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SUMMARY 

1. The quality of cast parts  is determined by the quality of the actual casting and 

treatment auch as heat treatment,  surface hardening,  facing and machining. 

2. To produce a cast of a desired quality,  many technical  factors must be considered, 

such as equipment,  raw materials and operations of the whole cycle of casting. 

3. Using modem methods and equipment to control foundry operations, it is possible 

to obtain high-quality castings of high accuracy and the strength that determines 
machinability. 

4. Since production of castings in green sand moulds is the most commonly used method, 
pricipal attention is paid to this process. 

*    This is a summary of a paper issued under the same title as ID/WO.I3/I. 

1/ The views and opinions expressed in this paper are those of the author and do not 
necessarily reflect  the views of the secretariat of UNIDO, 

id.68-2255 
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%     Quality control begins with tè« verification ôf mm materials (out iron, 

steel «net iron scrap, motnl chip«,   ferro-miloy«, addition« and flu*»«) and basic 

and Additional moulding materials (sand, fire-clay, bentonite, bonding »art «rials, 

coal and others). 

6. A« thf quality of materiali i« verified by supplier«, occasionai cheoks in 

the consumer plant are »«de. If detailed information o« quality control of raw 

materiale is not available, it is necessary to ferforw quality-control tanta at 

the plant. 

7. The paper describe« various method« and equipment  for controlling foundry 

materials. 

Ô.      The second wn third control  ateps are the vérification of the molten metal 

and moulding and cor« sands preparation.    The- paper deecribea «pedal methods and 

devices for examining the  specific  physical properties of tested materials,  and 

the quality and dimensional accuracy of mould parta and core». 

9. Whenever heat treatment of  castings i a required, heating and ohi Hing control 

is carried out.    It is al.so frequently necessary to control the heat treatavsat 

ataosphere. 

10. Pinal  control  steps determine  the correlation betw*»*,n the quality of the real 

and requireu  casting parts.    Therefore,  testing devicer  for   ->-»ntn»l  ^f ?itr«ngtht 

hardnesr,,   structure,  aoundneas and dimensional  accuracy of castings are described» 

11. It IB  known that dimensional  accuracy is Jet rained for the accuracy and 

toughness of pattern-box <>quitrmnt,   .»ccuincy of th    ««reparation of the moulds and 

cores, and  proportion of mouldn,  core mmterials and cast  »lieya.    These properties 

ar« revealed  in   m interaction between metal  and mould uhi le the metal  is  in ta« 

avo 1 ten st'>.!.-•   aid    .-,  • t   lolitiifit/.     Accordingly, control  n-i.-lhodP  for the lecurney 

of the  erntin^a  irr d«      nbed. 

12. The paper gives data about the controls in each step of the foundry prooee« 

in accordance with specific conditions of production. 
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I,  GSNüfíAL CONSIDERATIONS 

1,  It is wall kniwn that the qualità  f all east opponents, includine 

automobile parto, doponds m the quality >f the initial cast inn» and if 

thoir subsequent pr-cessm^ (heat, treatment, surface hardening: and machining), 

and that the first and most important sta-yc if all is t^ >btain a cast in- 

of the required quality 

2»  The solution r, ' this pr »bleu Lion primarily in the cl„-oti'<n and devel- 

opment of the teohn>1 'ficai nncesses, equipment and materials best suited 

t:) achieve the required results v/i tlii.u the limite >f 11K riven parameters. 

The aim if the omini if materiale and operations duriny tdu wh de cycle 

culminating in the production >•" castings is t-• keep withia ¿;iven unito any 

deviati ens fron the rated value >f the parameters >f the techn il y.ioal pro- 

CUBS, 

3. Quality cintnl  of casting pnductim   operati ni3 can therefore be mist 

advantageously considered  t pother with th.. onditimc necess.ary t> ensure 

the required quality  in the  production cyclo,     The  aim   n   th     present  paner 

is to describe the best technol ./;ical  pneesses,  the methods of ensuring 

that  there  is  n> deviation  f r >m those  pr »cesses,   and the rnv.tiiH.is    -f checking 

the main parameters of the production process,    Mm specific and detailed 

informât i'.HI   m individuai   questions  can  he   f iund   in  tiu.  special   literature. 

As sand-casting is  the rmsi usual method   >f producine castings,   attention 

has bean chiefly devoted to this  onerati ;n in considering the production and 

quality contnl   if castings. 

II      qUALITY CONTROL OF TW1 RA" MATERIALS 

4. Measures to ensure  the required quality   .f cas+inf.s be fin with quality 

control   if the raw materials:     those nakin/; up the charge  (foundry  pif^-irm, 

stool and ir .n scrap,  metal chips,   fern-alloys,  elloying additives and 

fluxes)   and these used ti make the mulds  (sand,   clay,   bentonite,   silica 

flour,   praphite,   c >al,  binding materials,   van JUS  types   >f stren,:;thening ma- 

terials,   and   >ther  additives) , 

5. The required quality   if these materials  is usually  piaran I, e ed  by  the 

suppliers;   peri die  tests f>r quality   are normally carried out by the user, 

but sometimes no checks ore made at all.    Where there  is no full guarantee 
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of the consistently ratisfactory quality of the materials supplied,  the 

user must  tent thorn constantly. 

6. The conerai   requirements  for sati¿factory moulding materials may be 

summarized as  follow;;:     The b i.:u: moulding material - silica sand - muet 

poBsect; hi^h  resistance;  to heat  and chemical?,   contain  the  least poosible 

quantity of   impunti er,   ami  be  of   the «pocifiei grain  size,     The other 

mat eri 9 If. added  to mould mix  murt ^ive it   the  necessary strength,   plasticity 

and suecial   techno! ogicai   proocrties  when - and this ic most  important - 

they are added   in  m in im.--1  aaian L it ie-1 

Quality   eiri'r.l     Y  :•, uld LQ^  aliénais 

7. 'nh,   mai   im-rtan'-   -harae ',* ri.,aticß   if muidin? sand are  its chemical 

c-)mp':si+i •n,   /T-inul-r c-.r-ip-Bi^L-n,   clay content,   ,:-as permeability,   refrac- 

tory qualities and  earbmate .-i.'.nU-nt .     Orain compiiti m is determined from 

the relativ«,  wei.dus   )f th. piles   -..f /grains   >f the different  ¿auges obtainod 

by sieve analysis   ~>f a sample  batch   m a standard cet   JÍ vibratory  sieves. 

The clay o mtent  is determined  by elutri-.ti ^n with an  agitator -cording to 

Stock's sedimentati-ni laue 

8. Gas permeability in determined »n a special apparatus that measures the 

rati, of filtrati »n r-te f. or.ssure drop m a sample vf yiven height rammed 

into a tube on a laboratory impaot tester. 

9. The chemical  eervsitiai   >f n-uldinp sand is determined by tho ordinary 

nothade   if chemical  analysis f> neasur,  its  o intent   jf SiCL.   Al   0      Pe 0 
2 2  i 2 " V 

CaO,  M¿aO,  K,,0 ani lía?0„      Us refract :ry qualities  are determined fron, the 

melting (s .ftenia;-)   p ,int   ^ samples  and from the   temperature  at  which tho 

fraina slar  0>r start   fc )  sinter).     Sauds with a  hi¿:h eia;- content  are tested 

f.T wet  strength  index under   jptinum m nature  conditions..     Clays and ben- 

tonites  nre  tesKd  fu-  their binding capacity  and calloidal   qualities   (degree 

of water absorption)..     The streich  .-f rmuldin* materials  is  determined by 

compressive  strength Ustinf;   >f samples   >f tav>m standard compiiti m.     Water 

absorpti m is determined as the  amaunt   -f absorbed water per unit amumt  af 

dry material o 

10. The A1203, Ti02 ,and Fo^ content -rf refractory clay is determined by 

chemical analysis. 
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il.    itlioa flmr it toatoé afeontetlly ta dot«»!»*, it« »Ulna evttvnt, 

carbonato impuri tU-i .and l.»i« in oftUinliitf     It to -au puri «Uo.allv toitwd 
fir f incuci!   >f di vili >n. 

12. Co.il dust  iiitutidud    r,r u». i.» a>ul<1in#r swi ii amiyikd f-r c »ntgtit -»Í 

moliture,   Tih,   !ulphur an« vhtllci,  wd f r finivi»    f lUviii-n 

13. GnphiU   io  t.nu.!  f .r -,|V.   : .Mt .-nt  tad filinoli   -f   «¡v.!i<n. 

14-.     Orpin ic and  m organic tundin - nU-ri-ali or.   aßuük,   tested f >r tluir 

binding capacity  and /-HI in/.    ?tw bindin,- capacity   io d> turnin, à by tettine 

the tomiU itrjarth of a drud otandard e^le-  ,-nuu,   io defied in tor« 

of the v)lun..    f , a E ¡oo/e!,    ff t,y    -K.  ¿.TTT.   'f th.. --nt.tr'.-Ü 

15-     In particular caceo,   depemdniy up = t  tlv.  r^mr^, »ita   ¡f th*.   pr >c •«, 

toste arc -us- r,i~de   :.f sp.oific .fivity  and dry niatkr c'iiV.-nt   ^sulphite 

roiiduoi),  vincmity  (jx.tr km- diutilliti>n wrist j»),  m >unt   *f reiidne ont 

acid number (ve/etabkj   -ile,  dextrm),  nah o.mtbnt,  e lubility (á^xtrin), 

molvcnt c mtent   and pE y lue-, 

16. S-idiu"i silicato u -luti m is tested f-ïr liçu r rati•> and ipaeiflo «ravity. 

17. Phono],  and    th-r them -0, ttiti#- rueini that oro widely uiod for ihuli 

moulds and eros  pr duc,:-.!  in h t  l^xoe are tolled for purine U:n;t  fl-iability, 

specific ¿--ravity,   and n  Itinf   o,i:it. 

