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H e a t  T a e m m e n T  * n o  H / \ rd ew IN 6 o f  M E T R L 5
On, HfiRDtzNtN & STEELS u rz  ta.s$ fia.6te to breakage due. 
tro yut-ncJit'ny being la.s s drastic - tha.n  lVa.tar. H aa -t to- 
770 °C -  5*00 ®C bha.n Soak a.t this tam per a /ure for 3/«.-hoi)r 
par inch. oP  thictrna.si. tyutnching o f f  m oil by inserting 
tfitctcQ.skp a r t  in  F irs t to obvia te s tre sses  and distortion, 
f t / s  n o M  adoisab /a  to rzc rn ia iise . to  ro.tie.\/e a d  stressesj 
t h a n h y  p reven ting  possib /a  cracking ."To a.FFa.ct th/s r*hcat~ 
to  a b o u t  /O O 0 C  - / 2.0 0 C For a sh ort u}h/7t)  a n d  a //o n  fe 
co o t  in  n a t u r a l  a ir  o r  10 S /t v e r  sand .
'9 %  Gat'fyon St*.e./. S  d a n t ic a l t r e a tm e n t  as a.6ct/ey b a t  
cj,ut.ncti tn  h/dt<Lrf Mato. carta.in th e  Ha /a. r h a s  h a d  the. 
chc'LL r e m o v a d  Front i t .
f r i s s  Toot a n d  Die. S te e ls . f o r m a l l y  c o n ta in s  u p  tb lT» 
co.r-be.tn a n d  V a n a d iu m  icp ter 3 % . H e a t  to a. to u -t  HO  
*CjQ.nd t r e a t  as" *5%  C a rb o n  s f e c l .

\



H£AT TREATMENT a h d  HARDENING o f  METALS

HlOH CARBON-ChfROME S T E E L  . H & a t to  9 5 0 °C -9 8 S °C J 
c>. n  d  s o a k  f o r  a t  lea.str / h o u r  ter /-£ hoars p ^ r  inch o f  
th ic k n e s s  t and  Q. u e n c h  in  o i l .  / f  m o  re. re  s is ta . n r a £& 
b ra .a fra .g e  is r a y u i r a d ’ a n d  less h a rd n ts s j a l lo w  to  
c -o o l  i n  s t r o n g  a i r  b ta .S 't a.vQ.nty, t e m p a r  a t  ISO°
C -Z o O °  C . S f  h a rd n e s s  is  n o t  so na.caJso.ry/ b u t  s/rength 

s h o c k  b re a k a g e  is im p o r ta n t ' th e n  te m p e r  u p  t»-

H iit t  S p e e d  S t o s l  fo r  /4*/» Tungsten con ten t p reh ea t  to- 
r e m o v e  c h ilt  fro m  faa-tcil a n d  tra n s fe r  tc fu rn a c e  a t  
IZOO °C  "  12.5 O *  C , thorough ly  fo r  a t o u t  I  hour pe r  inch o f  
6 hie k n es  s O f  s t e a l ,  t h e n  ra rn cve  a n d  coo ! o f  f  in a ir  as 
ol I  quenching is liable, to cause cracks and. b r ea k o g a  .
F o r  /VJo tu n a s  t e n  c o n t e n t ^  h e a t  a t  a. hone tb  f£ £ 0 0C-~ 

f3 0 0 *C - a n d -a u e n c h  /n o i t .
S UPG R H IG H  S fB E O  S T E E L . H e a t  to  t3 C O °C  -  136C°C,

S oojc t  Korouqhly a? f o r  h igh  s p e a d  stee l, a n d  y u en c h m c if. 
M a k e  sur<L p r io r  t o  S o a r in g  t h a t  th e  s te e l is th orou gh ly  
p ra h e a h e a  . /t/’s th e n  adL/isa h/o t e n iv c  a S tconeto .ru  
t r e a t  m e r i t  b  y  h e a t in g  £d 5 5 0 * C - i>90*C - a n ct c o o lin g  
o f f  n a tv ra H  lj m  a i r
H A R D E N IN G  PND  T B M r’E.RiNG . M o te , th e  higher th e  

