a r  to  300 ,0 0 0  to n s  a t  th e  
p re s e n t  t im e .

P o s t- w a r  m a rk e ts ,  c r y in g  fo r  a lu m in iu m  
p ro d u c ts  w h ic h  h a v e  lo n g  b een  d e n ie d  th e  
c o n s u m e r  p u b l ic ,  w i l l  c re a te  th e  in c e n t iv e s  
fo r  e v e n  g re a te r  p r o d u c t io n  o f  th e  m e ta l.  
N o t  o n ly  w i l l  a lu m in iu m  b e  used  e x te n s iv e ly  
b y  i t s e lf ,  b u t  n e w  a n d  e x c i t in g  w a y s  o f 
c o m b in in g  i t  w i t h  o th e r  m a te r ia ls ,  s u c h  as 
s te e l a n d  w o o d , a re  fo re se e n .

R ic h a r d  S .  R e y n o ld s ,  o f  R e y n o ld s  M e ta ls ,  
s p e a k in g  a t  th e  re c e n t  S e n a te  C o m m it te e  
h e a r in g s ,  s p o k e  o f a lu m in iu m  b o x c a rs ,  
a lu m in iu m - c la d  s te e l fo r  ro o fs , a lu m in iu m  
d o o rs  a n d  h o o d s  fo r  a u to m o b ile s ,  a s  w e l l  a s  
im p r o v e d  k i t c h e n w a r e  a n d  o th e r  h o u se h o ld  
g o o d s . H e  p re s e n te d  s a m p le s  o f  a  n e w  
b u i ld in g  m a te r ia l ,  c o m p o se d  o f  tw o  la y e r s  
o f  a lu m in iu m  e n c lo s in g  a  la y e r  o f  w o o d , 
w h ic h  he p r e d ic t s  w i l l  be  w id e ly  used  fo r  
h o u s in g , fo r  i t s  o u te r  s u r fa c e  w i l l  b e  c a p a b le  
o f  r e f le c t in g  96 p e r  c e n t ,  o f  th e  s u n 's  h e a t .

T h e  e x p a n s io n  o f  m a g n e s iu m  uses is  n o t  
a s  c le a r- c u t  a s  in  th e  ca se  o f  a lu m in iu m .  
I n  s p ite  o f  th is ,  p ro d u c e rs  a re  lo o k in g  a h e a d  
to  th e  p o s t- w a r  m a rk e t ,  c o n v in c e d  t h a t  
f u r t h e r  uses: w i l l  b e  fo u n d .  S o m e  o f  th e se  
a p p l ic a t io n s  a re  a l r e a d y  b e in g  p o in te d  o u t .  
D r .  W i l l a r d  D o w  r e c e n t ly  s p o k e  o f m a g 
n e s iu m  w h e e ls  w h ic h  a re  n o w  s ta n d a rd  
a i r c r a f t  e q u ip m e n t .  T h a t  th e  a u to m o b ile  
in d u s t r y  w i l l  use  th e m  s im i la r l y  is  a  fo re 
g o n e  c o n c lu s io n .

F o r e s t  S .  B a s t e r ,  e n g in e e r in g  v ic e - p re s i
d e n t  o f  th d  W h i t e  M o to r  C o m p a n y ,  C le v e 

la n d ,  O h io ,  in  w r i t in g  a b o u t  in c re a s e d  p o w e r  
p ro d u c t io n  b y  in te r n a l- c o m b u s t io n  e n g in e s  
a t  lo w e r  c o s t  a s  th e  r e s u lt  o f  w a r t im e  p r o 
g ress , in  th e  M a r c h  is su e  o f  th e  S o c ie t y  o f  
A u t o m o t iv e  E n g in e e r s ' J o u r n a l ,  s ta te s  t h a t  
to p - e ff ic ie n c y  e n g in e s  c a n  b e  b u i l t  fro m  
a l lo y s  o f  a lu m in iu m  a n d  m a g n e s iu m , p r ic e d  
c o m p e t i t i v e ly  w i t h  c a s t  iro n .

T h e  p o s t- w a r  m a r k e t  fo r  a lu m in iu m  c a n  . 
n o w  a n t ic ip a t e  a  d e m a n d  fo r  o n ly  450 ,000  
to n s  o f  th e  v i r g in  m e ta l ,  p lu s  300 ,00 0  to n s  
o f  th e  s e c o n d a r y  o r  re-used s u p p lie s . H o w  
to  b r id g e  th e  g a p  b e tw e e n  th is  e s t im a te  a n d  
th e  p o ss ib le  s u p p ly  o f  1 ,250 ,000  to n s  is  th e  
p ro b le m  w h ic h  p ro d u c e rs  m u s t  s o lv e  i f  th e  
in d u s t r y  is  to  e x p a n d  a s  t h e  S e n a te  C o m 
m it te e  h o p e s  i t  w i l l .

Handbook of Industrial Radiography

T H E  p u b l ic a t io n  o f  a  “  H a n d b o o k  o f  
In d u s t r ia l  R a d io g r a p h y ” * h a s  f i l le d  a  

g a p  in  th e  in d u s t r ia l  r a d io lo g is t 's  b o o k s h e lf .  
I t  h a s  b een  c o m p ile d  fro m  a  se ries  o f  
le c tu re s  g iv e n  b y  m e m b e rs  o f  th e  I n d u s t r ia l  
R a d io lo g y  G r o u p  o f  t h e  In s t i t u t e  o f  P h y s ic s ,  
a n d  e d ite d  b y  J .  A .  C r o w t h e r ,  M . A . ,  S c . D . ,  
F . I n s t . P .  A s  th e  e d it o r  p o in ts  o u t  in  h is  
p re fa c e , e a ch  c h a p te r  is  w r i t t e n  b y  a n  e x p e r t  
a c t u a l l y  e n g a g e d  o n  th e  w o rk  w h ic h  he 
d e sc r ib e s . T h is  f a c t  a lo n e  w i l l  im m e d ia te ly  
c o m m e n d  th e  b o o k  to  s u c h  a n  in te n s e ly  
p r a c t ic a l  te c h n ic ia n  a s  th e  in d u s t r ia l  r a d io 
lo g is t .  T h e  h a n d b o o k  is  p r im a r i l y  c o n 
c e rn e d  w i t h  t h e  p ro d u c t io n ' o f  r a d io g ra p h s ,  
a n d  is  th e re fo re  c o m p le m e n ta r y  to  D r .  
P u i l i n ’s b o o k ,*  w i t h  th e  l a t t e r ’s' e m p h a s is  
o n  in te r p r e t a t io n .

T h e  p h y s ic a l  p r in c ip le s  o f  in d u s t r ia l  r a d io 
lo g y  a re  o u t l in e d  in  th e  f i r s t  c h a p te r ,  w h ic h ,  
a s s u m in g  o n ly  a  r u d im e n ta r y  k n o w le d g e  o f  
p h y s ic s ,  w i l l "  th e re fo re  b e  o f  c o n s id e ra b le  
a s s is ta n c e  to  th o se  w h o  h a v e  b e co m e  
in te r e s te d  in  t h e  in d u s t r ia l  u se  o f  X - r a y s  
d u r in g  th e  w a r  p e r io d , b u t  w h o s e  p re v io u s  
t r a in in g  h a s  b e e n  c o n f in e d  t o  t h e  p h o to 
g ra p h ic  f ie ld .  S u c h  w o rk e r s  f in d  f t  e x t r e m e ly  
d if f ic u l t  to  m a s te r  th e  o r d in a r y  t e x t  b o o k s  
w h ic h  d e a l w i t h  .the th e o r y  o f  X - r a y s ,  a n d  
th is  c h a p te r ,  w h i ls t  p r o v id in g  th e  e s s e n t ia l 
th e o r e t ic a l  b a c k g r o u n d ,  w i l l  a lso  s e r v e  a s  a n  
in t r o d u c t io n  to  a  m o re  c o m p le te  s t u d y  o f 
a to m ic  p h y s ic s  a n d  r a d ia t io n .  T h e  fo l lo w 
in g  tw o  c h a p te rs  d e a l w i t h  th e  d e s ig n  o f 
in d u s t r ia l  X - r a y  e q u ip m e n t  a n d  th e  q u a n t i 
t a t i v e  m e a s u re m e n ts  in v o lv e d  in  i t s  e f f ic ie n t  
u t i l iz a t io n ,  fo l lo w e d  b y  a n  a d e q u a te  a c c o u n t  
o f  th e  p h y s ic a l  a s p e c ts  o f  X - r a y  p h o to 
g r a p h y .  T h e  a b s e n c e  o f a n y  re fe re n c e  to  
th e  c h e m is t r y  o f  p h o to g ra p h ic  p ro cesses , 
h o w e v e r ,  is  a  n o ta b le  o m is s io n  f ro m  th is  
s e c t io n .

P r a c t i c a l  in d u s t r ia l  r a d io g r a p h y  fo rm s  th e

* L o n d o n : E d w a rd  A rn o ld  a n d  C o . P r ic e  2 l s .n e t .  
f  E n g in e e r in g  R a d io g ra p h y , V .  E .  P u ll in , C .B .E .  

G .  B e ll  a n d  S o n s . L t d . ,  1934.
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s u b je c t  m a t t e r  o f  fo u r  c h a p te rs ,  r e fe r r in g  to  
h e a v y  m e ta ls ,  l ig h t  m e ta ls ,  g a m m a  r a d io 
g r a p h y ,  a n d  m is c e lla n e o u s  in d u s t r ia l  a p p l i 
c a t io n s  r e s p e c t iv e ly .  T h i s  la s t  w i l l  be fo u n d  
to  be p a r t i c u la r l y  in te r e s t in g  a n d  s h o u ld  
p r o v id e  so m e  u se fu l h in t s  a s  to  p o ss ib le  
a p p l ic a t io n s  o f  X - r a y  m e th o d s  to  in s p e c t io n  
p ro b le m s  n o t  n o r m a l ly  a t t a c k e d  in  t h i s  w a y .

T h e  f in a l  c h a p te r  is  d e v o te d  to  th e  p ro 
te c t io n  o f X - r a y  w o rk e r s  fro m  th e  p h y s ic a l  
a n d  b io lo g ic a l  e f fe c ts  o f X - r a d ia t io n .  N a m e  
a n d  s u b je c t ,  in d e x e s  to  th e  c o m p le te  b o o k  
a re  in c lu d e d ,  a n d  b ib l io g r a p h ie s <rto  l i v e  o f 
th e  n in e  c h a p te rs  a re  p r o v id e d  b y  th e  re s p e c 
t iv e  a u th o r s .  T h e  o m is s io n  o f  a n y  h in ts  
fo r  fu r th e r  r e a d in g  fro m  th e  r e m a in in g  
c h a p te rs  is  p e rh a p s  u n fo r tu n a te ,  p a r t i c u 
l a r l y  in  th e  ca se  o f  th o s e  d e a l in g  w i t h  th e  
r a d io g r a p h y  o f  t h e  h e a v y  a n d  l ig h t  m e ta ls .

T h e  v a r io u s  a u th o r s  a re  t o  b e  c o m p l i 
m e n te d  fo r  th e ir  s h a re  in  t h e  c o m p i la t io n  o f 
th is  e x t r e m e ly  u s e fu l h a n d b o o k ,  e s p e c ia l ly  
a s  i t  is  u n d e rs to o d  t h a t  t h e y  h a v e  re fu se d  
to  a c c e p t  a n y  fe e  o r  h o n o ra r iu m  fo r  th e ir  
s e r v ic e s  in  t h is  c o n n e c t io n .  A n y  r o y a l t ie s  
a c c r u in g  fro m  th e  sa le  o f  th e  b o o k  w i l l  be  
p assed  to  th e  B e n e v o le n t  F u n d  o f  th e  
In s t i t u t e  o f  P h y s ic s .

Pressure Test Specifications

T 11E A m e r ic a n  S o c ie t y  o f  A u t o m o t iv e  
E n g in e e r s  p u b lis h e s  a n  in te r e s t in g  series  

o f  A e r o n a u t ic a l  M a t e r ia l  S p e c if ic a t io n s  
( A M S  26(11-2(507) d e a j in g  w i t h  th e  p re ssu re  
te s t in g  o f  c a s t in g s  a n d  o th e r  p a r ts .  T h e  
c o n d it io n s  a n d  m e th o d s  o f  t e s t in g  a r e  la id  
d o w n ,  s p e c ia l re fe re n c e  b e in g  m a d e  to  
m a g n e s iu m - a llo y  c a s t in g s .  S t a n d a r d s  o f  
a c c e p ta n c e  a r e  g iv e n ,  b a se d  o n  th e  le a k a g e  
fro m  a  2- in . d ia .  a r e a  p e r  m in .  Im p r e g n a 
t io n  o f m a g n e s iu m - a llo y  c a s t in g s  is  s p e c if ie d ,  
s u b je c t  to  c u s to m e r 's  a p p r o v a l ,  w h e re  th e  
a m o u n t  o f  le a k a g e  is , w i t h in  a  d e f in ite  ra n g e , 
in  ex cess  o f  th e  a c c e p ta n c e  f ig u re .

Aluminium in American Transportation
L A T E S T  a d d it io n  t o  t h e  m a n y  a p p l ic a 

t io n s  o f  a lu m in iu m  in  th e  t r a n s p o r t  
in d u s t r y  is  r e p o r te d  f r o m  th e  G r e a t  N o r th e r n  
R a i lw a y .  T h is  c o m p a n y  h a s  c o l la b o ra te d  
w ith  A lc o a  to  p ro d u c e  A m e r ic a ’ s f ir s t  
e x p e r im e n ta l  a lu m in iu m  b o x - ca r, u s in g  
3 ,7 2 2  lb .  o f  t h e  l ig h t  m e ta l  t o  e f fe c t  a  w e ig h t  
s a v in g  o f 4 ,0 57  lb .

A n  a lu m in iu m  s h o v e l  d ip p e r ,  u sed  in  th e  
c o a lf ie ld s  n e a r  W i lm in g t o n ,  I l l in o is ,  fo r  
s t r ip p in g  th e  o v e rb u rd e n  fro m  o u tc ro p  c o a l,  
h a s  m o v e d  9 0 ,0 0 0 ,0 0 0  to n s  to  d a te .

A lu m in iu m  d ru m s  fo r  th e  t r a n s p o r t  o f  
a v ia t io n  fu e l v i a  th e  s k y w a y  fro m  C a lc u t t a  
to  C h u n g k in g  a re  n o w  b e in g  p ro d u c e d  b y  
T h e  A lu m in iu m  C o o k in g  U t e n s i l  C o m p a n y .  
T h e  use  o f  a lu m in iu m  fo r  t h is  jo b  re d u ce s  
th e  w e ig h t  f ro m  52 lb . to  21 lb . ,  e n a b le s  
p a in t in g  a n d  p ro o f in g  to  b e  o m it te d ,  a n d  
p ro v id e s  a  c o n ta in e r  w h ic h  h a s  n o  e f fe c t  o n  
th e  q u a l i t y  o f  th e  s p ir i t .

Special Adhesives

T H E  p la s t ic - s y n th e t ic  r u b b e r  a d h e s iv e  
"  M e t lb o n d  "  w a s  d e v e lo p e d  b y  V u l t e e  

A i r c r a f t  p r im a r i l y  f o r  b o n d in g  a lu m in iu m  
a l lo y s ,  b u t  te s ts  w e re  c a r r ie d  o u t  o n  a  
v a r ie t y  o f  m a te r ia ls ,  a l l  o f  w h ic h  b o n d e d  
w e l l .  T h e s e  in c lu d e d  a lu m in iu m  a n d  i t s  
a l lo y s ,  m a g n e s iu m , s te e l,  z in c , c a d m iu m ,  
f ib ro u s  g la s s , r a y o n ,  c o t to n ,  o th e r  c e llu 
lo ses , w o o d s , n a t u r a l  a n d  s y n t h e t ic  ru b b e rs  
a n d  s e v e ra l  p la s t ic s .  U s e  o f  th e  new- 
a d h e s iv e ,  i t  is p o in te d  o u t ,  h h s  s im p lif ie d  
th e  p ro b le m  o f  b im e ta l l i c  c o r ro s io n .

“  R e d u x  ”  a d h e s iv e  fo rm s  th e  s u b je c t  o f  
a  b o o k le t  r e c e n t ly  is su e d  b y  A e r o  R e s e a r c h ,  
L t d .  T e c h n ic a l  a n d  P h y s ic a l  d a t a  a r e  p re 
s e n te d  re g a rd in g  th is  s y s te m  o f  jo in in g ,  
w h ic h ,  in c id e n t a l ly ,  w a s  o n e  o f  th e  f ir s t  o f  
i t s  k in d  to  b e  a d o p te d  in  e n g in e e r in g  a n d  
g e n e ra l s t r u c tu r a l  p r a c t ic e .

ALUMINIUM DEVELOPMENT ASSOCIATION
T HE formation of the Aluminium Development 

Association by the leading British elements in 
the aluminium alloy production and fabricating 
industry is timed to throw the full weight of the 
industry into the problems which must arise in 
transition from war to peace.

During the war, vast expansion and great improve
ments in technique have taken place. Almost the 
whole of this effort has, however, been directed 
towards the production of aluminium alloys for 
aircraft.

The Association's main objective is to develop 
new and extended uses for aluminium alloys by 
initiating or assisting in the production of proto
types, encouraging research of all kinds and by 
undertaking propaganda designed better to inform 
the public of the many uses to which this versatile 
metal should be put.

Membership is open to users of the metal, who

should apply to the Association’s Offices at Union 
Chambers, 63, Temple Row, Birmingham, 2. Those 
familiar with the work of the Wrought Light Alloys 
Development Association will recognize the address 
and will note with satisfaction that this Association, 
which has already done so much useful work, is to 
be absorbed at a later date within the more com
prehensive body, the activities of which will 
embrace both the plastic-working and casting 
techniques.

For the greater convenience of those making use 
of the facilities to be offered it is intended, as soon 
as possible, to open offices jn London.

The members of the first Council of the Associa
tion are : The Hon. Geoffrey Cunliffe, President ; 
Mr. Horace W. Clarke, Vice-president ; Mr. D. 
Cannon Brookes, Mr. W. C. Devereux, Mr. H. E. 
Jacksotn, Mr. E. Player, Mr. Austyn Reynolds, 
Mr. G. A. Woodruffe.
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A lu m in iu m , a n d  M a g n e s iu m  A llo y s  in

L I G H T  E N G I N E E R I N G

C ontinuing  f r o m  “ L ig h t  M e ta ls ” i y q j  ¡ 8  ¡1 6 8 , a Survey o f  the 

Use o f  A lu m in iu m  a n d  M agnesium  A l lo y s  in  the C onstruction  

o f  S m a lle r  M achine T oo ls  a n d  A l l i e d  E q u ip m en t. In  Som e  

Instances, the A p p lic a tio n s  are o f  a H igh ly  Specific N a tu re

L I G H T  m eta l d ra w in g  board . 
• T b is  co n stru ctio n  presents 

m a n y  ad va n ta g e s  o ve r th e  m ore 
c o n ve n tio n a l w oo den  ty p e :  It  
is l ig h te r  an d  d im e n s io n a lly  
m ore s ta b le ; in  ad d itio n , it is 
less l ik e ly  to be dam ag ed  b y 
il l use. The board  featu res an  
in teg ra l sca le .

T H E  c o n c lu d in g  p a r a g ra p h  o f th e  l i r s t  
p a r t  o f  th is  a c c o u n t  d re w  a t t e n t io n  to  

th e  s p e c ia liz e d  use  o f  a lu m in iu m  in  s m a ll  
e n g in e e r in g  h a n d  to o ls , w h e re  th e  use o f 
l ig h t  a l lo y s  is  d ic t a t e d  e i th e r  b y  s p e c if ic  
o p e r a t in g  fa c to rs  o r  b y  re a so n  o f  th e  f a c t  
th a t ,  in  p re c is io n  w o r k ,  m in im u m  d e a d 
w e ig h t  is  h ig h ly  a d v a n ta g e o u s .

O t h e r  h a .n d - lap p in g  to o ls  o f  th is  t y p e  a re  
so  d e s ig n e d  t h a t  th e  p la s t ic - im p re g n a te d  
b lo c k  m a y  b e  e x c h a n g e d  o r  tu rn e d ,  a s  i t  is' 
u s u a l ly  fo u n d  b y  e x p e r ie n c e  t h a t  h e a v y  w e a r  
o c c u rs  o n ly  o n  th e  f r o n t  p o r t io n  o f  th e  la p ,  
r e s t r ic t io n  in  t h e  s ize  o f  w h ic h  e n su re s  t h a t  
e c o n o m y  c a n  b e  e f fe c te d  in  e x p e n s iv e  
d ia m o n d  d u s t .  T h u s ,  in  use, w h e n  th e  f r o n t  
o f  th e  la p  is  w o rn ,  i t  m a y  b e  re v e rs e d . T h e  
m o u ld e d  im p re g n a te d  b lo c k  f its  in to  d o v e 
t a i l  g ro o v e s  in  th e  a lu m in iu m  s u p p o r t ,  a n y  
s l id in g  m o v e m e n t  b e in g  p r e v e n te d  b y  m e a n s  
o f a  s m a ll le a f  s p r in g .

R a t h e r  d if f e r e n t ,  b u t  s t i l l  u n d o u b te d ly  a 
p o r ta b le  t o o l  o r  in s t ru m e n t ,  is  th e  A v e r y  
w h e e l w e ig h e r  u se d  fo r  c h e c k in g  th e  to t a l  
lo a d e d  w e ig h t  o f  a i r c r a f t .  E s s e n t ia l l y  a  
w e ig h b r id g e  in  m in ia tu r e ,  th e  w h e e l w e ig h e r  
is  o f  m ix e d  s te e l a n d  a lu m in iu m  c o n s t ru c t io n  
a n d  is  c a p a b le  o f  w e ig h in g  7 to n s  a lth o u g h  
its  o w n  w e ig h t  is  o n ly  54 lb . L ig h t  w e ig h t  
is  e s s e n t ia l h e re  a s  th e  a p p a r a tu s  h a s  t o  b e  
t a k e n  b y  h a n d  o v e r  c o m p a r a t i v e ly  ro u g h  
a n d  s o m e t im e s  b o g g y , g ro u n d  a n d  th e n  
m a n o e u v re d  in t o  p o s it io n  u n d e r  th e  w h e e l.

N o  m o re  n e e d  b e  s a id  a b o u t  t h e  ro le  o f  
l ig h t  a l lo y s  in  p o r ta b le  to o ls ,  b u t  i t  w i l l  b e  
u n d e rs to o d  t h a t  th e  e x a m p le s  q u o te d  a b o v e  
a re  o n ly  a  v e r y  fe w  f ro m  a m o n g  m a n y

w h ic h  c a n  b e  seen in  use in  fa c to r ie s  a n d  
w o rk s h o p s  to - d a y  a l l  o v e r  th e  w o r ld .  T h e  
e x te n t  to  w h ic h  s u c h  to o ls  w i l l  re m a in  
p o p u la r  a f t e r  th e  w a r  d e p e n d s  t o  so m e  
e x te n t  o n  th e  p s y c h o lo g ic a l  a p p ro a c h  m ad e  
to  th e  p u b l ic  b y  th e  to o l f a b r ic a to r s .  T h e  
in c o rp o ra t io n  o f  a lu m in iu m  a n d  m a g n e s iu m  
a l lo y s  m a y  p u t  u p  th e  p r ic e  a  l i t t le ,  b u t  b y  
o n ly  a  s m a ll a m o u n t ,  a s  th e se  a l lo y s ,  
a l th o u g h  s t i l l  s o m e w h a t  m o re  e x p e n s iv e  in  
c o m p a r is o n  w i t h  fe r ro u s  a n d  co p p e r-b ase  
m e ta ls ,  a re  e a s y  to  f a b r ic a te  a n d  le n d  th e m 
se lv e s  to  m ass  p ro d u c t io n  m e th o d s . T h e  
s a v in g  in  w e ig h t  w h ic h  m a y  b e  e ffe c te d  b y  
th e ir  use  y ie ld s  a d v a n ta g e s  w h ic h  a r e  r e a d i ly  
re c o g n iz e d  b y  re s p o n s ib le  a u th o r i t ie s  in  
la rg e r  c o n c e rn s ,  b u t  th e  p o s s ib ly  s l ig h t ly  
in c re a s e d  c o s t  re n d e rs  su c h  e q u ip m e n t  m o re  
d i f f ic u l t  to  se ll to  s m a ll  g a ra g e  o r  r e p a ir  sh o p  
o p e ra to rs  to  w h o m  su c h  b e n e f its  m a y  h a v e  
l i t t l e  d i r e c t  a p p e a l o r  w h o  m a y  n o t  be 
a w a r e  o f  th e  u l t im a t e  g o o d  r e s u lt in g  fro m  
th e  r e d u c t io n  o f d e a d w e ig h t .

T h e  e x e c u t iv e s  o f  la rg e  a u to m o b i le  a n d  
re p a ir  sh o p s  a re  im p re s s e d  w i t h  th e  p o ss i
b i l i t y  o f  r e d u c in g  fa t ig u e  a n d  so  p r o m o t in g  
p r o d u c t io n  a n d  d e c re a s in g  f a u l t y  w o r k ,  
w h ic h  c o m m o n ly  te n d s  to  b e  fo u n d  in  
in c r e a s in g  q u a n t i t y  to w a r d s  th e  e n d  o f  th e  
d a y ;  th e  in d iv id u a l  u se r  in  a  s m a ll  sh o p , 
o n  th e  o th e r  h a n d ,  is  l i k e l y  to  see in  w e ig h t  
r e d u c t io n  n o th in g  m o re  th a n  th e  lu x u r y  fo r  
w h ic h  h e  is  m o s t  l i k e l y  u n w i l l in g  t o  p a y ,  
u n le ss  h e  b e  e n lig h te n e d  th ro u g h  th e  m e d iu m  
o f  s u it a b le  e d u c a t io n a l  p u b l ic i t y .

I t  s h o u ld  a ls o  b e  e m p h a s iz e d  t h a t  
r e d u c t io n  in  w e ig h t  is  n o t  n e c e s s a r i ly  th e
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A T  the  le ft a n d  be lo w . T h e  G ish o lt 
d y n a m ic  b a la n c in g  m ach in e . T h e  use  of 

a lu m in iu m  fo r th e  legs o f th is  a p p a ra tu s  is 
spec ific , as th e  h ig h  d am p in g  c a p a c ity  o f the  
m etal, its flex ib ility , a n d  lo w  in e rt ia , fa c ilita te  
\ esponse to freq uencies  o f a lo w  order.

o n ly  a d v a n ta g e  to  b e  d e r iv e d  f ro m  th e  use 
o f l ig h t  m e ta ls .  F r e e d o m  f ro m  c o r ro s io n  is  
o f te n  im p o r t a n t  a n d  a lw a y s  w e lc o m e , a n d  
th e  a b s e n c e  o f  m a g n e t ic  p ro p e r t ie s  m a y  be 
a n  a d d i t io n a l  a d v a n ta g e  o n  o c c a s io n .

Applications Depending on Specific 
Properties oj the Light Alloys

W e  h a v e  p r e v io u s ly  r e fe r re d  to  th e  v a lu e  
o f  l ig h t  a l lo y s  in  im p r o v in g  th e  b a la n c e  o f 
r o t a t in g  p a r ts .  C o m p lic a te d  a n d  h ig h ly  
s p e c ia l iz e d  a p p a r a tu s  ‘h a s  b e en  d e v is e d  fo r  
in v e s t ig a t in g  th e  b a la n c e  p ro p e r t ie s  o f  p a r t s  
d e s t in e d  t o  be r o ta t e d  a t  h ig h  sp e ed s , a n d  i t  
is  in te r e s t in g  to  n o te  t h a t ,  in  so m e  o f th e se  
m a c h in e s ,  l ig h t  a l lo y s  h a v e  th e m s e lv e s  b e en  
e m p lo y e d  in  v i t a l  p o s it io n s .  S u c h  a  
m a c h in e  is  th e  G is h o l t  d y n a m ic  b a la n c in g  
m a c h in e  i l lu s t r a t e d ,  w h i c h  is  o f  p a r t ic u la r  
im p o r ta n c e  in  c h e c k in g  u p  p re c is e  p a r t s  
r e q u ir e d  to  r o t a t e  a t  h ig h  sp eed s , th e  c la im  
b e in g  m a d e  t h a t  i t  is  c a p a b le  o f  d e te c t in g  
a n d  m e a s u r in g  o u t- o f- b a la n ce  d e fe c ts  in  
a b o u t  30 secs. R o t a t i n g  p a r t s  a r e  s u b je c te d  
to  b o th  s t a t ic  a n d  d y n a m ic  te s ts  a n d  
v ib r a t io n s  r e s u lt in g  fro m  e i th e r  t y p e  o f  lo a d 
in g  a re  q u ic k ly  d is c o v e re d .  C e n t r i fu g a l  
e ffe c ts  a re  in d ic a te d  a n d  lo c a t e d  b y  a n  
e le c t r ic a l  u n it ,  n o  o p t ic a l  o r  m e c h a n ic a l  
d e v ic e s  b e in g  u se d . V ib r a t io n s  f r o m  o u t 
s id e  so u rce s  a r e  tu n e d  o u t  a u t o m a t ic a l ly .

T o  p e r m it  th e  t e s t  p ie c e  to  v ib r a t e  f r e e ly  
a n d  w i t h  m a x im u m  a m p li tu d e ,  i t  is  s u p 
p o r te d  o n  s t ro n g , l ig h t- w e ig h t  a lu m in iu m  
b e a r in g  leg s  w h ic h  e n su re  t h a t  n o  a p p re c i 
a b le  p r o p o r t io n  o f th e  v ib r a t io n  f r o m  th e  
p a r t  u n d e r  te s t  is  a b s o rb e d  b y  th e  in e r t ia  
o f  th e  b e a r in g  s u p p o r ts .  T h e  h ig h  f le x ib i l it y ' 
a n d  low ' in e r t ia  o f  th e s e  leg s  p e r m it  th e  
m a c h in e  to  w o r k  a t  a  lo w  n a t u r a l  r a t e  o f 
v ib r a t io n  w i t h o u t  p ic k in g  u p  e x te rn a l  d is 
tu rb a n c e s .  T h e  use  o f  a lu m in iu m  is , in  th is  
in s ta n c e , h ig h ly ' s p e c if ic . D e f in i t e  a d v a n 

ta g e  is  t a k e n  o f  th e  lo w  f r e q u e n c y  o f 
v ib r a t io n  o f a lu m in iu m  a s  c o m p a re d  w ith ,  
s a y ,  s te e l, in  o rd e r  to  a c h ie v e  h ig h  a c c u r a c y  
a n d  to  w id e n  th e  w o r k in g  ra n g e  o f  th e  
in s t r u m e n t .

Hacksaw Blades 
I n  th e  U . S . ,  a lu m in iu m  p a in t  h a s  b e en  

u sed  o n  h a c k s a w  b la d e s  p r im a r i l y  to  d is 
t in g u is h  b la d e s  o f  o n e  a llo y ' f ro m  a n o th e r .  
A n  in c id e n ta l  a d v a n t a g e  w a s  s a id  t o  b e  t h a t  
th e  c o a t in g  o f a lu m in iu m  a c te d  a s  a  
lu b r ic a n t  a n d  re d u c e d  b o th  b in d in g  o f  th e  
b la d e  in  th e  c u t  a n d  th e  a m o u n t  o f  h e a t  
g e n e ra te d , r e s u lt in g  in  c o o le r  r u n n in g  a n d  
b e t t e r  r e te n t io n  o f a  s h a rp  c u t t in g  ed ge .

Light Metal Drawing Board
I l l u s t r a t e d  is  a  l ig h t- m e ta l  d r a w in g  b o a rd  

w h ic h  is  l ig h t e r ,  d im e n s io n a l ly  m o re  s ta b le  
a n d  less l i k e l y  to  b e  d a m a g e d  t h a n  th e  
w o o d e n  ty 'p e . I t  w a s  c o n s t ru c te d  o f  sh e e t 
d u r a lu m in  1 / 16-in. t h ic k ,  s u i t a b ly  s t if fe n e d  
a lo n g  tw o  ed ges , a n d  m o u n te d  o n  i t  w e re  
tw o  c e llu lo id  sca les  w h ic h  a d d e d  fu r th e r  to  
its  u s e fu ln e ss  b y  e n a b lin g  h o r iz o n ta l  a n d  
v e r t i c a l  l in e s  o f  e x a c t  d im e n s io n s  to  b e  
d r a w n  w i t h  th e  m in im u m  o f  t r o u b le .
Permanent Magnets and 

Magnet Assemblies 
A lu m in iu m  it s e l f  is  o n ly  v e ry ' s l ig h t ly  

p a r a m a g n e t ic  a n d , c o n s e q u e n t ly ',  i t  h a s
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p ro v e d  to  b e  a  u se fu l m a t e r ia l  in  th e  c o n 
s t r u c t io n  o f m a g n e t  a s se m b lie s . T h u s ,  fo r  
e x a m p le ,  a t  th e  S t a n le y  w o r k s  in  N e w  
B r i t a i n ,  C o n n e c t ic u t ,  a n  a s s e m b ly  o f  e le c t ro 
m a g n e ts  h e ld  in  a n  a lu m in iu m  r in g  w a s  
in s ta l le d  in  1934 to  p ic k  u p  th e  b o lts  n e ed ed  
fo r  th e  a s s e m b ly  o f  th e  v a r io u s  to o ls  a n d  to  
d e p o s it  th e m  o n  to  a  g r a v i t y  .slide fro m  
w h e n c e  t h e y  p ro c e e d e d  t o  th e  a s s e m b ly  
p o in t  a t  w h ic h  th e y  w e re  r e q u ire d .