Qualit:   ointrjl   -f th.   char/;-; rr.t.-riali,  fug,   fimtui w<j refract in*,» 

Iß.     The quality    >f charp. materials,   1 i ko that   ••? n M.) i -ia" or i.airs,   m oh-.oked 

"by  tho suppliers,   wh    deliver  toen in riven quan'.tivS wi Ut d-cúnente o'-n- 

tainine details   -.f their c-ir.p'sU.i >n vid quantity,     '"hui  1 ' ajndrr  p-r-ifn  18 

delivered in batches   >i   }0-óO  \ me with cortif ictui fivu.r 11« w.i|-ht ant 

the results  of its cher.iical  a: 'lysis,  usually for its o u.t...nt   »f 0,  Si,  **n, 

Cr,  S and P.    Thereafter ite  cher:).-al o rip >sit. j >n neud  b    U etod   mly period- 

ically by   the usor,   an.1  usually   mly  í >r  its  mutent    "f  Si   and Mn.     Bvury 

batch of foundry  pi^irn with an  anusualiy hi/h on tout    f   >thi.r -d orients 

(tho S;-call;d natural  all >y3) ">ust b.   t.;oted  f >r its 0 ,ntent   <f Or, Hi  and 3i. 

19.     Form--ill ,yS>   likewise,   aro delivered with ice >npauyja,• d .rumenta ítivin,' 

tho content   »f the basic element  and    f -my   >thoro that nay iff..et  th«. 

cjuality   if the cast metal.    Thuo I0S1  is delivered with a ce-rtifiont.: givinff 

tho ontont not only   if the bauic domante but  .aso   »f aluminum,  which any 
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•-ruf.,  bi >v-h --lv.0      Tr   Ih.   or »i*uM •   Y     •n„n, ,n -    ».  , r   -act,, r,   .-,   mllt-vbh   ir-ü,  h -woycr,   it i« ¿jg , 
GSBC-ntlll   t ;   kn >W   * hi    -*n iimt       "   /»_   !      t, ru   mmnt    „   Cr m the   pif-ir^n,   IG  this iffocts the .in- 
no-lini; tint     r th.   irm       f,    *•-." »W.      < ., 

"u    'il»     'K'   iE-*r mus,!/  nuot  nikc  in 

"' Ud"'   •i,,l-B"   4i   lß ^'^n.i-xlh   i.-!vinfy.v  un t*   irrinf* 
with tht,.  Buoni ;!      '      i       •        T.»I,  ,   »jjjAj 

"' ' ,K:i Ultlvi8 obtain ohromiu«, molybdenum, 
vm-iiu:¡t   ti'mtun,  ruck,.l,   -   1,1'    r ( i>. «»t.    |  ,   ,i \        , .     ' 

oaacntiil   t ,  ll6t   r ,r  'h,  •• .^.nt    f u!0B,-. 

20      ^fi-jrts  sh  -ü,j  k   nM<    t)     Kt.   .   ip n     ,,  ot     ,     , . 
"",r,n   'r 8t--'-l  ^'»s   : whether in 

brigu.. ttee    ru  î)  f r ••>    ,        *>      „    , 
».s.. ,nt   oap.u^rs.     7yplCil   sources of 

f   pply  irti  t-.,- r.ichiii.   sh -)S    »f  <h- *,-m h  i     •-    * 

rirras thit !v>ss-r>r .duc.  n,.t~l •e e. 

21-     rho  notmv     f  rh-:  niellinevl noHi   iB   >{• -„  k,, .«••  «   » 

1 i-inc  tm,,   s =   f.K-.r.   ii   n-y   be   noecBB-»rv   •••  —le i,.  .     •   ^ 

*«• >f ci«iiv.rJd ,hipe " ' di° chcmical mal~ 

2?;    r;01  3^*P lE US^11^   •^    ^ '-T xu <* m,  .   entent when 
intended f >r rr-'lf'r- -î —.i « ,~ i,-t **   -1 - 

Rt .  lf   ' "   ilf- lr n 1Uf f,r '"U D'^ '^•ntS when intended for 

fT, -+ '       * lkn^c-pio;tPn, is analysed 
f-T its contint  f c, z\     M,  r .„. ^ s  ^ ^ 

-  ^ • i.-.. .ni ..hidcn^os -,f the pi,c.8 con^lv w< th th 
SUppl;/    Bpc-Ci fient i   .„p       8t.-H,oh-,     ,, - ' h   tllW 

îf prKiucti -,.,.     vlux, 3f       t -,,i»,    ,  r   w- 
r  ir..    .,..«,. .1   r;.ltir^nuBt  ila    b,-  toetud, 

8nnfl  f       , 
-iVl ' fuPr»*i«-«  t » cías, t:i,  c k,  i.h ixi'd 

8rVnd   l)  Bl-V:nuct   .^ntii;,  „.,   K4rc   U)v  ,,  , _       „ 

"Ili-  firnMi ^ "J " »    ^   thlS   W",uld   hlnd^ Plat l.ïrn-iti ,u.     Jt nuet  (V,t  o • -u-m .—ì,^* 
gtw,n ,   , •.t-i.»,,ic.u.    i^urmcB,  KC1U80  thie sub- 
stwco n-v-  ,xpl >de  -t lu. -h ruf,>- ritiav    M-r    if,.„,^ 
f^ina e ,   . ' '  -l r»   li   l"JSSihio,  ,-PBUR,   which con- 
tains sulphur.      Lir^-rfm^   if   •> ï -     •  „+   .  * 

Silicic    np-cJ    -,n,i     n-P',^1     c P        -, '» 
h „ ' P      l0lE   ,f CUV'   •»" --"d *»*.   v-J  f* .ta  !«„ ailu, 
hardness   md donc M,- ' * 

wiT.n tne  purnhas,: spooifik^tj >nS, 

25.     nnsloJcod  lin*.   î'mioU ¡r   ^       i-   .    • 

with a b-,Ri-  i , *        in  fu^W«i 

*       ¿  J ?  \      r îf   * "'    »u?t  e-ntont.   pi|,"i«,. , i. ,. 
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and «tarage timo.    The laEt  W.t ie •t  inport-x.t becaus. ,f th, ntr •„,- 

tondone rf „ulcclin.o t. te^  ite „„h vr.tor *. ,PptÌJ!1.  thu ,.,,. incpûMÛ 

the eis e-nit or. t of the. notai 

26. The quality .,f th,   fuel   (i e.     f,undrv e 0:,;)  Ina a considerable  influence 

on octal  Boltin:-   in  a cupa.«, furnace rvid   m the  quality   :f  the product.      It 
must  therof>rc  be tocted emntaotUa 

27. Foundry coke   is  eh, mcall.;   analysed  f,r   ; ts  , ,,L,nt   )f Cf  „^   0^¡{^   Sf 

ash  and water.,     G *e must  also b, tested   for lump sieo,   etremrth^h >W by   ' 

the  perconteo .,f  th,   initial   aeam:it  of c >ko  left   m  a 40-ram siovo  after " 

tumblm,; in a drum tostar),   resistance  to  dunpim-  (sh >wn by  th, porcentaje 

remaining   m a 60-mn sieve  after   che sample  batch t,as I,.,...-»  thrioo dump vi un 

a cast-iron plate fr-m a height    f 2 metres),   Poro3ity and calcific value. 

28. In testina -all materials b-f-ro releasing then fu- use in pr .dúctil, 

particular attentif „met be paid t, their purity. As a eonerai rule, ma- 

terials containing impurities ¡east be  rejected, 

29. Since imiten mutai  reacts with the  lining   >f the melting plant,   the 

refractories nust als- be tested,     These are tested f r their ohemcal com- 

position   (fireclay  and  silica-firec! ay bricks  arc  tented f• r  th. ir c intent 

of Ni02,   Mrf-V  HaO  and i^.,.p^  dinas bricks  fer their - -ntent    .f 3W\„  Al,0 

and CaO;   and malmte bricks f »r  fchcr c nitent   >f i,^f  SiO,„ CaO, Al 0    and 

Po203),   f >r their neltin,- p  ini,   and  r ,r refract .ry   qualities.     Th-.-ir   -utward 

appearance must   als, be carefully  inspector!. 

30. All  these reo .nnenfat¡ r1B a:v based   -.n the experience of variolic under- 

taking   m the  autan bile   industry.     Th,   -nain   .b.iect   of  wsiinC th,   quantity 

and purity of th, basic  chor-e -latorials  is  t > previde a c -notant guarantee 

ot their quality   (conditi »a)   1    fr.  they  en!,er th..  techn >l rieal  preccsc   A' 

producine casting.     Phos  almost  all   the  charge   i:i,Tod .onte,   fluxec   and 

refractarios are  tented f >r their ehonh-al  e r;p-Piti-;n.    Th-  tw » main moth >ds 

used  are  3pcctr ceopic   analysis anc1  ohenioal   analysis. 

31. SpectDsoopic onalysr:  iB a modern physical  -ethod f  r d--fcornininr-: the 

ohomioal  c imposition -.f a substance.     Tn essence  it  insists of vap'mrizinte 

and also oxeiUny the  substance:    i.e.   imparting additional entry  t. the 

»tons of which it  is composed.    The at•  orv; thon all-.wed t. return of their 

aim acord  t. their normal state,  and in d>in*c so thuy radiate the ancriy 
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impart od ti them durine excitation in the fom of lirht  of various wavelengths. 