Carbon Con hunk, t h e  lo w e r  thaha.rda.ning tem peratures  
o f  s h e e t . /h it  also im portant to  m ake cart a.) n thac tha source, 
o f  heat used /s c f  a. steady n a tu re , so Lhatr tem p e ra tu  re s do • 
n o t  v a r y - f o r  this purpose, i t  is ivtse t<r ju d ge  cAe tempera lure 
b y  the colour o f  th e  s l e e t .
ChSt H R  R U E h //H G . This is us i d  fo r  l o v  content carbon  
steels, uhich n o rm a lly  do n ot respond to  d irect h e a t / h u t  
v /iich  can be Surface h a rd en ed  by the in troduction  o f  
a d d it ion a l carbon The dep th of case, va r ie s  from  '/(,+ to 
a cco rd in g  to Leng th  o f  t r e a tm e n t . Miat the steal to b righ t  
r e d  and  apply case harden  m g com p ou n d  to th e  h ea led  
f o r  fa c e  b y  sprinkling o r  b y  imm arsing t  he red  shea! in the 
com pound  ■ A How the  com pound  tosoa /c m tor 10 m inutes or- 
So, then  reh ea  t  a n d  r e p e a t  this p rocess 5 c r  9- tim es, finally 
haa t a n d  ra p id ly  (Luo.nch in w a te r  a t  70° F . This produces  
CL g la ss  h a  ret su r  r  ac eJ id rHi at the same t /me a cor a th a t  
is re s is ta n t to  fatigue and shocks For a g  reale r dapt h o f  
ha rd n esij i n s e r t  trha- s t e e l  m a me to t  Sox o r  tin  a n d  surrovnoi 
a not c o v e r  tha. s fa e l with, cha rcoa J ,a n d  scetl tha h d  o f  the 
box. u/tt h p ip e c la y . Then in sert box  m  a fu rn a c e  at~ a tejnper- 
a tu r e  o f  850°C -  9 5 0 0C f o r  a. p e r i o d  o f  three to tit/clvc 
h ours a ccorcttnq to depth  o f  ea se  r e q u ir e d , t hen ren t eve 
th a  s t e e l  a nd y ueneh in w a le  r . F o r  a m a rg e  nc y  ha rden ing  
o f  sm a ll objects, use m o lten  potassium  o r  s o d iu m  cyanide, 
/n a u n ta /n ed  a t  a tem p era tu re  o f  a b o u t  9 0 0 °  C, m  a. p o t  o r  
c a n j  a n d  soak s t e e l  in th is , th r length o f  tim e depends  
o n  d e p t h  ©/ case rQc^vtred, t h e n  r e m o ve  a n d  eluent** >n 
W a te r . F o r  le n ip a  r ipy  u se  oil. S h o u /d  long  n a r ro w  
ob /acts  r e  a dire h a rd en in g , a/uJau a u en e  h th em  tr- a 
v e r b i c a !  'p os ition  as th /s  p r e v e n t s  p o s s ib le  b o n in g



HEAT TR E A TM E N T  an d  HARDENING o r  METALS

0 r  d  is to r t io n  . Alu /ays p h iy  a n y  mach.ine.et holes in. ob jects  
th a t a re  to be. tiardened uJtth pipeclay brpr&i/Q.nL stresses o r  
d is to rtion  ejcce.pt uhere the hole is re q u ired  specif zea l/y  hard . 
ft final note o f  advise ts to a I ways follow maJrors instructions 
uho-n these are. available, in the. special trea.tme.nt o f  any metals.

A r t i f i c i a l  c o l o u r in g  o f  METALS a im o A llo y s

Make ce rtain that the metal to be coloured is absolutely clean ana 
frae from  yrease.
6  LACK, mix.■ copper nitrate and u/ater /n ratio o f /  :3  and immerse 
uny metal object in this Solution, an alternative is a saturated  
Solution of copper crystals and dilute sulphuric acidJ trea t as 
ab o ve .
Su/N 't Black '  surface on copper, ftmmonium sulphite and uater m  
ratio o f  / Q-, t r e a t  as above.
R ic h  G o l d  on brass, boil object in a solution ofsallpetre) salt/ alumt 
Uala.r,anti hydrochloric acidin. ratio  o f  c l Z * t  '. / .
I/Jh iTE on brass dip in  a solution of Silver dissolved in nitric acid 
plus h/atar and sodium. chtcr/de/ thu a fter precipitation /eaves 
S/fver chloride, then adJ an eyuatamount ofcrco  m o f  ta rter  and  
uJatar to make a thick paste .
B L U E -  B L A C K  o n  i r o n  . d ip  in  a S o lu t io n  o f  p h o t o g r a p h i c  h y p o  u r t h  

S m a l l  a m o u n t  o f  l a o c t  n i t r a t e  a d d e d .
BLACKING nine, d ip  in solution o f an timony chloride and uater 
&R£Y tinting iron, bod fo r t  hr m solution o f rron phospda ke 
BL UEIM& s t e e l . pass through ftame a t correct temperature for  
uhieh see chartf or boil for '/& hr or /onyar in very strong Solution 
o f  hypo and lead nitrate
A n t i q u e  t m f  o>i brass f cop pa.rf 0T bronje. brown t>nt /s obtain
ed  by  d/ppiny m solution o r  Sodiom . Sulphite for copparf and. by  
haatmy m a. paste o f  sutpher a nd lima fo r  brass. Toqa.t a y  raen 
t in t  pa m l daily  for 4- Cob days w ith  a. so/u.t/on. o f  s tron g  
1/ina.aar, cream  o p  tartar, Coppar acata to.; corr/mc n sat t , ScJ 
am /nonta c, and copper carbonate in ra tio  o f  7 '/.'I ///. '* {-.
D u l l  in c  a n d  Tin  r iiyo a lu m in iu m . dip m hot strona so lu tion  
c f  Caustic  S o d a f /rnm ediololy r/nsa  tn uJarrrj UJafa r  a n d  dip 
/n  hot sfrony Solution of*any analinn c j i je . This j / v a s  a. 
pa r  in a nan t  co lou r -. .
Ox Y O / z. i n  O s i / v e r .d i p i n  v a r y  useak s o tu t /o n  o f  potassium 
sulphide and  ammonia .
5 !  L. V E f t !  IM Or . m i x  a n d  C jn n d  S l i v e r  c h lo r id e . ,  c r a a m o f  t a r t e r  