A s  a n  in g re d ie n t  in  c e r t a in  a l lo y s ,  h o w 
e v e r ,  i t  h a s  th e  s u rp r is in g  e f fe c t  o f  ra is in g  
th e  m a g n e t ic  s u s c e p t ib i l i t y  to  a n  a m a z in g  
d e g re e , f r e q u e n t ly  t o  a  fe r ro - m a g n e t ic  
o r d e r -. IT e u s le r  a l lo y s  o f c o p p e r ,  m a n g a n e s e  
a n d  a lu m in iu m  h a v e  b e e n  k n o w n  a n d  u sed  
fo r  so m e  c o n s id e ra b le  t im e ,  b u t  in  re c e n t  
y e a r s ,  a l lo y s  o f  n ic k e l ,  i r o n  a n d  a lu m in iu m  
h a v e  b e en  in t ro d u c e d ,  w h ic h  possess e v e n  
b e t te r  m a g n e t ic  p ro p e r t ie s .

S u c h  a l lo y s  c o n ta in  n ic k e l  (24-30 p e r  
c e n t . ) ,  a lu m in iu m  (9-16 p e r  c e n t . )  a n d  
re m a in d e r  ir o n ;  c o b a lt  is  s o m e tim e s

E L E C T R I C  d r ill d u e  to S ie m e n s- Sc h u ck e rt 
(G re a t  B r ita in ) ,  L td .  T o  a ch ie ve  

m ax im um  w e igh t red uctio n , m a in  com po 
n en ts  of th e  h o d y  of th is  u n it a re  in  the  
form  of m agnes iu m -a llo y castings.

in c lu d e d .  T h e  a l lo y s  a re  c h a r a c t e r iz e d  b y  
a  h ig h  c o e r c iv i t y ,  c o m b in e d  w i t h  g o o d  
re m a n e n c e . T h e y  -have , fo r  c e r ta in  p u r 
p o ses, ' l a r g e ly  su p e rse d e d  th e  o r d in a r y  
m a g n e t ic  s te e ls . T h e s e  a lu m in iu m -  
c o n t a in in g  a l lo y s ,  h o w e v e r ,  c a n n o t  b e  
w o rk e d  e ith e r  h o t  o r  c o ld  a n d ,  in  co n se 
q u e n c e , c a n  b e  u se d  o n ly  in  th e  c a s t  fo rm . 
W h e r e  in t r ic a t e  sh a p e s  a r e  e s s e n t ia l,  a  so m e 
w h a t  e x p e n s iv e  g r in d in g  o p e ra t io n  m a y  be 
e m p lo y e d  o r, a l t e r n a t i v e l y ,  th e  a l lo y  c a n  
b e  p u lv e r iz e d  a n d  in c o rp o ra te d  w i t h  a  p la s t ic  
m a t e r ia l  su c h  a s  b a k e li t e  a n d  p re ssed  in to  
th e  d e s ire d  s h a p e . T h is  d e g ra d in g  o f th e  
a l lo y ,  h o w e v e r ,  re s u lts  in  a  s l ig h t  fa llin g - o ff  
in  m a g n e t ic  p ro p e r t ie s .

R e c e n t  re s e a rc h  h a s  s h o w n  t h a t  im p ro v e d  
a l lo y s  m a y  b e  o b ta in e d  b y  th e  fu r th e r  
a d d it io n  o f t i t a n iu m .  I f  th e  c o b a l t ,  n ic k e l  
a n d  t i t a n iu m  c o n te n ts  b e  k e p t  w i t h in  
n a r r o w  l im i t s  a n d  i f  th e  a lu m in iu m  c o n te n t  
ju s t  ex cee d s  h a l f  t h a t  o f  th e  t i t a n iu m ,  th e n  
a n  a l lo y  is  p ro d u c e d  w h ic h ,  a f t e r  s e p a ra t io n

B r a c e  designed  for h a n d  use, o r fo r 
fix ing  in  a  s tand . It  is v e ry  rig id , bu t 

w e igh t has  been  red u ced  to a  m in im um  b y  
v ir tu a lly  a ll-a lum in iu m  constru ction .

te m p e r in g ,  h a s  m a g n e t ic  p ro p e r t ie s  o f  a  
h ig h e r  o rd e r  t h a n  th o se  possessed  b y  th e  
e a r l ie r  c o m p o s it io n s .

I n  v ie w  o f  th e se  fa c ts ,  i t  is  n o t  s u rp r is in g  
to  f in d  t h a t  a lu m in iu m - c o n ta in in g  m a g n e t  
a l lo y s  h a v e  b e e n  e m p lo y e d  v e r y  s a t is fa c 
t o r i l y  fo r  th e  c o n s t ru c t io n  o f m a g n e t ic  
c h u c k s  w h e re  c o e r c iv i t y  a n d  re m a n e n c e  o f  a  
h ig h  d e g re e  a re  r e q u ire d ,  a n d  i t  is  p r o b 
a b le  t h a t  th e  fu tu r e  w i l l  see a n  in c re a s in g  
in te r e s t  in  th is  d ir e c t io n .

Indicating Instruments and 
Instrument Panels

L ig h t  a l lo y s  h a v e  b e en  e m p lo y e d  fo r  
c e r t a in  m o v in g  p a r ts  o f  in s t ru m e n ts  o f  
v a r io u s  t y p e s  w i t h  th e  m a in  o b je c t  o f 
in c r e a s in g  s e n s i t iv i t y  b y  re d u c in g  th e  m ass  
a n d  in e r t ia  o f  th e  c o m p o n e n t .  A lu m in iu m

T W O  typ es  o f sp e c ia l ham m er fe a tu rin g  
a lu m in iu m -a llo y  head s. S p e c ia l com 

po sitions  of ligh t m eta l w e re  e vo lve d  fo r th is 
p u rpose , an d  th e  se rv ice  life  w as  c la im ed  to 
be sup erio r to  th a t o f h e a v y  non-ferrous 
m etals fo rm erly  used.
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h a s  b e e n  u sed  a s  th e  m a t e r ia l  o f  c o n s t ru c t io n  
fo r  in s t r u m e n t  d ia ls .  H e r e ,  th e  m a in  
a d v a n ta g e s  a re  fre e d o m  fro m  c o r ro s io n  a n d  
a t t r a c t i v e  a p p e a ra n c e , a lt h o u g h  l ig h t  w e ig h t  
is n o t  a l to g e th e r  u n w e lc o m e ,  a s  m a n y  
in s t ru m e n ts  a r e  p o r ta b le  o r  a t t a c h e d  to  
p o r ta b le  to o ls  o r  m a c h in e r y .  F o r  th is  
p u rp o s e , h o w e v e r ,  a lu m in iu m  possesses a n  
a d d e d  a t t r a c t io n ,  r e s u lt in g  f ro m  th e  a b i l i t y  
to  f in is h  i t  e a s i ly  in  c o n t r a s t in g  s ty le s  w ith

C R O S S - C U T  an d  b o w  saw s  fo r w ood .
In  b o th  cases , g rips are  in  ligh t 

a l lo y  to  en sure  d u rab ility .

a  s m o o th  o r  m a t t  s u r fa c e , un i-  o r  m u l t i 
c o lo u re d  o r  i n  th e  n a t u r a l  s i l v e r y  c o lo u r  o f  
a lu m in iu m .  I t  th u s  b e co m e s  p o s s ib le  to  
m a r k  th e  g r a d u a t io n s  o n  a n  a lu m in iu m  d ia l  
b y  m a k in g  use o f  c o n t r a s te d  s m o o th  a n d  
m a t t  a re a s  o r  b y  c o lo u r in g  a n d ,  p ro v id e d ,  
in  th e  l a t t e r  case , t h a t  c a re  i s  t a k e n  in  th e  
c h o ic e  o f  d y e s tu f i ,  th e  r e s u lt  is  c o n s id e r a b ly  
m o re  le g ib le  a n d  d e c id e d ly  m o re  p e rm a n e n t  
t h a n  g r a d u a te d  d ia ls  p ro d u c e d  b y  o r d in a r y  
la c q u e r- p r in t in g  o n  m e ta l  o r  b y  s im ila r  
p ro cesses .

S u c h  d ia ls  h a v e  a lso  a n  e x t r e m e ly  a t t r a c 
t i v e  a p p e a r a n c e  a n d  a lu m in iu m  f o r  th is  
p u rp o s e  w o u ld ,  in  c o n s é q u e n c e , a p p e a r  to  
possess c o n s id e r a b le  p o te n t ia l i t ie s .  I t  is, 
a f t e r  a l l ,  s im p ly  a n  a p p l ic a t io n  to  in d u s t r y  
o f  th e  a lu m in iu m  w a t c h  a n d  c lo c k  d ia ls  
w h ic h  h a d  b e c o m e  e x t r e m e ly  p o p u la r  b e fo re  
t h e  w a r  b e c a u s e  o f t h e ir  p e rm a n e n t  a t t r a c 
t i v e  a p p e a ra n c e  a n d  w h ic h  w e re  b e in g  f i t t e d  
a s  s ta n d a r d  b y  th e  b e s t  E n g l i s h  a n d  fo re ig n  
w a t c h  a n d  c lo c k  m a k e r s .  T h is  is  c e r t a in ly  
n o t  a  r e c e n t  a p p l ic a t io n ,  fo r  a lu m in iu m  
c lo c k  fa c e s  w e re  in  e x is te n c e  a t  le a s t  20 
y e a rs  a g o , a n d  p o s s ib ly  b e fo re  t h a t ,  so  t h a t  
th e re  h a s  been  a m p le  o p p o r t u n i t y  to  c o n f irm  
th e ir  s a t is fa c t io n  b y  th e  a c id  te s t  o f  s e rv ic e  
u n d e r  a l l  k in d s  o f" c o n d it io n s .  P r a c t i c a l l y  
a l i  f ia t  P l ia is  o n  B r i t i s h  a i r c r a f t  in s t ru m e n ts  
a re  o f  l ig h t - a l lo y  sh e e t , t h e  c ir c le s  b e in g  
s ta m p e d  o u t  in  b u lk ,  e n g ra v e d ,  a n o d iz e d , 
s p ra y - p a in te d  a n d  f in a l l y  f i l le d  a n d  
lu m in iz e d .

B e fo r e  th e  w a r ,  a lu m in iu m  h a d  b e co m e  a n  
e x t r e m e ly  p o p u la r  m a t e r ia l  fo r  th e  c o n s t r u c 
t io n  o f w ire le s s  ch ass is , p a r t i c u la r l y  o f th e  
n o n - m a ss- p ro d u c e d  v a r ie t y ,  b e c a u s e  i t  c o u ld  
b e  d r i l le d  a n d  fo rm e d  so  e a s i ly  w ith  th e  
m in im u m  o f  s p e c ia l to o ls  a n d  b e ca u se  i t  
possessed  a n  a t t r a c t i v e  a p p e a ra n c e  w h ic h  
w a s  r e t a in e d  e x c e p t  u n d e r  e x c e p t io n a l ly  
c o r r o s iv e  c o n d it io n s  (e x p e r im e n ta l  ch ass is  
h a v e  a lso  b e en  p ro d u c e d  in  m ag n e s iu m - b a se  
a l l o y s ) . F o r  e x a c t ly  s im ila r  re a so n s , 
a lu m in iu m  h a s  p r o v e d  v e r y  s a t is f a c t o r y  fo r  
th e  f a b r ic a t io n  o f in s t r u m e n t  p a n e ls ,  p a r 
t i c u la r l y  f o r  th o s e  o f  c o m p lic a te d  d e s ig n  
h o ld in g  a  n u m b e r  o f  in s t r u m e n ts  o f  d if fe re n t  
ty p e s .  A l t h o u g h  th e  l ig h t- e n g in e e r in g  f ie ld  
d o es  n o t  o f te n  c a l l  fo r  th e  in s t a l la t io n  o f 
c o m p lic a te d  in s t r u m e n t  p a n e ls ,  e x c e p t in g , 
o f  co u rs e , th e  f ie ld  o f  a i r c r a f t  e n g in e e r in g , 
n e v e r th e le s s  th e re  a re  a  n u m b e r  o f  in s ta n c e s  
in  w h ic h  th e  u se  o f a  d u ra b le  a n d  e a s i ly  
f a b r ic a t e d  m a t e r ia l  w o u ld  b e  a n  a d v a n ta g e .

A s  a n  e x a m p le  f r o m  a i r c r a f t  e n g in e e r in g  
p r a c t ic e ,  w e  w o u ld  o ite  th e  b lin d - f ly in g  
in s t r u m e n t  p a n e l w h ic h  h a s  b e e n  d e s c r ib e d  
in  d e t a i l  in  p r e v io u s  p a g e s  o f  th is  jo u r n a l .8 
T h is  in s t r u m e n t  p a n e l,  s ta n d a rd iz e d  b y  th e  
R . A . F .  o n  th e  a d v ic e  o f  t h e ir  T e c h n ic a l  
E q u ip m e n t  C o m m it te e ,  c o n s is te d  o f  a  
s p r in g - m o u n te d  d u r a lu m in  p a n e l c a r r y in g  
s ix  b lin d - f ly in g  in s t ru m e n ts ,  in  th e  c o n s t r u c 
t io n  o f w h ic h  l ig h t - a l lo y  c o m p o n e n ts  w e re  
la r g e ly  e m p lo y e d .  T h e  i l lu s t r a t io n  s h o w s  
th e  c a p s u le  in c o rp o ra te d  in  th e  S m i t h  a i r 
sp eed  in d ic a to r ,  c o n s is t in g  o f  tw o  co rru -

P N E U M A T 1 C  d r ill fe a tu rin g  a lum in ium - 
a llo y  m a in  ca s in g  an d  ligh t-a llo y  cag e  

to e p ic yc lic  gearin g . T h e  w e ig h t o f th e  
d rill is 24 oz.

g a te d  a lu m in iu m  d ia p h ra g m s  so ld e re d  to 
g e th e r  a n d  p a r t i a l l y  e x h a u s te d  to  g iv e  
s e n s i t iv i t y  to  c h a n g e s  o f  p re ssu re . T h e  
p r o d u c t io n  o f  th is  c o m p o n e n t  w a s  m a d e  
p o ss ib le  o n ly  th ro u g h  th e  d u c t i l i t y  o f  th e  
l ig h t  a l lo y  o f  w h ic h  i t  w a s  m a d e . F o r m e r ly ,  
in s t ru m e n ts  su ch  a s  th e  a ir- sp eed  in d ic a to r ,  
a l t im e t e r  a n d  v e r t ic a l- s p e e d  in d ic a to r  w e re  
c o n s t r u c te d  i n  s u c h  a  w a y  a s  to  in c o rp o ra te  
a  d ia p h ra g m , w h ic h  c o u ld  b e  m a d e  o f v e r y
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t h in  s h e e t  m e ta l b u t  w h ic h  w a s  m o re  o fte n  
o f  o ile d  s i lk .  W i t h  th e  use  o f a lu m in iu m  i t  
b e c a m e  p o ss ib le  to  m a k e  a  d ia p h r a g m  so 
t h in  a s  t o  re sp o n d  s u f f ic ie n t ly  to  a  d iffe re n ce  
in  p re s su re  o n  e a ch  s id e  w i t h o u t  th e  use o f 
h ig h  g e a r in g . T h is  s in g le  d ia p h ra g m , c o r r u 
g a te d  fo r  g re a te r  s t r e n g th  a n d  s t a b i l i t y ,  is 
s t i l l  used  in  c e r ta in  s im p le  in s t ru m e n ts .  I n  
m o re  a c c u ra t e  in s t r u m e n ts ,  h o w e v e r ,  a  c a p 
s u le  o f  th e  t y p e  s h o w n  h a s  su p e rse d e d  th e  
d ia p h ra g m . T h e  c o m p o n e n ts  o f  th e  c a p s u le  
a re  p ro d u c e d  b y  m e a n s  o f a  p re ss  to o l 
w o r k in g  o n  a  r u b b e r  b e d .

A ls o  p ic tu r e d  a re  th e  c o m p o n e n ts  o f  th e  
R e id  a n d  S ig r is t  t u r n  in d ic a to r .  T h e  d ia l  
s h o w n  a t  th e  r ig h t  o f  t h e  i l lu s t r a t io n  is 
p la n is h e d  u p o n  th e  re v e rs e  s id e  to  p ro v id e  

a n  a i r t ig h t  f i t  fo r  
th e  s m a ll t r ia n g u la r  
b o x , s h o w n  in  th e  
c e n t r e  o f  th e  i l lu s 
t r a t io n ,  w  h  i c  h 
c a r r ie s  th e  in c l in o 
m e te r .  W h e n  th is  
b o x  i s  a i r t i g h t ,  
t r a n s fe re n c e  o f  a i r  
f ro m  o n e  s id e  o f  th e  
b o x  to  th e  o th e r  
m u s t  o c c u r  th ro u g h  
v e r y  s m a ll o r if ic e s , 
a n d  th e re  is , c o n s e 
q u e n t ly ,  a  c o n s id e r 
a b le  d a m p in g  a c t io n  
u p o n  th e  s w in g  o f 
th e  s m a ll p e n d u lu m  
s h o w n .

In c lu d e d  ' is  a n  
i l lu s t r a t io n  o f  a 
g ro u p  o f c a s t  lig h t-  
a l lo y  c o m p o n e n ts  o f 
co m p a sse s , a u t o 
m a t ic  p i lo t s  a n d  
s ig h ts  u sed  in  a i r 
c r a f t ,  in  w h ic h ,  a t  
th e  le f t ,  is  s h o w n  th e  a n t i- v ib r a t io n  m o u n t 
in g  f ro m  th e  R . A . F .  p a n e l.

L ig h t - a l lo y  c a s t  c o m p o n e n ts  o f  a i r c r a f t  
in s t r u m e n ts  o f  v a r io u s  t y p e s  a re  d e p ic te d , 
a n d , a t  th e  r ig h t  o f  th e  i l lu s t r a t io n ,  a re  
s h o w n  ( a b o v e )  a  co m p a s s  g r id  r in g  a n d  
(b e lo w )  a  co m p a s s  c o r r e c to r  s ta n d a rd .  C o m 
p o n e n ts  su c h  a s  th e se  a re  g e n e ra l ly  m a d e  
b y  p ro cesses  o f  s ta m p in g ,  p re s s in g , s p in n in g ,  
s a n d - c a s t in g  a n d  d ie - c a s t in g , a l l  o f  w h ic h  
le n d  th e m s e lv e s  r e a d i ly  t o  m a s s - p ro d u c t io n  
m e th o d s , b y  m e a n s  o f w h ic h  p r o d u c t io n  
le v e ls  h a v e  b e e n  a c h ie v e d  w h ic h  w o u ld  h a v e  
b e en  q u ite  o u t  o f  th e  q u e s t io n  w i th  o th e r  
m a t e r ia ls .  T h e  b lin d - f ly in g  p a n e l i t s e l f  w a s  
o f  16-gauge d u r a lu m in ,  a n d  a l l  th e  in s t r u 
m e n t  h o le s  w e re  p re ssed  o u t .  T h e  s a m e  
m e th o d  w a s  a p p l ie d  to  p r a c t i c a l l y  a l l  th o se  
s m a lle r  h o le s  w h ic h  d id  n o t  r e q u ire  to  be 
ta p p e d  a s ,- fo r  e x a m p le ,  in  th o se  cases  w h e re  
a  f ix in g  s c re w  is  p assed  th ro u g h  th e  p a n e l 
a n d  is  s c re w e d  in to  th e  in s t r u m e n t  case .

S a n d  c a s t in g s  w e re  used  fo r  th e  cases  o f  
c e r t a in  in s t ru m e n ts ;  th e  b e z e l r in g  o f  th e  
R e id '  a n d  S ig r is t  tu r n  in d ic a t o r  w a s  sand-  
ca s t .  T h e  c o r re s p o n d in g  bezel w a s  sp u n  
fro m  a lu n r in iu m - a l lo y  sh e e t . T h is  c o m b in a 
t io n  o f  s p u n  b e z e l a n d  ca s t- b ez e l r in g  h as  
p ro v e d  to  b e  v e r y  s a t is fa c t o r y ,  a lth o u g h  
c o m b in e d  beze l a n d  w in d o w  c a n  b e  p ro 
d u c e d  as a  s in g le  c o m p o n e n t  in  t r a n s p a r e n t  
m o u ld in g  m a t e r ia l ,  w h ic h  p e rm it s  m o re  
l ig h t  to  re a c h  th e  d ia l .  H o w e v e r ,  p la s t ic s  
a re  s o f te r  th a n  g la s s  a n d , i n  S e r v ic e  use, 
p a r t i c u la r l y  in  th e  T ro p ic s ,  t h e y  a re  s u b je c t  
to  a b ra s io n s  a n d  s c r a t c h e s  w h ic h  re n d e r  
t h e m  less e f f ic ie n t  th a n  th e  l ig h t - a l lo y  c o m 
b in a t io n  d e ta i le d  a b o v e .

D ie  c a s t in g  w a s  e m p lo y e d  fo r  a l l  s m a ll  
c o m p o n e n ts  to  m in i 
m iz e  th e  a m o u n t  o f  
m a c h in in g  re q u ire d . 
In s t r u m e n t  c o m 
p o n e n ts  o ffe r  a n
e x c e lle n t  f ie ld  fo r
th e  d e v e lo p m e n t  o f  
h ig h - q u a l it y  d i e  
c a s t in g s ; a lth o u g h  
g r a v i t y  d ie  c a s t in g  
is  g e n e ra l ly  e m 
p lo y e d ,  th e r e  is  a n  
in c re a s in g  t e n d e n c y  
to w a r d s  th e  use  o f  
p re s su re  d ie  c a s t 
in g s . B o t h  g r a v i t y  
a n d  p re ssu re  d ie  
c a s t in g  r e s u lt  in
h ig h - sp eed  p r o d u c 
t io n  w i t h  g o o d  s u r 
fa c e  f in is h  a n d  c lo se  
d im e n s io n a l to le r 
a n ce s , w h i ls t ,  in
a d d it io n ,  a  f i n e  
g ra in e d  s t ru c tu r e  
w i t h  g o o d  m e c h a n i
c a l  p ro p e r t ie s  r e s u lt s  

fro m  th e  c h i l l in g  e f fe c t  o f  th e  m e ta l  m o u ld . 
T h e  s m a ll t r ia n g u la r  b o x  in  th e  c e n t r e  o f  th e  
g ro u p  o f  d is m a n t le d  u n it s  o f  th e  R e id  a n d  
S ig r is t  t u r n  in d ic a t o r  i l lu s t r a t e d  is  a  g o o d  
e x a m p le  o f  a  c o m p o n e n t  w h ic h  c a n  b e  p r o 
d u c e d  s im p ly  a n d  r e l ia b ly  b y  th e  p re ssu re  
d ie - c a s t in g  p ro cess . T h e  f r e t  o r  s p id e r  seen 
a t  th e  r ig h t- h a n d  s id e  o f  th e  i l lu s t r a t io n  w a s  
a ls o  p ro d u c e d  b y  d ie  c a s t in g .

T h e  p re v io u s  a r t ic le  i n  th is  jo u r n a l  
re fe r re d  t o ,8 s tre sses  th e  im p o r ta n c e  o f  th e  
u tm o s t  s a v in g  in  w e ig h t  in  a i r c r a f t  in s t r u 
m e n ts  a n d  th e ir  m o u n t in g s  s in c e , in  w a r 
p la n e s ,  w e ig h t  r e d u c t io n  m a y  a l lo w  th e  f i t 
t in g  o f a n  a d d i t io n a l  in s t r u m e n t  o n  w h ic h  
th e  p i l o t ’s l i f e  m a y  d e p e n d  in  a n  e m e rg e n c y , 
w h i ls t ,  in  c i v i l  a i r c r a f t ,  i t  c a n  b e  re c k o n e d  
t h a t  t h e  c a r r y in g  o f  o n e  u n n e c e s s a ry  p o u n d  
co s ts  th e  o p e r a t in g  c o m p a n y  n o t  less th a n  
£ 1 0  p e r  a n n u m .  .

I t  is  in te r e s t in g ,  th e re fo re ,  t o  n o te  th e  
a p p l ic a t io n  o f l ig h t  m e ta ls  in  c e r ta in  o th e r

S M A L L  tab le  or b e n ch  grinder. A p a rt 
from  th e  w h ee l, th e  sp ind le  a n d  the  

sm a lle r p in io n  in  th is  assem bly, the  rem a in 
de r is constru cted  en tire ly  in  ligh t a lloys.



220 LICHT METALS May, 1945

o f th e  in s t r u m e n ts  n o r m a l ly  f i t t e d  o n  a n  a i r 
c r a f t .  T h u s ,  th e  s u p p ly  o f  a i r  to  th e  fre e  
g y ro  in s t ru m e n ts  is  e n s u re d  b y  th e  use' o f  a  
v e n t u r i  tu b e  m o u n te d  o n  th e  o u ts id e  o f th e  
fu se la g e , th is  tu b e  c o n s is t in g  o f a n  a lu 
m in iu m  s p in n in g  m o u n te d  on  a  d ie  c a s t in g . 
T h e  p i t o t  h e a d , c o n s is t in g  o f o n e  o p e n  p re s 
s u re  tu b e  a n d  a  c lo se d  o r  s t a t ic  tu b e ,  is  a lso  
m a d e  in  l ig h t  a l lo y .  I n  th e  b l in d - f ly in g  
in s t r u m e n t  p a n e l  i l lu s t r a t e d ,  a l l- m e ta l  p ip in g  
c o n n e c ts  th e  a ir- sp eed  in d ic a t o r  to  th e  p re s 
su re  h e ad , a n d  a  le a d  f ro m  th e  s t a t ic  s id e  
o f  th is  h e a d  is  c o n n e c te d  a ls o  to  th e  a l t im e t e r  
a n d  th e  v e r t ic a l  sp e ed  in d ic a to r .  I n i t i a l l y ,  
th e  g im b a l i n  w h ic h  th e  g y ro  is  m o u n te d  
w a s  m a d e  o f  s te e l tu b e , b u t  im p ro v e d  in s t r u 
m e n ts  p f  th is  t y p e ,  in c o rp o ra te  a  l ig h t- a l lo y  
d ie  c a s t in g ,  th is  b e in g  fo u n d  to  be m o re  
s a t is f a c t o r y  n o t  o n ly  fro m  th e  w e ig h t- s a v in g  
p o in t  o f  v ie w ,  b u t  a ls o  .b ecau se  th e re  w a s  a  
c o n s id e ra b le  r e d u c t io n  in  th e  a m o u n t  o f 
m a c h in in g  re q u ire d .

A  h ig h  p ro p o r t io n  o f  th e  b u lk y  c o m p o 
n e n ts  o f  a i r c r a f t  co m p a sse s  -are c o n s t ru c te d  
o f l ig h t  a l lo y s .  C o r r e c to r  b o x e s , lo r  
in s ta n c e ,  w e re , lo r  m a n y  y e a r s ,  m a n u fa c ;  
tu re d  in  b ra s s  o r  b ro n z e , b u t  n o w  d ie  c a s t 
in g s  o f  a lu m in iu m  a l lo y s  a re  i n v a r i a b ly  used .

Finishing Soldering Iron Bits by 
Aluminium Spray

A lt h o u g h  a  n u m b e r  o f a l lo y s  h a v e  been  
p ro p o se d  l o r  s o ld e r in g  iro n  b its ,  n e v e r th e 
less , c o p p e r  is s t i l l  b y  f a r  th e  m o s t  w id e ly  
u se d  m a t e r ia l  fo r  th e  p u rp o se . W h a t e v e r  
th e  m e th o d  o f  h e a t in g  th e  ir o n ,  w e a r  b y  c o r 
ro s io n  a n d  b y  e ro s io n  o c c u rs , r a p id ly  in  th e  
c a s e  o f  g as  o r  fu rn a c e - h e a te d  iro n s  a n d  m o re  
s lo w ly  in  th e  case  o f  e le c t r ic  i n t e r n a l l y  
h e a te d  in s t r u m e n ts .  E v e n  w i t h  e le c t r ic  
iro n s , i t  is  a  u se fu l e c o n o m y  to  lo c a liz e  th e  
d e te r io r a t io n  t o  th e  s u r fa c e  s o le ly  c o n c e rn e d  
w i t h  th e  s o ld e r in g  o p e ra t io n ,  so  t h a t  w h e n  
th e  b i t  i s  s h a p e d  b a c k ,  a  s o u n d  la c e  is  p r o 
d u c e d  w i t h  m in im u m  c u t- a w a y .

T h e  m e th o d s  w h ic h  h a v e  b e e n  e v o lv e d  fo r  
th e  p r o te c t io n  o f  c o p p e r- s o ld e r in g  i r o n  b its  
f a l l  n a t u r a l l y  in  th re e  g ro u p s :—

1. C h e m ic a l  t r e a tm e n ts ,  s u c h  a s  th e  p r o 
d u c t io n  o f a  b la c k  “  o x id iz e d  ”  c o a t in g  p r o 
d u c e d  b y  im m e rs io n  o f  th e  b i t  in  a n  a q u e o u s  
s o lu t io n  o f  p o ta s s iu m  s u lp h id e  a n d  a m m o 
n ia ,  th e r e b y  p ro d u c in g  a  c o a t in g  o f  c o p p e r  
s u lp h id e .  S t e e l  b it s  m a y  b e  g iv e n  a  t h in  
c o a t in g  o f  e le c tro - d e p o s ite d  - c o p p e r  b e fo re  
im m e rs io n .  T r e a tm e n t s  o f  th is  k in d  a re  o f 
v e r y  l i t t l e  p r a c t ic a l  v a lu e .

2. E le c t r o - d e p o s i t io n  o f  c h ro m iu m , g e n e r 
a l l y ,  b u t  n o t  n e c e s s a r i ly ,  a s  a  tw o - s ta g e  
p ro ce s s  i n  w h ic h  n ic k e l  is  f i r s t  d e p o s ite d  to  
a  th ic k n e s s  o f  a b o u t  0.001 in . ,  fo l lo w e d  b y  
a  H ash  c o a t in g  o f  c h ro m iu m  o n ly  a b o u t  
0 .00001 in .  t h ic k .  R e c e n t  re s e a rc h  h a s  m a d e  
p o s s ib le  th e  e le c tro - d e p o s it io n  o f  c o n s id e r 
a b le  th ic k n e s s e s  o f  c h rp m iu m  d ir e c t  o n  to  
s te e l b u t ,  n e v e r th e le s s ,  th e  n ic k e l- c h ro m iu m  
c o m b in a t io n  is s t i l l  p re fe r re d  b e ca u se  ch ro-

m-ium a lo n e  is  v e r y  p o ro u s  a n d  a t t a c k  o f  th e  
u n d e r ly in g  m e ta l m a y  ta k e  p la c e  as 
o x id iz in g  gases a n d  c o r r o s iv e  fu m e s  p e r 
m e a te  th e  s y s te m  o f f in e  c r a c k s  w h ic h  c o n 
s t i t u t e  th is  p a r t ic u la r  t y p e  o f p o r o s i t y .  
In c ip ie n t  c o r ro s io n  o f th e  b a se  m e ta l  a n d  th e  
fo r m a t io n  o f  r e l a t i v e l y  v o lu m in o u s  c o r ro s io n  
p ro d u c ts  (o x id e s  a n d  s u lp h id e s  g e n e r a l ly )  
r e s u lt  in  a  l i f t in g  o f th e  d e p o s it  a ro u n d  th e  
c o r ro d e d  a re a s , fo l lo w e d  b y  s t r ip p in g  o f  th e  
c h ro m iu m  a n d  r a p id  d e te r io r a t io n  o f th e  b i t .  
N ic k e l ,  in  th ic k n e s s e s  e x c e e d in g  0 .0005  in . ,  
is  p r a c t i c a l l y  n o n - p o ro u s , th u s  e l im in a t in g  
th e  d a n g e r  o f  p e n e t r a t io n  a t t a c k ,  a n d  i t  pro-

E L E C T R I C  ho ists  p ro d u ced  b y  the  U s in e  
M o n tfio re . T h e  en tire  b o d y  o f th is  

ap p a ra tu s  consists  of a n  A lp a x  casting .

v id e s  a  g o o d  b ase  o n  w h ic h  to  d e p o s it  th e  
c h ro m iu m , o n l y  a  t h in  f i lm  o f  th e  la t t e r  
b e in g  s u f f ic ie n t  p r o te c t io n  o v e r  th e  n ic k e l .