The atoms of each element  ridiate waves of a £iven wavelength; and the  inten- 

sity  of the  radiati >n depends    n   th.  nur.bor   >i' -tiras  cousin,-  it:     i  c.    ,n  the 

content   of the  particular  v.ljmc.it   Ju   ¡he specimen       The  radial-, 1 li. ht   is 

diroetüd iato  the spcetr >sc  p;o   apparatus  thr.ooh  an  ex trend;.-  narr >w slit, 

Only s «no hundredtae   :,f -, millimeter wide),   whore   it   is   or-ken d.<i;n  into  its 

component  wovclon-the-    As  a resoli   a !'bnyht-l me  spectra1' is  farmed  at  the 

output   of th«.   instrument..     The  spectra thus   >btallied  fron   the specimens   analy- 

sed are thon  c Tip-rod with previ.nisly-prepared and rec.-rded spectra   if standard 

samples   jf these elements, 

32. Two types   )f apparatus or,,  used for spectroscopic analysis:     instruments 

with vacuai   presentati m   if the   spectra  (styloscopes  and  styl »meters),   and 

instruments  in which  iho spectra are recorded pint.>rra?hic.ally  (spectr vraphs). 

33, Quantitative analysis is carried .ut by comparative measurement of the 

intensity of the snentruru nn,jC uither visually >r v/ith a pjlirizinf photo- 

meter  (styl -me ter)., 

34»     In recent years automatic vacuum quantum measuring instruments have been 

increasingly  used,     They .nable-   de content   d all  chemical  elements,   including 

C,   P and S,   t„  be determined very  iruickly  (m  a  few tenths  of a second).     The 

precisian of   the measurements made with  those   instruments   is  two  to three 

times thai   dyt.ai.nable with visual   or phn\T-.phic  instruments. 

35. These vacuum -rjanMim moasunny instruments   oprate   ;n   hhu basis of the 

physical  pher. -mena described  ae-ve;   but  the  pr-coss   if capturing the liCht 

waves  (speetrun  1UK.S),  ivc-rduv   tueiri,   ampi if, in,; then and turning them into 

i ne traînent r .-.aduiy-s   IM  nul »mated 

36. The SDecinens us,d f-r chemical  analysis arc average samples in the form 

of chips   ibtained by -iriiliay,  plonniny  ir milling, 

37. In   >rder   ^  avoid serous  -rro-e  in analysis,   test  pieces must first 

be cleaned before S^FOI-T  ore l-Jcn fr->m them,   as thoy may  have sand,  slag, 

scalo,  oil,  paint    r   ^tju/r substances   m their surface,     Hard specimens should 

first be  annealed   r ,r und, 

38. The elementi, crip citi m f speciaens is determined by makinr various 

gravimetric, volumetric, calorimetrie, ph.d <cal ^imetrie and other tests by 

established methods..    Different moth »de rive different derreos   »f precision, 
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and the method t, bo used nust thoref>ro bo selected  in aec ,rdTO, with the 
retirements.    ¿ drnwb,ok   jf chonic:U ^^   ^ ^ ^    ^  ^ ^ ^ 

need to keep .1 lor¿;u  stock   -.f rho-aical  préparai.i vie paran vie -jj.-i r.v^nts 

"Tr-    TH?: p^r^^:Ton o? TIP? uayrn • 

Tho moltirif   equipment 

39. Tho  prrxrti,s   ,f  ch,  ir-m  Pr?n which casting are nad, depend t, , 

large extern.   „, th, moth ad    f nültiníV ^ thü trient  „f  the liquid *eW 

withm th,   furnace.    Th, ra ,re stable tuo chonical c^.sili^  ,f tho cast 

ir.n,   ani   th; ra.-ro cicely  crUrdl,-  tho  temperature  -if   which   the -,^1   is 

molted a::d p,urcd,   tho fewer ar, tho deviations  in tho pr^rt^   .,f tho 
caetinys,. 

40. Tho  latest process  f ,P meltinr tTO   ñ ,„,  which consistently produces 

notai with a wide ranyo   ,f dosir,d properties,   xs  Lh. duplex Pr>c,ss,  usinf. 

a cup »la furnace and an electric mduotnn furnac, 

41. LarCc  cup>l, furna.es with -m  ,utput   ;f ?5_5o t„nB    f ii(TUili notll pür 

hour and a 1 oy r^i ,1 i,,twcc,    verhauls  ar,   b,i,;   installed  in the foundries 

of mdurn  aut^biU  faction,     ^on with   ^xn blast  ,r h-t  bl^t  equmn, nt, 

however,   th, hi,h-pr >!ucti ,1 ,-ip-la fun.ac.s  will  n .•  ,r , Ano,   in-culatud  Jr,n 

with special  pr^rticp       P-r  thin  tho notai   nust   0,  ronelu-d   m  indúctil 

furnaces,   wheiv  ,t  is rehoate'.  and r.fiuo^,   its  ch,ncal  o ,nt) sit i MI  IS 

equalized  and  it   i8  in.oulat.l.     Th, m ,gt  c^>nh   us,d t; ; J,     f  theo  fur- 

nacos  are   the ehann,l-typ,  ;.vt,ot; m furnaces  *-.th rem va' I.  nhannae. 

42. '^ho BDocific feature   ,f  the char,any and sitiar yr wesson  f >r Pr »ducine 

malleable  ir ,a in cup-la furnaces  (th,  need   f< use uy t, 50 por ncnt 8t(¡cl 

scrap and t . ^en th, cmtont  .1  carb.d,-f -rninf olcn.nts   1 ,w„  t , ar> abs lute 

minimum)   and the over-incroasmy us,   ,f all ,y8  euch as onr ,:-„,,   vanadio and 

molybdenum stools,   for which th, quantity    ,f   I ,„.ftn y  ir n  in  th,  char,o 

must be  increased,  have  forced a transitif  t.-  meltiny m  electric  furnaces. 

Therofjre  the  pr,sont  and probably  als    the  futur,  pr cesa  f-r  pr-ducine 

malleable   ¡r n is  th, dupl.x  process  m which   >nc   .lectrio  furnac,   is  usod 

for neltiny  int: the e .-lid charge and anther f-,r sitiar int. th-   liquid 

charge,   where the ir-n is related and refine      This improves  th,  quality of 

malleabl,  ir»n castmes  and produces irm with especially  c..-,d physical   and 
mechanical  properties. 
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43-    ^loctri-  (includiny irrluctioi)  furnaces and yas furn-cos oro bith widely 

used fir melting mn-f orr >us nct.alc     It  appears,  hov/over,   that   in the future 

electrical   induction  í urnacor with ro-wvable channels  will  be  preferred as 

those  yivo  liquid :'u.t~l    d  hi,ai ^aiity.     The   n^ccesm?,   quality   ;f  the -letal 

and consequently  ale      ,f + h,_   say'.i:iy cannjt  bo  ensured,   however,   s ilely by 

select in.- the  nyht kind    :' oedtirr oiant   and usxhy the r.yht charge nationals. 

Hoasuriry   ••.;'   the  ahar- y  :• T;-> e-een-s 

44..     One   A'  the •   .et   v.yeo-ta:^  rorfui.-.jmcnts for   'btaininy  liquid metal of a 

yiven quality   is   We  y.rvcisi .,.  in neanuriny  .ui  the charge exponents  in 

accordano- w.'th  tin: ir actual  eh aie al analysis 

45- If th.; mct.il eieuyy e .-ìp'meuts supplied t; the factory are Dì' constant 

composition and rrualit.v, they need only be measured nit orrcctly according 

to tho charye fjrrnula, f )r vhiel ;iurnis,> "ho n-st varied equipment, ranging 

fron the oimelunt t .• automatic weu-hitu devices, can be ucci- If, h >wover, 

one or m.»re f the eharyc components varios in e onpositi >n, it is essential 

to w>rk eut a r,ow ehary,; formila ^aeh UMO the charge is nixed. The accuracy 

of ncasurinf chary; e-npmor.tG ir unually within the ranye   jf 0.5-1.0 per cent. 

46. '••;k>;  .and fLux^s  are yenorally noasure\   est  by volume,     It   is  therefore 

essential   t > watch  f >r ehauyen  ir   M,cir  iunp trizo,     If  those   ,ccur,   the 

vlune must  b.   recaiculatea    -r .v. CM-rincnt  rnus+   be by weirht;  but  then 

allowance must   b^ niai'~   fir  the -¡i ..sturo  -entent., 

47. In view   -f  the   Importaioe    f   hi, m.asurie     mt-if-chorye components,   it 

raaey be   if value  to e;nsv>er coverai   a<brn n.-th >ds.    The mass product! m of 

enstmys,   for ,x-uvio   in th.   a-daddb   industry,  -,,lCc   ee mechanized;   in many 

cases espleto -vit vaat J •-.   -"  the .'^juriv  u;t- if-chary., exponents  is 

warranted      Since  the n .at  cnyUented -neltiay   edant,   usiny a rr.ulti-c.irapmont 

chorre,   is  the cup da  furr.-co,   it Ma-    ;;e   advanta^eais  t .  consider  the  appli- 

cation  of th>; c!iarl e-c <np)!u-ni  neaovrlriy process t:  this  type   ,f furnace. 