a n d  c o m m o n  s a t t ,  n  r  a t i c  o f  /  /  2  / 5. a d d  U a t v  r  fa  6 h  m  a n d  ro b  
t i l  id ( f h  s o f t  d o t h .
iSkUtf on b ra ss  d ip in  so /u fton  o f  anffmony chloride, ujafer, 
and hu d roch /on c  acid  rn. ra tio  op  / / Z O ’. Z  
i^UN * il ~TAl  fin is  h on s fa e t  d/p fn  Solution  o f  h/Soiuth. 
chloride., cop p d r  ch fon d e , D iQ rcury  chloride, hyd  roC h/or-/ c 
4 C fd ,« / id  u ia ta r/n  ra t t o  o f  t  I  i  Z '. G ! SO.
/3 *CIa//\//NC S tetl  . A lc o h o l, t in c tu r e  o f i r o n  c o ^ ro s /V e  
sublim ate , S uzet spirits o f  n ifre , b/ua i/ifriol, n itr ic  a crd , 
t~ 'ann Ida fa r  fn  ta h io  o p  3 V  3  » J  £ I  / Vl * O . d ip  in  
$olohort * c/ry, r  a m ove rusf-y re .d  i f }  d ry  a n d  b o i l  tn uJafar



t Q T T  IN C  t\M6 LES F O R  TOOLS

MATErtlAL A ° B° MATk£R»AL 3 °

Elechron . 5-7 5-10 5.21. 5 - 7 15-35
Duralumin s- 7 30-t5 S .28. 5 - 7 10- 2.0
Aluminium 6-B 30-tS 5.61. 5 - 7 10- 20
Copper 6 “ 8 25 S.62. 5 - 7 10- 2-0
Brass 8-10 o - s S. 65. 5 - 7 5-15
5i 11 co - A1 umtniu ro 5 -7 3 0 “ t5 5-67. 5 - 7 10 -2 0
Mild steel 5 '7 15-55 5.68. 5 - 7 10-20
Machinery SVcel 5-7 10-20 S.69 5 - 7 10-25
Monel Metal g - i o 15-25 5.70. S - 7 5-15
Gunmetal 6 -8 0 -5 S.7 1 . 5 - 7 15-25
Martqancse Bronic. 6-8 0 * 5 S.76. 5 - 7 10-20

S 1 5-7 15-35 S.77. 5 - 7 1 5—25
5.2. 5-7 5-15 5. 79. 5 - 7 5 “  *5
S.II 5-7 5-15 S. SO. 5 - 7 5-15
S . I t 5-7 15-35 S .81 . 5 - 7 o - i o
5.15 5-7 IO-2.S

M C T f l l  P L A T IN G

CorPCR PklSHNH. Make a strong solution  o fc o p p e r  sulpha tv. 
■lnd ua.f-a.r m  th e  r a t i o  o f  ty'. !SJ trhen^ a d d  t  p a r t e  f  
sulphuric acid  and  c o n n e c t  o b je c t  t o  be. plu ted  to th e  
n eg a tiv e  le a d  o f  a *h Vo lt  sou rce  o f  D .C . e fe c fr ic itu  
i n d  su sp en d  th e  o b je c t  /a t h e  s o l u t i o n  .Suspend nos/five 
'eacC u / f A  a  p i e c e  o f  pure  copper p /a te o r  fc i  / oh t a c h a d  

tc  i t  a h t h e  opposite  e net o f  t h e  hath  C o n t a i n  in  a  th e  
S o l u t i o n .  D u e  t *  t h e  f a c t  t h a t  a t e c t r i c i t u  i s  u s e d ,  
tho b a t h  s h o u  Id b e  m a d e  o f  a  n c n - c o n d u c t i n y  m a t e r i a l  
such a s  ftoSs o r  p o r c e l a i n  .'Tha h i g h e r  t k a  a m p e r a y t ,  t h a  
m o r e  r a p i d  t h e  d a  post tin g
Nick’Ek EkAJLitUL- A//etra.t /s> dapositad e le ctric a lly  in the. 
same m a n n e r as abot/a. by  mtians oPa. n ic t'e t  solu tio n  
a n d  n ic fre t an ode  .
SiLveft Pk A T  i ivG- . S ilv e r i i  d e p o site d  by  m eans o f  a 
sit%f4.rs a .lts  S o lu t io n  a n d  a tec trieifij, a n d  a -sitv e r  
a n od e , /h is  m a t  hod can ha used  to  da p o s it  pra cticuit/y 
a n y  mo.ta.1, b u t y r e u t  ca re  mush be obser ved k> see 
t h a t  tn a a .rh cle  to  6c. p i a i e d  is absolutely c/can and frt€  
from q rea.se.