T h is  k in d  o f p r o te c t io n  is q u it e  u se fu l. 
T h e  n u m b e r  o f  s o ld e r in g s  b e tw e e n  re s h a p 
in g s  is  in c re a s e d  m a n y  t im e s  a n d  th e  n u m b e r  
o f  s h a p in g s .

3. A  c o a t in g  o f a lu m in iu m  s p ra y e d  on  to  
a  c o p p e r  b i t  a n d  h e a t- tre a te d  to  ca u se  d i f f u 
s io n  a n d  p a r t ia l  a l lo y in g  o f th e  tw o  m e ta ls .  
T h is  is  t h e  m o s t  s a t is f a c t o r y  fo rm  o f  p r o t e c 
t io n  y e t  d e v is e d .  I t  possesses  a l l  t h e  a d v a n 
ta g e s  o f e le c tro - d e p o s ite d  c h ro m iu m  w i t h  
th e  a d d i t io n a l  a d v a n ta g e  t h a t ,  a s  th e  h e a t-  
t r e a te d  c o a t in g  is  in t e g r a l  w i t h  th e  b i t ,  
fa i lu r e  d u e  to  th e  d e te r io r a t io n  o f  th e  c o a t in g  
o c c u rs  t o  a  m u c h  s m a lle r  e x te n t .
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T h e  e c o n o m y  m a d e  p o ss ib le  is  v e r y  a p p re 
c ia b le ,  f ir s t ,  b e ca u se  th e  b i t  m a y  b e  
re sh a p e d  a  g r e a te r  n u m b e r  o f  t im e s , fo u r  to  
10 s h a p in g s  b e in g  g e n e r a l ly  p r a c t ic a b le ,  a n d , 
s e c o n d ly ,  b e ca u se  i t  is  o f te n  p o s s ib le  to  use 
th e  i r o n  lo n g e r  b e tw e e n  re s h a p in g s .

I n  g e n e ra l,  th e  w ir e  p is to l  m e th o d  is  
e m p lo y e d  f o r  a p p ly in g  th e  c o a t  o f  a lu 
m in iu m .  T h e  b i t s  a re  a b r a s iv e  b la s te d , 
g e n e r a l ly  w i t h  s a n d  o r  s h o t ,  a n d  th o ro u g h ly -  
d e g re a se d  in  o rd e r  to  e n su re  p ro p e r  a d h e s io n  
o f th e  a lu m in iu m .  T h e  l ig h t  m e ta l  is  th e n  
a p p l ie d  w i t h o u t  d e la y .  I t  m a y  b e  a s  th in  
a s  p o s s ib le  p r o v id e d  i t  is c o n t in u o u s .  A  
th ic k n e s s  o f  0 .004  in .  to  0 .005  in .  is  th e

O I L - F I R E D  fu rn ace  in  w h ic h  th e  m ore 
m ass ive  p arts  o f th e  fu e l - in jection  

ap p a ra tu s  a re  p r in c ip a lly  ligh t a llo y , th e  use 
o f w h ic h  is  h e re  d icta ted , p a r t ly  b y  reason  
o f h ig h  n a tu ra l co rros io n  resistance, an d  
p a rt ly  b y  good heat-d iss ipa ting  q u a lities .

n o r m a l  m in im u m  c o a t in g  b y  d o u b le  s p ra y  
fo r  g e n e ra l- p u rp o se  w o r k ,  b u t  i t  m a y  q u ite  
s a t is f a c t o r i l y  g o  d o w n  to  0 .0 02  in . ;  in  f a c t ,  
th e  t h in n e r  "la y e r  is  p re fe ra b le ,  i f  c o n t in u o u s .  
T h e  w ir e  e m p lo y e d  is  c o m m e r c ia l ly  p u re  
a lu m in iu m  ! m m . d ia m e te r ,  a n d  c a n  b e  
s p r a y e d  b y  th e  u s u a l g ases , n a m e ly ,  o x y g e n  
w i t h  a c e t y le n e ,  h y d ro g e n ,  c o a l  g a s  o r  p r o 
p a n e . T h u s ,  w i t h  o x y - h y d ro g e n ,  th e  h y d ro g e n  
is  u se d  a t  a  p re s su re  o f  22 lb ./ s q .  in . ,  w h i ls t  
th e  o x y g e n  p re s s u re  is  21 lb ./ s q .  in . 
O b v io u s ly ,  th is  m e th o d  o f t r e a tm e n t  n e c e s 
s ita te s  t h e  a v a i l a b i l i t y  in  th e  f a c t o r y  o f  a  
m e ta l- s p ra y in g  e q u ip m e n t ,  b u t ,  w i th  
p re s e n t- d a y  d e m a n d s , s u c h  p la n t  is  e s s e n t ia l

e v e n  in  m o s t  g e n e ra l e n g in e e r in g  fa c to r ie s .
A f t e r  s p r a y in g ,  th e  b i t  is  h e a t  t r e a t e d  in  a n  

e le c t r ic  m u ff le  fu rn a c e ,  th e  a lu m in iu m  b e in g  
p ro te c te d  f r o m  o x id a t io n  d u r in g  th e  p e r io d  
o f te m p e ra tu r e  r ise  b y  b ru s h in g  a  c o a t  o f  
b la c k  s p ir i t  v a r n is h  o r  a  b la c k  s h e lla c  s o lu 
t io n  o v e r  th e  jo b  b e fo re  p u t t in g  i t  in  th e  
fu r n a c e .  T h e  te m p e ra tu re  o f  h q a t t r e a tm e n t  
n e ed s  to  be ju s t  a b o v e  th e  m e lt in g  p o in t  o f 
a lu m in iu m  (6 8 0  to  750 d e g re e s  C . )  a n d  th e  
t im e  p e r io d  a t  th is  te m p e ra tu r e  is  s h o r t ,  
b e in g  a b o u t  15 m in s . T h e  o b je c t  is  to  b r in g  
th e  w o r k  t e m p e ra tu re  u p  a s  r a p id ly  a s  p o s 
s ib le ,  s o  as  to  p r e v e n t  o x id a t io n  o f  th e  
r e la t i v e l y  p o ro u s  s p r a y  c o a t .

T h e  s u r fa c e  f in is h  o f  t r e a te d  w o r k  m a y  be 
m o t t le d  w h e re  th e  a lu m in iu m  h a s  i r r e g u la r ly  
p e n e t r a te d  th e  m e ta l  b u t ,  w h e n  b u rn is h e d , 
i t  s h o w s  a  c h a r a c t e r is t ic  y e l lo w  c o lo u r  a n d ,  
i f  s e c t io n e d , th e  c o p p e r  s h o w s  a  p e n e t r a t io n  
o f  a lu m in iu m  t o  fo rm  a n  o u te r  l a y e r  o f 
a lu m in iu m  b ro n z e . T h e  b i t  is  th e n  r e a d y  fo r  
s h a p in g , a n  o p e ra t io n  w h ic h  re m o v e s  th e  
a lu m in iu m  b ro n z e  fro m  th e  a r e a  t h a t  is  
a c t u a l l y  to  b e  u se d  fo r  s o ld e r in g .

P r o t e c t io n  o f  th e  w o r k in g  fa c e  o f th e  b i t ,  
w h ic h  m u s t  n o t  b e  a lu m in iz e d ,  c a n  be 
o b ta in e d  b y  t h e  u se  o f  a  m ild  s te e l in s e r t io n  
b ra z e d  in to  th e  c o p p e r  b i t  a n d  t in n e d .  T h e s e  
t w o  fe a tu re s  o f  m ild - s te e l in s e r t io n  a n d  
a lu m in iu m  p r o t e c t iv e  s p r a y  fo rm  a  r e a l ly  
v a lu a b le  c o m b in a t io n .

F e w ,  i f  a n y ,  p u b lis h e d  d a t a  a re  a v a i la b le  
a s  to  th e  e x t e n t  to  w h ic h  l ig h t  a l lo y s ,  m o re  
e s p e c ia l ly  in  th e  fo rm  o f  c a s t in g s ,  h a v e  been  
e m p lo y e d  in  h a n d  to o ls  fo r  c a b in e t- m a k e rs ' 
use. I t  is  w e l l  k n o w n ,  fo r  e x a m p le ,  t h a t  th e  
b o d ie s  o f  v a r io u s  t y p e s  o f  p la n e s , p a r t i c u 
l a r l y  s h o u ld e r  p la n e s ,  a re  p ro d u c e d  a s  
m a s s iv e  iro n  c a s t in g s ; m o re  e x p e n s iv e  e q u ip 
m e n t  o f  th is  k in d  e m p lo y s  b ro n z e . I n  th e  
c o n s t ru c t io n  o f  th e se  to o ls ,  a d e q u a te  c o r 
r e la t io n  b e tw e e n  w e ig h t  a n d  b a la n c e  is o f 
th e  h ig h e s t  im p o r ta n c e ;  th is  is v e r y  n e ce s 
s a r y  in  th e  ca se  o f  a  r e l a t i v e l y  in t r ic a t e  t y p e  
o f  p la n e  s u c h  a s  th e  “  p lo u g h . "  R e c e n t l y ,  a  
n u m b e r  o f  to o ls  o f  th is  t y p e  h a v e  b e e n  
b ro u g h t  to  o u r  a t t e n t io n  in  w h ic h  th e  b o d y  
h a s  b e en  p ro d u c e d  a s  a  l ig h t - a l lo y  c a s t in g .  
W e  h a v e  h a n d le d  th e se  to o ls  a n d  h a v e  fo u n d  
th e m  e m in e n t ly  s a t is f a c t o r y  b o th  fro m  th e  
s t a n d p o in t  o f  w e ig h t  a n d  b a la n c e , a n d  w e  
a re  a s su re d  t h a t ,  in  use, n o  u n d u e  w e a r  o f  
w o r k in g  fa c e s  is  e x p e r ie n c e d . T h is  d e v e lo p 
m e n t  re p re s e n ts , w e  b e lie v e ,  a n  im p o r t a n t  
a v e n u e  fo r  e x p lo i t a t io n  in  th e  n e a r  fu tu r e .
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C O A C H  constru cted  in  1927 fo r th e  “ C h icag o  
a n d  N o rth  W e s te rn ”  R a ilro a d . D e s ign e d  fo r 

a  p a y lo a d  of 120 passengers an d  w ith  acco m m o d a 
tio n  fo r luggage an d  goods traffic, the  b o d y w o rk  
of th is co ach  w as  fab rica te d  in  ligh t-a lloy  sheet.

T H E  p u rp o s e  o f th is  a c c o u n t  is  n o t  to  
d e s c r ib e  in  d e ta i l  e v e r y  use w h ic h  h a s  
been  m a d e  o f l ig h t  a l lo y s  in  ro llin g -  

s to c k , t r a m c a r s ,  a n d  th e  l ik e ,  b u t  r a th e r  to  
d e a l s o m e w h a t  f u l ly  w i t h  th o se  e x a m p le s  in  
w h ic h  to t a l  s t ru c tu r e ,  o r  a t  le a s t  th e  m a in  
f r a m e ,  r ib b in g  o r  o th e r  s ig n i f ic a n t  ite m s  in  
th e  a s s e m b ly  h a v e  b een  p ro d u c e d  in  l ig h t  
m e ta ls .  I n  c o m p il in g  th is  r e v ie w  th e  a u th o r  h a s  m a d e  
a  w o r ld  s u r v e y  o f  th e  s u b je c t  a n d  c o n s id e rs  th e re fo re  
t h a t  n o  in s ta n c e s  o f  im p o r ta n c e  h a v e  b e e n  o m it te d .

I t  s h o u ld  be r e m a rk e d  th a t ,  in  d e a l in g  w i th  th e  
v a r io u s  e x a m p le s  o f  l ig h t- m e ta l  w o r k  e x a m in e d  h e re , 
n o t  o n ly  w i l l  e a c h  a s s e m b ly  be d e s c r ib e d  in  g r e a te r  
o r  less d e ta i l ,  b u t ,  fu r th e rm o re ,  th e  re a s o n s  w h ic h  le d  
to  th e  a d o p t io n  o f  l ig h t  m e ta l  w i l l  a ls o  b e  e x a m in e d . 
T h e  m a n n e r  in  w h ic h  th e  c o m p o n e n ts  w e re  assem b led^  
fo r  e x a m p le ,  w h y  in  th e  f ir s t  case  t h e y  w e re  r iv e t e d ' 
a n d  w h y ,  la t e r ,  w e ld e d  c o n s t ru c t io n  w a s  ch o se n ; 
p r a c t ic a l  d if f ic u lt ie s  e x p e r ie n c e d  d u r in g  p ro d u c t io n ;  
th e  b e h a v io u r  o f  th e  f in is h e d  a s s e m b ly  in  s e rv ic e ;  
g e n e ra l r e m a rk s  r e g a rd in g  s t r u c t u r a l  m e th o d s  a n d  
a p p l ic a t io n s  o f  l ig h t  a l lo y s ,  w i l l  a lso  b e  c o v e re d .

N e e d le s s  to  s a y ,  i t  is  n o t  p o ss ib le , e v e n  in  a  r e v ie w  
o f th is  le n g th ,  f u l ly  to  d e s c r ib e  e v e r y  s in g le  
e x a m p le  o f  l ig h t- m e ta l  s t r u c tu r e  t h a t  h a s  
b een  t r ie d  o u t  in  r a i lw a y  e n g in e e r in g .  S h o u ld  
i t  b e  d e s ire d  to  e n te r  in t o  g r e a te r  d e t a i l  in  
c o n n e c t io n  w i t h  a n y  o n e  a s p e c t ,  t i le  b ib l io 
g r a p h y  a p p e n d e d  to  t h is  a r t i c le  s h o u ld  b e  
c o n s u lte d . I n  c o n c lu d in g  th is  fo r e w o rd  th e  
a u th o r  w is h e s  t o  m a k e  i t  q u it e  c le a r  t h a t  he 
is  n o t  in d u lg in g  in  a n y  u n c r i t i c a l  p ro p a 
g a n d a  o n  b e h a lf  o f  l ig h t  m e ta ls ,  b u t  is  
m e r e ly  r e c a p it u la t in g  p ro je c t s  a l r e a d v  
r e a liz e d . T h is  h e  d o es  in  th e  h o p e  t h a t  h is  
w o rk  w i l l  p ro v e  o f  u se  to  f u r t h e r  th e  s tu d y  
a n d  d e v e lo p m e n t  o f  l ig h t - a l lo j ' ro ll in g - s to c k  
e n g in e e r in g . A l r e a d y  th e  e m e rg e n c y  c o n d i 
t io n s  o n  th e  m a in la n d  o f  E u r o p e  as  re g a rd s  
s h o r ta g e  o f  h e a v y  m e ta ls  h as  d o n e  m u c h  to  
s t im u la te  p ro g re s s  in  th is  d ir e c t io n .

Introduction
T h e  u se  o f  l ig h t  m e ta ls  f o r  ro ll in g - s to c k  

c o n s t r u c t io n  seem s, o n  e x a m in a t io n ,  to  
h a v e  h a d  it s  b e g in n in g s  f a r  b a c k  a t  a  t im e  
w h e n  th o s e  in d u s t r ie s  s p e c ia l iz in g  in  th e
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 ̂A  Review  o f  W o r ld  Practice D u r in g  the P eriod  1 9 1 0 - 1 9 4 0 , A f t e r  

' I  Hug, “ A lu m in iu m  f  1 9 4 2 , p .  3 0 9 ; 1 9 4 3 , p p .  3 0 , 3 3 1  a n d  3 9 4

p ro d u c t io n  o f s e m i- m a n u fa c tu re d  fo rm s  in  a lu m in iu m  
h a d  p ro g re sse d  l i t t l e  b e y o n d  th e  e m b ry o  s ta g e . T h e  
e a r l ie s t  a p p l ic a t io n s  (o f  w h ic h  a  fe w  d e ta i ls  a re  s t i l l  
a v a i la b le )  d a te  b a c k  t o  th e  y e a r  1904, D u r in g  1910, 
.th e  f ir s t  c o n s id e ra b le  u se  o f  th e  m e ta l  w a s  m a d e  in  
E n g la n d  w h e n  e le c t r ic  lo c o m o t iv e s  f o r  th e  L iv e rp o o l-  
S o u t h p o r t  B r a n c h  R a i l w a y  w e re  sh e e te d  w ith  
a lu m in iu m .  A c t u a l l y ,  e v e n  th e  b e g in n in g  o f th is  
a p p l ic a t io n  d a te s  as fa r  b a c k  as 1905, w h e n  th e  C h ie l 
E n g in e e r  o f  th e  L o c o m o t iv e  S e c t io n ,  G e o rg e  H u g h e s ,  
s h o w e d  th a t ,  b y  u s in g  l ig h t  m e ta l  in  th is  w a y ,  c o n 
s id e ra b le  r u n n in g  e c o n o m ie s  c o u ld  b e  e ffe c te d  in  
s e rv ic e ,  o n  th e  o n e  h a n d  d i r e c t ly  d u e  to  a  r e d u c t io n  

in  d e a d w e ig h t ,  a n d ,  s e c o n d ly ,  a s  a  r e s u lt  o f  
d e c re a s e d  c u r r e n t  c o n s u m p t io n .  T h e s e  c o n 
s id e r a t io n s  d o  n o t  ta k e  in to  a c c o u n t  
s e c o n d a r y  e c o n o m ie s  d u e  to  d e c re a se d  w e a r  
a n d  t e a r  o n  th e  p e rm a n e n t  w a y .

T h e  l ig h t - a l lo y  s h e e t  used  in  th is  p a r t i c u 
la r  in s ta n c e  h a d  a  te n s ile  s t r e n g th  o f a b o u t  
15 k g ./ m m .2 A p a r t  fro m  a  fe w  e x a m p le s  
o f  le sse r  im p o r ta n c e ,  th e  n e x t  m a jo r  
a d v a n c e s  w e re  m a d e  a f t e r  th e  1914-1918 
w a r .  T h e s e  d e ve lo p m e n ts ., in  f a c t ,  c o n t r i 
b u te d  n o t  a  l i t t l e  t o  th e  su c ce ss fu l g ro w th

(T o p , ce n tre ) T h e  b o d y w o rk  of this 
su b u rb a n  e lec tr ic  tra in , ru n n in g  o n  the  
N o rth e rn  S p a n ish  R a i lw a y  in  1927, 

w a s  sheeted  in  a lum in iu m .

A  B O V E  is sh o w n  th e  first light-m etal 
x x  su b u rb a n  co a ch  b u ilt  for th e  
N o r th e rn  F re n c h  R a ilro a d  system  in 
1923. A t  th e  le ft is i llu s tra ted  the 
lig h tw e ig h t e lectric  tractio n  un it 
o p era ted  in  1926 b y  the  “  Illino is  
C en tra lLSystem , C h icag o .

S H O W N  on  the  r igh t is a n  in terio r 
v ie w , d u r in g  th e  cou rse  of co n 

struction , of th e  p a rt ly  co ve red  fram e
w o rk  of th e  “ C h ic ag o  an d  N o rth  
W e s te rn  ”  co a ch  p ic tu red  a t th e  h ead  
o f th is  acco u n t.
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o f  th e  a lu m in iu m  in d u s t r y  g e n e r a l ly  in  th e  
c o u n t r ie s  c o n c e rn e d . C o n s id e ra b le  p io n e e r  
w o r k  in  th e  d e v e lo p m e n t  o f  l ig h t- m e ta l  
s t r u c tu r e  fo r  r a i lw a y  ro ll in g - s to c k  m u s t  b e  
c r e d it e d  to  t h é  C o m p a g n ie  d u  C h e m in  d e  
F e r  d u  N o r d ,  w h ic h ,  in  1923, in t r o d u c e d  a n  
a lu m in iu m  co a c h  fo r  p a sse n g e r  use on  
s u b u rb a n  lin e s . A f t e r  th is ,  d e v e lo p m e n t  
p ro c e e d e d  v e r y  r a p id ly ,  a n d  in  th e  fo l lo w in g  
y e a r  th e  s a m e  c o m p a n y  b u i l t  12 co a c h e s , 
e a c h  e m b o d y in g  2 .9  m e t r ic  to n s  o f  a lu 
m in iu m ;  th e se  g a v e  v e r y  g o o d  s e rv ic e .

A t  th e  s a m e  t im e ,  in  1923, im p o r t a n t  
d e v e lo p m e n ts  b e g a n  in  U . S . A .  I n  th is  y e a r  
t h e  I l l in o is  C e n t r a l  S y s t e m  h a d  b u i l t  ( b y  
th e  P u l lm a n  C a r  a n d  M a n u f a c t u r in g  C o rp . 
o f  C h ic a g o )  25 t r a i le r  c o a c h e s . T h e  use o f 
l ig h t  m e ta ls  in  th e se  g a v e  a n  im m e d ia te  
d e a d w e ig h t  r e d u c t io n  o f m o re  t h a n  5 per
c e n t .  I n  1926 th is  p a r t ic u la r  l in e  h a d  215 
co a c h e s , a l l  o f  w h ic h  e m b o d ie d  la rg e  
a m o u n ts  o f l ig h t  m e ta l,  th e  n u m b e r  b e in g  
in c re a s e d  t o  225 in  th e  p e r io d  1928-1929. 
O f  th e s e , 140 w e re  e le c t r ic  lo c o m o t iv e s .  I n  
a l l  o f  th e se  cases , r o u n d  a b o u t  2 to n s  
o f  l ig h t  m e ta l  w e re  u se d  in  e a ch  in s ta n c e ;  
th u s  th e  so -c a lle d  "  c o a c h  u n i t , ”  c o n s is t in g  
o f  o n e  lo c o m o t iv e  a n d  o n e  c o a c h  p ro p e r ,  
w a s  re d u c e d  in  w e ig h t  b y  a b o u t  7 to n s . A s  
th e se  c o a c h e s  fo rm e d ,  in  a l l ,  n o  s m a ll p a r t  
o f  th e  t o t a l  ro ll in g - s to c k  o f th e  C o m p a n y ,  
t h e  p e rc e n ta g e  s a v in g  w a s  c o n s id e ra b le .

E l e c t r i c  tra c 
t i o n  u n i t ,  w i t h  

ligh t-a lloy  doors an d  
a lu m in iu m  - co ve red  
b o d y w o rk , bu ilt for 
th e  B .B .  a n d  C . I .R .  
fo r su b u rb a n  o p era 
tion in  B o m b a y  in
1926.

D u r in g  th ese  y e a r s ,  o th e r  r a i lw a y  n e t 
w o r k s  a lso  'b e g an  to  a d o p t  l ig h t- m e ta l  
p r a c t ic e .  T h u s ,  i n  1927, th e  C h ic a g o  a n d  
N o r t h  W e s t e r n  R a i l w a y  C o m p a n y  p u t  34 
s u b u rb a n  c o a c h e s  in t o  s e rv ic e ,  fo l lo w in g  
th is  u p  w i t h  31 m o re  in  1929. T h e  to t a l  
s k in  w o r k  o f  th e se  w a s  a l l  in  l ig h t  m e ta l ,  
a n d  2 to n s  o f  a lu m in iu m  w e re  e m p lo y e d  in  
e a ch  in s ta n c e .

A l th o u g h ,  'b ro a d ly ,  th e se  d e v e lo p m e n ts  
a p p e a r  o f q u it e  a  m in o r  o rd e r ,  th e y  w e re ,  
i n  f a c t ,  o f  th e  h ig h e s t  s ig n if ic a n c e ; th e  use 
o f  l ig h t  m e ta ls  m a d e  i t  p o ss ib le  w i th  a n y  
g iv e n  lo c o m o t iv e  t o  in c re a s e  th e  n u m b e r  o f  
c o a c h e s  in  th e  t r a in  fro m  9 to  10. I n  1933 
th e  C h ic a g o - a n d  N o r t h  W e s t e r n  R a i l w a y  
C o m p a n y  h a d  in  s e rv ic e  m o re  t h a n  120 lig h t-  
m e ta l  s u b u rb a n  c o a c h e s .  T h e  r a i lw a y  s e r v in g  
th e  F o r d  W o r k s ,  th e  D e t r o it- T o le d o  a n d  
I r o n t o n  l in e ,  a ls o  c o n s t ru c te d  a  se r ie s  o f  
e le c t r ic  lo c o m o t iv e s  w i th  l ig h t  m e ta l ,  a n d  
th e  p r a c t ic e  w a s  la t e r  fo l lo w e d  b y  th e  N o r t h  
W e s t e r n  P a c i f i c  R a i l r o u t e  C o m p a n y ;  b o th  
o f  th e se  la s t- m e n t io n e d  c o n c e rn s  b u i l t  10 
e le c t r ic  lo c o s  a n d  co a c h e s .

S t r e e t  r a i lw a y s  w e re  a lso  re s p o n s ib le  fo r  
n o ta b le  d e v e lo p m e n ts .  T h e  f ir s t  a lu m in iu m  
t r a m  in  C le v e la n d ,  in  1926, s h o w e d , a s  a 
r e s u lt  o f  th e  use  o f  l ig h t  m e ta l ,  a  w e ig h t  
r e d u c t io n  o f1 30 p e r  c e n t . ,  c o m p a re d  w i t h  
th e  p r e v io u s  m o d e ls . D u r in g  1926-27, to o , 
d e v e lo p m e n ts  a lso  m a d e  h e a d w a y  in  E u r o p e .

rT ’H E  tw o  p ick-u p  shoes sh o w n  a t th e  left an d  centre, a re  in  lig h t m etal an d  w ere  
I  in  use on  th e  M a d r id  u n d erg ro u n d  lin e  in  1925. T h e  a lum in iu m -a llo y  p ick -u p  at 

th e  righ t w as em bod ied  in  th e  ‘ ‘ C h ic ag o  a n d  N o rth  W e s t e r n "  co a ch  illu stra ted  on  the  
o pen in g  page o f th is  rev iew .
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th o se  in  c o p p e r .  A l t h o u g h  th e  w e ig h t  
s a v e d  in  t h is  w a y  w a s  o f  a  c o m p a r a t iv e ly  
m in o r  o rd e r , i t  w a s , n e v e r th e le s s ,  in  so  fa r  
a s  i t  re p re s e n te d  a  r e d u c t io n  in  u n s p ru n g  
lo a d , q u it e  w e lc o m e . I n  th e  s a m e  p e r io d , 
a lu m in iu m  b e g a n  to  b e  in t ro d u c e d  in  th e  
s u b u rb a n  t r a in s  in  th e  T r o p ic s ;  th u s  th e  
e le c t r ic  lo c o m o t iv e s  o n  th e  B o m b a y - B a r o d a  
a n d  C e n t r a l  I n d i a  R a i l w a y  w e re  p r o v id e d  
w i t h  d o o rs  c a s t  in  A lp a x .  T h e s e  d o o rs , b y  
th e  w a y ,  h a d  a n  e f fe c t iv e  w id t h  o f  1,676 m m . 
a s  d id  a ls o  th o s e  u sed  o n  th e  c o a c h e s  o f  th e  
N o r t h e r n  S p a n is h  r a i lw a y  p r e v io u s ly  re fe r re d  
to .  A n  a p p l ic a t io n  o f  a  d if f e r e n t  t y p e ,  b u t  
c o n c e rn in g  a lso  a  m o v in g  p a r t ,  re fe rs  t o  th e  
use o f a lu m in iu m  in  c o l le c to r  a rm s  fo r  e le c 
t r ic  lo c o m o t iv e s  s u p p lie d  b y  m e a n s  o f 
o v e rh e a d  w ire s .

F i n a l l y ,  i t  m ig h t  a ls o  b e  n o te d  th a t ,  e v e n  
m a n y  y e a r s  b e fo re  th e  o u tb r e a k  o f th e  f ir s t  
W o r ld  W a r ,  th e  m a jo r i t y  o f  t r a m s  in  Z ü r ic h  
a n d  in  s u c h  G e r m a n  to w n s  a s  S t u t t g a r t  w e re  
p ro v id e d  w i t h  a lu m in iu m - s h e e t- c o v e re d  
b o d y w o r k .  W h e r e  s u c h  b o d y w o r k  w a s  c o r 
r e c t ly  c a r r ie d  o u t ,  i t  p ro v e d  it s e lf  e m in e n t ly  
s a t is fa c to ry " . I n  1927-28, in  Z ü r ic h ,  th e

E L E C T R I C  trac tio n  un it, " s e r ie s  1,201," fo r su b u rb an  use  on  th e  Illin o is  C e n tra l System , 
C h icag o , 1926. (S e e  fu rth e r illu stra tion  w ith  regard  to Illin o is  C en tra l System , on  the  

o p en in g  pages o f th is a cco u n t.)

A  S p a n is h  c o n c e rn ,  C o m p a ñ ía  d e  los 
C a m in o s  d e  H ie r r o  d e l N o r t e  d e  E s p a ñ a ,  
c o n s t ru c te d  e le c t r ic  lo c o m o t iv e s  fo r  th e  B a r -  
c e lo n a - M a n re s a  a n d  th e  S a n  S e b a s t ie n - Iru n  
s u b u rb a n  lin e s , th e  o u te r  a n d  in n e r  s k in s  o f 
w h ic h  w e re  in  l ig h t- m e ta l  sh e e t . T h e s e  
lo c o m o t iv e s  w e re  b u i l t  in  t h e  D e s ie r to  w o rk s  
o f  th e  S o c ie d a d  E s p a ñ o la  d e  C o n s t ru c c ió n  
N a v a l  a t  B i l b a o .  I n  1927, a ls o , w e re  p u b 
l is h e d  th e  re s u lt s  in  in v e s t ig a t io n s  o f  th e  
M e ta l lg e s e l ls c h a f t  F r a n k f u r t  a . M .  H e r e  w a s  
su g g e s te d  th e  c o n s t r u c t io n  o f  a l l- a lu m in iu m  
e le c t r ic  lo c o m o t iv e s  fo r  th e  s u b u rb a n  n e t 
w o rk  in  B e r l in .

S u c c e s s fu l a t t e m p ts  w e re  m a d e  d u r in g  th e  
y e a r s  1925-26 to  e m p lo y  a lu m in iu m  in  th e  
c o m p o n e n t  p a r ts  o í  e le c t r ic a l  a p p a ra tu s .  
T h u s  a  n u m b e r  o f  t r a m s  in  I s t a n b u l  a n d  in  
B u e n o s  A ir e s  w e r e  f i t t e d  w i t h  m o to rs  f e a t u r 
in g  a lu m in iu m  r o t o r  w in d in g s  in  p la c e  o l

T R A I L E R  p latform  on Z ü r ic h  tram- 
car, 1927. T h is  constitu tes an  ea rly  

exam ple  of all- light-alloy construction .

S H O W N  in  course o f co nstru ctio n  he re  is 
th e  light-m etal roofing  for th e  co aches of 

th e  Illin o is  C en tra l System .
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I N T E R I O R  v ie w  of 
1 “ Illin o is  C e n t ra l”  
co a ch  (illu s tra ted  on  
p r e c e d i n g  pages) 
a fte r com pletion  of 
roof, up ho lste ry , etc.

D I C T U R E D  here 
I  is  t h e  p a r t l y  
sheeted  b o d y w o rk  of 
th e  co ach , a n  in terio r 
v ie w  of w h i c h  is  
p r e s e n t e d  at th e  
h e ad  of th is  page.

/ T E W ,  from  be lo w , o f elec- 
V  trie tractio n  un it, sh o w in g  

com ponents o f b ra k in g  system  
a n d  lig h t - a llo y  co n d u it fo r 
e lec tric  cables;

f r a m e w o r k  o f  t r a m w a y - t r a i le r  p la t fo rm s  w a s  
a lso  c o n s t ru c te d  in  l ig h t  m e ta l.

T h e  g re a te r  n u m b e r  o f  th e  a p p l ic a t io n s  so  
f a r  d e s c r ib e d , to g e th e r  w ith  o th e rs ,  h a v e  
a l r e a d y  b e e n  re fe r re d  to  in  th e  
o p e n in g  p a ra g ra p h s .  I n  a d d i 
t io n ,  su c h  c o m p o n e n ts  a s  f r a m e 
w o rk  fo r  s e a ts , lu g g a g e  ra c k s , 
v e n t i la to r s ,  g ra b  ra i ls ,  d o o rs ,

A c c o r d in g  to  a  r e p o r t  issu ed  in  1928 b y  th e  
V ic e - P r e s id e n t  o f  th e  I l l i n o is  C e n t r a l  R a i l 
r o a d  C o m p a n y ,  th e  u se  o f  l ig h t- m e ta l  ro llin g -  
s to c k  h a d  p ro v e d  n e c e s s a ry  in  o rd e r  to

a n d  so  o n , w e re  a ls o  p ro d u c e d  
in  a lu m in iu m  a l lo y .