48. Por niolùin,; im  i.i cup u-   furn.acû3,   the fell nanf; syst ens   >f measuring 

out  tho charge cap^oits are  oeod.     Fron the et -aye  arcas  ti which ferrous 

charco materials   r,v,  iVül:   i.-li/orod tj   railway war one   - r n/tor vehicles, 

they  are   transfer^  by   an   .v.rh.ad  cran, with  a nayruU-  disc  into  food 

bunkers,   each set  asi«!,, i ,v a yi^u nacería! and usually desired to contain 

sufficient material f n« a whrle shift   >r 24-hour pori .»d. 
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4^.     Prom the foci bunkers  the r-har^ -or^nontn ar,   1 v^led in s^nCl 

into the mcasuriuf «plainer,   whicii  Lo u^all;-  th,  bucket   :?; .  ski-) oiev^t ,r 

-r a loading cr,„,..    7!.,v ar : ^-^   ,ut  i;,     ,n      ,f  ^. f R .^.J ^^ 

(a)     The  charr,    c ,- nonio  ar ,  -ranoferr, :1  fr.«. t\„  bn.loT  hv   ., v. i-hi,.- 
apron o,„v., ,r whi du,   v;ìu,u  üK.   b,Ull. bllCK.,,. :,.,}u3   ^      ^'^   ,!.  ., 

,<-r     -Tv.    .     ,   • -    x   -! -   -a - i^ tn ¿1 rr i.toned 
oif,      «hu  ouok.r   oasc.p   -n P..;.-U.:IIC^   -ondor hu.ik -r  situ-*   -t    -,    ..,v. 
Blue   )f it   via i3  3 ilio.':  vjLi:.;  oaar.v 

 "--*       '   •••--   ^'.iv. r.%   aooai^duc   ati.r whi'-h   it 
arriva  at  tf-.   cur 1-. i-ri-Ci-   r" >r   IìC-ì,,,,.       ••   • t.. i a i;.c.  1 ,r .iisoaar;\..     i;liS   nr corr.   is 
cj»itr-ll^l ir :r d   TV-I:I. 1 

(b) fh,   -har-o  maceri-,!:-   ar     l.Uy.,r.O   f:-..,,   NU;   >,   _„,   ^hr ,,.-h Vltll..r-n. 
food chutea   inn,  ••  eh.---.-  :,.^i-  .- Mrf    1   . .,     ' , V'    ,       ' "Cl^ 

. -L'      i   i-'i«-     ->-i -.r.v,     do  drivas  Uio 
carna;v i-i tura i.  ..'>ou bov,w r    =•«. '- -v,      -       -, , 
<t   if „> -v, n-     „ 1   '   ';WiL"n-' -'-   "Mi^t   and switches 
-t   oí,   when li-e r^u:r :! vou-ht  liar   0^:1   .L.liver,v,     "H. .   ^wit-lna- 

(c) Tho ch^fv  c^r-u:,ntn  ur.  ,xckod ltp  >,    .  „r„:  ,nd 0Our,:d 

chvço  h)pp,T   At tod wLf>   a i^huv dovi,,   wl ait:..u,l   .v r  th- 
l')^flinr*   r. ,„i,.;   ,   v, 71 , "iwu . 1..V...I       vLi    tilo 

additi  u   )f n^rori-d       -   ^,„^,f .„ .   , - ,x  '; >ndut,.r uc -ur-t,iv c-Joul-,t,3   th.   weight 

batch        -•8W'Uchori   ;1 w^ i"  t.J:..-   mt. ,nc,,t   i,  th.>  noxt 

(d)     The  char -c  oi-'v,rL'it"  -•>..    h—M' V,^   -   ^> 
m.,n«,„^   tr-siorr^u  fror  tu, bunk.rs  tur-nyh 

...1.,  px >c..ui., c  ;! hK,   fully   -ut-invited. 

50. The Wi^   ,f til.  ,„,,,   lr:tj  [h,   ,^,.^  fur.;:=;  .a     ivurno.   bj ^ 

level t, Khio), th. fur„,o. si,,ft h,, t . h. mici      îhi, ic a,,.Kurc,  ,y ^ 
mechanical   and r-di-,   ;r,,)-ln ;„   -,        ,    . 

to  the ontril  p-»n"l   T   U^ ,-I,   -*-     ^s    ~  „u , 1 -x_..,v   , ,   ^ sygt.-   cniDllin;; tho noaauriur ->f 

components  ir.t-  tho l^dinj container -uri their +-n.n"f1r t, M, 1     P e i-i    j^  LUeLr   ^uiour t.i tho oup .la furnaco. 

51. The use   ;f oloctruàc chutera S^B  it  p ,Eaislo t, ^tomato tho cal- 

culation of the  furnaco char^,   n.lvos th,  pr,bl,r,   )f findi;u   tho c irre-ct 

proportion   ,f ch^f-c storiala u^i.d ,, ,1V,  tho  dosir.d chemical  ennosition 

to  tho  ir.n  t:,  be  priced,   .^  ,na„l,s tho beet   pasible charr,  c-rr:posit   -m 

for a riven  chonical  cn^siti.^ .,f  th. resultan,   iron t> b„  achLovod  at 

minimum expenso.     Tho infunati ,n  fod ,nt     th,  c .nputor f >r this purpoao con- 

sists of the  chemical  compiiti  n   .f th. raw mat or tais  and   >ï  th.  alloy to 

bo produced,  the list of materials nectary for oach typ. ,f all-,   the amount 
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.ï wicto, th. t.chn -1 v-ical liriit-time   if th. vvi :us csrapmonto and the 

av ai ] ab ili t;/  •• » f t ! i v.  n at e r i al 3. 

52,     The nuthMG  used  i >r  preparili,, »nel i.ainunar tin   charme f? the snoltin,- 

,f notala  in  a.ctrin  fumaci,  ue„th,.r   d   eh.   aro    r tho  induction typo,  wc 

basically in n    <roy  diff.ren'   fr TI    \ s.  Aeocribc-d   ab..-,.,   bat attention nust 

bo paid t; s >riv.   if   :JiAr  special   ."--cures. 

5^*    A nain rc^iiir.j'h^ r,   U,~-t  •• -11 '. *• <vd''-    - .m-' r.«  •;., ^,of.„:   -,   _   -  , ,, "• • -*- -^...   >- '.iOv_r ab  ln.iuscrial  Gaiety T ire  than 

quality cir.tr,].  is   thai   -11 :r tenais leaded  i"/. ; electric  fit 

dry, 
furnaces nust be 

54.    Metric-arc fur^ces  T, usually chared with a special measuring bucket 
irbiJti   1-vinoti   n  finvic^a with asocial   (u 

munt ah?    n itei wit!   a 

by weight 

(usually stati~nary) charring equip- 

leurinr or^in^,     The materials  ire measured out 

55.    Durinr the   ixidizinr puri ,1 the carom content   is tostad from time to 

tine,     r» th.. pr^eo    f -.1..--xldi^ir..-; tho .toe J.  it  is essential te koep a 

careful check    n  th.   to^ratur. so as t-,  -.^ià   ^rheatiny,   and  also   ,„ tho 

dcfT...   -f .V-^H, Jn   (th, a?,,irn.r. riust  -,£   ;^rf  ctly s,ni whcn  brikoa oncn 

and must n t  c ni-un  any , ^ îmi,bl,s).     :h,  tarature must  als. b,  checked 

bef-r.  pariny      If  -..U   to, n.lt   is rrd   n,mr.d    ,ff  at   ,.c.  - x,,.   when  the 

furnace capacity   in  s_'ver->l   idn.-s tint    r° *-     i-, n u       u     • u,w"s    n -x   u   ----   l*wl--  -  »ho nhonical cjmpasitisn 
jf   tho   fiutai   nust    Ix    ^h •••<•> lç, . 1   ,hirh>.    .,,.._-•„„   _„j       • -,  *-" -.au ijH._ pjortnf. .arid,   if necessary,  corrected by 
.Vidi l i jn, 

Ohtjckirt,- the   nvlti ,.:  pr.n^ao 

56 muri ., ut   MK. charye materials  ta feiVo a required chargo 

compiuti,,,   .r!;   , ..,?i.v th,.,- i„t.. t!u. furnace  at the appropriate time,   con- 

Stant nh-** '•»*>   '-    ^r!-[   ^   lurinp the melting Pr)cesS if metal of the 
desired  7'ial.i. \\   is   t.,   bv.    ddainc1, 

57.    AB Btatud   ab,vc,   the  :,am  typo   „• :ncltltv  pliUlt  ^  in  th.   f,undrioß 

>f aut.n XnU   mrks,   and  tha*   :a uhich ßJ„tr,l   .f the ncltiag procuss is tho 

n-,.t cvnplirtr.J,   is the cup -la furnace;   it will  thus h, hirhly valuable to 

consider at thLs punt  the  o ,ntr d uf the melting praceso in this  typ,  ,f 

furnace. 

50.    The main indicates that nust be chocked in the cupola furnace praco.s 

relato to tho chemical e spositi .n and temperature 3f th. nu.tal,  the blast 
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and tta odiauBt  ,• <VB      T»K  ch<ekin*   «-* tu    ^     •     , Cnsc!cili    '*   lh- «"'-nicol omp.siti^n a the netrl 
umiriUv cnai.t.   ,f -,,  an,lyßio   .f itB 0,  3i| 'h,  P twA g,    As ... ruK   th/ 

puri* hetw„,n  such ,^B   iH  n .t  n,rc   than  ,0 ^^      ^  ^ ^" ' 

OJmpaBiti ,:1   .f   th. notai   -e  cheev d  b-    -.:,„.  e-VCfr ,.„ ,„, ..       ,     t     .     ," 
oc sor i ici       •• ,  V. 

59.     Vari »us i':ntrunicntñ ;<rc  u-.t ri  f ,r >n ->n-.r..      +u    » av-    j...t ...   i    T .K \C,ir*  i/     thv.      ,n:>r-i   ur,      ,f    ' '•>     m   -t-~i 
m '.'-li     '">     'I    k k   nut ni 
The  mot  wifMy   uB.;;d    ncs  ar.    •i,'-,,] Ox-Mii-i*  •)   ~.i   „   v    . -x t--L»iii »..i,,. )  and  rad ia1.1 .-i p;-r »notcrs 
ihüy i-) n-t,  ii,wov..r.     iv, th, 

>..es~ry  -ocurac;   1r continuity   .f measure- 
mont,  a,vl tvn.vrrttui- n.-.suronc its with t^cn ,rt   i <t   in.,•    *• 

"tn   •ll~   vt  i filane  fr.Jî.1 subioctiv.- 
orrorc -.f  thv.-    ¡..„rat >rs. 