M E T A L  P L A T IN G -

CH RoM  IQM PkATlNG . is deposited  b y  f i r s t  nicke/ p lacing  
a.nd t/ian depositiny  M e  chrome on top o f  this.
S o l u t i o n s  t h e  lo l lo u im y  th  s o lu t io n s  w i l l  b e  f o o n < l  o s a t u l  
a s  a b a s is  t o  r  Z -X f>Q .rim <in t in  t h e  e l e c t  r ic a .1  d e p o s i  t i n y  
o f  D ie to J s  . B a t/ i  S o / u t  t o n s  *is f-c.1 touJS. pr-e>p&7~tZ*-»t<# o f  
c o n s t i t u e n t s  b y  u> a .iy  L i t .

@  C o n ’Brt n L m in o  . Copper j ufphex.tef Sulphuric, .a ctalj 
a n d  u ja  her TrTra t io  o f  f  ; / ;  2.0 

(£) rv 'cKz.t- p i  m  //y c-. nicko-l su/pha f~*.f nick* I ch lorid et 
b o r ic  a.c.idjO~nd ujcita.rl in  r a t io  o f  /6  ’ / .* 2 . 8 0  

@  ch ro m iu m  p  a a  7 I M & . c h r o m ic  a e id j su  Iphuric acidt 
and u) Ol bar in ra.t/o o f  8 0 ‘ / 3 2 0

<£y  S ILVE R  PlhT/iyc . silve .r cyanide f sodium  cyan  ida., 
a n d  wa ha. r  in ra  tier o P  / O i  / / '  3 2 O .

"flia. ampa-rcLQQ. ra.quira.d to d e p o s it  M tf aAoi/< m en tion ed  
ma.ha.ls u j}H b n  a. r f ia l f e r  o fa z f> a r im e n t j but~a. s a f e  
g u id e  is to us<L Prom. 2 .0 -t -C ) at7ip<zrcs/ per;so,, f~tofsarfact 
tha. t~is re^ u ira d  to be  c o v e r e d

S T A N D A R D  M E T f M  S P E C IF IC  P T / O N  S 

S.t» tfriqkt Mild S tea l . $.2.. 55 /on  a i / o u  she.e.t.
S . 3 . Mi id s  l i e  I s h e e t .  S. 5°/n nicke.1 sheet s h ee l.
■S. C. Carbon sla.e.1. S -ll. 55 hon n ickel -chrom e steel.
S.IQ-. n ca.se huralemnc) steal. S. 15. J%  n ic k e l casef/i s/'a.et.
S. 20. Tinned S  to.* I sha<zts. S.St. Garfion s tea l.
S .2,4. B r ig h t  fa y  s t e a l .  S .2 9 .A ir /h  N /ck e l chroma. steet.
S. C l. 35 ton ch rom e s t e e l • S.62.9 -Qt'on  ch  roma steal.
S. 65. £5 >, nickel-chrome staef- S. €7. 5%. nickel c/h. s t e e l .
S.68■ 16% tungsten she.a/ S. €9. n ickelsteel.
S.70. 55ton  ca rb o n  sh ief. S .7 I. 3 0  Ion  ca rbon  s te e l .
S.76.<hO .  .. «  .  S.77. .. «  «  * .
5.79.55  « .. •• €.80. stain/ess chrom e staet.
S. 81 . 70 ton nickal-chrome staet. S.8 2. nickel-chroma c/h  sheet.
S. 89̂ . Low  ca rbon  s t e e l . 5.25.5 tain less s t e a l  sh ee ts .
S. 26. 4-5 tan niclcel-c hroma steel. S.87.SO tbn m cket C-hrome steel. 
S.S8. 70 .. •> . 5 .9 0 .57o nickd c/h high tensile shit.
L. I ■ 2.5 ton Aluminium a lloy . L. 3. U  rough! aluminium a lloy .
L. 5.CL/ominium-zinc-cooperalley. L 8 . li£J*copper «  „
L.. II. aluminium a llo y . L.16. 7-5 tons aluminium shafts.
L .I7 . s o ft  aJum/m um shnets. L . Z*h.''f. aluminium alloy. 
L.25.24- ton aluminium a lloy . L .30 . 98% pore alum inium  

1.31. 99%  pure a lum inium  . L .3Z.filicon a lu m in iu m  alloy. 
L .3 t .  . . .  » L.ZS . " y  “ a lu m in iu m  a llo y .
L , 3 6 .7  a lu m in iu  m. u ire . L .37 . ton «  «  wire.
I.. 38.aluminiumccratedaluminium. L . 39. 2.0 .# .# a lloy  
L.9-0.17 ton a lum in ium  a llo y .  2.5 «  »  »•
l_.9 -5 .Z5,. •• L.4-&. s o r t  a lu m in iu m  •
1 ,4-f. so ft *  . »  L . W  .aluminium coated aluminium