W e  w i l l  n o w  c o n s id e r  in  
g r e a te r  d e t a i l  th e  use  o f  a lu 
m in iu m  c o n s t r u c t io n  fo r  th e  
215 e le c t r ic  lo c o m o t iv e s  a n d  
p a s s e n g e r  v e h ic le s  m a d e  f o r  th e  
I l l i n o i s  C e n t r a l  s y s te m , C h ic a g o ,  in  1924-26. 
I n c id e n t a l ly ,  i t  s h o u ld  b e  m e n t io n e d  in  th e  
f ir s t  p la c e  t h a t  th e  s t ru c tu r e s  to  be 
d e s c r ib e d  w e re  n o t  e n t ir e ly  in  l ig h t  m e ta l.

a c h ie v e  e c o n o m ic  r u n n in g .  A  t r a in  u n it  
c o n s is t in g  o f  o n e  lo c o m o t iv e  a n d  o n e  c o a c h  
w a s  d e s ig n e d  f o r  a  n o r m a l  r u n n in g  sp e ed  o f 
90 k ilo m s .  p e r  h o u r ,  w it h  a n  a c c e le r a t io n  o f



B E L O W .  A  fu rth e r  v ie w  
of p a r t ly  f in ish ed  s tru c 

tu re  (in te r io r ) o f th e  co ach  
illu stra ted  a t th e  h e ad  of 
th e  p re ced in g  p ag e of th is 
accoun t.

A B O V E  is one of the  
- first e ig h t co ach es  

for passenger traffic co n 
structed  en tire ly  in  light 
a llo ys  fo r the  P e n n s y l
v a n ia  R a ilro a d  in  1926. 
T h e  b o d y w o rk  is here 
sh o w n  in  p a r t ly  fin ish ed  
state.

w a s  a c h ie v e d ,  th is  
r e p re s e n t in g  a  w e ig h t-  
s a v in g  o f 6 .7  p e r  c e n t .
W h e n  th e  s y s te m  w a s  
e le c t r i f ie d ,  f u r t h e r  
im p ro v e m e n ts  w e r e  
e f fe c te d  a n d  25 co a ch e s  
w e re  b u i l t  a c c o rd in g  
to  th e  n e w  s y s te m ; o f 
th e se , th e  fo l lo w in g  
p a r t s  w e re  p ro d u c e d  in  l ig h t  a l l o y : T h e  
c o m p le te  r o o f  s t r u c tu r e  in  sh e e t a n d  se c t io n  
in  1 7 S T ; a l l  in t e r n a l  p a n e ll in g  a n d  f i t t in g s ;  
a l l  d o o rs  (22  p e r  u n it ) ;  c o n d u it  fo r  th e  e le c 
t r i c a l  s y s te m ; te le s c o p ic  in te r c o a c h  c o n n e c 
t io n ;  a n d  m is c e lla n e o u s  c o m p o n e n ts  s u c h  as 
c h a i r  fra m e s , w in d o w  f i t t in g s ,  w in d o w  
fa s te n in g s , a n d  th e  l ik e .

C a r e fu l  c a lc u la t io n s  m a d e  in  s u b s e q u e n t  
y e a rs  s h o w e d  a n  a n n u a l  s a v in g  in  r u n n in g  
c o s ts  o f  190.3 d o l la r s  p e r  c o a c h  u n it  ( i .e . ,  o n e  
c o a c h , p lu s  o n e  lo c o m o t iv e ) .  H a d  a l l  o f  
th e se  c o a c h e s  b e e n  b u i l t  o f  s te e l,  e le c t r ic i t y

p e r io d  in  c o n n e c t io n  w i t h  a  s te a m  lo c o m o 
t iv e .  I t  w a s  e x h ib it e d  fo r  th e  R . S . M . A .  
C o n v e n t io n  a t  th e  te rm in u s  o f  th e  P h i la -  
d e lp h ia - R e a d in g  l in e .

T h e  e a r l ie s t  e x a m p le  o f  a  c o a c h  s h o w in g  
e n t ir e  a lu m in iu m  c o n s t r u c t io n  is fu rn is h e d  
b y  th e  P e n n s y lv a n ia  R a i l r o a d ,  w h ic h ,  in  
1926, h a d  e ig h t  o f  t h is  t y p e  in  th e  s e rv ic e ;  
th e se  w e re  in te n d e d  to  b e  h a u le d  b y  a n  e le c 
t r i c  lo c o m o t iv e .  C o a c h e s  w e re  b u i l t  in  th e  
c o m p a n y ’s o w n  sh o p s , a n d  e a c h  e n ta i le d  th e  
use  o f  a b o u t  9 to n s  o f  l ig h t  m e ta l ,  t h is  r e p re 
s e n t in g  a  r e d u c t io n  in  d e a d w e ig h t  o f  10.5 p e r
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0 .67  m e tre  p e r  s e c o n d  p e r  se c o n d , a n d  a  
d e c e le ra t io n  o n  b r a k in g  o f 0 .78  m e tre  p e r  
s e c o n d  p e r  se co n d .

I n  1922, b e fo re  th e  in t r o d u c t io n  o f e le c 
t r i c  lo c o m o t iv e s ,  20 c o a c h e s  w e re  b u i l t  in  
a ll- s te e l c o n s t r u c t io n ,  e a c h  c o a c h  w e ig h in g  
43 to n s . I n  th e  p e r io d  1923-24, a  fu r th e r  25 
c o a c h e s  w e re  b u i l t ,  in  w h ic h ,  b y  th e  u se  o£ 
a lu m in iu m ,  a  w e ig h t  o f  40 to n s  p e r  c o a c h

c o s t  a lo n e  w o u ld  h a v e  in c re a s e d  b y  260 .62  
d o l la r s  p e r  y e a r ,  th is  c o r re s p o n d in g  to  m o re  
t h a n  tw o - th ird s  o f  th e  n o rm a l a m o r t iz a t io n  
c o n s e q u e n t  u p o n  t h e  s o m e w h a t  h ig h e r  firs t 
c o s t  o f  th e  a lu m in iu m  used . A p a r t  fro m  
th is ,  th e  in c re a s e d  c o r ro s io n  re s is ta n c e  o f th e  
l i g h t  a l lo y s  r e s u lt e d  in  a  lo n g e r  s e rv ic e  l.ife 
fo r  th e  c o a c h e s , w h ic h  a re  s t i l l  g iv in g  s a t is 
f a c t o r y  s e rv ic e  u n d e r  n o rm a l c o n d it io n s .

T h e  in t r o d u c t io n  o f 
l ig h t  m e ta ls  in  t h is  c o n 
n e c t io n  w a s  p a r t l y  th e  
r e s u lt  o f  c lo s e  co - o p e ra 
t io n  w i t h  A lc o a ,  w h ic h  
w a s  re s p o n s ib le  fo r  th e  
d e v e lo p m e n t  o f  th e  n e c e s 
s a r y  p r e fa b r ic a te d  m e ta l .  
T h e  f i r s t  a l u m i n i u m  
c o a c h .  N o .  1,334, b u i l t  
fo r  th e  I l l i n o i s  C e n t r a l  in  
1924 w a s  re p a in te d  in  
M a y ,  1928. h a v in g  b e en  
u sed  fo r  th e  in t e r v e n in g
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c e n t . ,  a s  c o m p a re d  w i t h  s te e l c o n s t r u c t io n .  
O n lv  th e  b o g ie s  o f  th e se  c o a c h e s  c o n s is te d  
o f  th e  o r d in a r y  s te e l a s se m b lie s . T h e  f r a m e 
w o r k  w a s  e n t i r e ly  in  1 7 S T  h e a t- tre a te d . 
P r o lo n g e d  in v e s t ig a t io n  h a d  s h o w n  t h a t  n o  
b a d  e f fe c ts  w e re  to  b e  a n t ic ip a t e d  a s  a  r e s u lt  
o f e x p o s u re  to  w e a th e r ,  a n d  in  o p e ra t io n  
th e  re s u lts  o f  th e  in v e s t ig a t io n  w e re  f u l ly  
b o rn e  o u t .

L a t e r ,  th e  P e n n s y lv a n ia  R a i l r o a d  used  a lu 
m in iu m  in  o th e r  c o n n e c t io n s ,  in c lu d in g  e le c 
t r i c  lo c o m o t iv e s  a n d  t r u c k s  fo r  o re . In  
1930, th e  D e la w a r e - L a c k a w a n n a  a n d  
W e s t e r n  R a i l r o a d  C o m p a n y -  in s ta l le d  141 
e le c t r ic  lo c o m o t iv e s ,  w h ic h  w e re  c o n 
s t ru c te d  b y  th e  P u l lm a n  C a r  a n d  M a n u fa c 
t u r in g  C o m p a n y .  I n  th e se  th e  ro o f  s t r u c 
tu re ,  d o o rs , a n d  in n e r  l in in g s  w e re  a l l  in  
a lu m in iu m  a l lo y s ,  a s  in  t h e  c a s e  o f  th e  
I l l i n o i s  R a i l r o a d  co a c h e s . I n  c o n s t ru c t io n  
a n d  a p p e a ra n c e  t h e y  w e re  s im ila r  t o  th e  
I l l i n o i s  lo c o m o t iv e s ,  a n d  w e ig h e d  66 .75  to n s  
e a c h , o r  a p p r o x im a t e ly  10 p e r  c e n t ,  m o re  
th a n  th e  c o r re s p o n d in g  I l l i n o i s  lo c o m o t iv e s ,  
in  s p ite  o f  th e  f a c t  t h a t  th e  l a t t e r  w e re  
s o m e w h a t  lo n g e r .

I n  1929, th e  C h ic a g o  a n d  N o r th - W e s t e r n  
R a i l r o a d  in s ta l le d  25 p a sse n g e r c o a c h e s  in  
l ig h t - a l io y  c o n s t r u c t io n  fo r  o p e ra t io n  w i t h  a  
s te a m  lo c o m o t iv e .  T h e  w e ig h t  o f  e a c h  
c o a c h  w a s  a b o u t  45 to n s .  I t  w i l l  b e  
o b s e rv e d  t h a t  A m e r ic a n  ro ll in g - s to c k , e v e n

w h e n  c o n s t ru c te d  w i t h  l ig h t  m e ta ls ,  is  s t i l l  
so  d e s ig n e d  as  to  b e  c o m p a r a t iv e ly  h e a v y  
w h e n  c o m p a re d  w i t h  E u r o p e a n  s ta n d a rd s .

In  th e  s u m m e r  o f 1929, th e  F r e n c h  S t a t e  
R a i lw a y s  h a d  u n d e r  c o n s t r u c t io n  300 p a s s e n 
g e r  c o a c h e s  fo r  s u b u rb a n  o p e ra t io n ;  in  th e se , 
v e r y  c o n s id e ra b le  use w a s  m a d e  o f a lu 
m in iu m .  T h e y  w e re  r e q u ir e d  fo r  th e  
e le c t r if ie d  s y s te m  o p e ra t in g  fro m  P a r i s  
w e s tw a rd s .  A l l- a lu m in iu m  c o n s t r u c t io n  w a s  
n o t  used , l ig h t  m e ta l  b e in g  c o n f in e d  t o  th e  
in n e r  a n d  o u te r  c o v e r in g s  o f th e  b o d y w o r k  
a n d  to  th e  ro o f .  A  n e t  s a v in g  o f  2 .2  to n s  
in  d e a d w e ig h t  w a s  a c h ie v e d  p e r  c o a c h , 
1,500 k g . o f  l ig h t  a l lo y  b e in g  u sed  to  
r e p la c e  3 ,7 0 0  k g . o f  s te e l. I n  a ll- s tee l c o n 
s t r u c t io n ,  e a ch  c o a c h  h a d  a  w e ig h t  o f  40 ,37 0  
k g . O n e  h u n d re d  a n d  t w e n t y  o f th e  c o a c h e s  
b e lo n g e d  to  th e  C.( t y p e  w i t h  th re e  th ird - c la s s  
s e c t io n s  a n d  80 to  th e  C . . E  t y p e ,  th ird - c la s s  
w i t h  lu g g a g e  v a n .  T h e s e  (co ach es  w e re  
d e s ig n e d  to  t r a v e l  in  e ith e r  d ir e c t io n  a n d  
w e re  p ro v id e d  a t  e a c h  e n d  w i t h  a c c o m m o 
d a t io n  f o r  a  g u a rd . I n  F r a n c e  o th e r  s to c k  
c a p a b le  o f  r u n n in g  in  e i th e r  d ir e c t io n  
fo u n d  e x te n s iv e  use  fo r  s u b u rb a n  s e rv ic e .  
B e a r in g  in  m in d  th e  in f e r io r  m a n o e u v r in g  
c a p a c i t y  o f  s te a m  lo c o m o t iv e s  as  c o m 
p a re d  w i th  th e  h ig h  f l e x ib i l i t y  o f  th e  e le c t r ic  
t y p e ,  th e  d e a d w e ig h t  r e d u c t io n  o f  5 .5  p e r  
c e n t ,  a c h ie v e d  b y  l ig h t- m e ta l  c o n s t ru c t io n  
c o n t r ib u te d  in  n o  s m a ll d e g ree  to  im p r o v in g

P A R T I A L L Y  d im ensio ned  ske tch  of th e  e lectric  tra ctio n  u n it  b u ilt in  1926 fo r the  
P e n n s y lv a n ia  ra ilro ad . T h is  constitu tes one of th e  earliest exam ples of th e  rea lly  

ex tens ive  u se  of ligh t m etals in  ro lling-stock construction .
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A U X I L I A R Y  co a c h  w ith  light-m etal c la d  b o d y w o rk  a n d  light-m etal roof b u ilt in  
1929 fo r th e  F re n c h  S ta te  R a ilw ay s .

th e  o p e ra t io n  o f th e  s te am  t y p e .  In c id e n t 
a l l y ,  th e  c o a c h e s  w e re  so  c o n s t ru c te d  t h a t  
th e y  w o u ld  b e  a b le ,  a t  a  la t e r  d a te ,  to  b e  
u sed  in  c o n ju n c t io n  w i t h  th e  a l l- e le c t r ic  
s y s te m .

T h e  m a t e r ia ls  used  in  th e  co a ch e s  c o n 
s is te d  p r in c ip a l l y  o f  a n  a lu m in iu m - c o p p e r-  
m a g n e s iu m  a l lo y  t o  th e  e x te n t  o f  1,040 k g . 
p e r  c o a c h , u n a l lo y e d  a lu m in iu m  to  th e

e x te n t  o f  450 k g . p e r  c o a c h , a n d  v a r y in g  
a m o u n ts  o f  a lu m in iu m  s i l ic o n  a n d  o th e r  
a l lo y s .  S o m e  d e ta i ls  in  c o n n e c t io n  w i t h  th e  
s h e e t  m a t e r ia l  u sed  a re  o f  in te r e s t .  F o r  th e  
in n e r  l in in g s  1.3 m m . a lu m in iu n i- c o p p e r-  
rn a g n e s iu m  sh e e t w a s  e m p lo y e d  in  p la c e  o f 
1 m m . s te e l sh e e t. I n t e r n a l l y ,  t h e  r o o f  w a s  
l in e d  w i t h  h a lf- h a rd  a lu m in iu m  sh e e t
1.3 m m . t h ic k ,  w h i ls t  t h e  o u te r  r o o f  
c o v e r in g  c o n s is te d  o f  2  m m . a lu m in iu m -  
c o p p e r- m a g n e s iu m  in  p la c e  o f  th e  2 m m . 
s te e l f o r m e r ly  e m p lo y e d . A l l  d o o rs  w e re  
c a s t  in  a lu m in iu m  s il ic o n , th e  w e ig h t  o f  th e  
d o o rs  b e in g  a b o u t  tw o - th ird s  t h a t  o f  th o se  
o f fo r m e r  c o n s t r u c t io n ,  t h a t  is , 49 k g . 
in s te a d  o f 69 k g .  A m o n g s t  th e  c o n c e rn s  
re s p o n s ib le  fo r  th e  c o n s t ru c t io n  o f th e  
c o a c h e s  w e re  T a lb o t  A a c h e n ,  E n t r e p r is e s  
In d u s t r ic l le s  C h a re n ta is e s ,  A t e l ie r s  de C o n 
s t r u c t io n  d u  N o r d  d e  la  F r a n c e  ( B la n c -  
M is s e r o n ) ,  C a re l  a n d  F o u c h e .

T h e  G e r m a n  S t a t e  R a i lw a y s  h a d ,  fo r  som e 
15 y e a r s  p r io r  to  1931, b e en  in v e s t ig a t in g  
th e  s e r v ic e a b i l i t y  o f  l ig h t- m e ta l  ro ll in g - s to c k  
o n  s u b u rb a n  l in e s  in  a n d  a ro u n d  B e r l in .  
F o u r  u n its  c o n s is t in g  e a ch  o f a  lo c o m o t iv e  
a n d  a  c o a c h  h a d  been  c o n s t ru c te d ,  tw o  b y  
th e  W a g g o n f a b r ik  W e g m a n n  a n d  C o . ,  o f

I L L U S T R A T E D
I  a b o ve  is the  p a r 
t ia lly  fin ish ed  roof 
s t r u c t u r e  of the  
F re n c h  co a ch  p ic 
tu red  at the h ead  of 
th is  page, w h ils t a t 
th e  righ t is sh o w n  a n  
in te r io r v ie w  o f the  
sam e u n it  in  course 
o f constru ctio n .
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A T  the  left. Ex-  
• pe rim en ta l co m 

b in e d  tractio n  u n it  
an d  passen ger co ach  
b u ilt fo r th e  B e r lin  
S ta te  R a ilw a y .  T h e  
structu re  m akes ex 
ten s ive  use  o f ligh t 
m etals.

B e l o w .  t wo
v i e w s  of t h e  

fram e o f th e  ex p eri
m enta l lig h t - m etal 
bogie  co n stru cted  in  
B e r lin  in  1926. It 
w e igh s  750 kg.

K a s s e l ,  a n d  tw o  b y  
t h e  L in k c - H o f-  
m a n n - B u s c h  c o n 
c e rn  o f  B a u t z e n .
H o w e v e r ,  th e  S t a t e  
R a i lw a y s  h a d  d e 
c id e d  in  1927 t h a t  
th e  use o f  a lu 
m in iu m  a l lo y s  in  
p la c e  o f  s te e l fo r  
h  e a  v  y  r a i lw a y  
e n g in e e r in g  s t r u c 
tu re s  c o u ld  n o t  b e  
c o n s id e re d  a s  d e s ir- 1 
a b le ,  in  s p ite  o f  
th e  f a c t  t h a t ,  in  
th e  U . S . A . ,  co a ch e s  
o f  e n t ir e  lig h t-  
m e ta l  c o n s t ru c t io n  
w e re  a l r e a d y  in  
o p e ra t io n  a t  th is  
d a te ;  b u t  th e y  h a d  
n o t  b e e n  lo n g  
e n o u g h  in  s e rv ic e  
to  e n a b le  t h e ir  r u n n in g  q u a l i t ie s  f u l l y  to  
b e  assessed .

I n  t h e  fo u r  e x p e r im e n ta l  c o a c h e s  re fe r re d  
to ,  th e re fo re ,  i t  w a s  d e c id e d  to  e m p lo y  s te e l 
fo r  th e  u n d e r- fra m e  cro ss- m e m b ers , f o r  th e  
p r in c ip a l  lo n g itu d in a l  m e m b e rs , a n d  t h e ,  
p r in c ip a l  c ro ss- m e m b e rs  a s  w e ll  a s  f o r  th e  
b o g ie  a sse m b lie s . E x p e r im e n t a l  b o g ie s , 
n e v e r th e le s s  w e re , p r e v io u s ly ,  a c t u a l l y  
d e s ig n e d  a n d  m a d e  in  l ig h t  a l lo y .

T h is  a t t i t u d e  n e c e s s ita te d  m a n y  im p o r t a n t  
m o d if ic a t io n s  in  th e  p la n  a s  o r ig in a l ly  c o n 
c e iv e d , a n d  c o n s id e ra b le  d e la y  in  th e  r e a l 
iz a t io n  o f  th e  s c h e m e  re s u lt e d ,  m o re  p a r t i c u 
l a r l y  a s  l i t t l e  e x p e r ie n c e  w a s  a v a i la b le  
r e g a rd in g  l ig h t - a l lo y  s t ru c tu r e s .  T h e  f ir s t  
u n it  w a s  r e a d y  in  1931 a n d  m a d e  it s  t r ia l  
ru n  m  M a r c h  o f  t h a t  y e a r .  A t  b o th  en d s  o f 
e a ch  u n it  o n  th e se  m o d e ls  w a s  p ro v id e d  a 
g u a r d ’s c o m p a r tm e n t .  T h e  n o r m a l  o p e r a t in g  
u n i t  o n  th e  s v ts e m  c o n s is te d  o f  tw o  c o a c h e s

c o u p le d  to g e th e r  in  th e  u s u a l w a y ,  th e  u n its  
th e m s e lv e s  b e in g  th e n  c o u p le d  to g e th e r  w i t h  
a  S c h a r fe n b e rg  c o u p l in g .  F o r  b o th  lo c o m o 
t i v e  a n d  c o a c h  b o g ie  c o n s t r u c t io n  w a s  
s im ila r ,  th e  o n ly  d if fe re n c e  b e in g  t h a t  th e  
lo c o m o t iv e  b o g ie s  c a r r ie d  th e  m o to rs  
a n d  d r i v in g  g e a r . S u b - d iv is io n s  in  th e  
c o a c h e s  w e re  a l l  s im ila r .  C e r t a in  co a ch e s , 
n o r m a l l y  u se d  as  a d d it io n s  to  t r a in s  o f  
o r d in a r y  m a k e - u p , w e re  n o t  p ro v id e d  w ith  
g u a r d ’s c o m p a r tm e n ts ;  in  s u c h  cases , s e a t in g  
a c c o m m o d a t io n  w a s  th e  s a m e  a t  b o th  en d s .

I n  t h e  fo l lo w in g  w i l l  b e  p re s e n te d  a  c o m 
p a r is o n  b e tw e e n  th e se  e x p e r im e n ta l  c o a c h e s  
a n d  lo c o m o t iv e s  ( T y p e  B ) ,  a n d  th o se  o f  
n o rm a l s te e l c o n s t r u c t io n  ( T y p e  A ) .  
F u r t h e r ,  a g a in  fo r  c o m p a r is o n ,  d e ta i ls  w i l l  
■be g iv e n  o f  thje p ro p o s e d  a ll- l ig h t- m e ta l  
t y p e  ( T y p e  C ) .  I n  c o n s id e r in g  th e  m o t iv e  
p o w e r  re q u ire d  f o r  T y p e  C , i t  s h o u ld  be 
b o rn e  in  m in d  t h a t  th e  m asses  r e q u ire d  to
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T o rs io n a l f lu c tu a tio n s  fro m  an in te rn a l co m b u s t io n  e n g in e  are 

f r e q u e n t ly  o f such  a m p litu d e — and In v o lv e  such  s tre sses— as to  

be b eyond  th e  cap ac ity  o f  o rd in a ry  m echan ica l e la s t ic  coup lings. 

T h e  so lu t io n  to  such p ro b le m s  lies in th e  use o f th e  M e ta la s t ik  

p a te n t M ago  co up ling . In  th is , ru b b e r  cu sh ion s o f e sp e c ia lly  de

s ign ed  co n fig u ra tio n , a re  fo rm e d  in te g ra lly  w ith  th e  d r iv in g  and 

d r iv e n  m e m b e rs  by m eans o f  th e  M e ta la s t ik  rub b er- to-m eta l w e ld . 

H e a v y  load capac ity , w ith  a co n s id e rab le  d e g ree  o f d e fle c t io n , is 

p e rm it te d , w ith  a p ro g re ss iv e  c o n tro l and an in h e re n t  dam p ing  

ac tio n . C o m b in e d  w ith  th e se  advan tages is a d iffe re n t c h a ra c te r 

is t ic  o n  th e  o ve r- ru n  and a p o s it iv e  d r iv e  in th e  u n lik e ly  e v e n t 
o f th e  ru b b e r  failing .

T h e se  co u p lin g s  a re  m ad e in  an e x te n s iv e  range  w h ic h  in c lud es 

sm all 3-lobe co u p lin g s  fo r  d r iv in g  a u x i l ia r ie s :  th e y  a re  a va ila b le  

to  co p e  w ith  an y  d e s ire d  fre q u e n cy  o r  a m p litu d e  o f v ib ra t io n , 

and in n a tu ra l o r  s y n th e t ic  ru b b e r  as m ay be re q u ire d .

T h e  s e r v i c e s  o f  o u r  e n g i n e e r s  a r e  a t  y o u r  d i s p o s a l .

Metc/i'ustik Ltd., Leicester.
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Constructional details Type A Type B Type C

Motors

Drive ratio 
Maximum speed 
Compressed-air brakes

Weight per unit 
Coach body, without electric fittings
Bogie, without transmission .................................
Electrical equipment, including motors and gearing .. 
Total unladen weight..
Weight per passenger ...........................................

4 motors each 
100 kW. 800 r.p.m.

1 : 4.25 
80 km. hr. 

Knorr system 14- 
operator after ea

32.8 tons 
21.2 tons
10.6 tons
64.6 tons 

214 kg.

4 motors each 
100 kW. 800 r.p.m.

1 : 4.25 
80 km. hr. 

in. cylinder self-act 
ch application of bra

26.3 tons 
21.2 tons 
10.6 tons 
58.1 tons 

193 kg.

4 motors each 
70 kW.

80 km./hr. 
ng load regulator

<e

17.0 tons
15.0 tons 
8.8 tons

40.8 tons 
133 kg.

u n d e rg o  a c c e le r a t io n  a re  c o n s id e r a b ly  
s m a lle r  th a n  in  T y p e s  A  a n d  B .  I n  th e  case  
o f  T y p e  B  i t  w a s  n o t  c o n s id e re d  s o u n d  
e c o n o m y  to  in s t a l l  lo w e r  p o w e r  m o to rs  a n d  
a  g e n e r a l ly  l ig h t e r  a s s e m b ly ,  fo r  th is  g ro u p

I n  p o in t  o f  fa c t ,  a s  o n ly  th e  c o a c h  f r a m e 
w o rk  w a s  e n t ir e ly  re d e s ig n e d , a  c o m p a r is o n  
o f  w e ig h ts  s h o u ld  r e a l ly  b e  e f fe c te d  f r o m  th is  
s ta n d p o in t  a lo n e ; u p o n  th is  b a s is  d e a d 
w e ig h t  is  re d u c e d  f r o m  a  f ig u re  o f  3 2 .8  to n s

S H O W N  a b o ve  is the  light-m etai sup p ort fo r the  
a ir-b rake  com pressor a n d  a u x ilia ry  a p p a ra tu s  

a tta ch e d  to th e  experim enta l e lectric  tra c tio n  u n it 
co n stru cted  fo r th e  B e r lin  S ta te  R a ilw a y s . A t  th e  left 
is a n  in ter io r v ie w  sh o w in g  th e  system  of stiffeners fo r 
th e  co a ch  s id e  w a lls  a n d  a lso  p a rt o f th e  ro o f stru c tu re  
o n  th e  sam e experim en ta l co ach . B e lo w  is sh o w n  a n  
in ter io r v ie w  of th e  ex perim en ta l co a c h  d u r in g  the  
co u rse  of construction .

w a s , a f t e r  a l l ,  c o n 
s t ru c te d  fo r  p u r e ly  
e x p e r im e n ta l  p u rp o se s . 
H o w e v e r ,  w h i ls t  C la s s  
A  in  s te e l h a d  a  d e a d 
w e ig h t  o f  6 4 .6  to n s , 
C la s s  B  g a v e  a  c o r 
r e s p o n d in g  f ig u re  o f  
o n ly  5S.1  to n s , th is  
r e p re s e n t in g  a  s a v in g  
o f  6 .5  to n s  p e r  u n it ,  
w h ic h  is  n o t e w o r th y  
in  v ie w  o f  th e  la rg e  
a m o u n t  o f  s te e l re 
ta in e d  i n  t h e  
a s s e m b ly .  S a v in g  in  
d e a d w e ig h t ,  a m o u n te d  
to  10 p e r  c e n t .
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T h is  w a s  n e c e s s a ry  in  
o rd e r  to  in t e r p r e t  
m o s t  e c o n o m ic a lly  th e  
s t a t ic s  o f  th e  s t ru c 
t u r e  a n d  t o  e n a b le  th e  
m e c h a n ic a l  a n d  p h y s i 
c a l  p ro p e r t ie s  o f  th e  
l ig h t  a l lo y s  t o  be 
u t i l iz e d  in  th e  b e s t 
p o ss ib le  m a n n e r .  D u e  
c o n s id e r a t io n  m u s t  be 
g iv e n  to  th e  t a c t  t h a t  
d im in u t io n  in  m ass  
h a s  a  c o n s id e ra b le  
e f fe c t  o n  th e  s ta t ic  
a n d  d y n a m ic  fo rce s  to  
w h ic h  a  m o v i n g  
v e h ic le  is  s u b je c t ;  fo r  
th is  re a s o n  c e r ta in  
fu n d a m e n ta l  p  r  i  n- 
c ip le s  h a d  to  be 
in v e s t ig a te d .

I n  th e  c o n s t ru c t io n

C H O W N  in  th e  u p p e r an d  
A  lo w e r  illu s tra tion s  a t th e  
r ig h t a re  in te r io r  v iew s  of 
th e  first- an d  second-class 
passen ge r com partm ents in  
th e  a u x ilia ry  co a ch  p re 
v io u s ly  referred  to.

48 p e r  c e n t ,  fo r  t h e  c o a c h  
b o d y ,  28 p e r  c e n t ,  fo r  th e  
b o g ie s , 18 p e r  c e n t ,  fo r  
e le c t r ic a l  e q u i p m e n t ,  
a n d  a  t o t a l  r e d u c t io n  o f 
37 p e r  c e n t ,  fo r  th e  c o m 
p le te  u n it .  N a t u r a l l y  
e n o u g h ,  th e se  f ig u re s  
c o u ld  n o t  b e  a t t a in e d  
m e r e ly  b y  t h e  s im p le  
r e p la c e m e n t  o f  s te e l b y  
a lu m in iu m ;  t h e y  r e q u ire d  
th e  e v o lu t io n  o f  d e s ig n s  
o f  e n t i r e ly  n e w  b ases .

A L O V E .  F ra m e  supports an d  s id e w a l ls  o f 
the a u x ilia ry  co a ch  p re v io u s ly  illu stra ted .

to  o n e  o f  2 6 .3  to n s , o r , in  
o th e r  w o rd s , b y  20 p e r 
c e n t .

T h e  c o n s t ru c to r s  w e re  
g r e a t ly  h in d e re d  in  th e ir  
a p p l ic a t io n  o f l i g h t  
m e t a l s  b y  n u m e ro u s  
l im i t a t io n s  w h ic h  c i r c u m 
s ta n c e s  h a d  im p o se d  on 
th e m . I n  s p ite  o f  this*, 
th e  a s s e m b ly  a c c o r d in g  to  
T y p e  C  in d ic a te d  a  d e a d 
w e ig h t  r e d u c t io n  o f a b o u t
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T H R E E  v iew s  of th e  tw o-door types used in  th e  B e r lin  experim enta l co ach , the  
illu stra tions left an d  cen tre  sh o w in g  ea ch  p a rt ia lly  constru cted , th a t a t th e  righ t 

sh o w in g  a fin ished  door.

o f  th is  e x p e r im e n ta l  l ig h t w e ig h t  ro llin g -  
s to c k ,  a l lo y s  u se d  in c lu d e d  A e r o n  
( L a u t a l )  fo r  th e  f ra m e  a n d  sh e e t c o v e r 
in g . C o m p o n e n ts  c o n s is te d  p a r t l y  o f 
ro lle d  p ro d u c ts  a n d  p a r t l y  o f fo rg in g s . 
T h e y  w e re  h e a t- tre a te d  to  a  te n s ile  
s t r e n g th  o f  30-33 k g ./ m m .2, th e  t h in  
s h e e t  u se d  h a v in g  a  s t re n g th  o f  u p  to  
42 k g . / m m .2, w ith  a n  e lo n g a t io n  o f  a b o u t  
20  p e r  c e n t .  O t h e r  fo rg in g  a l lo y s  u se d  w e re  
S c le r o n  a n d  V L W . 1 4 . B .  A m o n g s t  th e  c a s t 
in g  a l lo y s  e m p lo y e d  w e re  th o se  o f  th e  
a lu m in iu m - s i l ic o n  g ro u p .