60.     A , r.  „.;,+.!,.  ,,riVot,.t ,„,,„   ,f ot!1.urtn.. tanpor,tul.i,e  Mo< th-rnj_ 

«lootr« peters  (t.,,„., ..„ ,upi ,„)  „,.„   )f  ,ct,ls .^  „_u ^ wUh ^ 

«.H^.-p-.i.te 8Uch ^s  Pl,tilinUl  ^.UnWrhrflun ,,t tunfBU.n/B ,lyMû„œ. 

They will achuro b-th -vn.dic-Jlv  .vid ,:,,.,:,„iusij 

61.     Ohrmn.,1  U'rnporntur. s  -uv n.rieurod 
.niU'USl;   with chr)n.?.tic pyrinotcre 

W.U.,C- ,„ th.   prim^u   >f  th, s;,,ctr• r,tl,      ?hia   i8 ,,t;t. rniqt(1 „v 

.op,x,ti„.:- tw, E?,ctrjB hrUU-ir.=.JS „ith, r., ,„„, lllu. r¡L¡ur filtc;„ní 

e.t.blishxnr th.   r,ti;  h,*,,,   ,,,,,      ,h>_   ¡ , .,rite    f ^  ^    ^ ^ 

¡>I->porU ,«1   •:. th,   averse n-.^tad.    ,f  th..  c,l-ur  i,«,,,,,,,   .,„.-.,   ,, lB 

WCll   kn ¿WH.    th,1   ^i ffr-rvuc        ,   + ,,     .-    *-i -, m,   TU,.   .îîarau   ;,tw,,,.  tn.  cl-ur  ^omp.jr".t.ir.   .vi'l   th,  truc  tun- 
poraturu  is  a .t   -Trv-.r   f .r fi   -, , ,n  ^ ^^ „ „ -    -   r <_.-.,)   icrr)us ^ct.lg<     %in  .,  ,îhr.liIp_ti:,  pvr,motor 

i« «ci,  the opticM  or,p.rt^n   îf  thn ,ot^  .^   ;f t}^  filM c ^.^ u ^ 

of auch lose   impirtanc.   th•   ,n radi-t^n  ^-! lunin>8it.v  irritera, 

62.     Thu blaßt  ig   chicleo,!  ir  ,}^ f ai )wi.ri«    ^r^.utors: 

P;•      ?;t\
î,u  "h^ n,t^1

u^8 trt^- rrosDuro v.! automatically^6 

rtf^ii-.toa   1.1   t.-  -. rriv,,    value. 

»      , »  wu" •"  l" -'-'-tcrnim:^ by  a thorn >:- iuplt; With a 
rcciriiinr  i>)vioo 

(à)    The humidity   vmioh  is da.r^ia.cl b.v v-ji -us  instrucents that takg 
f.r\B c.an¡;loB  aJi-ì  «i,acur,.  th.^r watur o ntent, 

«3.     In Pocont years syGtcns hnv. been dovei ,pod f »r th« continuous condi- 

tioner  >f the curvai furu-ice Maat,   mdludint; o5nditionin£i for hunidity. 

Th@ control  in thuso is automatic 
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64,    The f:aso8 ;~ivjn  off by the cup .-la furnico are chockod for composition 

•and temperature.     Since  in importait  feature   -f the combustión of fuel  is 

the C02 and 00 extent   ,f the  .xhiust  ;-G^-S,  these copponents ire measured 

with  yas analysers,   either per.: elicili;    jr c ouinuouslv , 

65=     Periodic analysis   in d M,  wittj  ci-^io-d  (usually  portable)  yas analysers 

on  the  principi.,    -f abe >rpti oí   )f   the  v",rL au Tip monts   )f the pas mixture 

by appropriate chemical   royeriis,     ';h.c;.   are  accurate within 0,05  nor cent, 

but since an  analysis  taken 4p minutes,   the-  ar,   .-onerali-   used for doublo- 

checkiny and  lib .rat-ry ri.asuronenU     Py  entrißt,   ehron.it oyraphic- analysers 

will c:.n;)!elo an  analysts   Lu tin t >  three minutes but  are  accurate only within 

one per cent, 

66,    The royulation of  the cupola furnace  process according to the composition 

of the exhaust  -ases calls f>r constant determinati >n  -f their GO content, 

and noro particularly   .f their G0? content  as  the nain  index to the melting 

process.    electricalv  maynotic and mechanical yas analysers  are used for this 

purpose, 

6?,     electric  yas   analyser;   Cerate by  c .mpariny the  thermal  conductivity 

of furnace yases with  that   >f air   -r by neasuriny the  ^.;unl   of heat ¿rcnoratud 

when mixture    f   iaflinnible    -s,s   is  bur»it   in then.     The  volumetrie content 

of the  cmipnie^t  F >uoht   in  the sample   is  determined by  nu.asuriny the chanye 

in the temperata-e-lependent  eU-trical   resistance   ,f wiros  runniny through 

the instrument. 

6ñ.    Iía¿;noíie iJial- w !rk   .i¡  tiie nayneUc  properties  of yaSeS, When 

the yas  is  nuL.ieTt.-.l   to  rM ungual nicotic  fu.Ll  in these  instruments,   tnermo- 

ansnetic convection of the yac flow pausing through tho instrument  (magnetic 

fanning nit)   is  net.  an,      ÏW   intensif    •]'   thin  phenomenon  depends  on  the 

amount   -if the  a-ruo-Knt  s nyht   in  the   yas  j-ùxtur,. and  is measured by the 

chaira:  in the  electrical  resistance   >f -, h.aUny element  cooled by the yas 

f 1 J>W. 

69.     Mechanical  ¿;as  an-Lysers   mente   b:   c;npariny the  specific cavity   >f 

the ¿ras under  analysis with that  of air at   uniform temperature and humidity. 

Optic-accustic ¿ras   :ulalyserc  -.ro not  very  accurate but   enable changes in the 

fías composition  to   be monitored continuously and can therefore be usod to 

advantage m automatic proofs control.     Gas temperatures are measured with 

thermocouples- 
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70,     When necessary,  the melted metal   is tested for S.s content.,     m one of 

the latest tests of this kind a metal  sample is re-melted i„ 8  special 

vacuum resistance  furnace  with  a   ; ,buiar he-ec and  run   off.     This  speeds 

the process of extraction  of the  ra8eB,   wlucu ,re  analysed i„  a ,as  ohroma. 
tograph 

71-     When iron,  steel,   Md other metal, are melted   L„ electric-induction and 

arc furnaces,  th., main factor tested IH the  chemical  composite of the metal, 

The main element.;  who. c content   is stermino,   in steel  are  C.  Im and  Si       m 

the casting of special  alio,  steels,   however,   or  to  conform to   the technical 

condition« of the  prelection process  or the  r.piremeuts   of  the  llner,   .^ 

yees may be  carried  o.,l;   bo  determine  the -nni- ,K, - -.  «p ~.i (-xllu,lc'  in° -ontcri',.:  oí   ocher elementa,,     The 
methods  and e-.p inm-nt   ror ^Vp^ir'n» n,^   ,i,     •      , 1    P r    'nfc0kj-ne  the  chemical composition of steels  are the 
same as  for cast irja. 

12.    An automati, control  apparatus for checking and correcting the composi- 

tion of steel   nas b,on developed recently,     It  consist,  of a quanta meter, 
a decision-takin" •'•ormu-tor -f-h-t   fnto• v, -    ¡1 1..,    ompuu,,    .r.a-  determines  che  accessary  amount  of corrective 

additive  and  an electronic  weithin, device       It  shortens   hy more  than one 

half  the  process  for obtaining steel  of a ,;ivcn composi Lion. 

73,.     When Mloyc are m.,Uou;   their physic,! and mechanical   properties,   struc- 

ture and  certa,,   t ,chn.lo,Lccl   proporti,., „unt   ,,]HO   ,,  (;henk,d       AUhouflh 

the data are  usual!,   determined  cad ,Ko,l after the a.itj,,, and  even the' 

casting have  neon completed,   these checks ,re  nevertheless  essential;   and, 

if there have  been excessive  deviations   m the auality of the metal,   the 

casting  already made  can be  scrapped 

74^     When the  ohysicnl  cad mechanical  properties of alloy melts  are checked, 

testa are usually made of tin- metal-, hardness,   tensile strength,  and bending 

and impact  resistance      Acorcha,   to the  technical   requirements  for the 

product,   the strength,  yield point,   relative donation  and  relative contrac- 

tion may  also  ee determined  rt   the  same  time as  t..  tensile  strength 

75«     The  hardness of a mote J   <—n*->i     n„ r„n<   ,   , ra l"1  -^Pt-  or part  determine   its  capacity to resist 
forces  at   its  surf-.^--'      Hi.-.,    c  ^ * ... l"       Li   L:j   x -^auure   noti; of tnc moUl»c mechanical  pro- 
portion and of its   nn^i,^      '"<-.   .     ¿- ito  -r.,ture.      , n*   testing 0r uantin^  for hardness  is   there- 
fore extremely wm>sRnri'.-i,i      TVi.i ^,„—i__ y wn.„pread.     The hardness  recorded depends  on   the method  of 
measurement.    Hardness vpiu-«-  ob^in^ri >,v u •• ,-P        .       -,_   , "   J.^i-xned ey du feront methods can be compared 
by reference to tables and empirical  formulae. 
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76, The Brinali hardness  figure for a casting is determined by pressing 

into its surface a hardened steal ball under certain wall-defined conditions. 