C H EM IC A L S Y M flO /S  C E L E M E N T S
N A M E 3Y MBCL N R M E symbol NHME SVM6CL

klUMINIUM A L Holmium Ho Rhodium Rh
tfrVT/MOWY S B HYDROGEN H Ru bid ium fieArcon f\ In d ium I n Ruthenium RuR R SEN 1C As I o din e 1 Sam arium  . 5 M
Barium B a Ir io iu m 1R Scandium ScBeryllium B e IRON Fe Se l e n iu m Se
Bn moth B i Krypton Hr Silicon Si
B oron 6 Lanthrnum La Silver floBromine 6 r Lead Pa Sodium Nn
Cadmium Cjj Lithium Li St RON TIUM 5 R
Ca es iu m C 5 Luticium Lu SuLPHER S
Calcium C f) Magnesium Mg Tantalum Ta
CARBON C Manganese Mn Tel l e r  wm Te
Cer iu m Ce Mercury H& Te r b iu m TaChlorine Cl Molybdenum Mo Thallium Tl
Chromium Cr Neodymium N d Thorium Th
COQftLT Co Meo n N e Thulium Tm
COLUMBIUM C 8 Nickel. N i Fin Sn
Co pper Cu Nio b iu m A/e Titanium T i
dvPROSIUM Dy N i TON N r Tun os ten w
Erb ium E r N i TROCj EN N Uranium u
Europium Eu Osmium Os Vanadium V
Fluor i a! Z F Oxygen 0 X enon . Xe
Gadolinium Gt> PallAb iu m Pd Vtterbium y*
Gallium G « Phosphorus P Yt tr ium y
Germanium G E Pla tin u hi P r Z inc z
Glu c in iu m Gl PbrnssiuM K Z irconium z*
Gold flu Praseodymium Pr
He l iu m H e Radium /?«

E c F M U L U  fo h C A L C U L A T IN C  W E IG H T  o f  b a r  s t o c k

Factor 1-00

»*Z73
SQvAIIE

A lu m in iu m  *34-3 B r a s s  
S t e e l  r o o o  z i n c  
L e a d  i- 4 4 g  T i n

•06« 
F i u e r

C o p p e r  1*123 
CP\s t  ik o n  *917 
B R O N Z E  1-113
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T E M P E R IN G  COLOURS f o r  S T E E L

COLOUR ° C ° P COLOUR °C

D a r k  B lu e  
B l u e
B  r ig h t  131 ue  
P u r p l e  
B r o u m  to Purple

3/6
t s 3
239
2 77
266

600 
56  O 
55 0 
5 3 0  
5 /0

B ro u n
g o ld e n  Vel/pui 
S t r a u  
Pate i/ e ilo u

2 5 9- 
2 * 3  
2 3 0
2 a/

4-90
4-70
4-4-6
4 -3 0

H E A T  C O L O U R  T E M P E R A T U R E S
Co l o u r °C ° F  1 c o l o u r °C o p

Just visible red  
Dlct/cherry red  
C h e rry *  red  
Brightcherry red 
Brightest r e d

500-600 
100-750 
ISO SIS
m -s i s
900-350

93Z-IIIZ
I300-I39S
1385-1517
1517-1600
I6S2-I7SO

O ra n g e  
Light Orange  
Lem on  
W hite

9S0-I000 
IOOO-IOSD 
HOD-/ZOO 
HOD-13 DO

M 0 ’ I83S
1835-I92S 
ZOU-llOQ
n o o -im

Te m p e r a t u r e  c o n v e r s io n  F a c to r s

F m* F a h re n h e it. R = R e a m u r . C =  Cnn.tifra.de 
eF -9 / s °C + 3 2  °R =V s°C  ° C =  % ° R
° r =  s/<h°R + 32 °R—*/s(eF '3 2 ) ° C =  s/s>(°F-32)

To find Rdulte ration of Metals o r  Composition of fllloi/S 

Let. M  =  height oh alloy in (\ir.
P  =*. - - .  suspended in Maher.
/} = Specific (jrav'/ty oh h ir s t  component p a r t .
3  -  •» •• » second n „ ,

For exa mple Specific gravity  oh Gold. = /£• 3 6 .
.. y i lv e r  = 10'Sh*

'The. a lloy  weighs Gibs in  a ir .
5-636 in  u a t c r .

. H e ig h t  o f  Gold ^ g -  /O'SI (6 -5 -6 3 6 )  = £»7.S.S M<

'-am ) °f*°,d •
a n d uxitqht o f s i/t ie r  =» 6- ?-755 = /• 29-5U s .

Form ula, f o r  th is -p ro b le m  is a.s toH ous - 

//̂ <Z u  (tig h t o f  one. cornjooncuit pa.r~t s  M -A  ( M - P )
I -  *



P r o p e r t i e s  o f  E l e m e n t s  a n d  M e t a l s

N a m e WeiqKh p«»* fftub* in lbs Type of St-roct*or*
Aluminium A l 2-56 159-7 1218 D
flnh'mong S b 6-71 “H 8-7 1166 A
Barium Bn 3-75 234- 1562 D
Bismuth Bi 13 611*5 520 A
Boron B z e 162-2. 4250 C
Brass. 8o.c.2oz. - 8-6 536-6 1775 V