A c t u a l  c h o ic e  o f  m a te r ia l  fo r  s p e c if ic  c o m 
p o n e n ts  "w as d i f f ic u l t ,  a s  e x p e r ie n c e  in  th is  
f ie ld  w a s , a t  th e  't im e , l im it e d ,  p a r t ic u la r ly  
a s  re g a rd s  th e  re s is ta n c e  o f  m a s s iv e  a lu 
m in iu m  c o m p o n e n ts  to  im p a c t ,  o s c i l la t io n ,

a n d ,  o f  c o u rs e , to  c ra s h  c o n d it io n s .  H o w 
e v e r ,  le sso n s  l e a r n t  in  th e  sp h e re  o f  a i r c r a f t  
c o n s t ru c t io n  w e re  o f  c o n s id e ra b le  v a lu e .  
H e r e  i t  w a s  k n o w n  t h a t ,  w i t h  s u ita b le  
a l lo y s ,  n o  d a n g e r  w a s  to  b e  a p p re h e n d e d  
f r o m  im p a c t  o r  v ib r a t io n a l  stresses .

T h e  sh e e ts  used  ra n g e d  in  th ic k n e s s  
fro m  2 m m . to  6 m m . I n  s p e c ia l s t r u c tu r a l  
u n its ,  ro lle d  s e c t io n s  o f  Z ,  U  a n d  L  fo rm  
w e re  p ro d u c e d , to g e th e r  w ith  o th e r  p ro file s  
o f  c i r c u la r  a n d  r e c ta n g u la r  s e c t io n . R i v e t s  
a n d  c o a c h  s c re w s  w e re  in  l ig h t  m e ta l ,  w h i ls t  
b o lts  jo in in g  th e  v a r io u s  m e ta l l ic  s e c t io n s  
to g e th e r  w e re  in  s te e l.

A lu m in iu m  a l lo y s  b e t r a y  m a rk e d  d if fe r 
e n ce s  o n e  fro m  th e  o th e r  in  t h e ir  r e a c t io n  
to  th e  B r i n e l l  h a rd n e s s  te s t .  T h e  l ig h t  
a l lo y s  d o  n o t  c h a n g e  in  t h e ir  m e c h a n ic a l  
p ro p e r t ie s  a t  lo w  te m p e ra tu r e ,  w h i ls t  th e

A T  th e  left.— Con- 
i r  s truction  of the  
u p p e r m ain  m em ber 
o f the  co ach  fram e
w o rk  : L ,  L a u t a l ; H , 
w o o d ;  S t ,  s t e e l  
( g u id e s  fo r s lid in g  
doors). A t  the  right. 
— D iag ram  sh o w in g  
m ethod  of j o i n i n g  
m a in  cross-members 
to  the  exterior lo n 
g itu d in a l m em bers in  
th e  B e r lin  S ta te  R a i l 
w a y s ' e x p e r im e n ta l  
co ach .

E S E 3  Steel w/z/A Alumimuzr
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A, B O V E .  D o u b le-d eck  su b u rb an  co ach  
(N o . 200) o f th e  L o n g  Is lan d  ra ilro ad  

constru cted  in  1932. L ig h t- a llo y  fram e and  
b o d y w o rk  w ere  em ployed .

A T  th e  right. A n  in te r io r v ie w  of 
. th e  co ach  illu stra ted  ab o ve . 

N o te  th a t th is  design  is no t th e  true 
doub le-deck  co n stru ctio n  as co m m o n ly  
understood  in  Eu ro p e a n  practice .

s te e ls  o n  th e  c o n t r a r y  a re ,  in  g e n e ra l,  
u n f a v o u r a b ly  in f lu e n c e d . T h e  s o m e w h a t  
lo w e r  s t r u c tu r a l  s t r e n g th  o f  l ig h t  m e ta l  is 
o f te n  g ro s s ly  e x a g g e ra te d , in  s p ite  o f  th e  
f a c t  t h a t  i t  is  k n o w n  th a t ,  in  w in t e r ,  a t  lo w  
te m p e ra tu re s ,  s te e l w i l l  lo se  a lm o s t  e n t ir e ly  
a l l  t h e  a d v a n ta g e s  i t  possesses o v e r  th e  
fo rm e r .  T h e  lo w  e la s t ic  m o d u lu s  ( T )  o f 
l ig h t  m e ta ls  a s  c o m p a re d  w i t h  t h a t  o f  s tee l 
r e s u lts , f o r  s tre sses  u p  to  th e  e la s t ic  l im it ,  
in  a  g r e a te r  c a p a c i t y  fo r  w ith s t a n d in g  defor-  

0-2 V
m a t io n  ( A ) ,  th u s : A  =  , w h e re  o- =

s tre ss  o f  t h e  e la s t ic  l im i t  a n d  V  v o lu m e .  
F r o m  th is  i t  fo l lo w s  th a t ,  in  th e  e v e n t  o f  a

n 0 U B L £ - D E C K  traction  un it an d  co ach  fo r the  L o n g  Is lan d  ra ilro ad  constru cted  
in  193/. M ax im u m  use w as  m ade o f light a llo ys  in  th is a ssem b ly  in  order to 

a ch ie ve  m in im um  deadw e igh t.
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c o l l is io n ,  d a m a g e  r e m a in s  
m o re  lo c a l iz e d  th a n  in  th e  
ca se  o f s te e l a n d ,  in  a d d i 
t io n , t h a t  th e  m as s  
in v o lv e d ,  a n d  h e n ce  th e  
im p a c t  fo rc e s  c o n c e rn e d , 
is  re d u c e d  to  a  m u c h  lo w e r  
le v e l .  T h e  a im  o f th e  
c o n s t ru c to r s  w a s  t o  p ro 
d u c e  c o a c h e s  a s s u r in g  th e  
s a m e  o p e ra t io n a l  s a fe t y  a s  
th o s e  in  s te e l,  w h i ls t ,  a t  
th e  s a m e  t im e ,  u s in g  th e  
m in im u m  a m o u n t  o f  l ig h t  
a l lo y s ,  w h ic h  a t  th e  t im e , 
v o lu m e  fo r  v o lu m e ,  c o s t  7 
to  10 t im e s  a s  m u c h  a s  th e  
fe r ro u s  m a te r ia ls .

A B O V E .  H e a d - o n
r t  v ie w  o f the a lu m in 
ium  sleeper constru cted  
b y  th e  P u llm a n  C o m p an y
in  1933.

A T  the  righ t is sho w n  
x \ .  t h e  " C o m m o n -  
w e a l t h " - t y p e  b o g i e  
co nstru cted  in  ligh t m etal 
fo r th e  Pu llm a n  s leeper 
illu stra ted  ab o ve .

A B O V E .  E n d  p o rtion  of m a in  lo n g itud in a l 
/  \  m em bers of th e  P u llm a n  S leep er, a  v ie w  
of w h ic h  is sh o w n  b e lo w  a t th e  left. T h is  
elem ent is co ld-form ed from  A . 1 7 S T : 1, a d d i
tiona l s titfen e r; 2, low er sheet m em ber of the  
lon g itu d in a l co m pon en t of the  frame.

E c o n o m ic a l  c o n s t r u c t io n  c a n  o n ly  b e  
a c h ie v e d  a s  a  r e s u lt  o f  th e  m o s t  p ro lo n g e d  
a n d  c a r e fu l  c a lc u la t io n s ,  t a k in g  in to  
a c c o u n t  e v e r y  p o ss ib le  s tre ss  in v o lv e d .  I n  
th e se  c a lc u la t io n s ,  i t  a p p e a rs  d e s ir a b le  t h a t  
s t re s s in g  s h o u ld  n o t  e x cee d  a  v a lu e  o f 80 
p e r  c e n t ,  o f  th e  m a x im u m  p o ss ib le  fig u re , 
th e  r e m a in in g  20 p e r  c e n t ,  b e in g  c o n s id e re d  
a s  a  s a fe t y  f a c to r  n e c e s s a ry  in  o rd e r  t h a t  
a n y  in c a lc u la b le  d if fe re n c e s  b e  a u t o m a t ic a l ly  
e l im in a t e d .  S u c h  n o n - u n ifo r m it y  m a y  a r is e  
as  a  r e s u lt  o f  v a r io u s  c o m p o n e n ts  b e in g  
w o rk e d  to  d if f e r e n t  d e g ree s , o r  f ro m  
v a r ia t io n s  in  th e  jo in in g  te c h n iq u e .

T h e  d e te rm in a t io n s  in v o lv e d  in  th e  
s t ru c tu re s  I  a m  d e s c r ib in g  w e re  b y  no  
m e a n s  e a s y  to  e lu c id a te .  T h e  s id e  w a lls  o f  
th e  co a ch e s  w e re ,  fo r  th e  p u rp o se , c o n 
s id e re d  in  g e n e ra l a s  lo a d - b e a r in g  m e m b e rs , 
in  s p ite  o f  th e  f a c t  t h a t  th e  c o v e r in g  sh e e t 
w a s  o f su ch  fo rm  a n d  g a u g e  t h a t  i t  c o u ld
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T H E  P u llm a n  d e  
L u x e  sa loon  

co nstru cted  en tire ly  
in  lig h t a llo ys  (see 
a lso  tw o  succeed in g  
illu s tra tion s ).

A  S S E M B L I N G  the
- t x  lig h t- m e ta l fram e of 
th e  Pu llm a n  sleeper.

F o r  th o se  e le m e n ts  o f  th e  s t r u c tu r e  s u b 
je c te d  to  te n s ile  s tre sses , n o  s p e c ia l d e s ig n s  
w e re  e la b o ra te d .  F o r  t h e  c o m p o n e n ts  
s tre ssed  in  c o m p re s s io n , h o w e v e r ,  m o m e n ts  
o f  in e r t ia  o f  th e  g re a te s t  p o ss ib le  o rd e r  w e re  
s e le c te d , a s  th e  m o d u lu s  o f  e la s t i c i t y  o f  
l ig h t  a l lo y s  is  o n ly  a b o u t  o n e - th ird  t h a t  o f  
s te e l. T h u s ,  s im p le  u  s e c t io n s  80 b y  
60 m m . a re  n o t  a lw a y s  s u f f ic ie n t ly  r ig id ,  
e v e n  w i t h  th e  a d d it io n  o f u n if o r m ly  sp a ce d  
lo n g i t u d in a l  s t if fe n e rs  a lo n g  th e  s id e  w a l l  o f  
th e  s t r u c tu r e .  F o r  th is  re a s o n , th e  u p p e r  
f r a m e  m e m b e r  u sed  w a s  m a d e  o f  a  g ird e r  
c o n s is t in g  o f tw o  u  s e c t io n s  f i r m ly  jo in e d  
to g e th e r  w i t h  th e  n e c e s s a ry  in t e r v a l  b e tw e e n  
e a c h . T h is  s y s te m  o f  c o n s t r u c t io n  w a s  a ls o  
e m p lo y e d  fo r  th o se  lo a d - b e a r in g  m e m b e rs  
u n d e rg o in g  b e n d in g  o r  to r s io n  s tre sses  in  
tw o  d ir e c t io n s .

J o i n t i n g  w a s  m o s t ly  c a r r ie d  o u t  b y  m e a n s  
o f r iv e t s .  A s  c o m p a re d  to  th e  c o r re s p o n d 
in g  s t r u c tu r e  in  s te e l,  th e  n u m b e r  o f  r i v e t s  
u sed  w a s  v e r y  la rg e , th e  d ia m e te r  o f  th e  
r iv e t s ,  h o w e v e r ,  b e in g  c o m p a r a t iv e ly  s m a ll.  
T h is  w a s  d o n e  in  o rd e r  t o  e n su re  th e  a d e 
q u a te  m a t in g  o f  th e  c o n t a c t  fa c e s  o f e a ch

A B O V E .  D e ta ils  of th e  
m a in  fram e elem ents 

o f the  Pu llm a n  s leeper 
p re v io u s ly  i l lu s tra te d : 1,
m a in  roof b e a m ; 2, ju n c 
tion  u n i t ; 3, cross-m em ber 
r id in g  on  bo g ie  ; 4, floor 
b e a re rs ; 3, cross-m em ber 
co rn e r p ieces  ; 6, w a l l ; 7, 
u p p e r co rn e r o f cross
m em ber ; 8, lo n g itu d in a l
m em ber. N u m b e rs  I -4 
in c lu s iv e  a re  in  cold-
fo rm ed  A  I 7 S T  ; N o s. 5 
a n d  6 are  in  17 S T ; N o s. 
7 an d  8 a re  in  d raw n  
A  17 S T .

s u s ta in  o n ly ,  t e n s i le  s tre sses  a n d  w a s  n o t  
c a p a b le  o f  lo a d in g  in  c o m p re s s io n .

F u n d a m e n t a l ly  th e  s id e  w a lls  fo rm  a 
t r ia n g u la r  f r a m e  b ro k e n  b y  d o o r  c a v i t ie s  
a n d  w in d o w s .  A d d i t io n a l  s tre ss  a r is in g  
f r o m  v a r io u s ly  d is t r ib u te d  f lo o r  lo a d in g s  
h a d  to  b e  c o n s id e re d  in  t h e  c a lc u la t io n s ,  
a n d  c a r e fu l  s tre ss  a n a ly s e s  w e re  m a d e  o f  a l l  
jo in t in g  s y s te m s  in v o lv e d ;  h e re , in c id e n t 
a l l y ,  th e  r e la t i v e l y  lo w  e la s t ic  m o d u lu s  o f 
l ig h t  a l lo y s  is a  f a c to r  o f  th e  h ig h e s t  
im p o r ta n c e .
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R i g h t .  U g h t- a iio y
bogie  o f rive ted  co n 

stru c tio n  fo r the  Pu llm a n  
sa loon  p ic tu red  at the  
foot o f th e  p reced ing  
page. (B e lo w ) H ead-on  
v ie w  of th e  Pu llm an  
sa lo o n  p re v io u s ly  re fer
red  to. N o te  p a rt ic u la r ly  
th e  n o ve l d oo r design.

D O U B L E - D E C K E R  su b u rb an  co a ch  co nstru cted  in  1933 fo r th e  F re n c h  S ta te  
R a ilw a y s . L ig h t  steel struc tu res w e re  p r in c ip a lly  used in  th is  assem bly, b u t a ll 

f itt in gs an d  sheeting  w ere  in  lig h t a llo ys .

jo in t ,  a n d  to  a s su re  t h a t  su c h  c o n ta c t  
fa c e s  w e re  o f  a d e q u a te  d im e n s io n s .  R i v e t  
in t e r v a ls  (w h ic h  d e p e n d  u p o n  t h e  m a g n i 
tu d e  o f  th e  fo rc e s  t o  b e  b o rn e )  ra n g e  fro m  
2 J  t o  3 t im e s  r i v e t  d ia m e te r ,  th e  d is ta n c e  
o f th e  r o w  o f r iv e t s  f ro m  th e  ed ge  o f th e  
sh e e t b e in g  1.6 t o  1.8 t im e s  r i v e t  d ia m e te r ,  
a s  d ic t a te d  b y  th e  g re a te r  d e fo r m a b i l i t y  o f 
l ig h t  a l lo y s  a s  c o m p a re d  w i t h  s te e l.

fo rce s  a c t in g  a lo n g  th e  lo n g itu d in a l  a x e s  o f 
th e  f r a m e , th e  s id e  w a lls  w e re  s t if fe n e d  a t  
th e ir  e n d s , th is  b e in g  a c h ie v e d  b y  m e a n s  o f 
e n d  p ie ces  w h ic h  w e re  a ls o  used  to  s t if fe n  
th e  s t r u c tu r e  in  th e  n e ig h b o u rh o o d  o f  d o o rs . 
I n  v ie w  o f th e  f a c t  t h a t  th e  p o s it io n  o f  d o o rs  
a n d  e le c t r ic a l  e q u ip m e n t  • w a s  m o re  o r  less  
p re d e te rm in e d , i t  w a s  n o t  p o ss ib le  t o  p r o 
v id e  a  o n e - p la n e  s y s te m  o f  c ro ss- m e m b e rs .

A t  th e  t im e  th is  w o r k  w a s  c a r r ie d  o u t ,  
th e  u s u a l w e ld in g  te c h n ic ju e  c o u ld  n o t  b e  
e m p lo y e d , a s  th e  m e c h a n ic a l  s t r e n g th  a n d  
c o r ro s io n  re s is ta n c e  o f th e  jo in t s  w a s  n o t  
c o n s id e re d  s a t is fa c t o r y .  J o in t in g  o f  s h e e t  
b y  s e a m in g  c o u ld  b e  used  o n ly  f o r  th e  ro o f , 
a s  th is  s y s te m  n eed s  th e  use o f f u l ly  
a n n e a le d  m a t e r ia l ,  th e  s t re n g th  o f w h ic h  is  
c o m p a r a t iv e ly  lo w .  J o in t in g  b y  m e a n s  o f 
b o lts  w a s  used , a m o n g s t  o th e r  th in g s , fo r  
a t t a c h in g  b r a k e  b r a c k e ts .  D i r e c t  s c re w in g  
w a s  o n ly  u sed  in  e x c e p t io n a l  ca ses . A r c  
a n d  g as  w e ld in g  w e re  n o t  u sed , a s  e x p e r i 
en ce  h a d  s h o w n  th a t ,  a t  th e  t im e , su ch  
w e ld s  w e re  n o t  s a t is f a c t o r y  u n d e r  c o n d it io n s  
o f  a l t e r n a t in g  s tre ss , u n le s s  t h e y  h a d  b e en  
h a m m e re d .  D o o r s  w e re  p ro d u c e d  p a r t ly  
fro m  c a s t  s e c t io n s  a n d  p a r t l y  f ro m  r iv e te d  
sh e e t.

T h e  f r a m e w o rk  o f  th e  c o a c h  is  s u b je c te d  
to  s ta t ic  s tre ss  in  th re e  d ir e c t io n s . T h e  
s id e  w a lls  w it h  th e  lo n g itu d in a l  s t iffe n e rs , 
a n d  th e  u p p e r  fr a m e  m e m b e r ,  s e rv e d  to  ta k e  
p e rp e n d ic u la r  fo rc e s  a r is in g  a s  a  r e s u lt  o f  
lo a d s  o n  th e  b o g ie  b e a r in g s  th ro u g h  th e  
m a in  c ro ss- m e m b ers . T o  ta k e  u p  h o r iz o n ta l
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A B O V E .  A  fu rth e r 
v ie w  o f the  double- 

d e ck  su b u rb a n  co ach  
co n s tru c te d  fo r the 
F re n c h  S ta te  R a ilw a y s  
in  1933 (see preceding: 
illu s tra t io n ). A t  the  
righ t is sh o w n  a n  in 
te rio r v i e w  l o o k i n g  
a lon g  th e  len g th  o f th e  
co a c h  w h ils t in  cou rse  
o f constru ction . B e lo w  
is  sh o w n  a n  in ter io r 
v ie w  of th e  lo w e r d eck  
o f th e  sam e co ach , 
e n tran ce  to th e  u p p e r 
d e c k  be in g  v is ib le  in  
th e  b ack gro und .

T h e  m a x im u m  fo rc e s  to  w h ic h  th e  m a in  
lo n g itu d in a l  m e m b e rs  w e re  s u b je c te d  
o c c u r r e d  a t  th e  e x tre m e s  in  th e  n e ig h b o u r 
h o o d  o f d o o r  c a v i t ie s ,  w h e re  a d d it io n a l  
s t r e n g th  d u e  to  s id e  w a l l  s t r u c tu r e  w a s  n o t

a v a i la b le ,  c o n s id e ra b le  c o m p re s s io n  a n d
s h e a r  s tre ss  a lso  o c c u r re d  a t  s u c h  p o in ts .

B u f f e r  im p a c t  w a s  a b s o rb e d  b y  b u ffe r  
b lo c k s  a t t a c h e d  to  th e  m a in  lo n g itu d in a l
m e m b e rs , a n d ,  th ro u g h  th e se , w a s  d i s t r i 

b u te d  o v e r  th e  
e n t ir e  s t r u c tu r e .  
J o i n t s  b e tw e e n  th e  
b u ffe r  b lo c k s  a n d  
th e  lo n g itu d in a l  
m e m b e rs  w e re  so  
c o n s t ru c te d  th a t ,  
fo r  s tre sses  o th e r  
t h a n  th o s e  a lo n g  
th e  n o rm a l,  s h e a r  
w o u ld  o c c u r  in  th e  
r iv e t s ,  th u s  l im i t 
in g  th e  d a m a g in g  
e f fe c t  o f  th e  im - 
p a c t  o n  t h e  
re m a in d e r  o f  th e  
s t ru c tu r e .  S o  f a r  
a s  th e  a u t h o r  is

assem -
h a v e

Double-duck Subur
ban Coacli for 
L o n g  Island 
Railroad (New 
York), 1932 

T h e  L o n g  Is la n d  
R a i l r o a d  fo rm s  p a r t  
o f  th e  P e n n s y lv a n ia  
s y s t e m  a n d  th e  
d o u b le - d e ck  c o a c h  
a b o u t  t o  b e  
d e s c r ib e d  w a s  con-

p ro v e d  
fa c to ry

s e rv ic e  life .

sa tis-  
th e ir  

y e a rs  o f
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T W O  v ie w s  o f th e  all-w elded 
light-m etal co ach , sh o w in g  

stiffen ing  m em bers w e ld ed  in to  
position  to s ide-w a ll com ponents 
fo rm ing  th e  co ve rin g  o f the  
com plete  un it.

W E L D I N G  system  used  fo r th e  fab ric a tio n  
of g irders from  sheet fo r th e  a ll-w elded 

F re n c h  ra ilw a y  co a ch  illu stra ted  in  sec tion  at 
th e  left : a, bent co rner sections ; b, bent 
sheet ready fo r w e ld in g ; c, stiffen ing  m em ber 
b u ilt  u p  from  sheet an d  tack ed  re a d y  fo r w e ld 
in g  ; d , g ird er structu re  com p lete ly  assem bled  
fo r w e ld in g  ; e, sec tion  o f fin ish ed  g irder.

t r a in  w a s  d e s ig n e d  to  r u n  o v e r  th e  ro u te  
b e tw e e n  P o r t  W a s h in g to n ,  H e m s te a d  a n d  
M o n ta u k .  T h e  n e w  co a ch e s  h a d  a  t o ta l  
le n g th  o f 24 m e tre s  a n d  s e a t in g  a c c o m m o 
d a t io n  f o r  136 p a sse n g e rs ; t h e y  w e re  th u s  
a b o u t  th re e  m e tre s  lo n g e r  t h a n  th e  p ro to 
t y p e  a n d  c a r r ie d  16 m o re  sea ts . I n  s p ite  o f  
th is ,  h o w e v e r ,  e x p e r ie n c e  g a in e d  w i t h  th e  
f ir s t  m o d e l e n a b le d  th e  tw o  n e w  c o a c h e s  
c o n s t ru c te d  in  l ig h t  m e ta l  t o  b e  re d u ce d

P A R T I A L L Y  d im ensioned  cross- 
section  o f th e  co a ch w o rk  o f th e  

first a ll-w elded  light-m etal coach  
s truc tu re  b u ilt  fo r th e  F re n c h  S ta te  
R a ilw ay s .

s t ru c te d  in  th e  n e ig h b o u r in g  P e n n s y lv a n ia  
w o rk s h o p s  a t  A l t o o n a .  F r o m  th e  o u ts e t  i t  
w a s  d e s ig n e d  u l t im a t e ly  t o  fo rm  p a r t  o f  a n  
e le c t r if ie d  s y s te m . T h e  f r a m e w o rk  o f th e  
c o a c h  w a s  e n t ir e ly  c o n s t ru c te d  o f  a lu m in iu m  
a l lo y s ,  in c lu d in g  th e  m a in  f r a m e , b o d y w o r k  
f r a m e ,  o u te r  c o v e r in g  a n d  in t e r n a l  f i t t in g s .  
I t  h a d  s e a t in g  a c c o m m o d a t io n  f o r  120 
p a sse n g e rs  a n d  w e ig h e d  32 .5  to n s .

I n  c o n t r a s t  to  a n a lo g o u s  c o a c h  ty p e s  
c o n s t ru c te d  in  E u r o p e ,  t h is  c o a c h  w a s  n o t ,  
s t r i c t ly  s p e a k in g , o f  th e  o r d in a r y  d o u b le 
d e c k  t y p e ;  r a th e r  i t  c o n s is te d  o f  a n  a s s e m b ly  
in  w h ic h  o n e  lo t  o f  s e a t in g  w a s  p la c e d  a b o v e  
th e  o th e r ,  th e  u p p e r  r o w  o f s e a ts  b e in g  
re a c h e d  b y  s te p s  p la c e d  o n  e a ch  s id e ’ o f  a 
c e n t r e  g a n g w a y ,  th e  h e ig h t  o f w h ic h  
c o r re s p o n d s  to  t h e  t o t a l  h e ig h t  o f  th e  c o a c h .

V a lu a b le  re s u lts  a c h ie v e d  w i t h  th e  p r o to 
t y p e  le d  th e  P e n n s y lv a n ia  R a i l r o a d  to  
c o n s t r u c t  tw o  f u r t h e r  c o a c h e s  fo r  th e  
L o n g  Is la n d  n e tw o rk ,  to g e th e r  w i t h  a 
c o r re s p o n d in g  e le c t r ic  lo c o m o t iv e .  T h e
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s t i l l  f u r t h e r  in  w e ig h t  a s  c o m p a re d  w i th  th e  
p r o to ty p e .

T h e  n e w  c o n s t r u c t io n ,  w i t h  th e  m o to r  
c a b  a t t a c h e d ,  w e ig h e d  40.8  to n s ,  th e  
t r a i le r  c o a o h  w e ig h in g  3 6 .3  to n s . C o n 
s t r u c te d  e n t i r e ly  in  s te e l, th e  p a sse n g e r 
c o a c h  w i t h  m o to r  c a b ,  w h ic h  w a s  so m e  19.5 
m e tre s  lo n g , s e a te d  80 p a sse n g e rs  a n d  
w e ig h e d  52 to n s . T h e r e  is  n o  d o u b t  t h a t  
th is  d o u b le - d e c k  d e s ig n  p r o v id e d  a  m e a n s  
f o r  in c r e a s in g  p a s s e n g e r  a c c o m m o d a t io n  
w i t h o u t  in c r e a s in g  th e  le n g th  o f  th e  c o a c h . 
T h e  u se  o f  a lu m in iu m ;  fu r th e rm o re ,  m a d e  i t  
p o ss ib le  t o  p ro d u c e  .a  p a s s e n g e r  c o a c h  w i t h  
in te g r a l  m o to r  c a b  w e ig h in g  o n l y  60 p e r  
c e n t ,  o f  t h a t  o f  th e  a ll- s te e l- ty p e  p a sse n g e r 
c o a c h ; in  o th e r  w o rd s ,  p a y - lo a d  w a s  n e a r ly  
d o u b le d .

Electric Locomotives for the Reading 
Company, 1932

I n  1932, th e  R e a d in g  C o m p a n y  b u i l t  30 
e le c t r ic  lo c o m o t iv e s ,  w h ic h ,  w h i ls t  f e a t u r in g  
n o  a lu m in iu m  in  th e  s t r u c tu r e  p ro p e r ,  
e m p lo y e d  l ig h t  m e ta l  in  th e  e le c t r ic a l

I N T E R I O R  v ie w  o f j l t h e  
1 a ll- w e ld e d  lig h t-m eta l 
co ach , sh o w in g  ap p e a ra n c e  
be fo re  lo ca tio n  an d  fix in g  of 
in ter io r com ponents.

B E L O W .  E n d  v ie w  of the 
a ll-w elded  light-m etal 

co ach , sh o w in g  com pleted  
s truc tu re  w ith  te lescop ic  
in ter-coach  co n n e ctio n  an d  
a u x ilia ry  fittings.

p O M P L E T E D  bogie
fo r the  a ll-w elded  

co a c h  as seen from  
above . H e re  th e  fram e, 
eq u a liz in g  lever an d  
cra d le  a re  fab rica ted  
from  ligh t sections in  
steel.
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e q u ip m e n t  a n d  c o n tro ls ,  
th e  W e ig h t  r e d u c t io n  
o b ta in e d  in  th is  w a y  
b e in g  .found  n e c e s s a ry  in  
o rd e r  t h a t  th e  t r a in  
l e n g t h  m ig h t  be 
in c re a s e d . T h e s e  lo c o 
m o t iv e s  w e ig h e d  57 to n s  
e a c h , a  f ig u re  n o t  c o n 
s id e re d  e x c e s s iv e  in  
U . S . A ,

T h e  e a r l ie s t  e x a m p le  o f 
a l l- l ig h t- a l lo y  c o a c h  c o n 
s t r u c t io n  is  e x e m p lif ie d  
b y  tw o  sa lo o n  a n d  s le e p 
in g  c a rs  c o n s t ru c te d  in  
1933 'b y  th e  P u l lm a n  
C o m p a n y  o f  U . S . A .  
T h e s e  w e re  d e s ig n e d  fo r  
m a in  - l in e  o p e ra t io n .  
E r e c t e d  in  C h ic a g o ,  th e y

w e re  s h o w n  p u b l ic ly  
a t  th e  “  C e n t u r y  o f  
P r o g r e s s "  E x h i b i 
t io n  in  t h a t  y e a r .  
T h e y  a re  p a r t i c u 
l a r l y  n o te w o r t h y  in  
so  f a r  a s  t h e y  w e re , 
a t  th e  t im e , e n t ir e ly  
n o v e l  in  d e s ig n , 
a n d  b e c a u s e  th e y  
w e re  c o m p le t e ly  in  
a lu m in iu m  a l lo y ;  
th u s ,  u n d e r f r a m e , 
s u p e r s t r u c 
t u r e ,  b o g i e s ,  
c o u p l i n g s  a n d  
b u ffe rs , a s  w e l l  a s  
p a r t  o f  th e  e le c t r i 
c a l  e q u ip m e n t ,  w e re  
in  l ig h t  m e ta l .  T h e  
o n ly  p a r t s  in  w h ic h

A B O V E .  In te r io r  v iew  
o f the  a ll-w e ld ed  light- 

m etal co ach  (th ird  c lass ) 
sh o w in g  ap p e a ra n c e  o f the 
u n it com p lete  w ith  seats 
a n d  in te r io r fix tures. A t 
th e  le ft  is s h o w n  a  v e rt ic a l 
lon g itu d in a l sec tion  o f the  
w e ld ed  co a ch  d u r in g  course 
of c o n s t r u c t i o n ;  it is 
m ounted  on  a  sp e c ia l sw in g 
ing  jig . B e lo w  is sh o w n  the  
u n d erfram e  o f th e  w e ld ed  
co a ch  w ith  th e  tw o  lo n g i
tu d in a l h a lv e s  positioned  
re a d y  fo r location .
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A B O V E .  S te e l m a in  m em ber of the 
a rticu la ted  co a ch  referred  to in  

the  text, re a d y  fo r im position  o f th e  
a lu m in iu m  b o d yw o rk .

R IG H T .  L o c a t io n  o f ju n c tio n  p ins 
of th e  ' un its  of th e  a rticu la ted  

co ach  on  bogies (ve rtica l section  
th ro u g h  lo n g itu d in a l ax is  of co a ch ) : 
A D ,  steel end-p ieces on  end  fram e of 
co a ch  ; B C ,  p ins an d  b e arin g  p la tes  of 
th e  bogie  ; E F ,  p ins a n d  b e arin g  p lates 
of co a ch  u n its  ; S ,  S p e n c e r  ru b b e r 
d am p er ; N ,  securing  p in .

s te e l w a s  fe a tu re d  (o t h e r  th a n  a  fe w  o d d  
f i t t in g s )  w e re  th e  ty r e s ,  a x le s , sp r in g s , 
c o u p lin g s , a n d  so  o n .