The figuro io deduced from the ratio of the  applied force   :o the  surface 

area of tho  spherical   indentation      Hard mateiaals aro   tooted  by  pressing a 

diamond cono   in tu  their  rr-riaco  (the Vickars methodJ 

77, The Rockwell m vthod  and instrument  for  hardness -Losiintf are  extremely 

quick and easy   to   use,   aux  the  aveiracy of   this method is  not  very high,     Its 

special  feat.ire  13   the  double   loading:     firsL   a  li-ht  pr,-Uminary hlov; is 

delivered,  then a  final  blov,  ardor heavy  loading      'nhe d>pth of  the  indenta- 

tion is meas ired with  a  special  ^au^e  ainaltaneOusJ.y with   the   impact  of the 

ball or con,;, 

There are alno dynamic methods of doteminirr: hardness,   such  as  the 

recilient recoil method  used in the Shore  apparatas      This method,  however, 

does not give consistent   readings 

78, Tensile  stranili (elonga», ion),  bendine: arai impact  strength tests are 

carried out   by wcll-knotm machines on  special   ¡est  pieces  standardized for 

mechanical  testing.     Th;ao  are   usually as-cast   lud unmachinod 

79-     In practice the need quite frequently  arises  for date  on  the  structure 

of a metal  and on  other   propertied s »oh as   Us  flowability,   coefficient  of 

linear contraction,   Leideney   to formation  of shriiü: lióles  and tendency to 

chilling,     Special   ' eohnoLocical test  pieces developed   for  these  teste are 

usually designed   to !TM: c-<t   us clearly  as   possiolo the technological pro- 

perty  (index)  of  the metal   e'hiui  it   is don i rod  :.o determine. 

80..     Por example,   in  order  Lo determine   Ule  response of a cast   iron to 

chilling,  wide  use   is nade of n ntepped,   wedfro-shaped test   piece whose 

varying section  a;ives  several different  000 liny conditions  in   a single 3pGO- 

irnen and maker, it  possible  te determine withii. the required limits of ac- 

curacy the variation'.;   in  this, property. 

31,    Metalloyrsphie analysis   is used in determining t!i: macro-  .and micro- 

structure  of metal   and   alleys 

82      The micros true larvi   of r. metal  can be  determined on a spec i ally-prepared 

specimen with tho nailed eye      It indicates  the  fineness of the atruoture of 

tho specimen,   tho présence of sc,?re-ation,   defects due to shrinkage and 

segregation,   the effect   of me porosity on  the specimen,  and  the presence 
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of slag inclusions and oxido scabs      The advantage oí macroatruoture   ;XíJII¡ na- 

tion is that   it  reveals both  th.. metallurgical  ;md the techno!orice I  oiucm 

of a dofoot 

83.     In order  to  study the mierostruoture  01   a  specimen,   it  must   b • magnified 

3O-Í500 times  under a motallographio microscope,     anamination of   t h,.  micro- 

structure may  reveal contamination of the m.tal  with non-mo t ai 1:1 e   inclusions, 

the grain size,   the  details of  the micro-grain  construction,   and   the  number 

and form of graphit :  inclusions      lliero-analysis   is  carried oat   on  specially 

cut and polished  specimens      The  stricture!  components are  fully  analysed by 

micro30opic  exam 1.1; Lion of a polished specimen   etched with special   chemical 

reagents      F10chu.ni.cal  and electrolytic equipma.it   is a.aed for  the   polishing 

of specimens.     The  results  of macro-  and micro-structural analysis   are  used 

in compiling quality reports  on  specimens 

IV,     THal PREPARATION AMD CHECKING OF MO'JLl) A!iD COKI; MIXTURES 

84>     If properly   conditioned mould and core  mixture   component.-;   have   boon 

selected in the correct  proportions,  th 1   ;u • i i. y of t h w moulds  or cores made 

from them is   decisively   influenced   <>y the met'nod  of  their preparation 

85-    One of the  primary requirements   In  th :  preparation of these  mixtures in 

use of equipment   that  ensures  hi.7h-q.1al.ity mixing of thj components.     Further- 

more,  in view of the volumes of the materials  to be treated,  the  preparation 

of the mixture must  bo highly automated to achieve  a  com; is tent  quality and 

and high productivity: 

86.     Paddle-type  mixers,   auger-type mixers ; roller mills and high-speed 

pendulum-type   centrifi'al   roller mixers arc used  for the preparation  of mould 

and core mixt ares   in modern foundries      The last  two are the most  widely uaed 

in mass production, 

87      In roller mills,  mixing is done by the sliding and rolling of  rollers in 

a circular trough       The  sand grains  are turned and coated with  a  liquid 

binder and the mixture  is,   so to speak,  ground down      To speed and  improve 

the process,   modern roller mills are made with   several  rollers  mount.sd on 

two,  three or  four axes  fastened to a rstron rthened  cantre post   arid   arranged 

at angles of l30   ,   1?0    and 90°      Vanes arc fixed between th.:m  to  guide tha 

mixture from the centre to the periphery of tha circular trough. 
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88. Centrifuga  roller ni lie sax by  th.  rapid rotation of a rotor placad 

on an  axic  m th>   centre of the  circular tD.^h cod  fitted vit h rol lors on 

vortici:   -oc...:;  e;.d \:ith   -pida   v;..'K'j       The   raicU   v„ien   throw  th. mixture  onto 

the  inner  «;; lh;  >>f  Mie  trough,   -..ïiere  through  fration   a^-innt  the walls  end 

the .JOTKinr ínrfeec  oí   une voller.,  th„ partiel:c  et"  ttu   mixt ire are   Tí von 

different   snuouc  of -r/e^ait   and  • r.,  inx-. nc-w iy  dica.Uo, i  (rolled over)   in 

relation   to  mutoli  othcj ,   the-   Scornine evenly  oov..ivd with  the  "'inning liquid 

This  type  of mixer fiv..t;  :-*ood niaiii'   cui   the  bisect   productivity 

89, In  order,   uewovt-r,   to  crepar-   -ore  ana moulding mixeo  of trie required 

qualityj   the eor:¡L&.aua,c  of ih..-  ";ixt.,r: ca^t  d.    aeè.ratcJy aeaoured Out  and 

loaded   ir:  a  definite  cequcna "'li.   eompoìi.nte  raa   oc nieoxcred  out   oitaor by 

weight   or by vol.ca..       Volumetrie merxar 1.1 >• equipment   is   prefi reblo  when  aging 

conditioned matonaie  rn' eonrintent   fuiaiity 

JO.     In modern nr an-prod .ction  foundries,   such as  those  of automobile  vlanta, 

automatic  cyst.'¡an   1 or preparing mixturJC  are    sed   ia  which  the transport, 

moasarinf-o >t,   cher^ia ,•,  niixi..,^ and äioponßiu,?; -elite  are all   nitomatic 

Chocking 01" the  tr-iroirk.-tern of  the mix danne its preparation is of particular 

importance  in these  e Lräumst anees,   an  it   reduce th.e  preparation timo, 

91.,     'Thon  automatic  syst e m y  are   employed   for the preparation of moulding 

mixturoo,   th.  m:,i»i variobLa:   are    isualiy  th,..   t wper.at ¡re  and humidity  of tha 

used  (burnt) mxtur ¡   loaded  into  the mixers  aion ; with   the  other components, 

Although   it   is tr>...   L-iai.  apjoial   oqeipr.vut   -Tuch au   .vaporatici!  cooling   ¡nits 

has recently   come   into  a-     to  sinfilie^   the  oro port io*   of the  used mixture, 

novortholonr;   in  te.,   majority   of eeeec  the   t'oaten-uut   used  mix tope   is  still 

loaded straight   into  the Mixing    qnipn-nt,   cc ¡r.ia«;  f ! u-1uatione  in  the tem- 

perature and kur.idity  oi" the. mixture :e-m:- or .pared 

92-     As the-  haeadity  of the moaULn* mixture  Cetcrmiuos  to u considorabio 

oxtont   such vary   ìCIT«">rtaat   proportion  -is  ite ?tren?th,   density,  and   Tas 

pormoability,   '.he neea  to   dieok  it   is cl-.ar       Lt   '. ei  also  clear  that  rogula,- 

tion of the humidity of the mixture co ¡id,   if it,  .»ero possible,  koop tho 

propertied  oi" th- aixt ire va.lhJn  the  desired  limits 

93»     Automatic  humidity rc/a. onion would  require  an  instrument giving instant 

roading« only   >f the noirtaro content of  thie mixt aro.     This parameter can bo 

determined by dir.^t,   cicatrical;   radioaotive,   thurma_  or aiumical moans. 

The most  common oí' these procedure ic the electrical  one-,  based usually on 
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the moRsuromont  of capacitano«.    7his method otui^ec ina   '-.ci.   'h-t  the 

dieloctric constant of wat or ui considerably  Ue-v. rd  lean of Unos)  ¿yr-ater 

than the dielectric coneUniy <>f  the other composants of the mixturo.     l'ha 

method of .'¡hjckinp h imi-Uv   !\V r.er.n .nn r  the   .. ; :, tn :a 1   n-iiut-ano..  of th. 

mixturo  in  alao  ,;^v..jn; ¡ily   ..:•-à      Although  ii...>  ar^-axi.-,  ,,/  •;.    ,;.j metrical 

resistance  is  T'I  ct d hy   :ho contente   a   ,-the.r corvoa   ,,w    <f  in,  miliar. 

bosidee water,   the infl..tone .- of theae   Interfax.,; j.-.jtjrc o;an  fv ruled oat 

when  th,: mixture   in   --f coneiat,avt  ror.nasitnu 

94      Proquout  -.nodi:.  -he-ain^ of  the mou.J  ana cor, mixta.ree in n*ci»8ficiy 

in  th.: prociaotioi   >:  -ïautings      âlthoaak  the rò3-..lt.? oí' the  taste arj not 

known  until  • fter the mixt a»..   has  Leti  Je] ivar. a   Lo  the  riant,   the-y  :*iv-2 

guidance  in ké.-pi.vj the  pr-incrtio;;   >f ih. -nxe -.ro  wani, th-.   reared  liMite. 