., 76.C.30.Z. - 8-4- 524-M 1775 D

.. 6 0 .C.Q-0 Z. _ 8-36 521*7 1775 D
SO.C.SO.Z. - S Z 5 II-6 1775 S>

B ro n z e - *•85 552-2 1675 Pi
C a d m iu m CD 8-6 536-6 610 D
C a lc iu m Cfl 1-57 98 1490 D
Chromium CR 6-5 405-6 2939 A
C o b a lt Co 8-65 539-8 2696 D
C opper CO 8-82 550-4- 1981 D
gold f lu 13-32 1205*6 1945 I
Ir id iu m lR E2-4-2 1339 4260 £
Iro n  c a s t f e 7-2 W 2 2300 A

W rought F e 7-85 489-8 2750 I)
Lead . P b 11-37 709-5 621 E
M agnesium Mg l-Tt 108-6 1204- 5
M an ganese Mn 7-42 ■463 2246 A
M e rc u ry
Molybdenu.m

H g 13-58 847-4- -38 B
Mo 8-56 534-2 4620 A

Nickel N 1 8-8 549-1 2646 I
P Ia tinum  rolled fT 22-67 I4I4--& 3191 D

w ir e PT 21-0* 1312*9 3191 J>
Po tass iu m K •87 54-3 144 E
SrlLfer A g 10-53 657-1 1761 D
Sodium NA •S8 61-1 207 E
Sreel F e 7-8 4-86-7 2500 X>
T e llu r iu m T e 6-25 390 846 A
Tin S n 7-29 m * a 44-9 D
T itan ium T i 3-5+ 220-9 3272 V
Tungsten W 18-77 1171*2 6152 A
V an ad iu m Vfl 5-5 543-2 3128 D
Z in c ca s t Z n 6-86 428-1 787 A

.. ro lled Z n 7-15 446-1 7 8 7 1)
* A = BRITTLE. B= FLUID. 's H A R D  . I) = MALLA6LE

' E  = SOFT



B i r m i n g h a m  S h e e t  M e t a l  G a u g e  CfiLG)

N ° S ( i e f J # s i t e S l Z 6 N ° s i- z ,e
7/o i i i i 7 « / 3 7 8 2V • 02^7 37 • 00  f  3
6(0 •6 2S (0 • /2 5 25 • 0 2 2 *0 • 0 0 3 8
s/a •5883 f/ • / / / J 26 v-i • 0 0 3 V
V/o • SV/6 /2 •0«?7 / 27 ♦O lT J f V 2 • 0 0 3 0
3/o • SOO /2 • 0 8  82 2« • 0 » 5 6 V 3 • 00  17
Z fo • U-t fSZ /V- * 0 7  ? S 27 • O 1 3T V V • 0 0  2.V
O •376 V 15 •06*?? 3© • O « 23 v s • 00  21
/ • 3 S 2 Z /6 * 0 6 2 S 3 1 • O i 1 V6 • 00  !«?

2. • 3f V7 <7 # 0556 32 • 0 0 98 V7 • 0 0 ( 7
3 * 2 8 o V /8 *04*75 33 • OO? 7 V ? •001 6
V- • a s  0 /? *0 V V 3V • 0 0 7 7 V 7 • 0  0 13
S • 22Z5 20 •03 7  2 3F • 0 0 6 7 5© • o o i z
6 • / ? 8 / 2/ • 0  3 + 9 3fc • 00  6 1
7 * /76V- 22 • 0 3 / 2 3 7 •  00 S V
8 * / 5 7o 23 •0 2 7 8 38 • 0 0V 8

B r i t i s h  I m p e r i a l  W i r e  C a u g e  ( W d )

s i z e s u e N * S i t e 5 1 X 6

7/0 • 5 0 0 ? ' /  <t + 2 V* • 022. 37 • 00 S 2
6/0 • V  6 V- /o • l  2 8 25 • 0 2 0 Vo # 0 0 V-8
S/e * V 3 2 /f *  1.1 6 26 •018 V/ • 00  V-V-
V o • 4* 0  © 12 • t o n - 2 7 * 0 lfe«t h2 • 0 0  v-0

V o • 3 7 2 /3 • 0 *2 . 25 •0» »f8 U-Z • 0 0 3 6

2/* • 3 V * /V • 0 8  0 2 ? • 0156 # 0 0  3 2

0 IS • 0 7  2 J O • 0 t Z<* 45 • 0 0  28

✓ • J o  O /6 •0 6 V- 3/ • 0 1 1 6 V6 • 0 0 2 V-

z • 2 7 6 17 • 0 5  6 32 • 010 8 V7 •00 20

7 *  2 52 IS • 0  V-? 3 3 • 0100 f * • 0 0 / 6

V • 2 32 19 # 0  v o ‘3 * • oo*?z V ? • OO 12.