T h e  f i r s t  o f  th e  tw o  c o a c h e s ,  c h r is te n e d  
“  P u l lm a n  C a r , "  w a s  a  s le e p e r t o  w h ic h  
w a s  a t t a c h e d  a n  o b s e r v a t io n  c a r  a n d  a  
d in in g  c a r .  T h e  le n g th  o f  th e  c o a c h  f r a m e 

w o r k  w a s  2 5 .7  m e tre s  a n d  i t s  t o t a l  w e ig h t  
44 to n s . C o n s t ru c te d  in  s te e l,  th is  t y p e  
w o u ld  n o r m a l ly  w e ig h  82 to n s ; th u s , -by th e  
use o f  a lu m in iu m ,  d e a d w e ig h t ,  h a d  b e e n  
p r a c t i c a l l y  h a lv e d .  E v e n  so , a c c o rd in g  to  
c u r r e n t  E u r o p e a n  s ta n d a rd s ,  44 to n s  w o u ld  
s t i l l  b e  c o n s id e re d  m o d e r a t e ly  h e a v y .  I t  
m u s t  n o t  b e  fo rg o t te n ,  h o w e v e r ,  t h a t  a c c o rd 
in g  to  A m e r ic a n  s ta n d a rd s  a  c o a c h  o f th is  
t y p e  m u s t  b e  c a p a b le  o f s ta n d in g  a  lo a d  
u p  to  IS O  to n s , a  f ig u re  d e m a n d in g ,  n a t u r 
a l ly ,  v e r y  h e a v y  c o n s t r u c t io n ,  p a r t i c u la r l y  
fo r  p la t fo rm s  a n d  th e  l ik e .  T h e  C o m m o n 
w e a lth - ty p e  b o g ie  used  o n  t h is  c o a c h  m a d e  
u se  o f  a  o n e-p iece  f r a m e  c a s t  in  220 T 4  
a l lo y  (a lu m in iu m - m a g n e s iu m ) . C a s t in g s  in  
th is  s a m e  a l lo y  w e re  u sed  fo r  c r a d le  m o u n t 
in g s , w h e e l d is cs , a x le  b o g ie s  a n d  g u id es . 
E q u a l iz in g  le v e r  a n d  b ra k e  c ro ss- m e m b ers  
w e re  i n  25 S T  fo rg in g s  (a lu m in iu m - c o p p e r-  
m a g n e s iu m ) . T h e  t o t a l  w e ig h t  o f  a  four- 
w h e e le d  b o g ie  o f  th is  c o n s t r u c t io n  w a s  
a b o u t  6.1 to n s , a  f ig u re  re p re s e n t in g  a  d e a d 
w e ig h t  r e d u c t io n  o f  a b o u t  46 p e r  c e n t ,  a s  
c o m p a re d  w i t h  th e  n o r m a l  A m e r ic a n  s ix 

w h e e le d  b o g ie  r e q u ire d  b y  th e  a ll- s tee l 
c o a c h .

P r a c t i c a l l y  a l l  c o m p o n e n ts  in  th e  c o a c h  
w e re  c o ld  s ta m p in g s  in  A -17  S T  (a lu m in iu m -  
c o p p e r- m a g n e s iu m  w i t h  5 p e r  c e n t ,  c o p p e r ) . 
C o rn e r  p ie ces  a n d  o th e r  p r o t e c t iv e  fe a tu re s  
w e re  in  17 S T  (a lu m in iu m - c o p p e r- m a g -

S H O W N  h e re  is th e  stee l 
casting  referred  to u n d e r 

“  A  ”  in  th e  p re v io u s  il lu s 
tra tion . I t  is  re a d y  fo r 
lo ca t io n  o n  th e  co a ch  s tru c 
ture.
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I N T E R N A T I O N A L  R E C O R D S

I N T E R N A T I O N A L  A L L O Y S  L T D . ,  S L O U G H ,  B U C K S .
P h o n e :  S L O U G H  23212. * G r a m s :  IN T A L L O Y D ,  S L O U G H

r H E  foot race  ow es its o rig in  to earliest G re c ia n  
tim es as recorded  in  th e  Ilia d  a n d  th e  O d yssey. 
In  m odern  records d is tances from  100 ya rd s  to 

I m ile  h a v e  re g u la r ly  ca lled  fo rth  th e  greatest pow ers 
of a th letes, bo th  am ateu r an d  p ro fessiona l. T h e  
W o r ld ’s record  fo r 100 ya rd s  in  9 |  seconds w a s  set 
up  b y  Jo h n  D o n a ld so n  of A u s tra lia  w h e n  he w o n  the 
p ro fessiona l 100 ya rd s  ch am p io n sh ip  a t Jo h a n n e sb u rg
in  19I0.

T h e  record  of In te rn a t io n a l A llo y s  L td .  in  sup p lem en t
ing  th e  n a tio n ’s sup p lie s  of essentia l lig h t m etals 
can n o t be fu lly  p u b lish ed  till a fte r th e  w a r. 
M e a n w h ile , fo r post-w ar deve lopm en ts, p lease  note 
the  nam e— ‘ I N T A L ’ are  an d  w ill be m akers of 
a lu m in iu m  a llo ys  for e ve ry  co n c e iv ab le  purpose .

In t e r n a t io n a l A llo y s  L t d
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RESEARCH AND PRODUCTION WILL 
REBUILD EVERYTHING EVERYWHERE

A lu m in iu m  a n d  i t s  a l lo y s  h a v e  been  a t t a c k in g  

th e  e n e m y . S o o n  th e y  w i l l  be a t t a c k in g  th e  

p ro b le m  o f re b u ild in g  w ar- d am ag ed  c it ie s  an d  

h o m e s  a n d  In d u s t r y  e v e ry w h e re . R e s e a r c h  

in s p ire s  p ro d u c t io n .

A L U M IN IU M  U N IO N  L I M I T E D
A fully-owned subsidiary of Aluminium Limited. Montreal. Canada. 

G R O S V E N O R  H O U S E ,  P A R K  L A N E ,  L O N D O N ,  W . l
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h e s iu m ) . T h e  lo n g i t u d in a l  f ra m e  m e m b e r  
w a s  w o rk e d  u p  fro m  ro lle d  s e c t io n  a n d  w a s  
2S m e tre s  lo n g .

T h e  s a lo o n  c o a c h , c h r is te n e d  th e  “ P u l l 
m a n  D e  L u x e  C o a c h , ”  e m b o d y in g  o b s e r v a 
t io n  c a r  a n d  d in in g  c a r ,  w a s  c o n s t ru c te d  on  
a  f r a m e  24 m e tre s  lo n g  a n d  w e ig h e d  33.5  
to n s , th is  r e p re s e n t in g  a  r e d u c t io n  in  d e a d 
w e ig h t  o f  50 p e r  c e n t ,  a s  c o m p a re d  w ith  
s te e l c o n s t ru c t io n .  T h e  b o g ie s  w e re  c o n 
s t ru c te d  fro m  h o t- fo rm e d  17 S T  sheet 
a s s e m b ly  b y  r iv e t in g ,  a n d  h e a t- tre a te d .

t im e s  th e  h e ig h t  o f  th o se  d e m a n d e d  fo r  
s te e l, i t  w i l l  b e co m e  o b v io u s  t h a t  th e  c o n 
s t r u c t io n  o f th e  c o a c h e s  e n ta i le d  m a n y  p r o b 
le m s . N o r  is  th e  h ig h e r  t h e r m a l  e x p a n s iv i t y  
o f  a lu m in iu m  (a b o u t  d o u b le  t h a t  o f  s te e l)  to  
b e  n e g le c te d . I n  c o n t r a s t  t o  u su a l A m e r ic a n  
p ra c t ic e ,  u n a l lo y e d  a lu m in iu m  r iv e t s  w e re  
used  th ro u g h o u t  th e  s t ru c tu r e .

T h e  re a so n s  w h ic h  le d  th e  P u l lm a n  C o m 
p a n y  to  c o n s t r u c t  th e s e  e x p e r im e n ta l  
co a ch e s  w e re  as fo llo w : W i t h  l ig h t w e ig h t  
r o ll in g  s to c k  o f  t h is  t y p e  i t  is  p o s s ib le  to

E x t e r i o r  v ie w
o f th e  ju n c tio n  

b e tw e en  tw o  un its  
in  th e  a rt icu la te d  
c o a ch . N o fe  p o s i
tion  of bogie.

T h e  b o g ie s  w e re  o f  th e  fo u r- w h e e le d  t y p e  
a n d  w e ig h e d  4.1 to n s  e a ch .

T h e  g e n e ra l l in e s  fo l lo w e d  in  th e  c o n 
s t r u c t io n  o f th e se  c o a c h e s  w a s  s u c h  as 
a s s u re d , im m e d ia t e ly ,  a n  a s s e m b ly  e q u a l ly  
a s  s e r v ic e a b le  a s  th e  n o rm a l s te e l s t r u c 
tu re s .  I t  m ig h t  b e  p o in te d  o u t  t h a t  th e  
r e q u ire m e n ts  o f  th e  P u l lm a n  C o m p a n y  a re  
m o re  s t r in g e n t  t h a n  th o se  d e m a n d e d  fo r  
ro ll in g - s to c k  in  g e n e ra l.  T h e  c o a c h e s  
d e s c r ib e d  w e re  n o t  o n ly  re q u ire d  t o  w i t h 
s ta n d  a  lo a d  o f  180 to n s , b u t  a ls o  a  te n s ile  
lo a d  o f  70 to n s .  I f  i t  b e  b o rn e  in  m in d  t h a t ,  
a s  a  r e s u lt  o f  t h e  lo w  m o d u lu s  o f  e la s t ic i t y  
o f  a lu m in iu m ,  i t  is  n e c e s s a ry ,  fo r  a  g iv e n  
d e f le c t io n  a n d  fo r  e q u a l th ic k n e s s  o f 
m a t e r ia l ,  t o  e m p lo y  g ird e rs  w i t h  w e b s  th re e

a v o id ,  o n  lo n g  jo u rn e y s , ',  th e  r e p la c e m e n t  o f  
lo c o m o t iv e s  w h ic h ,  o n  v e r y  h a rd  ru n s , m u s t  
o f te n  b e  d o n e  tw ic e ;  th u s , im m e d ia t e ly ,  
c o n s id e ra b le  e c o n o m y  in  t im e  a n d  m o n e y  is  
e f fe c te d . O b v io u s ly , ’ to o , th e  use  o f  l ig h t e r  
ro ll in g - s to c k  re s u it s  in  lo w e r  c o n s u m p t io n  
o f ' e le c t r ic a l  e n e rg y , f u e l  o il ,  w a t e r  a n d  
lu b r ic a n t ,  a n d  in  a  g e n e ra ] d e c re a se  o f  m a in 
te n a n c e  co s ts  fo r  ro ll in g - s to c k , p e rm a n e n t  
w a y ,  a n d  b r id g e s . F i n a l l y ,  o n  in c lin e s ,  
in c re a s e d  sp e ed  c a n  b e  o b ta in e d  w i t h o u t  
r e s o r t  to  th e  use  o f  a d d i t io n a l  e n g in e s .

I n  1933, 10 d o u b le - d e c k  c o a c h e s  w e re  b u i l t  
fo r  th e  F r e n c h  S t a t e  R a i lw a y s .  I n  t h is  
in s ta n c e  th e  m a in  f r a m e w o r k  o f  th e  c h a s s is  
w a s  n o t  c o n s t ru c te d  in  l ig h t  m e ta l ,  l ig h t  
s te e l a s se m b lie s  b e in g  used  fo r  b o th  s u b 

p O R R E S P O N D I N C  to
th e  illu stra tion  at the  

bottom  o f the  p reced ing  
page  is p ic tu red  here  the  
steel cas tin g  referred  to 
u n d e r ‘‘ D ’ in  th e  cross- 
sec tiona l d iagram . It  is 
re a d y  fo r lo ca tio n  o n  the 
co a ch  structure .
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s t r u c tu r e  a n d  s u p e r s t ru c tu r e  f r a m e w o rk s .  
In n e r  a n d  o u te r  c o v e r in g ,  c ro ss- su p p o rts  fo r  
t h e  ro o f ,  d iv id in g  p a r t i t io n s ,  f lo o rs ,  d o o rs  
a n d  in n e r  f i t t in g s  w e re ,  h o w e v e r ,  a l l  in  
a lu m in iu m  a l lo y s ,  5 to n s  o f  l ig h t  m e ta l  
r e p la c in g  13.5 to n s  o f s te e l. T h is  m e a n t  
th a t ,  f o r  th e  b o d y w o r k  a lo n e , a  s a v in g  w a s  
e f fe c te d  o f so m e  8 ,6 30  k g . in  d e a d w e ig h t .  
O n l y  b y  th e  a c h ie v e m e n t  o f a  l ig h t  s t r u c tu r e  
o f  t h is  t y p e  w a s  i t  p o ss ib le  t o  in t r o d u c e  
d o u b le - d e c k  c o a c h e s  o n  th e  F r e n c h  r a i l 
ro a d s .  T h e  w e ig h t  o f  a n  a ll- s te e l s t r u c tu r e  
o f  s u it a b le  d e s ig n  w o u ld  h a v e  b e e n  so  g re a t  
t h a t  i t  m u s t  h a v e  re s u lt e d  in  p e rm is s ib le  
a x le  lo a d in g  b e in g  e x ce e d e d ; th u s  i t  m ig h t  
h a v e  b e en  n e c e s s a ry  to  r e p la c e  fo u r- w h e e le d  
b o g ie s  b y  s ix - w h e e le d  b o g ie s , th e  d im e n 
s io n s  o f  w h ic h  w e re  to o  g r e a t  to  a l lo w  o f 
t h e ir  s a t is f a c t o r y  use  o n  e x is t in g  c h ass is . 
T h e  t a r e  w e ig h t  o f  th e  c o a c h e s  w a s  47 to n s , 
a n d  a n  e ig h t- w a g o n  t r a in  c o u ld  c a r r y  2 ,040  
p a sse n g e rs . I t  is  in te r e s t in g  to  n o te  t h a t  
th e  n in e - w a g o n  t r a in  o f  1930 h a d  a  t o t a l  
p a y lo a d  o f  o n ly  1,508 p assen g e rs . B y  
1935, 50 o f  th e se  d o u b le - d e ck e rs  w e re  in  
s e rv ic e .

I n  1935 th e  F r e n c h  N o r th e r n  S y s te m  c o n 
s t r u c te d  th re e - u n it  a r t ic u la t e d  s u b u rb a n  
c o a c h e s  in  l ig h t  m e ta l,  a s s e m b ly  b e in g  b y  
m e a n s  o f  w e ld in g .  T h e  r e p la c e m e n t  o f  th e  
c o n v e n t io n a l  r i v e t in g  b y  th e  n e w e r  s y s te m  
o f jo in in g  a ro u s e d  g re a t  in te r e s t ,  a n d  w a s  
d u e  to  th e  C h ie f  E n g in e e r ,  M .  E e r o y ,  o f  th e

C o m p a g n ie  d u  C h e m in  d e  F e r  d u  N o r d .  
S e v e r a l  y e a r s ’ n o r m a l  r u n n in g  s e r v ic e  h a v e ’ 
d is c lo s e d  n o  w e a k n e s s  in  th e  w e ld e d  s t r u c 
tu re  a n d ,  a s  a  r e s u lt ,  a s s e m b ly  b y  T iv e t in g  
is f a s t  b e c o m in g  o b so le te . T h e  d e s ig n  c o n 
c e rn e d  c o m p r is e d  a n  a r t ic u la t e d  u n i t  m a d e  
u p  o f  th re e  s e c t io n s  w ith  fo u r  b o g ie s . T h e  
f r a m e w o r k  c o n s is te d  o f  a  p r in c ip a l  m e m b e r  
fa b r ic a t e d  f r o m  s te e l- sh ee t p re s s in g s ; o n  th is  
th e  c o a c h  s u p e r s t ru c tu re  w a s  e re c te d , th e  
la t t e r  b e in g  e n t i r e l y  in  w e ld e d  l ig h t- m e ta l  
s h e e t . T h e  e x c lu s iv e  use  o f  ro lle d  s h e e t in  th is  
d e s ig n  w a s  b a se d  o n  th e  p r in c ip le  o f  stressed-  
s k in  th e o r y ,  w h ic h ,  u l t im a t e ly ,  y ie ld s  th e  
l ig h t e s t  p o ss ib le  u n i t  w i t h  th e  b e s t  p o ss ib le  
m e c h a n ic a l  p ro p e r t ie s .  A s  a  r e s u lt  o f  th e  
a lm o s t  e x c lu s iv e  use  o f  w e ld in g ,  th e  c o a c h  
m a y  b e  c o n s id e re d  to  e x h ib i t  m a x im u m  
s t iffn e s s  a n d  s t re n g th .

A s  h ig h - s tre n g th  h e a t- t re a ta b le  a l lo y  sh e e t 
c a n n o t  b e  fa b r ic a t e d  b y  w e ld in g  ( p r in c ip a l l y  
b e ca u se  s u b s e q u e n t  h e a t- t r e a tm e n t  o f  m a s 
s iv e  a s se m b lie s  o f  th is  t y p e  is  im p r a c t i c a b le ) , 
i t  is  n e c e s s a ry  in  w o r k  o f th is  t y p e  to  s e le c t  
an  a l lo y  o f  s u f f ic ie n t  s t re n g th  w h ic h  is 
a m e n a b le  to  th e  w e ld in g  p ro ce s s  a n d ,  a t  th e  
s a m e  t im e ,  is  m e c h a n ic a l ly  s u it a b le  fo r  
ro ll in g - s to c k  c o n s t ru c t io n ;  th u s ,  in  th is  
in s ta n c e  M G .  7 w a s  c h o se n , a n  a l lo y  g iv in g  
a n  a v e r a g e  b r e a k in g  s t re n g th  o f 20-25 
k g ./ .m m .2 i f  th e  m e c h a n ic a l  p ro p e r t ie s  a t  
th e  w e ld s  b e  t a k e n  in to  a c c o u n t— h e n c e  th e  
s h e e t  a n d  o th e r  s t r u c t u r a l  e le m e n ts  e n te r in g  
in t o  th e  a s s e m b ly  w e re  o f c o m p a r a t i v e ly

T a b le  2.

Component End 
section A

Centre
section

End
section B

Total
weight

Kg. Kg. Kg. Kg.
Steel main member .. 7,000 5,600 7,000 , 19,600
Bodywork tare 3,550 3,330 3,550 10.430
Coach floor 814 687 814 2,315
Linoleum covering .. 188 159 188 535
Window fixtures 884 729 884 2,497
Seats 563 447 563 1,573
Surface treatment (siccolin spray) 1,628 679 262 2,569
Internal fittings, panelling, shelving for luggage, snatch bars, etc. 690 582 690 1,962
Sliding doors .. 584 584 584 1,752
Ventilation equipment 33 33 33. 99
Pneumatic brake lines 103 88 102 293
Lighting, telephones.. 258 207 258 723
Door fastenings, conduit, cable, bellow............................................ 230 179 231 640
Intercoach connectors, emergency signalling equipment 748 398 748 1,894
Drawbars and buffer equipment .. 613 — 613 1,226
Heating................................................................................................ 553 343 547 1,443
L u b r ic a tio n ..................................................................................... 8 5 2 15
Internal and external painting 449 479 449 1,377
Braking equipment (including bogies) 668 1,205 667 2,540

Total weight 19,618 15,776 18,239 53,633
Bogies (1 X 2 X 1 X) .. ...................................................... 5,338 10,772 5,338 21,448

Total weight, approximately 75 tons. 
Bogie components—

Frames (4) ..
Compensating lever (8) ..
Cradle beam (4)
Bearing housings (8) with light-metal axle boxes (16) 
All spring mountings 
Other components

Total weight ..  .. .. ..  ....................... .. 5,330
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h e a v y  s e c t io n .  Y e t ,  in  s p ite  o f  th is , th e  to t a l  
u n i t  h a d  a  d e a d w e ig h t  o f  o n ly  75 to n s , a 
f ig u re  re p re s e n t in g  a  37 p e r  c e n t ,  d e c rea se  
in  c o m p a r is o n  w i t h  a  s im ila r  u n i t  f a b r ic a t e d  
in  s te e l.  T h e  t o t a l  le n g th  o f  th is  a r t ic u la t e d  
c o a c h  w a s  58 m e tre s , w i th  s e a t in g  a c c o m 
m o d a t io n  fo r  274 a n d  260 s ta n d in g .

O f  th e  t o t a l  w e ig h t  o f  m a te r ia ls  u se d , 17 
to n s  c o n s is te d  o f l ig h t  m e ta l ,  t h a t  is , a b o u t  
23 p e r  c e n t ,  o f  th e  w h o le  w e ig h t .  A lu m in iu m  
c o n s t r u c t io n  re s u lte d  in  a  16 p e r  c e n t ,  s a v in g  
in  w e ig h t  o n  th e  f r a m e w o r k  o f th e  c o a c h , 
12 p e r  c e n t ,  on  b o g ie s , 6 p e r  c e n t ,  fo r  th e  
te le s c o p ic  in te r - c o a c h  c o n n e c t io n ,  d r a w b a r  
a n d  b u ffe r  e q u ip m e n t ,  a n d  3 .5  p e r  c e n t ,  fo r  
in t e r n a l  f i t t in g s ,  m a k in g ,  in  a l l ,  a  3 7 .5  p e r  
c e n t ,  d e c re a s e  in  d e a d w e ig h t  a s  c o m p a re d  
w i t h  a n  a ll- s te e l s t ru c tu re .  T h e s e  co a ch e s

h a v e  b e e n  in  d a i l y  u se  o n  th e  s u b u rb a n  l in e  
fro m  P a r is  s in c e  M a r c h ,  1936, a n d  h a v e  
p ro v e d  e m in e n t ly  s a t is fa c t o r y .  R u n n in g  p ro 
p e rt ie s , te s te d  a t  140 k ilo m s .  p e r  h o u r , 
p ro v e d  e x c e lle n t ,  -but n o rm a l o p e ra t in g  speed  
is f ix e d  a t  120 k ilo m s . p e r  h o u r .

T h e  w e ld in g  s y s te m  d e v e lo p e d  fo r  use in  
th is  a s s e m b ly  w a s  o f a n  e n t ir e ly  n e w  ty p e .  
B y  m e a n s  o f a rc - w e ld e d  seam s, g ird e rs  o f 
v a r io u s  t y p e s  w e re  b u i l t  u p  f r o m  sh e e t. T h e  
d e s ig n  o f  th e  g ird e rs , w h ic h  is  s h o w n  in  a n  
a c c o m p a n y in g  i l lu s t r a t io n ,  is  su ch  a s  to  
a c h ie v e  g r e a t  r ig id i t y .  T h e  m a te r ia l  used , 
M G  7, is  e m in e n t ly  s u ite d  to  jo in in g  b y  
w e ld in g  a n d ,  fu r th e rm o re ,  m a y  r e a d i ly  b e  
fo rm e d  to  th e  d e s ire d  sh a p e . A l l  m a te r ia l  
p r io r  to  w e ld in g  w a s  p re h e a te d  to  2S0 
d e g ree s  C .
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L ig h t  A llo y s  in

R e c t i f i e r s ,  P h o t o c e l l s  a n d  C o n d e n s e r s

T h e  A u th o r  Concludes, 
f r o m  “ L ig h t  M e ta ls ,” 

19411 L 2 0 2 , H is  D is 
cussion on W e t  a n d  D r y  
E lectro ly tic  Condensers 
a n d  P r o c e e d s  to  a 
D e ta ile d  C onsideration  
o f  F i x e d  P a p e r  

Condensers

T H E  c o n c lu d in g  p a ra g ra p h  o f  th e  p r e v io u s  
p a r t  o f  th is  a c c o u n t  ( ‘ L i g h t  M e t a ls , ”  

A p r i l ,  p . 202) d e a l t  w i t h  fa c to r s  a i f e c t in g  
th e  l i f e  o f  e le c t r o ly t ic  c o n d e n s e rs . I t  w a s  
p o in te d  o u t  t h a t  th e  l i f e  o f  th e  e le c t r o ly t e  
i t s e l f  c o n s t i t u t e d  a  p r in c ip a l  l im i t a t io n .  
H ig h  te m p e ra tu re ,  to o , d u e  to  h e a v y  le a k a g e  
c u r r e n t ,  is  a lso  c a p a b le  o f  s h o r te n in g  th e  
u se fu l l i fe  o f  s u c h  co n d e n se rs .

F ig . _ 167.— P o w e r  fa c to r  an d  c a p a c ity  in  
re la tion sh ip  to tem peratu re  fo r w et- type 

e lec tro ly tic  condensers.

F ig . 166.— Re-fo rm ing  ch ara c te ris tics  o f low
vo ltag e  (25 v . )  d ry  e lec tro ly tic  co ndenser 

a fte r va r io u s  pe riods of she lf id ling .

C lo g g in g  o f  th e  p o ro u s  f i lm ,  e ith e r  b y  
d e p o s it  o f  c r y s t a ls  o r  o f  p r e c ip i t a t e  f ro m  th e  
e le c t r o ly t e ,  o r  o f  a lu m in iu m  s a lts  in  th e  
c o l lo id a l  s ta te ,  c a n  a lso  ca u se  lo ss  o f  
c a p a c i t y .  C a th o d ic  o x id a t io n  in  co n d e n s e rs  
c a r r y in g  a  r ip p le  c a n  l ik e w is e  ca u se  d e te r io r a 
t io n .

I n  so m e w e t  c o n d e n s e rs  c o p p e r  h a s  been  
e m p lo y e d  fo r  th e  c o n ta in in g  c a n , b u t  i t  is  
s u g g e s te d  t h a t  th is  c o p p e r  c o n ta m in a te s  
th e  e le c t r o ly t e  a n d  p ro m o te s  d e te r io r a t io n .  
A  m o d e rn  s u g g e s t io n  is  t o  u se  a lu m in iu m  
p la te d  w ith  c h ro m iu m  in s id e ,  Ib u t in  th is  ca se  
a  se v e re  a .c .  r ip p le  o v e r lo a d  w i l l  c a u s e  th e  
p la t in g  to  s t r ip  a n d  to  s p o il  th e  e le c t r o ly te .  
A n o th e r  p ro c e d u re  is  to  ro u g h e n  th e  
c a th o d e ,  m e c h a n ic a l ly  o r  c h e m ic a l ly ,  in  
o rd e r  to  in c re a s e  i t s  a r e a  a n d  so  re d u c e  th e  
loss  o f  c a p a c i t y  d u e  to  a n y  f i lm  fo r m a t io n .

6 . P r a c t i c a l  A p p l ic a t io n s
L a r g e - c a p a c i t y  c o n d e n s e rs  w i t h  m in im u m  

p h y s ic a l  d im e n s io n s  a re  re q u ire d  in  r a d io  
r e c e iv e rs  a n d  a m p lif ie r s  fo r  s m o o th in g  
r e c t if ie d  a .c .  c u r r e n t .  T w o  c la sses  a re  u se d . 
L o w - v o lt a g e  t y p e s  r e p re s e n t  o n e  c a te g o r y ,  
h a v in g  c a p a c i t y  v a lu e s  fro m  6 to  50 m i . , 
a n d  s u i t a b le  f o r  o p e ra t io n  a t  v o lta g e s  fro m  
6 to  100 v .  T h e s e  a re  u se d , fo r  e x a m p le ,  
fo r  p a s s in g  u n d e s ir e d 'lo w  fre q u e n c ie s  o n  g r id  
b ia s  c ir c u it s .  H ig h - v o lt a g e  t y p e s  c o v e r  
c a p a c it ie s  fro m  3  to  24 m f.  a n d  v o lta g e s  f r o m  
200 to  550 v .  T h e s e  a re  u se d  c h ie f ly  f o r  
s m o o th in g  re c t if ie d  a .c .  s u p p lie s  o n  th e  
a n o d e  c i r c u i t s  t o  v a lv e s .
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b y  t h e  C U R R A N
P aten t  A U T O M A T I C  S P R A Y  P R O C E S S

Illustrated is one Unit  f rom the  Cur ran  Line. The Patent  
Autom at ic  Spray process  which has made the  Cur ran  Line 
unique is here  utilised for the  cleaning and etching of 
l ight alloys, e i the r  s tr ip as shown,  shee t  o r  components .  
W r i t e  for fu r the r  detai ls— t h e r e  is a C ur ran  Unit  for every 
req u i r em e n t  in cleaning, etching, pickling and washing.

C U R R A N  B R O T H E R S  L T D - C A R D I F F
D esigners a n d  B uilders o f  Continuous P ic k lin g  P lan ts  
C A R D I F F  N E W  Y O R K  M O N T R E A L
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------    i»io M -w so M ro so
T EM PERATURE DEGS. CEN T.

For b y - p a s s in g  a u d io  fre q u e n c ie s  o n ly ,  th e  
b e h a v io u r  o f th e  c o n d e n s e rs  a t  h ig h e r  
fre q u e n c ie s  is  o f  in te r e s t .  T h e  c u r v e  in  
F i g .  171 s h o w s  th e  e q u iv a le n t  s e r ie s  o f 
re s is ta n c e  v a lu e  o v e r  a  ra n g e  o f  fre q u e n c ie s  
f o r  a  6 m f.  500 v .  d r y - t y p e  c o n d e n s e r . 
F i g .  172 g iv e s  th e  im p e d a n c e  v a lu e s  fo r  w e t  
a n d  d r y  c o n d e n s e rs  o v e r  a  ra n g e  o f f r e 
q u e n c ie s ,  a n d  F ig .  173 g iv e s  th e  d e p e n d e n c e  
o f  c a p a c i t y  u p o n  fr e q u e n c y .

O n l y  a  g e n e ra l g u id e  c a n  b e  g iv e n  u p o n

p u rp o s e  a n d  th e y  d e p e n d  fo r  t h e ir  o p e ra t io n  
u p o n  th e  f a c t  t h a t  th e  d .c .  le a k a g e  c u r r e n t  
r ises  a s  th e  v o lt a g e  is  r a is e d  a b o v e  th e  
n o r m a l  o p e r a t in g  p o in t .

S t a n d a r d  S p e c i f ic a t io n  fo r  P e r f o r m a n c e  a n d  
A c c e p ta n c e  T e s t

A n  e x a m p le  o f  a  s ta n d a rd  s p e c if ic a t io n  is  
g iv e n  a s  fo l lo w s :—

( i )  General.— -A ll te s ts  to  b e  c a r r ie d  o u t  
in  n o rm a l la b o r a t o r y  a tm o s p h e r ic  co n d i-

F ig . 168 (le ft). —  T h e rm a l 
ch ara cte ris tics  o f c a p a c ity  an d  
p o w e r  fa c to r fo r sem i-d ry typ e  

e lec tro ly tic  condensers.

F ig . 169 (b e lo w ). —  T h e rm a l 
ch aracte ris tics  o f c a p a c ity  a n d  
p o w e r  fa c to r fo r d ry- typ e  

e lec tro ly tic  co ndensers.

th e  c h o ic e  o f  a  p a r t ic u la r  c o n d e n s e r , 
n a m e ly :—

( i )  I f  a  lo w  p o w e r  f a c t o r  is  re q u ire d  th e  
d r y  a n d  s e m i- d ry  t y p e s  a r e  p re fe r re d  to  
th e  w e t  t y p e .

( i i )  T o  c a t e r  fo r  a  w id e  ra n g e  o f 
w o r k in g  te m p e ra tu re s ,  th e  w e t  t y p e  in  
g e n e ra l w i l l  g iv e  lo w e r  s t a b i l i t y  a n d  
c h a r a c t e r is t ic s  e s p e c ia l ly  a t  e x t re m e  
te m p e ra tu re s .

( i i i )  T o  fu n c t io n  a s  a  v o lt a g e  l im i t e r  
b y  d r a w in g  a  la rg e  le a k a g e  c u r r e n t ,  w h i le  
th e  re s t  o f  th e  lo a d  is  in o p e r a t iv e ,  a s  w i t h  
s lo w  h e a t in g  v a lv e s ,  a  w e t  e le c t r o ly t i c  
c o n d e n s e r  s h o u ld  b e  ch o se n  o n  th e  g ro u n d s  
o f  r e l i a b i l i t y  a n d  le n g th  o f  s e rv ic e .

( i v )  A  w e t  e le c t r o ly t ic  c o n d e n s e r  m u s t  
be  m o u n te d  v e r t i c a l l y  w i t h  th e  v e n t  
a b o v e  th e  le v e l  o f  th e  e le c t r o ly te .  A  d r y  
c o n d e n s e r  c a n  b e  f ix e d  in  a n y  p o s it io n  
a n d ,  th e re fo re ,  m u s t  b e  used  w h e n  th e  
fo r e g o in g  r e q u ire m e n ts  c a n n o t  b e  m a in 
ta in e d .

( v )  T h e  d r y  t y p e  is  p re fe ra b le  w h e re  
lo n g  id l in g  p e r io d s  a r e  e n ta i le d .  T h is  is  
■because t h e y  a re  e f f e c t iv e ly  s e a le d  a n d  
h a v e  g r e a te r  f i lm  s t a b i l i t y .
E le c t r o l y t i c  c o n d e n s e rs  a re  u se d  o n  a l t e r 

n a t in g  c u r r e n t  c ir c u i t s  p r in c ip a l ly  fo r  sp lit-  
p h a s e  m o to rs .  T h e y  a re  a lso  u se d  as 
r e g u la t in g  c o n d e n s e rs  f o r  l im i t in g  th e  v o l t 
a g e  r ise  in  a  r e c t i f ie r  c i r c u i t  b e fo re  r e g u la 
t io n .  W e t  c o n d e n s e rs  a r e  u sed  fo r  th is

t io n s ,  b e tw e e n  15 a n d  20 d e g re e s  C . A l l  
c o n d e n s e rs  to  b e  h e ld  in  th e ir  n o r m a l  
w o r k in g  p o s it io n s  fo r  a l l  te s ts , w e t- ty p e  
co n d e n s e rs  b e in g  u p r ig h t .