Tho mixturo properties determined  in each torts ai\„  the- followin ;:     humidity, 

gas permeability,   axtd .aompronsive sti   nwth  in  the  wet  ¡u-tej  ene p> rmualu Uty, 

compressive strath,   ahearin* jtron^th and tjiisilc stremata  in  the dry  state? 

thermal  expansion; yiela   ander given  loia in   :> i     -second;   t jnsilo streaertn 

in thu hot  state-;  sprondins ander pressure in the hot  ¡n:.te;   nnd sorfnee 

strength in th.? dry state 

95.     ThoB^ various ucraine ter« arc- determinad,    tsiria; standard  iuctrimanto, 

at  intervals v; rymr with th,- condition«! 05' production,   ihe  sterility of tho 

technological  pr.iconrj,   the   quality  ruqair anenta    ¡id otn^r factors 

y6.     Recently,   p-rtioalnrlv  because-  of  the  i.-,cro .2j  in  the   praotioo of 

rtuaming mo-.ildirip rniaxernï  aj th  a prena,   a u^r^r  of a.ethoda   and instruments 

for dotcrmiriirv- the  flowahil i t,y   o.   rachidi a- •a'- xt   rea  ram   f;  -,  developed 

They have ?„ado   it   cosatele   to determine   ' h..   as.:   :ith whi di  ••. mxtar : can 

be  displaced  11  th    ;\J;IJ  direction  aa   th.,  force  • ppi ;e<J   *,<>  e   -iven volume 

of tho mixt are       '¡'hep    ie  aipo -   1-r<?e  rani?-  of non-ntand.ardized testa  to 

determine  shatter indure,   mo àdeKlity   index,   and  ao  f->rUv 

97       It  is   isually mandatory  for mould mixt -..rae to b.   ¿--iven rerü'-r ohuok« 

for moisture content,  .^a;-?  portability,   and wmnraaiv.   -tranh in thü 

grejem stato      Oorc raixtur. e  aro tasted  for h.dradity,   ^as penT,.¡ability,  00«- 

prtìssivo strongth in tie gixon ma toneilo Btrcn»rth in- the dry st.ato. 
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V.     THE PREPARATION MÍD T35TLJG OF FOUNDRY MOULDS AND GORES 

Testing the  sTtt^rn  ana  CM: 1 Iü:-;-: -;:;   j^uipi;icni   and   uic   ;or.   boxer, 

98. ivfora   n i";    a ,e     ..;   M.'-r?.       a      'Or    :•>>•;•     ia    j-;.  :   '.0   crepare moulds 

and  coro;:,   be-   ara-   * .. 1. u   tu    a..v^>    ;.p ,1   in. ir "ir.;  .  -.na àmern-ions  ire 

correo!,        IneUM   a.a te     r,   ned,    1.;/ ^ v ro in;' ou*   X'ì'ì'ì   Linpl. •.<:'••   and gauges,   pro- 

jecting th'   centaura-  or'  e-tojrar  ...r onr    lovt,:,   M»1 -.u-irur sp^cia]   mccGuring 

instrument:;,   including toolm-'k. i\o '  -.neroecopes.     ;,1oc + p arc r-ieo m--.de of the 

accuracy oí'  th«.   location  ol'  Ilo   ;;-* i..r¡,  o¡.  it.   OMì,..   and ih.,  ele MMíCüü  of 

finish of t}u   -urf'icM   oí'  th'.   p' • M-Hì.;   ".nd cor,,   boxey. 

99. After tnir,   the.  new pattane:    nd cor., boxes  that have  pat sed thie  first 

Bt«^e of t. ptitin  rT<..  ueed   to  produco  the moulds  and nor^fí  that   arc  assembled 

and used  for caetimr,      Ac  dimen-uo:.:?  of tin:  carting obtained are checked 

by marking out,  placing thon: in rpociai measuring devicec and HO forth;   tho 

reeulte enable one  to decide whether the pattomr  and core boxes aro satis- 

factory. 

100. The otln.r elements of the opting équipaient,   such as the flasks, 

pattern bauet;,  pins  -nd buehc« ar<-  tented,  particularly with respect  to tha 

quality .and accuracy of developed surfaces euch  ms  pattern boeec and the fit 

of   fllBkC. 

101. AF the various- « Lements oí the equipment are subject to wear in use, 

periodic tentsa of their ohape ind dimensione- must he made, Maximum oper- 

ating UVVK -\r.-   entail iunn.d for pc.tUrnr,  cae:mf eoiuv  and other équipaient, 

after winch  t.hey  "'TV  >ithi.r complet, ly  ov« rhcui. á   or ..cr-pped. 

102. Increasingly  wul.   a eu  h':.:-  recently  'J. M: n.r.d.   of e-a t   iron,   including 

hifh-Ktr».'n;-;tii oa:;t   iron cont-.iain.-' rpUeroidr.1   iraphiM-,   tor the manufacturo 

of patternr-  and cor.    hox.-e   for  ire m .a;  production of cutting"'.    Equipment 

»Rde  out of  thie  materi- Î   ir  tua/erri   tarnen  -t:  etrong ,v  that  made of 

aluminium,   mi conrcquontly  it keep**  the required diaeneions coneiderabiy 

$ longer. 

' Mf>^4  tnd eorx production proeeere;; 

IOS.   Variou;   ".».'.non.    >f prodicuu,- moulds and cores are used in modern 

t foundries,   vw*   tra   m«-.- t  wituanod motnode are  jolting and pressing,   or 

ntr-a^ht-ferva, m  ruvrtaing,   for the production of moulds,   ind sand blasting 

for the production oí' coren. 
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IO4.  The processes used for th? manufacture  of moulaa and corei have a 

¡significant  and cometimos  a docieiv.   effect   ->n their q.¡->.llt".     To ort  in 

castings of   rood   7'i"Ji+(y,   it   ic  .'o¿ontj:*i   tó   'tt-.iu co;i3i.:;teuoy  ,-ud  stani 1- 

ity i.i th.. dj.T'.   a.u  ••-.t-ir.   o," th.  .omr.iin •-- of no dJ» -nd .'>r>s       Phe den- 

sity  of the mollar;   IG   tho m .31  oi-j   •.•*.; y.    -nd   pnu .--i-- u Iv   th.: most   ¿j--.ndly 

based index of th.ir qi\lit.y >   -'a  it dat.rr.a i._;   i.h.ir ¡3tr,.uetui  ,*ao  perme- 

ability,   and oth_r physical  -nt a 3ohor.j.eel   proper": i.,c 

105 Du i.;;thod  that    :owx   "on„r-'J  ;/   i  tie^ia-   tu  r.-q .¿ìrjmentr,  for high 

and consistent  cl...ui1,y ihrcv.^ho^t   :h.  no _d   ir  tí:..   jonVined  ramin.'^-joi tlnj 

proc33n with simultaneólo   n-  y^bpcciu )nt  pre. sc in " wit it ;   ah up .-d or -nuiti- 

plnn^er pressure  h oaf       'To  -jbt.--.iii not   only   -   •;ood but   -ano  r>.  oonniotont 

quality  of mould,   c .re  na.ut   h>^  tr.;:ri  in   th.-  rar.ir.úue; pro a. ss   to  rehuirte   tho 

size of th'.  portion  of [.-¡ixt.^re  lo-.dcd  into  the u'»uidf   the number and  power 

of the blows- of the  jolting tcblc-,   and tho  omo an.,  and nature of the  pressure 

applied       nhis  ie   bcrt   -^hi aod oti  uutoraatio  Mculdia.-; aaehmec       For the 

preparation of moulds  for  "-actinas of mod „rate >i sight  and  uncomplicated 

configuration,   tho host  i\annin¿ ..ff.'ot  is obtained by  r\ «in/rio preoeinft 

action      In thio -aso,  etrai?ht-forward pr.saeo are  used,  and  the .automa- 

tion of th,- proceso  i.i aimp. i fi ••*.. 

106 Tho mot:-! modern ;-,nd hinly -orfectjd process for preparing coros io to 

harden th Jin m  r^x^s      Therm ir^: c; iv;  or oth .>r bond in/* roavou that  hardon 

when hoc tod  or even at   urdinary t u'ujoraturoe  are used  for this purpose 

Mixtures containing them  aro  Jondai and  pac ¡cod   i.i'o cor.,   boxes  ¡>y   o"*nd«~ 

blaetiug machine«       .'.ftor  cum;- hardened   in  tne  noxeo,    : nro^ unde    if these 

mixtures aj suino  their  fi.nr 1  dm run one;   and,   K <••;..,pe    >f woir hifth  ntrongth 

in the harden-d  state,   they  do not   ;h;.:i,a   theo., di'iieneions  darmi; transport 

and assembly 

107.   >fh ;n prepared '«,-v  sand  cores nnet   he  transported  for diyin/;,   it   is 

essential  to  protect   them  from thè   -f'T.-ct   of sbanco,   .i .T':S,   etc-.      Becauao 

of the  low rtrjorth  of +1:: ai>:t.tro  \:\ the  uet   st:a   ,   those  nhooke ni^ht 

load to ':3ofrIii^" •••>: lh     • jpeo   '.ed ooncec-ue.'itly  to rhanfou in their ahape. 