5 • 2/2 20 * 0 36 35 * 008 4 50 • 0 0  t o

6 • /7 2. 2/ • 0 3  2 3* • 0 O 7 6

7 • /7 4 22 • 0 2 2 37 • 0 0 6 8

9 • /6 0 23 * 0  2 V 38 • 0 0 6 0



H A R D N E S S  N U M B E fin n o  Te n S IL £  5 T «£ N G T H

10 m!m  ba.ll w / M  J C O O  tfi/oyra.m /pad
D/ftME TER OF 
IMPKt'SStON 

iN M/M

HURON ESS
No

72ws pen
S<pOAK£ WCH

VlflML T£H 
OF

lfiPff£SSlON

H*ftON£S S 
/Vo

tons pzr  
sqmcH

2 • 0 9  96 2 0 6 9 - 5 179 39 ' 5

2 ‘ / 8 S 7 / 87 9 -Q m o 38-5

2 7 8 2 171 4- '7 16 3 37-5

a -  3 7 / 3 1 55 4-*8 156 36

2 * 9 6 S 2 19 2 4-*9 1+9 34

2 '  5 6 0 0 / 3 / 5 ' 0 1+3 33
2 * 6 555 / 2/ 5 * I 13 7 31-5

Z * 7 5/2 //2 5 * 2 131 bo

2 * 8 9 1 1 109 5 '  3 12.6 29
2 '  9 9 9 9 97 5 - 9 H I 28
3 • 0 91 8 91 5 * 5 I I 6 26-5

3 '  l 3 8 7 $9 5* 6 n a Z S S
3 ‘ 2 3 6 9 79 5 - 7 10 7 24-5

3 * 3 3 9 0 7 9 5 -  8 103 23-5

3 '  9 32.1 70 5 * 9 99 22-75
3 '  5 3 0 2 66 6 '  0 9 5 22
3*  6 2$  6 6 2 6 *  i 92 2/
3*  7 2 6 9 59 6 * 2 29 20-5

3 -  8 255 •55 6 * 3 86 19-75

3* 9 Z9\ 52 6 * 4- 82 19-

4 '  0 2 28 50 6 * 5 80 r s -5

4-* 1 2 / 7 9 7 6 * 6 77 17-15
9  * 2 2 0 7 9S 6 ' 7 19 17

4- * 3 196 9 1 6 '  8 71’ 5 I S - 5

4-' *- I 87 4-1 6 * 9 69 16

H A R D N E S S  N U M B E R , CO M PA R ISO N S

BKINELL
JOOO Kg

FiRTM

'*S

flOC K\JE UU
“B"

SciXRosfore BRINELL 
io mltn3000 Kg

FlRTH 
1 io

Rctk
*C"

WELL 
* 8"

SCLEPO
iicoptr

800 72 100 276 27S' 30 /os 4-2
760 1170 70 98 26/ 26/ 22 103 90
72S 1060 67 9£ 255 £55 26 /02 39
682 990 65 95 245 296 24 /OO 3 7
652 £67 63 89 131 115 23 99 35
614 775 6/ s s 119 22/ 2/ 97- 33
590 727 59 S I Z l l 2/3 /9 95 32
552 699 56 76 £03 20/ 17 94 31
529 606 54 79 19b 191 15 92 30
502 565 52 I I 9 70 IS ! 186 13 91 29
477 53<f 45 IIS 67 18 3 ISZ // 90 28
451 4-S9 47 I I 7 65 175 179 9 n 27
427 HO 45 115 62 IS 7 168 6 81 27
f  01 423 45 119 58 161 /62 9 25 26
375 390 91 I I 3 55 156 159 2 81 25
362 380 39 I I I 53 ISZ 150 81 24-
3 H 352 37 110 50 197 M l y0 2 f
331 335 56 109 97 14 3 199- 79 23
311 512 39 108 96 190 I f f 77 22
293 291 32 106 99 HO 130 72 22.



S J f iN D H R D  M E T H L I U R  G IC f lL  T E S T S

A a n o l o  T E S T , S a m p le  p i e c e  >S * J 7 5 * d ia m e b e . r  b y  5 "  lo n g .  I t  i t  
c t a m p c d  in  c.a n h r *  a n d  h e .lo l j  t h i n  I n c )  q.1 t e r n  a  t q  ly  s t r u c k  b y  
h 0. r n m 4. r j  a n d  I h a  n u m b e r  o  f  r t v e r s a J  b a .n d s  c h t .c k -a .e i b e f o r e  
b ra .  a k a .  a n .