( i i )  Re-forming.— C o n d e n s e rs  s h a l l  b e  
s u b je c te d  to  a n  i n i t i a l  re - fo rm in g  t r e a t 
m e n t  b y  th e  a p p l ic a t io n  o f a  s t e a d y  d .c .  
v o lt a g e  e q u a l to  t h e ir  r a te d  w o r k in g  v o l t 
a g e  in  th e  c o r r e c t  d ir e c t io n  in d ic a t e d  b y  
th e  t e r m in a l  m a r k in g .  T h e  d u r a t io n  s h a ll  
be  a s  s h o w n  in  T a b le  31. T h e  le a k a g e  
c u r r e n t  s h a ll  th e n  b e  m e a s u re d  b y  a  
m il l ia m m e te r  a n d  s h a l l  n o t  e x ce e d  0 .15
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F ig . I 70.— T im e  ch aracte ris tics  
o r life  cu rves  fo r d r y  an d  w et 
e lec tro ly tic  condensers at 5 0 °C . 

a n d  500 V o lts  d .c.

m il l ia m p s  p e r  m f. p e r  v o l t  f o r  Ï
d r y  t y p e s  a n d  0 .3 5  m il l ia m p s  °
fo r  w e t  t y p e s .  I n  n o  case  n e e d  3
th e  le a k a g e  be less th a n  0.1 “
m il l ia m p s .  “

( i i i )  Capacity. —  C a p a c i t y  ~
s h a l l  b e  m e a s u re d  a t  50 c y c le s  5
p e r  s e c o n d , u s in g  th e  im p ed -  u
en ce  m e th o d , a  b r id g e  c i r c u i t  
o r  e q u iv a le n t  n e tw o r k .  F o r  
th is  te s t  th e  c o n d e n s e r  s h a ll  be 
s u b je c te d  to  a  d .c .  p o la r iz in g  
v o lt a g e  o f 75 p e r  c e n t ,  o f  th e  r a te d  p e a k  
w o r k in g  v o lt a g e  o f  th e  c o n d e n s e r  a n d  th e  
a .c .  r ip p le  v o lt a g e  ( R . M . S . )  su p e r im p o se d  
s h a l l  n o t  e x ce e d  10 p e r  c e n t ,  o f  th e  ra te d  
p e a k  w o r k in g  v o lt a g e .  M a x im u m  p e r 
m is s ib le  to le ra n c e s  fro m  th e  n o rm a l 
c a p a c i t y  v a lu e  a r e  g iv e n  in  T a b le  32.

( i v )  Power Factor.— -D ete rm in ed  b y  a  
b r id g e  m e th o d  a t  50 c y c le s  p o w e r  fa c to r  
s h a l l  s a t is f y  th e  l im i t s  g iv e n  in  T a b le  33.

( v )  Insulation.— C o n d e n s e rs  in  in s u 
la t in g  cases  o r  in  m e ta l  cases , b u t  
in s u la te d  th e r e f ro m , s h a ll  b e  s u b je c t  to  a n  
in s u la t io n  te s t  a p p lie d  b e tw e e n  th e  
c o n d e n s e r  s e c t io n s  a n d  th e  ca se  o r  th e  
s e c t io n s  a n d  a  m e ta l  p la te  o n  w h ic h  th e  
m é ta l  ca se  is  la id .  T h e  te s t  s h a l l  a ls o  b e  
a p p l ie d  b e tw e e n  a n y  s e p a ra te  co n d e n s e r  
s e c t io n s  w h ic h  a re  in te n d e d  to  b e  c o m 
p le t e ly  in s u la te d  fro m  o n e  a n o th e r .  I t  
s h a l l  n o t  b e  a p p l ie d  b e tw e e n  th e  t e rm in a ls  
o f  a n y  c o n d e n s e r  s e c t io n s  w h ic h  h a v e  a n y

W E T  TYPE 16 M  f 500 Y.

100 300
T IM E IN  DATS

c o m m o n  c o n n e c t io n s  b e tw e e n  th e m . T h e  
in s u la t io n  re s is ta n c e  m e a s u re d  a t  1,000 v . 
d .c .  s h a ll  ex cee d  100 m e g o h m s .

( v i )  Extra Tests.— W h e n  d e s ire d  th e  
te s ts  m a y  b e  a m p lif ie d  b y  th e  in c lu s io n  
o f  te s ts  fo r  re - fo rm in g  c h a r a c t e r is t ic  a n d  
v o lt a g e  c h a r a c t e r is t ic ,  b o th  t a k e n  a f t e r  
th e  a p p l ic a t io n  o f th e  ra te d  w o r k in g  v o l t 
ag e  f o r  100 h o u rs ,  fo l lo w e d  b y  100 h o u rs '*  
id l in g .
C o u r s e y 'a n d  R a y ' s  p a p e r  is  v e r y  c o m p re 

h e n s iv e , a s  c a n  b e  r e a d i ly  seen  fro m  th e  
a b o v e  b r ie f  a b s t r a c t .  M a n y  o f th e  p r a c t ic a l  
fe a tu re s  o f  e le c tro d e  d e s ig n , e tc . ,  a re  
p a te n te d ,  a n d  th e  p a p e r  g iv e s  a  lo n g  l is t  o f 
p a te n t  in fo r m a t io n  in  a d d it io n  t o  a  c o m p re 
h e n s iv e  b ib l io g r a p h y  o f s c ie n t if ic  re fe re n c e s .

I t  is  a p t  to  c lo se  th e  s e c t io n  o n  re c t if ie r s  
. a n d  e le c t r o ly t ic  c o n d e n s e rs  w i t h  r e fe re n c e  t o  
t w o  re c e n t  p r o d u c t io n  p la n ts  in t r o d u c e d  in  
A m e r ic a  in  in d u s t r ia l  f in is h in g  sh o p s . T h e  
f ir s t  o f  th e se  is  p o p u la r ly  te rm e d  th e

, CYCLES PER SEC.

F ig . 171.— C u rv e  sh o w in g  d ep en d en ce  u p o n  fre q u e n cy  o f th e  e q u iv a le n t series res istance  
of a  d ry- type  e lec tro ly tic  condenser, c a p a c ity  6 m F ., 500 V .
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“  d e te a r in g  u n i t , ”  a n  e q u ip m e n t  e m p lo y e d  
fo r  th e  r e m o v a l o f  th e  ex cess  "  d r a in - d o w n  ”  
o f  v a r n is h ,  p a in t ,  e n a m e l o r  la c q u e r  fro m  
a r t ic le s  t h a t  a r e  f in is h e d  in  o rg a n ic  m e d ia  
b y  d ip  p ro ce ss . T h e  e q u ip m e n t  seem s, in  
e f fe c t  to  b e  a  m o d if ic a t io n  o f e le c t ro s ta t ic  
p r e c ip i t a t io n  p la n t .  A  h ig h  p o t e n t ia l  is  
im p o se d  b e tw e e n  th e  w o r k  a n d  a  m e ta l  
s c re en  o v e r  w h ic h  th e  w o r k  p asses . 
O b v io u s ly ,  th e  t y p e  o f  a r t ic le ,  w i t h  s p e c ia l 
re fe re n c e  t o  s h a p e  a n d  th e  m a n n e r  in  w h ic h  
d ip p e d , m u s t  h a v e  so m e  in f lu e n c e  u p o n  
w h e th e r  th e  p ro ce s s  c a n  b e  a p p l ie d  e ffe c 
t i v e l y .

T h e  d e te a r in g  p ro cess  is  re fe rre d  to  in  
" M a c h i n e r y ”  ( L o n d o n ) ,  F e b r u a r y  17, 
1944, p.  180, in  a n  a r t ic le  d e a l in g  w i th  th e  * 
p ro d u c t io n  o f  c a r t r id g e  cases , f t  e x p la in s  
t h a t  th e  ca ses  a re  t h o r o u g h ly  c le a n e d , rust-  
p ro o fe d  b y  s u c c e s s iv e  d ip s  in  p h o s p h o r ic  
a c id  s o lu t io n ,  w a t e r  a n d  a q u e o u s  c h ro m a te  
s o lu t io n ,  a n d  d r ie d . T h is  s e q u e n c e  o f  p ro 
cesses  o c c u p ie s  30 se c o n d s  a n d  e n su re s  
c le a n lin e s s  p r io r  to  v a r n is h in g .  F o r  th e

FREQUENCY, CYCLES/SEC.
F ig . 172.— Im p ed an ce / freq u en cy  re la tion sh ip  
o f wet- a n d  d ry-type  e lec tro ly tic  co n d e n se rs :
A , 8 mf. 525V  d ry  ; B , 8 mf. 500V d r y  ; C ,

8 mf. 4 60 V  d ry  ; D , 8 mf. 475V  wet.

la t t e r ,  th e  ca se s  a r e  su s p e n d e d  f r o m  h o o k s  
in s e r te d  th r o u g h  th e ir  p r im e r  h o le s  a n d  
t r a n s fe r r e d  to  a  c h a in  c o n v e y o r .  T h is  
c a r r ie s  th e m  to  th e  t a n k  o f p la s t ic  b a se  
v a r n is h ,  a n d  a s  th e y  le a v e  th is  th e  v a r n is h  
ru n s  d o w n  th e  ca ses  to  le a v e  a  u n ifo rm  c o a t  
e x c e p t  fo r  a  r in g  o f v a r n is h  a r o u n d  th e  
m o u th  o f  th e  ca se . T h e  d u t y  o f  th e  d e te a r in g  
u n it  is  to  r e m o v e  th is  d ra in - d o w n  v a r n is h .  
T h e  u n i t  is  s h o w n  in  F i g .  175 (a f t e r  
“ M a c h i n e r y ” ) .  E s s e n t ia l l y ,  i t  c o m p r is e s  
tw o  c o p p e r  s c re e n s  w h ic h  a re  e le c t r ic a l ly  
c h a rg e d  to  a  p o te n t ia l  o f  SO ,000 v o lt s .  T h is  
c h a rg e  is s a id  to  p u l l  th e  v a r n is h  o ff th e  
e n d s  o f th e  ca ses  in  th e  fo rm  o f  s p r a y  b e fo re  
t h e y  a c t u a l l y  re a c h  th e  sc re e n s ; th e  se c o n d

s c re e n  re m o v e s  a n y  v a r n is h  t h a t  m a y  d r a in  
d o w n  th e  ca ses  a f t e r  p a s s in g  th e  f i r s t  sc re en . 
R a t h e r  t h a n  m a k e  th e  s c re e n s  m e ssy  w i t h  
v a r n is h ,  t h e y  a r e  c o v e re d ,  in  p r a c t ic e ,  w i th  
h e a v y  w r a p p in g  p a p e r ,  w h ic h  a b s o rb s  th e  
v a rn is h ;  th is  a v o id s  th e  la b o u r  o f  re p e a te d  
c le a n in g  o f th e  scre en s .

F r o m  th e  d e te a r in g  o u t f i t ,  th e  cases  a re  
t r a n s fe r r e d  to  a  b a k in g  o v e n ,  c o n v e y o r iz e d  
so  t h a t  t h e y  f ir s t  e n te r  a  p r e h e a t in g  zone  
a n d  th e n  th e  b a k in g  s e c t io n  a t  475 d e g ree s  
F ,  a n d ,  f in a l ly ,  a- c o o l in g  s e c t io n . T h e  
b a k in g - z o n e 1 p e r io d  is  20 m in u te s .

<00 600 1.000 3.000 S.000B.000
FREQUENCY, CYCLESISEC.

F ig . 173.— C a p a c ity / fre q u e n cy  re la tion sh ip
o f wet- a n d  d ry- typ e  co n d e n se rs : A , B ,  C  

an d  D  as in  F ig . 172.

S u f f ic ie n t  h a s  b e en  s a id  o f  d e te a r in g  to  
s h o w  it s  s ig n if ic a n c e , a n d  te c h n o lo g is ts  c o n 
c e rn e d  w i th  in d u s t r ia l  f in is h in g  a re  f u l ly  
a w a r e  o f  i t s  im p o r ta n c e  in  d ip - f in is h in g  
p ro cesses  a n d  th e ir  e x te n s io n  to  a  la rg e r  
v a r ie t y  o f  w o rk .  O b v io u s ly ,  in s u f f ic ie n t  is  
y e t  k n o w n  o f th e  p ro cess  o v e r  he re  to  be 
o v e r- o p t im is t ic ,  a n d  w h a t  s u its  w a r  p r o d u c 
t io n  m a y  n o t  b e  so  fa v o u r a b le  to  p e ac e - tim e  
o u tp u ts .  H o w e v e r ,  th e  s ig n i f ic a n t  f a c t  
re m a in s  t h a t  th e  p ro ce s s  is  in  o p e ra t io n .

T h e  o th e r  n e w  p ro ce s s  in v o lv in g  e le c t ro n ic  
e q u ip m e n t  is  t h a t  re fe r re d  to  a s  “  e le c 
t r o n ic  ”  o r  ”  e le c t r o s ta t ic  ”  s p r a y in g .  I n  
th is ,  a  n o rm a l t y p e  o f s p ra y - g u n  is  a p p a 
r e n t l y  e m p lo y e d  in  th e  u s u a l w a y  fo r  
s p r a y in g  th e  p a in t ,  e n a m e l o r  la c q u e r ,  b u t  
th e  w o r k  is  su sp e n d e d  in  a n  e le c t ro s ta t ic  
f ie ld .  T h e  a to m iz e d  o rg a n ic  m e d iu m  is  
th e r e b y  c h a rg e d  a n d  a t t r a c t e d  to  th e  w o rk ,  
u p o n  w h ic h  i t  is  d e p o s ite d . T h e  im p o r t a n t  
f e a tu r e  c la im e d  is t h a t  th e  w o r k  th e r e b y  
b e co m e s  c o a te d  u n if o r m ly  u p o n  a l l  su r fa c e s  
w i t h o u t  r o t a t in g  i t .

T h e  c la im s  f o r  e le c t r o s ta t ic  s p r a y in g  s o u n d  
fa r- re a c h in g , b u t  i t  is  a  l i t t l e  d i f f ic u l t  to  
c o n c e iv e  o f  u n ifo rm  c o a t in g  b e in g  a c h ie v e d  
w i t h o u t  h a v in g ,  a  d e m o n s t r a t io n  to  o v e r 
co m e  v a r io u s  o b v io u s  d o u b ts .  A g a in ,  th e  
fa c t  r e m a in s  t h a t  t h e  p ro ce s s  is  s a id  to  b e  
o p e r a t in g  w i t h  a d v a n ta g e  in  A m e r ic a .  M o r e 
o v e r ,  e q u ip m e n t  is  b e in g  a d v e r t is e d  in  th is  
c o u n t r y .
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F ig . 174.— C u rv e  fo r “ reg u 
l a t in g "  typ e  c o n d e n s e r ,  
sh o w in g  leakage  cu rren ts  for 
ap p lied  vo ltag es be tw een  440 

an d  540.

fo rm  to  v e r y  s t r ic t  
s ta n d a rd s .

T h e  m e ta l  fo i l  used  fo r  
th e  e le c tro d e s  a t  o n e  t im e  
co n s is te d  o f t in - le a d , tin- 
le a d - a n t im o n y ,  o r  t in - a n ti-  
m o n y - a l lo y ,  o r  p u re  t in  
its e lf ,  o r  i t  c o n s is te d  o f 
h ig h - g ra d e  p a p e r  (o f  c o m 
p o s it io n  a n d  q u a l i t y  s im ila r  
to  t h a t  used  fo r  t h e  s e p a ra t 
in g  in s u la t io n  i t s e l f )  c o a te d  
o n  o n e  s id e  w i t h  t in ,  
c h e m ic a l ly  p r e c ip i t a te d  a n d  
s e c u re d  in  p o s it io n  w ith  

s u it a b le  a d h e s iv e  t o  g iv e  a  c o n t in u o u s  m e ta l  
c o n d u c t in g  c o a t in g .  D u r in g  th e  p a s t  20 
o r  30 y e a rs ,  th e se  m a te r ia ls  h a v e  b e e n  
g r a d u a l ly  re p la c e d  b y  a lu m in iu m  fo i l ,  so  
t h a t  to - d a y  th e  la t t e r  m a te r ia l  re p re se n ts  
p r a c t i c a l l y  th e  w h o le  o f  th e  m e ta l  c o n d e n s e r  
fo i l  c o n s u m e d , i f  n o t  th e  w h o le  o f i t .  T h e  
a d o p t io n  o f  a lu m in iu m  w a s  b o th  e a r l ie r  a n d  
q u ic k e r  o n  th e  C o n t in e n t  a n d  in  A m e r ic a  
th a n  in  th is  c o u n t r y .  A v a i l a b i l i t y  w a s  o n e  
re a so n  fo r  th is ;  b u t  a  n u m b e r  o f fa c to rs  
h a d  to  be e x a m in e d  a n d  te s te d  b y  f ie ld  t r ia l  
b e fo re  a lu m in iu m  c o u ld  b e  a c c e p te d . T o - d a y , 
th e  e m in e n t  s u i t a b i l i t y  o f  a lu m in iu m  fo r  th e  
p u rp o se , e s ta b lis h e d  b y  y e a rs  o f use, a n d  
re g a rd e d  fro m  th e  v ie w p o in t  o f  c h e m is ts , 
m e ta l lu rg is t s  a n d  e n g in e e rs  b e t te r  e q u ip p e d  
t e c h n ic a l ly ,  c re a te s  su rp r is e  a t  a l l  th e  e a r ly  
d o u b ts  c o n c e rn in g  i t s  s o u n d n e ss  fo r  th e  
p u rp o s e  a n d  a t  th e  s t ru g g le  t h a t  e x is te d  in  
in t r o d u c in g  it .

P e r h a p s  th e  c h a r a c t e r iz in g  fe a tu re  o f  a  
c o n d e n s e r  is  i t s  e le c t ro s ta t ic  c a p a c i t y .  T h is

APPLIED VOLTS

F ig . 175.— C o p p e r screens e lec 
tr ic a lly  ch a rg ed  to a  h ig h  vo ltag e  
a re  em p loyed , as illu stra ted  here, 
to rem ove  excess v a rn is h  from  

ca rtr id g e  cases.

T h e s e  i l lu s t r a t io n s  a re  b ro u g h t  in  to  b r in g  
th e  a p p l ic a t io n  s id e  o f  r e c t if ie r s  a n d  e le c t ro 
l y t e  c o n d e n se rs  u p  t o  d a te .  M a n y  in d u s t r ie s  
w i l l  b e  in te r e s te d  in  th e m  a s  so o n  as  fa c i l i t ie s  
a re  m a d e  a v a i la b le .  A t  th e  sam e  t im e ,  a n  
e v e r- w id e n in g  f ie ld  o f  a p p l ic a t io n  w i l l  in e v i t 
a b l y  c r e a t e  fu r th e r  d e v e lo p m e n t  a n d  p ro g re ss  
in  th e  d e s ig n  a n d  p r o d u c t io n  o f r e c t if ie rs  
a n d  e le c t r o ly t ic  c o n d e n se rs , o f  re c t if ie rs  o f 
g r e a te r  o u t p u t  p e r  u n it  a r e a  w i t h o u t  lo ss  o f  
e f f ic ie n c y ,  a n d  o f co n d e n s e rs  o f  g re a te r  
e f f ic ie n c y  a n d  lo n g e r  s e r v ic e  l i fe .  T h is  d o es  
n o t  s ig n i f y  a n y t h in g  a p p e r t a in in g  to  a  
v ic io u s  c ir c le ,  b u t  n o r m a l  h e a l t h } ' p ro g re ss  
f ro m  th e  s lo w  b u t  s o u n d  a p p l ic a t io n  o f 
s c ie n t if ic  k n o w le d g e  t o  in d u s t r ia l  p ra c t ic e .

F ix e d  P a p e r  C o n d e n s e rs
F ix e d  p a p e r  c o n d e n s e rs  a re  p ro d u c e d  in  a  

v e r y  w id e  ra n g e  o f fo rm s  a n d  s izes. 
P r i m a r i l y  t h e y  c o m p r is e  tw o  m e ta l  p la te s  
in  p a r a l le l  p o s it io n  s e p a ra te d  b y  a  d ie le c t r ic .  
T h e  e le c tro d e s  c o n s is t  o f  v e r y  th in  m e ta l  
fo i l  a n d  th e  d ie le c t r ic  in s u la t io n  
in  g e n e ra l c o n s is ts  o f  h ig h - g ra d e  
p a p e r  im p re g n a te d  w i t h  a  s u i t 
a b le  m e d iu m , w h ic h ,  in  tu r n ,  
m a y  b e  w a x ,  o il ,  j e l l y  o r  o th e r  
a p p r o p r ia te  m a t e r ia l .  T h e  p a p e r  
th u s  p la y s  th e  fu n d a m e n ta l  ro le  
o f  c a r r ie r  f o r  th e  im p re g n a n t ,  
e n a b lin g  th e  t w o  m e ta l  e le c tro d e s  
t o  b e  h e ld  a t  a  d is ta n c e  a p a r t  
w h ic h  is  v i r t u a l l y  c o n s ta n t  
t h ro u g h o u t  th e  c o n d e n s e r . H o w 
e v e r ,  i t s  q u a l i t y  in  o th e r  re sp e c ts  
is  v e r y  c r i t i c a l  a n d  m u s t  con-
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is  p r o p o r t io n a l  to  th e  s u r fa c e  a r e a  o f o n e  o f 
th e  e le c tro d e  p la te s  (a s s u m in g  th e m  t o  b e  o f 
e q u a l s iz e ) , a n d  in v e r s e ly  p r o p o r t io n a l  to  
t h e ir  d is ta n c e  a p a r t .  T h a t  is , th e  la rg e r  th e  
a r e a  o f  fo i l  in  th e  e le c tro d e , th e  g r e a te r  th e  
c a p a c i t y ,  a n d  th e  t h in n e r  th e  d ie le c t r ic  
in s u la t io n  b e tw e e n  th e m  lik e w is e  th e  g re a te r  
th e  c a p a c i t y ,  o th e r  th in g s  b e in g  e q u a l.  T h e  
c a p a c i t y  is  a lso  d i r e c t l y  p r o p o r t io n a l  to  th e  
s p e c if ic  in d u c t iv e  c a p a c i t y  ( S . I . C . )  o r  p e r m it 
t i v i t y  o f  th e  d ie le c t r ic  in s u la t io n .  T h u s ,  fo r  
th e  s a m e  c o n s t r u c t io n ,  a  c o n d e n s e r  c a n  be 
m a d e  h a v in g  a  h ig h e r  c a p a c i t y  i f  a n  im p reg -  
n a n t  o f  h ig h e r  S . I . C .  c a n  b e  u se d . ' T h e  
h y d ro c a rb o n  w a x e s  s u c h  a s  p a r a f f in  a n d  
c e re s in , a n d  th e  m in e ra l  o ils  a n d  je l lie s ,  
h a v e  c lo s e ly  th e  s a m e  S . I . C .  v a lu e ,  b u t  th e  
c h lo r in a te d  n a p h th a le n e  w a x e s  h a v e  a  v a lu e  
a b o u t  tw ic e  as  h ig h . C o n s e q u e n t ly ,  c o n 
d e n se rs  o f  th e  s a m e  c a p a c i t y  c a n  b e  m ad e  
s m a lle r ,  a b o u t  h a l f  th e  s ize , b y  s u b s t i tu t in g

T a b le  31.— S ta n d a rd  Sp e c if ic a tio n  R e-fo rm ing  
R e q u ire m e n ts  fo r  W e t  and D r y  E le c t ro ly t ic  

C o n d e n se rs .

Condensers tested
Duration of Treatment

Dry type Wet type

Within 1 month of manufacture 
After 6 months’ shelf •• idling ” 
After 12 months’ shelf “ i dling ”

10 minutes 
30 minutes 
60 minutes

2 hours 6 hours 12 hours

th e  c h lo r in a te d  n a p h th a le n e  w a x e s  fo r  
p a r a f f in  w a x ,  a n  a s p e c t  t h a t  w i l l  b e  re fe r re d  
to  a g a in .

I n  o rd e r  to  p ro d u c e  c o n d e n s e rs  .of s u i t 
a b le  c a p a c i t y  in  a  c o m p a c t  fo rm ,  th e  u n its  
a re  m a n u fa c tu r e d  in  ro lls .  T o  th is  e n d , th e  
tw o  fo i ls  w i t h  th e  re q u is it e  n u m b e r  o f  p a p e rs  
s e p a r a t in g  th e m  a re  w o u n d  to g e th e r  o n  a  
m a n d re l .  T h u s ,  i f  tw o  s e p a ra t in g  p a p e rs  
a r e  r e q u ire d ,  th e  v a r io u s  m a te r ia ls  a re  fe d  
to  a  m a n d re l  to g e th e r  in  th e  o rd e r  tw o  
p a p e rs , o n e  fo i l ,  tw o  p a p e rs  a n d  o n e  fo i l .  
T h e  p a p e rs  e x te n d  b e y o n d  th e  e n d s  o f th e  
fo i ls  to  p r e v e n t  s h o r t- c ir c u it in g ,  a n d  th e  
fo i ls  a re  a  l i t t l e  n a r r o w e r  t h a n  th e  p a p e rs  
a n d  a r r a n g e d  c e n t r a l ly  to  p r e v e n t  f la sh  o v r  
a t  th e  ed ge . T h e  r o ll  is  t h e n  w o u n d  o n  
a n  a u to m a t ic  o r  h a n d  m a c h in e  to  th e  
re q u ire d  le n g th .  T h e  m e ta l  fo ils  a re  c u t  
s h o r t  o f  th e  p a p e rs , a g a in  t o  p r e v e n t  fla sh  
o v e r .  T h e  en d s  o f  th e  p a p e rs  a re  s e c u re d  
w i t h  a d h e s iv e  to  p r e v e n t  u n r o l l in g  in  h a n d 
l in g  th ro u g h  th e  n e x t  o p e ra t io n s .  C o n d u c t 
in g  ta p e s  a re  s l ip p e d  in  d u r in g  w in d in g  to  
m a k e  m e c h a n ic a l  c o n t a c t  w i th  th e  m e ta l 
fo i ls ,  a n d  i t  is  th e se  t a p e s  w h ic h  a re  s u b se 
q u e n t ly  t a k e n  o u t  to  th e  c o n d e n s e r  t e r 
m in a ls .

T h e  ro lls  p a ss  th ro u g h  o p e ra t io n s  o f  
p re s s in g  to  s h a p e  in  o rd e r  to  f i t  t h e ir  f in a l  
c o n ta in e r s ,  d r y in g ,  im p re g n a t in g ,  assem -

T a b le  32.— S ta n d a rd  Sp e c if ic a tio n  C a p a c ity  
T o le ra n c e s  fo r  E le c t ro ly t ic  C o n d e n se rs .

Maximum permissible
Rated voltage of condenser

tolerances

Minus Plus

Up to 100 volts 10 100
Over 100 volts .. 10 50

b lin g  a n d  s e a lin g  in  t h e ir  c a n s , a n d  f in a l ly  
t e s t in g .  T h e  m a te r ia ls  u sed  h a v e  to  w i t h 
s ta n d  th e  r ig o u rs  o f  th is  p ro c e s s in g , e n a b le  
th e  in s p e c t io n  te s t  r e q u ire m e n ts  to  b e  m e t, 
a n d  to  e n su re  s e r v ic e a b i l i t y  a s  s ta b le  c o n 
d e n se rs  fo r  lo n g  p e r io d s . A c t u a l l y ,  th e  
m e ta l  fo i l  s a t is f ie s  th e se  c o n d it io n s  w i t h o u t  
d i f f ic u l t y ,  p r o v id e d  t h a t  i t s  n a tu r e ,  p a r t ic u 
l a r l y  w i t h  r e g a rd  to  m e c h a n ic a l  s t r e n g th ,  is  
a p p re c ia te d .

A  fe w  b r ie f  n o te s  u p o n  th e  q u a l i t y  
r e q u ire m e n ts  w i l l  e x p la in  c le a r ly  h o w  f a r  
r a w  m a te r ia l ,  p ro ce ss , m e th o d  a n d  d e s ig n  
a re  e a c h  re s p o n s ib le ,  a n d  h o w  e a c h  c a n  be 
m a n ip u la te d  to  b e s t  m e e t  th e  r e q u ir e m e n ts  
im p o se d .

S p e c if ie d  c a p a c it ie s  h a v e  to  b e  m e t  
g e n e r a l ly  w i t h in  a  l im i t  o f  p lu s  o r  m in u s  
5 p e r  c e n t .  I n  so m e  ca ses  c lo s e r  to le ra n c e s  
a re  . r e q u ire d ,  w h i le  in  o th e rs  a  w id e r  l im i t  
su ffice s , o r  m a y  b e  n e c e s s a ry  fo r  re a so n s  
o f p r a c t ic a l  d if f ic u lt ie s  in  m e e t in g  a  p a r 
t i c u la r  d e s ig n . I n  a l l  c a se s  a c c u r a c y  o f  
p r o d u c t io n  is e s s e n t ia l.  T h e  w id t h  o f  m e ta l  
fo i l  m u s t  b e  a c c u r a t e  a n d  th ic k n e s s  u n ifo rm . 
I f  o n ly  a  s h o r t  le n g th  o f  fo i l  is  n e e d e d  to  
g iv e  th e  c a p a c i t y ,  a  lo n g e r  le n g th  o f  
n a r r o w e r  fo i l  c a n  b e  c o n s id e re d  in  o rd e r  to  
g iv e  g r e a te r  a c c u r a c y  in  w in d in g .  I t  s h o u ld  
b e  p o in te d  o u t  t h a t  in  w in d in g  th e  le n g th  
is  c o n t ro l le d  b y  th e  n u m b e r  o f  tu rn s .  T h e  
d ia m e te r  o f  th e  m a n d r e l  u p o n  w h ic h  th e  fo i l  
is  w o u n d  g iv e s  a n o th e r  v a r ia b le  a s s is t in g  
in  a t t a in in g  a c c u r a c y ,  d e p e n d e n t  u p o n  
t h e  le n g th  in v o lv e d .  H o w e v e r ,  c a p a c i t y  is  
s t i l l  m o re  a ffe c te d  b y  th e  th ic k n e s s  o f  th e  
in t e r le a v in g  p a p e r , u p o n  w h ic h  s u c h  c lo se  
th ic k n e s s  to le ra n c e s ,  a n d  u n if o r m i t y  
th r o u g h o u t  i t s  le n g th ,  c a n n o t  b e  m a in 
ta in e d  a s  w i th  m e ta l fo i l .  G r a d in g  o f  th e  
r o lls  o f  p a p e r ,  a n d  ̂ s e g re g a t in g  in to  g ro u p s ,

T a b le  33.— S ta n d a rd  S p e c if ica tio n  R e q u ire m e n ts  
fo r  W e t  and D r y  E le c t ro ly t ic  C o n d e n se rs .

Rated working voltage in 
volts of the condenser

Maximum power factor 
per cent, for :—

W et type Dry type

Below 50 20
Between 50 and 100 — 15
Between 100 and 450 .. 20 10
Over 450 25 10
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is  o f  a s s is ta n c e  in  th is  d ir e c t io n .  A g a in ,  
s t r ic t  c o n t ro l  o f  p ro cess  a n d  m e th o d s  is  
e s s e n t ia l i f  l im it s  a re  to  b e  m a in ta in e d .

T h e  d e g ree  o f c o n s ta n c y  o f  c a p a c i t y  w ith  
te m p e ra tu re  c h a n g e s  is  im p o r t a n t  a n d  m a y  
b e  sp e c if ie d . T h is  is  g o v e rn e d  to  so m e 
d e g re e  b y  p ro cess  a n d  in  p a r t ic u la r  b y  th e  
n a tu r e  o f  th e  im p r e g n a t in g  m e d iu m . W h e r e  
t h e  l a t t e r  is  a  w a x ,  n o t  o n ly  is  i t  n e c e s s a ry  
to  use  o n e  o f  s u i t a b ly  h ig h  m e lt in g  p o in t ,  
b u t  i t s  p h y s ic a l  a n d  c h e m ic a l  n a tu r e  m u s t  
b e  c o r re c t .  F u r t h e r ,  th e  p h y s ic a l  s h a p e  
a n d  size o f  th e  c o n d e n s e r  u n it  m u s t  be 
s ta b le ,  w ith  n o  t e n d e n c y  fo r  th e  tu r n s  to  
"  s p r in g  ”  a p a r t ,  i f  c a p a c i t y  is  to  r e m a in  
c o n s ta n t  w h e n  th e  c o n d e n s e r  is  s u b je c te d  
to  a  t e m p e ra tu r e  g ra d ie n t .