C h a r  t v  'Te s t . The n o t c h e d  b a r  h a sh  The end.i are h eld  in  
c l  p a i r  o r  c e n t r e s ,  an d a. l o a d e d  ten • ta. h i ts thetes t  b a r  
c a n b r c J  on opposite S/da t o  n o t c h .  Standard hash pi zee. is IO mm 
s<f.&idbh o f  notch /mm. ^/zmm. radius at root o f  notch. o.nd d* dopth 
is S mm ■
F ltn H  t/AADDHf. ?“<£/? Te s t , fo r  hardness lasts . Standard load 
JZO k'i/ojrams udA £ m m .or 4-mm bo^Hs o r  poin ted  dia.mond. 
imA.ge o f  im pression is m agni Pi i d  by microscope. and f )r  ojncted 
on. ground g lass se m en  a t  eye leve l.
IZ Q O  . im pact test. 3 r  id len ess ta s t  b y  mnanS op n o tch ed  bar 
s ta n d a rd  hast puce. ! O m m  sy is g r ip p e d  in a. vise. (sn/Pe e d g e  
pa-ndu/um hits on same side as n o tch  a n d  a Poor noun at s 
r e a d i n g  is o h / a i n e d . $cvSeclion. le s t p u c e  h a s  notcA 2.mm. 
d e e p t -25 m m  r o o t  r  o a /us u n d  ^t5° / nctu .ded angle, d rcu ta r  
S e c t i o n  hast p iece , diet, is • ‘t S 'u i l h  n o tch  • /2"d  eep/ ■ oo5  
radius a,t r o o f  and  4-5®any/e. L en g th  c P  t e s t  bar /s 15 mm. 
and pendulum  kn iPe ed ge  sh r  ik es  2 Z  m m . a uja y  Pro ni 
c e n tre  h 'n c  o P n o tc h  f o r  f n c t r i c  t e s t  p ie c e  exnd fo r  
d e c i m a J  f a s t  b o ~ r . f a n g  t h  is Z ^ i o i t k  n o tc h  td 'a iu a y  
f r o m  o n e  Q n d  <*rhi 1 s t t h e  m e tn e  p a t te r n  has the. notch, 
p la c e d  £ 8  m m . P rom  c,ne a.nd-
R ccfrU ie  LL A  a. rd n e  s S f~est. r e a d in y s  qiiSen in fiock<jell 
n u m b e rs  on  a  dia.t dira.c.t. 3  se.a.tes are. u s e d  \/ij-, ft 
sca le h a s  d ia m o n d  c cn e  unhfi € 0  kilograms loa.df 8 
scclIc, has / i l " s h e e t  b a t /  uiith. /O O  k'itoyrams toa d , and  
C  sco -te  h o .s  a. /2 .0 *  d ia m o n d  cone, inden ter u/ith a.
150 k ilogra m  lo a d .
S h o r e  5 c k £ * c S  C c r e . hardness testing machine u t i/ises the 
rebound  o r  bounce princip/e. A sm all co n ica l diam ond poinhzd 
poirrtad ham m er fa lls  cfue to Porca oh g r a v i ty  sh r ik tn g  the  
h*-S t  p iece a n d  b oo n  cesf h eig h t  oP+bounca. t s n o te d  on a 
g ra d u a .tc .d  sca.te Height: o f  fa ll  is lOinches u iff i  hum m er 
weighing  V/2 o f  an o^} ha turner is  e le  v a ta d  in  a. g lass  
j r a d u a . fa d  tu b e  by  means oP  a. ru b b e r  bufb h a n d  
o p e ra te d  c re a l/ ifj a V a cu u m .
\Iic *c£.k,s J>! fiMQN D hard  ness 'hast, bash type £ o r  vary h a rd  
m a ter ia ls  .gi ves a. s q u a r e  im p ress ion  u .sed  u)ihfi dramond 
poin t d r e s s e d  to  a n q je  o f  /3  6 l o a d  app  t ie d  is Q/tha.r 
/, 5 j  IO, 2.0 o r  30 j SO jtxnd t o o  Kilograms uith d  ia m o n  d, o r  
SO A/tc<jra m s tut tti / m m  6a.// ana t5 O  { / ’/eg  ra m s  tuihn 2, 
Oi?n. s r e e ./  ba .ll- “The lo a d  is app lied  Q u tom afica  Hy 
a n x l r-da. d  in y s  a r e  i~a teen cm cl g ro L ts id  g la ss  s e m e n  
S u i t a b l y  g r a  du.u.l~e.d.



B ER N A R D S  T E C H N IC A L B O O K S
I/- S E R I E S

EACH A  MINE OF IN FO R M ATIO N

1.—AMALGAMATED ENGINEERING REFER
ENCE TABLES A N D  DATA CHARTS.
B.A., B.S.F., B.S.P., B .S .W . Thread Data, Clearance 
and Tapping drill sizes, solution of triangles, Sheet 
Metal Gauges, etc., etc.

2.— “  LITTLE MARVEL ”  VEGETABLE REFER
ENCE BOOK for all amateur gardeners. W hat 
to sow, and when. Pests, Diseases, Fertilisers, 
etc., etc.

3.—SERVICES SIGNALLING M A N U A L . Sema
phore, Morse, Flag Signals, Heliograph, etc., etc.

4.—RADIO M A N U A L . Tables, Charts, Facts, 
Laws, Rules, Diagrams, etc.

5.—ELEMENTS OF MATHEMATICS. Facts, 
Rules and Formulae on Arithmetic, Algebra, 
Trigonometry, Geometry and Calculus.

6.—ELECTRICAL ENGINEERS & ELECTRI
CIANS H A N D  BOOK. Tables, Hints, Data 
Charts, W ire  and Cable sizes, A .C . and D.C. 
Motors, Lighting, Heating, Power, etc., etc.

7.— M A N U A L  OF METALS A N D  ALLOYS.
Hardening, Tempering, Heat Treatment, Colour
ing, Composition of Alloys, Data Charts, Tables, 
etc., etc.

8.— M A N U A L  OF MODERN AU TO M A TIC  
GUNS. Sten, Bren, Lewis, Thompson, Vickers, 
Browning, etc., specially prepared for Home 
Guard and Service use.

IF IN  DO UBT simply look into a 
“ BERNARDS”  Pocket Book
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