T h e  in s u la t io n  r e s is ta n c e  o f  th e  c o n d e n s e r  
u n it  m u s t  b e  h ig h  a n d  m u s t  n o t  d e te r io r a te  
w i t h  t im e .  I t  is  d e te rm in e d  b y  th e  q u a l i t y  
o f  th e  r a w  m a t e r ia ls  e m p lo y e d  in  th e  f ir s t  
in s ta n c e ,  a  m a x im u m  p u r i t y  o f  p a p e r  a n d  
o f  im p re g n a n t ,  a n d  c le a n lin e s s  o f  th e  m e ta l  
fo i l .  H o w e v e r ,  in  t h e  se c o n d  p la c e  i t  is 
d e te rm in e d  b y  c o r r e c t  p ro c e s s in g  w ith  
s p e c ia l  r e fe re n c e  to  th e  e x p u ls io n  o f a l l  
m o is tu re  a n d  s e a lin g  to  p r e v e n t  th e  in g re ss  
o f  m o is tu re .

G iv e n  c o r r e c t  r a w  m a t e r ia ls  a n d  p ro ce s s 
in g , t h e  e le c t r ic a l  s t r e n g th  o f  a  c o n d e n s e r  
in  te rm s  o f " b re a k d o w n  v o lt a g e  " i s  a  
f u n c t io n  o f  th e  n a tu r e  a n d  th ic k n e s s  o f th e  
d ie le c t r ic ,  a n d  th e re fo re  a  v a lu e  t h a t  is 
r e la t i v e l y  s im p le  to  c a t e r  fo r  in  d e s ig n .

P o w e r  fa c to r  o r  loss f a c to r  is  a n o th e r  
c h a r a c t e r is t ic  t h a t  o f te n  h a s  to  m e e t  s t ip u 
la te d  l im it s ,  a s  i t  re p re s e n ts  th e  e n e rg y  lo ss  
in  th e  d ie le c t r ic .  I t  h as  to  b e  d is s ip a te d  
th ro u g h  th e  c o n d e n s e r  a s  h e a t  a n d  th e re fo re  
i f  e x c e s s iv e  i t  m a y  b e  d e s t ru c t iv e .  T h e  
v a r ia t io n  o f  p o w e r  f a c to r  w i t h  t e m p e ra tu r e  
is  l ik e w is e  o f im p o r ta n c e .

I t  is  p ro p o se d  to  d iscu ss  in  so m e  d e ta i l  
th e  v a r io u s  r a w  m a te r ia ls  e m p lo y e d  in  th e  
p r o d u c t io n  o f  f ix e d  p a p e r  c o n d e n se rs , a n d  
th e  p ro cesses  e m p lo y e d .  T h e  la t t e r  w i l l  be  
d e a l t  w i t h  in  th e  c r i t i c a l  sense to  d e m o n 
s t r a te  th e  p re c a u t io n s  r e q u ir e d  t o  e n s u re  th e  
p r o d u c t io n  o f s o u n d  co n d e n s e rs  a n d  th e  
o b v io u s  p i t f a l ls  to  a v o id .  C o n d e n s e r  q u a l i t y  
in  r e la t io n  to  m a te r ia ls  w i l l  be i l lu s t r a te d  
o n  th e  b as is  o f  th e  e le c t r ic a l  c h a r a c t e r is t ic s  
m e n t io n e d  a b o v e .  F i n a l l y ,  d e s ig n  w i l l  be 
r e fe r re d  to  in  so  fa r  a s  i t  re f le c ts  u p o n  th e  
fe a tu re s  d iscu sse d  a n d  u p o n  th e  uses  o f  
a lu m in iu m  a n d  its  a l lo y s  fo r  o th e r  c o m 
p o n e n t  p a r t s  o f  th e  c o n d e n s e r .

T h e  r a w  m a te r ia ls  in v o lv e d  in  th e  m a n u 
fa c tu r e  o f  f ix e d  p a p e r  c o n d e n s e rs  a r e  m e ta l  
fo i l  o f  t h in  g a u g e  fo r  th e  e le c tro d e s , o r  t h in  
m e ta lliz e d  p a p e r ,  t h in  h ig h - p u r it y ,  h igh-  
g ra d e  p a p e r  a s  in s u la t io n  a n d  d ie le c t r ic ,  
a n d  t h e  im p r e g n a t in g  m e d iu m  w h ic h  m a y  b e  
o il .  w a x ,  j e l l y  o r  s im ila r  s u b s ta n c e  su ch  as 
c h lo r in a te d  d ip h e n y l .  T h e s e  w i l l  b e  d e a lt  
w i t h  in  so m e  d e ta i l  s e p a ra te ly .

Tin-foil Paper
P r a c t i c a l l y  th e  o n ly  m e ta lliz e d  p a p e r  t h a t  

h a s  b e en  e m p lo y e d  fo r  th e  e le c tro d e s  o f  fix ed  
p a p e r  c o n d e n s e rs  is  t in - fo il p a p e r . I t  is  a  
p r o d u c t  s p e c ia l ly  p ro d u c e d  fo r  th e  p u rp o se , 
c o n s is t in g  o f  a  t h in  h ig h - g ra d e  t is s u e  p a p e r  
o f  th e  s a m e  g ra d e  a s  t h a t  u sed  fo r  th e  in s u 
l a t io n ,  c o a te d  o n  o n e  s id e  w i t h  c h e m ic a l ly  
p r e c ip it a te d  t in .  T h e  p a p e r  th ic k n e s s  is  o f  
t h e  o rd e r  o f  0 .0004  in .  to  0 .00045 in . ,  a n d  
th e  o v e r a l l  th ic k n e s s  a b o u t  0 .0 00 5  in .  T h e  
p a p e r  g e n e ra l ly  is  a  l in e n  ra g  s to c k  m a te r ia l ,  
v e r y  c lo s e  t o  n e u t r a l  in  r e a c t io n  a n d ,  in  t h e  
id e a l case , fre e  fro m  r e ta in e d  c h e m ic a ls  o r  
o th e r  in ju r io u s  c o n s t itu e n ts .  T h e  t in  is 
c h e m ic a l ly  p r e c ip it a te d  fro m  a q u e o u s  s o lu 
t io n  b y  m e a n s  o f  z in c , a n d  i t  is  s e p a ra te d  
f ro m  th e  re s u lt a n t  su sp e n s io n  b y  f i l t r a t io n .  
I t  is  th e n  th o r o u g h ly  w a s h e d  to  re m o v e  
c h e m ic a ls  a n d  m ix e d  w i t h  a n  a q u e o u s  a d h e 
s iv e ,  s u c h  as  o n e  o f  s ta r c h  b ase , a n d  sp re ad  
o v e r  th e  p a p e r .  T h e  la t t e r  is  d r ie d  a n d  th e  
t in  c o a t in g  is  b u rn is h e d  in  o rd e r  to  sp re ad  
th e  t in  in to  a  c o n t in u o u s ,  e le c t r ic a l ly  c o n 
d u c t in g  f i lm , h a v in g  a  s m o o th , b r ig h t  
a p p e a ra n c e .

T h e  th ic k n e s s  o f  p a p e r  in s u la t io n  in  a 
c o n d e n s e r  is  d e te rm in e d  b y  th e  e le c t r ic a l  
b re a k d o w n  v o lt a g e  t h a t  i t  h a s  to  w ith s ta n d ,  
a n d  i t  is p r o v id e d  b y  th e  re q u is it e  n u m b e r  
o f la y e r s  o f  t h in  t is s u e . T h e  m a jo r i t y  o f  
s m a ll c o n d e n s e rs  use  t w o  th ic k n e s s e s  b e tw e e n  
th e  m e ta l fo ils ; in  f a c t ,  a  s in g le  l a y e r  is  
n e v e r  used b e cau se  o f  th e  s t ro n g  p r o b a b i l i t y  
o f  e le c t r ic a l  b r e a k d o w n  th ro u g h  w e a k  sp o ts  
in  th e  p a p e r .  U s in g  m e ta lliz e d  p a p e r ,  h o w 
e v e r ,  o n ly  o n e  a d d i t io n a l  p a p e r  b e tw e e n  
fo ils  is  used  fo r  c o n d e n s e rs  t h a t  a re  a p p r o x i 
m a t e ly  th e  e q u iv a le n t  o f  th o s e  ju s t  re fe r re d  
to . N e v e r th e le s s ,  su c h  co n d e n se rs  h a v in g  
m e ta lliz e d  p a p e r  fo ils  a re  n o t  so g o o d  as 
th o se  h a v in g  m e ta l fo ils . T h e  c h a r a c t e r is t ic s  
o f  e le c t r ic a l  b r e a k d o w n  s t re n g th  a n d  o f  in s u 
la t io n  re s is ta n c e  a re  p o o re r . A  l i t t l e  c o n 
s id e r a t io n  s h o w s  t h a t  th e  re a so n  fo r  th is  
lo w e r  q u a l i t y  is  o b v io u s .  T h e  t in  p o w d e r ,  
c h e m ic a l ly  p r e c ip i t a te d ,  is  c e r ta in  to  r e ta in  
so m e  io n iz a b le  c h e m ic a ls ,  h o w e v e r  t h o r 
o u g h ly  i t  b e  w a s h e d . A g a in ,  th e  a d h e s iv e  
e m p lo y e d  fo r  s e c u r in g  th e  t in  p o w d e r  to  th e  
p a p e r  w i l l  c o n ta in  so m e io n iz a b le  c h e m ic a ls  
fro m  th o se  e m p lo y e d  in  p r e p a ra t io n  o f  th e  
s ta r c h  o r  d e x t r in  used  a s  i t s  b a se . F u r t h e r ,  
t h is  t y p e  o f  a d h e s iv e  is  n o t  a s  s ta b le  to  h e a t  
a n d ,  th e re fo re ,  to  th e  h e a t  o f  p ro c e s s in g  
e n c o u n te re d  d u r in g  c o n d e n s e r  m a n u fa c tu r e ,  
a s  c a n  b e  d e s ire d , a n d  d e c o m p o s it io n  to  
a c id ic  p ro d u c ts  is  p ro b a b le .  T h e s e  fe a tu re s  
le a d  to  lo w e r  in s u la t io n  re s is ta n c e  v a lu e s  
th a n  w o u ld  o th e rw is e  b e  a n t ic ip a te d .

R e g a r d in g  b r e a k d o w n  s t re n g th ,  i t  w i l l  b e  
re a liz e d  t h a t  d u r in g  th e  t in  c o a t in g  o f  th e  
c o n d e n s e r  tis su e , so m e  t in  p a r t ic le s  w i l l  c o n 
ta m in a t e  t h e  s id e  o f  th e  p a p e r  t h a t  s h o u ld  
b e  fre e  f ro m  m e ta l .  M o r e  s e r io u s  s t i l l ,  
d u r in g  th e  r o l l in g  a n d  b u r n is h in g  o f  th e  t in
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c o a t in g ,  so m e  t in  p a r t ic le s  b e co m e  fo rce d  
th ro u g h  w e a k e r  s p o ts  in  th e  p a p e r ,  w h i le  
o th e rs  a re  p u sh e d  p a r t i a l l y  th r o u g h .  • T h u s ,  
i t  is  fo r  th e se  re a s o n s  t h a t  lo w e r  e le c t r ic  
s t r e n g th  v a lu e s  a r e  re c o rd e d  o n  c o n d e n se rs  
h a v in g  m e ta l liz e d  p a p e r  e le c tro d e s  th a n  a re  
e x h ib it e d  b y  th o se  u s in g  m e ta l  fo ils .

A t  o n e  t im e  i t  w a s  th e  p r a c t ic e  to  s u b je c t  
a l l  m e ta lliz e d  p a p e r  to  a  b ru s h  d is c h a rg e  
b e fo re  u se  b y  p a s s in g  b e tw e e n  a  m e ta l  r o lle r  
a n d  a  m e ta l  c o m b . T h e  o b je c t  w a s  to  b u rn  
o u t  a l l  t h e  m e ta l  p a r t ic le s  t h a t  a p p e a re d  on 
th e  w r o n g  s id e  o f  th e  p a p e r ,  o r  th o s e  p a r 
t i a l l y  th ro u g h .  C le a r a n c e  o f  s h o r t  c i r c u i t s  
o r  o f  p o t e n t ia l l y  a ve a k  sp o ts  b y  th is  m e a n s , 
h o w e v e r ,  w a s  n o t  r e a l ly  a c h ie v e d ,  a n d  o th e r  
d if f ic u lt ie s  w e re  p ro d u c e d . M a n y  o f  th e

b u rn  s p o ts  ”  s t i l l  p ro v e d  to  b e  c o n d u c t 
in g , a n d  e v e n  p a ss in g  th e  p a p e r  th ro u g h  th e  
d is c h a rg e  m a c h in e  s e v e r a l  t im e s  d id  n o t  
s u ccee d  in  c le a r in g  th e  w e a k  p o in ts .  A g a in ,  
a  s e p a ra te  ro o m  w a s  fo u n d  to  b e  n e c e s s a ry  
fo r  th e  o p e ra t io n ,  is o la te d  f r o m  th e  c o n 
d e n s e r- w in d in g  sh o p . T h is  w a s  o n  a c c o u n t  
o f  th e  m e ta l l ic  fu m e  p ro d u c e d  b y  th e  d is 
c h a rg e  p ro cess , th is  fu m e  c o n t a m in a t in g  th e  
c o n d e n s e r  p a p e r  in s u la t io n  d u r in g  w in d in g .  
C o n s e q u e n t ly ,  th is  b r e a k d o w n  d is c h a rg e  
o p e ra t io n  h a s  b e e n  a b a n d o n e d  b y  m o s t  u se rs  
o f  m e ta l liz e d  p a p e r .

T in - c o a te d  p a p e r  is  s t i l l  u sed  fo r  som e 
p u rp o se s , d e s p ite  i t s  d is a d v a n ta g e s .  I n  f a c t ,  
i t  h a s  p e c u l ia r  m e r it s  in  c e r t a in  a p p l ic a t io n s .  
T h e s e  c o n c e rn  c o n d e n s e rs  fo r  s p a rk - q u e n c h  
c i r c u i t s ,  w h e re  th e  m a t e r ia l  e x h ib i t s  self- 
h e a l in g  p ro p e r t ie s ,  i .e . ,  a  c o n d e n s e r  b re a k s  
d o w n  a n d  le a k s ,  b u t  r e c o v e rs  i t s e lf .

T in - fo il- c o a te d  p a p e r  is  p o p u la r ly  re fe r re d  
to  a s  "  M a n s b r id g e  ’ p a p e r ,  a n d  co n d e n s e rs  
in  w h ic h  i t  is  e m b o d ie d  a s  " M a n s b r id g e  
c o n d e n s e rs , ”  a f t e r  th e  p a te n te e , C .  F .  
M a n s b r id g e  ( B . P .  N o .  19451, 1 9 0 0 ). A t  
t h a t  t im e ,  i t  w a s  n o t  p r a c t ic a b le  t o  o b ta in  
c o m m e r c ia l ly  m e ta l  fo i ls  in  t h in  g a u g e s  a n d  
c o n t in u o u s  ' le n g th s  s u f f ic ie n t ly  lo n g  fo r  
e c o n o m ic  w in d in g  o p e ra t io n s .  T h e re fo re ,  
t in - c o a te d  p a p e r  m a d e  t h e  p r o d u c t io n  o f 
f ix e d  p a p e r  c o n d e n s e rs  c o m m e r c ia l ly  
fe a s ib le . W h e n  t in  fo i l  i t s e l f  b e c a m e  a v a i l 
a b le ,  th e  c o a te d  p a p e r  s t i l l  h e ld  th e  f ie ld  on  
a c c o u n t  o f  e c o n o m ic  c o n s id e ra t io n s .  T h e  
a p p e a ra n c e  o f  a lu m in iu m  fo i l  c h a n g e d  th e  
s i t u a t io n  b e ca u se  o f i t s  m a r k e d ly  h ig h e r  
c o v e r in g  c a p a c i t y  ( i .e . ,  s u r fa c e  a r e a  p e r  u n it  
w e ig h t ) , a n d  fro m  t h a t  t im e  th e  t in - fo il  
p a p e r  m a t e r ia l  h a s  g r a d u a l ly  d e c lin e d  a n d  
b e c o m e  re le g a te d  to  uses  fo r  w h ic h  s p e c i
f ic a l ly  a d v a n ta g e o u s .

I t  m ig h t  b e  a s  w e ll  to  p o in t  o u t  h e re  t h a t ,  
in  s t u d y in g  th is  c o m p a r a t iv e  p r e s e n ta t io n  o f  
v a r io u s  te c h n iq u e s  a n d  m a te r ia ls  fo r  c o n 
d e n s e r  m a n u fa c tu r e ,  t h e  m is ta k e  s h o u ld  n o t  
b e  m a d e  o f  a s s u m in g , o u t  o f  h a n d ,  t h a t  a n y  
o n e  m a t e r ia l  is  so f a r  s u p e r io r  t o  a n o th e r ,  o r  
o f  s u c h  u n iv e r s a l  a p p l i c a b i l i t y ,  t h a t  i t  m a y  
e n t i r e ly  d is p la c e  th e  o th e r .  I n  a n y  sp h e re

o f  in d u s t r y ,  in  f a c t ,  100 p e r  c e n t ,  d is p la c e 
m e n t  o f  th is  t y p e  is  e x c e e d in g ly  u n c o m m o n , 
b u t ,  a t  th e  s a m e  t im e ,  c h a n g e s  in  r e q u ir e 
m e n ts , a l t e r a t io n s  a n d  d e v e lo p m e n ts  in  
p r o d u c t io n  p ro c e d u re s ,  a n d  e c o n o m ic  d is 
tu rb a n c e s ,  a l l  te n d  s t r o n g ly  to  a l t e r  th e  
b a la n c e  o f  p o w e r  b e tw e e n  r a w  m a te r ia ls .

A t  th e  m o m e n t ,  fo r  e x a m p le ,  t in  (w h ic h ,  
in  a n y  ca se , is  n o t  to o  a b u n d a n t  a  m a t e r ia l )  
is  in  v e r y  s h o r t  s u p p ly ,  h e n c e  i t s  use is  
r e s t r ic te d  to  f ie ld s  o f  th e  h ig h e s t  p r io r i t y .  
F r o m  th is  s a m e  e c o n o m ic  s ta n d p o in t ,  e m e r 
g e n c y  c o n d it io n s  h a v e  re n d e re d  a lu m in iu m  
m o re  a b u n d a n t  th a n  e v e r  b e fo re , a n d  n o w , 
w h e n  im m e d ia te  c a l ls  o n  th e  m e ta l  fo r  a i r 
c r a f t  p u rp o s e s  h a v e  e a se d , i t  is  l i k e l y  to  f in d  
i t s  f ie ld  o f  use e x te n d in g ,  a n d  e v e n  tre s 
p a s s in g  o n  th a t  s t i l l  r e ta in e d  b y  t in ,  in  so 
fa r  a s  c o n d e n s e r  m a n u fa c tu r e  is  c o n c e rn e d .

T e c h n ic a l  a n d  e c o n o m ic  c o n s id e ra t io n s  o f  
th is  s o r t  e x e r t  a  v i t a l  d i r e c t in g  c o u rs e  o n  
th e  l in e s  w h ic h  p ro g re s s  ta k e s .  I t  m a y ,  fo r  
e x a m p le ,  b e  a c c e p te d  a s  c e r ta in  t h a t  th e  
p a p e r  d ie le c t r ic  i t s e lf  is , to  a  g r e a te r  o r  
lesse r e x te n t ,  b e in g  m a d e  th e  s u b je c t  o f 
in te n s iv e  re s e a rc h , a  s ta te  o f  a f fa ir s  p r o 
m o te d , in  p a r t ,  b y  th e  d e v e lo p m e n t  o f  
m o d e rn  im p r e g n a t in g  te c h n iq u e s  u s in g  th e  
n e w e r  p la s t ic s ,  so m e  o f  w h ic h  h a v e  e le c t r ic a l  
p ro p e r t ie s  f a r  s u p e r io r  to  a n y  o th e r  m e d ia  
h i th e r to  d e v e lo p e d . S o m e w h a t  less  l ik e ly ,  
b u t  a  p o s s ib i l it y ,  n e v e r th e le s s ,  n o t  to  be 
ru le d  o u t ,  is  th e  d e v e lo p m e n t  o f  s u ita b le  
p a p e rs  b a se d , s a y ,  p r in c ip a l l y  o n  b e n to n ite ,  
o r  in d e e d , o f  c o u rs e , th e  use o f  p la s t ic  fo ils ,  
th e  m e c h a n ic a l  p ro p e r t ie s  o f  .w h ic h  a re  in  
m a n y  w a y s  a l l ie d ,  b u t ,  in  c e r ta in  re sp e c ts , 
s u p e r io r  to  th o se  o f  p a p e r .

T in - c o a te d  p a p e r  is  s u p p lie d  t o  a  r e a s o n 
a b le  d e g re e  o f u n i f o r m i t y  in  c h a r a c t e r is t ic s ,  
in  c o n t in u o u s  le n g th s ,  s l i t  to  a  c lo se  d e g ree  
o f a c c u r a c y  to  a n y  w id t h  d e s ire d . T r o u b le s  
f r o m  “  b u r re d - o v e r  ”  ed g es , w h ic h  ca u se  
d if f ic u lt ie s  in  u n w in d in g  w h e n  o c c u r r in g  in  
m e ta l  fo ils ,  a re  n o t  e n c o u n te re d .  H o w e v e r ,  
th e  m a t e r ia l  m u s t  b e  t i g h t l y  w o u n d  w i t h  
e v e n  te n s io n , a n d  w h e n  re e le d  a t  th e  t im e  
a n d  s l i t  to  w id t h ,  i t  m u s t  b e  n e ith e r  to o  
d r y  n o r  to o  w e t .  I f  to o  w e t ,  d r y in g  d u r in g  
s to ra g e  o r  t r a n s i t  o c c u rs , w i t h  s h r in k a g e  a n d  
t ig h te n in g  o f  t h e  o u te r  la y e r s  a n d  ed ges. 
T h e  m a t e r ia l  th e n  ta k e s  a  c o c k le d  o r  b o w e d  
fo rm , w h e n  used  in  w in d in g  c o n d e n s e r  

¡s e c t io n s . T h is  is  d e t r im e n ta l  b e c a u s e  sp eed  
o f  w in d in g  is  re d u c e d , a s  w e l l  a s  th e  
a c c u r a c y  a n d  t ig h tn e s s  o f  th e  c o n d e n s e r  
s e c t io n s  b e in g  b e lo w  s ta n d a rd .  A g a in  th e  
m a t e r ia l  is  u s u a l ly  p r o v id e d  o n  c a r d  o r 
w o o d e n  c e n tre s ,  w h ic h  s h r in k  d u r in g  s to ra g e  
a n d  g iv e  d if f ic u lt ie s  in  c h u c k in g ,  t h e  t in -  
c o a te d  p a p e r  t e n d in g  to  s l ip  o n  i t s  fo rm e r .  
W o o d  is  p re fe r re d  b e c a u s e  i t  c a n  b e  
e x p a n d e d  a n d  s p l i t  b y  th e  e x p a n d in g  c h u c k  
a n d  th u s  t in - fo il  p a p e r  is  h e ld  f i r m ly .

(To be continued-)



May, 1945 LIGHT METALS Advts. xxvi

M A D E  IN E N G L A N DP R O D U C T

Adel, of The General Electric Co. Ltd., Magr.ct House, Kingway, London, W .C.2
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S T E E L  S T A M P S
On A ir  M in is try  A p p r o v e d  L is t  f t/4 1 6 9 3 , '39

L a rg e  O u tp u t .  P ro m p t  D e liv e r ie s .

J O H N  M E E R L O O  &  SO NS ,
74, LONDON RD., KINGSTON-ON-THAMES.

'P h o n e :
■ *ii.i■ ^  f ~ ~ \  K in g s to n  63*22 X  2 3 7 $ .

• A L U M I N I U M  

C A S T I N G S
SAND & GRAVITY DIE CASTINGS 

7 0 / FOR ALL TRADES
G 7 ? e

BRIDGE FOUNDRY
W E D N E S B U R Y  • STAFFS
'PHONE: WEDNESBURY 0109--------------------------
----------------- 'GRAMS: ALSPELCO, WEDNESBURY

P A L M E R
INDUSTRIAL X-RAY SERVICE

(A - I-D  approved)

Safeguard the quality of your products and avoid  
w asted w ork on faulty m a te ria ls  by sending 
samples for X-ray examination by Palmer.
Palmer methods ensure disclosure of hidden flaws 
without dissection, enable manufacturing defects 
to be eliminated or avoided in future and permit 
(in some cases) suspected parts to be salvaged. 
Quick return of work and expert standardised 
reports are notable features of the Palmer Service, 
which includes crack detection by approved 
magnetic methods.

THE PALMER TYRE LIMITED
Industrial X-Ray Department 

PENFOLD ST., EDGWARE RD., LONDON, N.W.8
P/ipne: Paddington 8822 

Birmingham Office: 110 RylandSt., 16. Phone: Edgbaston 1612

I L F A R
ON A.I.D. 

APPROVED LISTS

A l u m i n i u m  A l l o y  I n g o t s  t o  S p e c i f i c a t i o n

CANLEY COVENTRY Phone 3673

This illustrated brochure—free on re
quest—explains the Palmer Service, be
hind which are many years of experience 
in X-ray examination and the facilities 
of a modern, fully-equipped test house.
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LEADING ALUMINIUM FOUNDRIES USE
o u r  N E W  T Y P E  o f  C O R E B I N D E R

SUPINOL “N” SEMI-SOUP OIL
IT PRODUCES STRONG CORES W ITH HIGH PERMEABILITY 
AND SMALLEST GAS CO N TEN T, SAVING VENTS AN D  WIRES

E A S Y  D I S I N T E G R A T I O N
N O  M E T A L  D I S C O L O R A T I O N

F .  &  M .  S U P P L I E S  L T D . ,
2 1 / 2 3 ,  C o l d h a r b o u r ,  L o n d o n ,  E . 1 4

A lso  M anufacturers of Degassers, Refiners and C o ve rin g  A gents  
for A lu m in iu m  A llo y s. P artin g  Pow der of excep tio n al q u a lity

W h a t  c a n  Y O U  d o  a b o u t  

f u e l  c u t s ?

A l l  i n e f f i c i e n t  f u r n a c e s  

s h o u l d  b e  r e p l a c e d  a t  

t h e  f i r s t  o p p o r t u n i t y  

w i t h  m o d e r n  B r a y s h a w  

f u r n a c e s  h a v i n g  a d e q u a t e  h e a t  i n s u l a t i o n ,  a d 

v a n c e d  m e t h o d s  o f  c o n t r o l ,  e t c .

111  Pa rt> or °f tl16 luel cuts obtained w ithout
A u p J  curtailm ent of production, a higher standard  of

«** " heat treatm ent, and improved shop conditions.

B R A Y S H A W  F U R N A C E S  &  T O O L S  L T D .

B E L L E  V U E  W O R K S ,  M A N C H E S T E R ,  12



ALUMINIUM alloyed wich
MANGANESE. TITANIUM. CHROMIUM. 
NIOBIUM. TANTALUM. TUNGSTEN. BORON. 
‘VANADIUM. ZIRCONIUM. MOLYBDENUM. 
IRON. SILICON. MAGNESIUM.,NIC«1. ETC.
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L I O N  B R A N D■ U IU  II D n H n L I

E R S  A N D  A L U M I N I U M

M A S T E R  A L L O Y S

ESTABLISHED /BBS
Telegrams - Blackwell, Liverpool.
Telephone - Garston 980 (3 lines).

B LA C K W E LLS  M ET A LLU R G IC A L  W O R K S  LTD.
THERMETAL HOUSE. GARSTON. LIVERPOOL 19

W o r k s :  B i n k s  Road . Sp e k e  Road and Ch ur ch  Road . Garąton

---------------------- AGENCIES W A N T E D ----------------------
EXPORT. Firm, with connections nnd selling organisation in 
almost every country, desires to contact firms who Are Interested In establishing a sound export trade. SALES & PARTNERS. 
LTD., 7, Victoria Street, Westminster, S.W.l. 'Phone: ABBEY 2089. 100/X5097

--------- MACHINERY,  TOOLS AND PLANT ------------
184" SCHULTZ Die Casting Machine, complete with all equipment, including Meehanlte Pots, Plungers, Liners and Goosenecks. MAGXAI, PRODUCTS LTD.. Tower Road, Wnrmley, near Bristol. Tel. : Kingswood (Bristol) 7S14G. 90/433G

------------------  M I S C EL LA N E O US -------------------------
MONOMARKS. Permanent London Address. Letters redirected. 5/-p.a. Write Monomark BM/M0X092, W.C.l. 90/3S90

EDITORIAL & BUSINESS ANNOUNCEMENTS
A LL instructions, matter and passed proofs for all

** kinds of advertisements must reach the Head Office 
of “ LIGHT METALS ” by the 10th of̂  each month to 
ensure insertion in the following month’s issue.

TERMS.—Monthly accounts, strictly net; due when 
rendered.
“ LIGHT METALS ” is published in London. England, 
on the fourth Wednesday of the preceding month.
Head Offices: Bowling Green Lane, London, E.C.l

Inland Telegrams - - - “ Pressimtis, Phone, London.” 
Cables - - - - - - Pressimus, London.”
Telephone - - - Terminus 3636 (Private Exchange).

Midland Offices (temporary) : 241, Warwick Road. 
Kenilworth, Coventry.

S I -  f K '^ o 'th  415
Northern Offices—Manchester: Deansgatc House, 
274, Dennsgate.

Telephone—Blackfriars 5038-9.
Telegrams—“ Presstcorh, Manchester."

Laboratory Controlled 
PRESSURE C A S T I N G S  in... 
Aluminium, Zinc Base (Maiak) 
GR A V I T Y  in . . .
All Standard Non-Ferrous Alloys

-Tandem'WhiteMeta! Alloys *£yre* Aluminium andAluminium Alloys

Gun Meul Ingot»Bearing» for all purposes Chill Cart PhosphorBronze Rod*
S M E L T IN G  C O M P A N Y  L IM IT E D

TANDEM WORKS.  MERTON ABBEY. S.W.I9
Telephone: MITCHAM 2031 (4 lines)

Printed in England and Published Monthly by the Proprietors, TEMPLE PRESS LTD.. BOWLING GREEN LANE. LONDON, E.C.l
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SjgNjL MORRISFLEX Flexible Shaft, ¿.„’.j 
■ ■ has been specially developed for c;;

Cl , r,,|ng.grinding and polishingcompd 
mi mum, Elektron, Non-ferrous Alloys and F- 

Overhead suspension, bench and floor tvot 
le, the two latter being readily portable REX N 
nd Cutters are manufactured in a large varid 
many having been specially devel- X
ar work on intricate engine parts 
SFLEX Equipment is also ideal for p'Hf/
- and removing paint and rust. ¡ d / /
:X Wire circular brushes and refill T'f'fts
rfor buffing and metal cleaning in- Lf?/hA

elude cylinder head, ; iT&f/fcS,
valve seat and tube 

y brushes in variety. W e
T  ; manufacture Polish- » '

b—if i.tf n gvand Finish* v*\ 1119

> ! i m i H



Vol. VIII.

J u s t

s u p p o s i n g
that John D ale Ltd. had been already founded  

w hen G eorge S teph en son , of Scotland, w as b u ild ing h is fam ous “ R o ck e t’’—w ould  he 
have put through  a trunk call to a sk  us to com e into con su ltation? No, he w ouldn't, 
because the telephone w a sn ’t invented  then. (You thought you’d caught u s  that 
tim e . . . w e ’re good on h istory , w e are.) B ut w e do th ink that, excellen t engin eer  
that he w as, h e’d have in stan tly  recogn ised  and appreciated  the unique qualities  
and ad van tages of a lum in ium  a lloys.

J u s t  s u p p o  s i n g

t h a t  t h e  u s e  o f  a l u m i n i u m  a l l o y s  
c a n  b e  o f  b e n e f i t  i n  y o u r  b u s i 
n e s s  ;  w e  s h a l l  b e  v e r y  p l e a s e d  
i n d e e d  t o  g i v e  y o u  o u r  f u l l e s t  
h e l p  a n d  a d v i c e .  A n d  ( u n l i k e  
M r .  G e o .  S t e p h e n s o n )  w e ’ r e  o n  fi 
t h e  p h o n e ;  t h e  n u m b e r  i s  I  
L o n d o n  C o l n e y  3 1 4 1 .

J O H N  D A L E  L t d .
L O N D O N  C O L N E Y  • H E R T F O R D S H I R E

Telephone: London Colney 3141.

Visit the . ALUMiNfUH. EXHIBITION at SELFRIDGES, ■ 
Oxford Street, Londor, W.1, H A Y  30 to JUNE 30—

the fascinating story' of Aluminium—its war-time achievements and
forjndustry} : < •/. \ / j

M AY, 1945