Cheekily; viu. ^ ::l •: Laz yr -0 

108.   oaBtin., ¡.T.,M«  (.!.-.;<;• -^j.ldii)  or. usuolly ahjcked after aanafaoturo t^ 

visual  Lnsp-cUon -i.id '--^  i..sr>e -i 1 >a   u' th*.  duneonons {haroneas)  of their 

working surfaces.     In the visuii inapootion,  attention is paid to thu etato 
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of the .arinco of tnw nould and th- pr~.sor.cu of external defects  such r„s 

oruuulin,"*,  crackfj or dama.-*;      Th.j  d^nsoruss  is tont..d indirectly  by measur- 

ing the  surface aaranosa of th/. n;0>dd ; itti   a ep.-cial  hardajrfn-moas tnng 

instrument      '"hur.   or.     >f oiV.-r^.l   ,:i:ido,   *:.;t   •* no  princirle   of operation is 

thr-  samo   for a'1!   ")f   liuis      .'. :3prin<>i ¿acted   tri I   or o>¡¡,   hold  ,-. »yLven  dis- 

tane-  anovo th:.  wor''i.-i,'* err7v;-   of th..  :.io ,ld  iö  i,!.;:., jd   loto  the   suffice 

Its hardn,o;3  ic ^:!' Ud  U'  tin- diatan..-  to  ,.-:hi \i  »d. ball   penoir it ;s      This 

distano     in  tro aar: il . od  throi 7h a  oyster, of  L..•/ >r¿  to  :   point ;r moving ovjr 

n Bcal„   .iiu'il:,/   ;rad ^.t .••]   iv* ->  JUO  o.mtr   >P h..rcL¿ :za 

IDO    When   it   Lf nocosaary,   J*-*r r JGearch p rrpr;:u,c  or v;hr.n dcvolopin^ tech- 

nological   ¡)r>'oc3t3^.;,   to fi-_'„...rrriLii •   IUJ  âms .n,.e;  -t different   poinr.n   in tho 

mould,  various ¡somplio'- do vi ,-.„3 aaon  e a drille or tibes  J.V-~  used,   oy moans 

of which  a not  'u:¡oo:.t   ••¡' mat^r...  oan   ¡v rouovoa  frou a aivon poiru   m tho 

mould.     i y  oar^fil  tJoiyhia,* if tt: ; sample  it   is  possible  to doW-rraino  tho 

denaon-se of the no aid rx  this point.     Aft or drying or haraoninj,   thj coros 

aro inspected and tho ir ohape aid diru.-nsions oh..-c.;cd jn special  tost  equip- 

ment 

vi.   Tif3 iizAT ?:^\min or CASTII.CL» ;un ITS DECKING 

110. Iron and at-jl    ;o.o'in.;:.% n-y   :<.    :inb.jectod   .0  ai "formt   forms  of heat 

treatment   for van < .s   o rpos; .s 

111. Iron  cardials ¡:i .•:   ;o  •nri-"i^d to remove  or reduce stresses,   annealed 

renavo or inemg.j hardnoss ¡>y distribution or solution of graphite,  hardened 

and temper oi to m.'r_oß, hnrdnooo  or improvo  their structural hasi3,   or 

graph it i ?, cd 

112. Cotit iitu}aG-o¡)or'ti )•'  t ;riK. 1   furnace..}  ojia   , lovât or-typo  ul< ctric  furnaces 

aro noed   for th.: .;ran>uto-aun„aliri.; of malloabl .  iron  castings.     In  olovator 

furnau.s,   which or.  :ïiouh  used  i ri  tho a itomobijo  i-iductry,   annealing can bo 

carried out voithon:   .-..  apjeial  protective atmosphere 

llj.   In  continuous   furoio.u,   ristia:,» are  protected  from  int.nsiv..   oxida- 

tion  and dearborn nation by u.-in - cpoiñaliy  p-aojd  i.i  sand  in heat-r_sistant 

boxeu,  v:hiob -.re th,,u   -.oat-:d with cloy      ra norü ;aûajrr, continuóos  furnaces, 

a.inealini* IF carri od  out  in ;   snecial  protective atmosphere,  and heat  is 

supplied by ^ao-hoatcd radiating tubes. 
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114.  Since at the high tenporataros necessary for ffraphite-annealing,  castings 

often leso their shape and dimensions,   these are corrected in pro-sees with 

special dies 

115-   The quality   of aane-lea eaetia-;s   is   -¡hocked  by   ex-nininc- their nacro- 

structur,.,   th.--: r n ,ohanical  prop nK, U 0 ,   and t heir r.rieroGtruct ir ;      For 

examination of nacros Lruct-j.ro,   eascine-s   ar>    orovid. d aith   Lae-s,  which are 

knocked off after annealing so that a visual analysis o an he :.i.-ute • t the 

point  of breakage       Fu  order f.- ueVerrciae  th^ir mechanical  properties,   spe- 

cimens ar.p 
>nd  -\nneaiod  before 

116.   Heat  treatment   is  one  of th issati"! operations in  th:  production of 

profiled steel  castings,     rhu most  uidUy  used forms of heat   treatment  of 

steel  castings   are   ---.mealing and  normali run:.     The object   of annealing is to 

effect  rocrystal 1 izati on,   rU<c,;  the   -ruin size,   improve  the Mechanical 

properties  and remove  residual  stresses       HomrdUuny ¡-erves  the same  pur- 

poses when the  required effect  cannot   he  ontciued by arme .Un.?.     When   It  is 

necessary to achieve  particularly good mechanical properties,   heat  treatment 

consistine- of hardening .and  tern:»crin-•;  is   used 

IH,   Alloy steels  are  ,;ivcn  cupial  heat  tr;atr>,nt  uoDondin^  on their com- 

position.     The  quality  of hoal-treutoc-   ¡jteel   castings  is   chjc.<:..J  b..y mechani- 

cal   tests  and me tal loyruphio  analysis, 

118.,   In the ÌK.at-troatnont  piarit,   the vari, bios   tested pre   th,_  temp,rature 

in the various  zenef-  of  the  working arer. ,-a.d  she   Imposit ion  of   th,.   ran 

medium with which  they are  filled       In nodern  li :,->.t   tre-trient   p Lent s,   the 

temperature is  controllai   oy  thermo-coupl  3 coun.v'.fced  ;i  ••   continuously 

operating automatic  apparatus,   thM,  .¡at   only   fixes  but  ->.lc..  ruydates the 

temperatura  within  o; i ven Units 

llrK   The  requisite  "tnocphere  i3   :re-ted  1.:  ti-,   w>r:in" are-, of the  equip- 

ment by supplying a gas mixture of the  requisite composition in tho neocasaiy 

quantities      To   av-uU devi et i ou  of  th.  composition   of the   fu mac e atmosphere 

outside  the  Units  di:.etui  by   ML     t.orinal..,;iou"i   oroc.3.0,   the   etmo3phere  is 

continuously   tested,   partien.iarLy   by  'ui^w-point'*   t^otc;   when   a change  occurs 

in the composition  of th. atmosphere,   th ; control   apparatus  actiates  th. 

mechanism rogulatin ; the supply of tiu. ¿*as nuxt.rc      The composition of 

hardening media is also periodically tested 
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120.  When the hoat  treatment  of castings  is  carri od  rit  in stages involving 

different temperatures,  longths of tinu  -uid spoods  of heating or cooling, 

thesw parameters rust  be chocad and rea-tlrted "it h particular care.    This 

also ippii-s  to  ih    ciuciar:;:   )f  the heat  tr  atnent  of canting produced by 

di ff iront methods 

VI T "V'.'I.T"'' .-u—y,.\;     ,"fO    '   T'IT'!:i''ii    TQ'".r:.ific 

121. The quality nf  fií.L-.ho- ^.jU:.^ o-a, :,..   oojeoud either by  examining 

each casting or  ev  spot   i-sti;,.-      Vh»;  pron ?rti.Oj  and qo; litios tested depend 

on  tho purpose  to- wru a> the   castings  ,ir..   to   . o  put   and th..  corresponding 

technical   conditions;   out   th„  r;.3n tes*«a are   ur chemical  opposition, 

hardness and structure,  Boundnoc..  (malediaio; tostine for sun'acu crocks),  air- 

ti^tnoss,   aeornotrieal dimensions,   ood  cleanness  »,f sorfaco.     In certain 

cases, when necessary,   soooiHens  -aro  out  off from   the  body of ~  casting,   or 

from special  lu;c oast  or   it,   for mechanical   testino, 

122. Thü  simplest  and mosc  Oü ini iitothod of oh joking castings  for surface 

defects,   deviations   in   avjr.ietry  (deformation)  and cleanness  of the  surface 

is  by vis  -1   iueneotion.     :'ow.;vor,   it   is  net  or. oily possible   oy  such 

inspection   r.>  verify   uv t   tho qoolity  of too  casting satisfice  -il   tho  tost 

requirements.     Il   io   th, remora,  accessary  t>  resort   to   Ih»,   t : stino: :nethods 

and  inoti^unentn  uih >r, :   fonctions  .and prineinl-o aro  ueacribod below      Methods 

of determinino;  in-   chemical  composition,  hardness?  and structure of components 

have t en  doser i bod  •-bovj • 

12 5.   Inoraos inady  .fi do 00.    h. .3 r.oeurly b.e.a ;.;"de  of non-dest motive net hods 

of  tostine tho  V rdaocs o.ud structure   of cautines  by nagn.-tie  ; aalysis      This 

technique   in  nosed oa the  depend-no.    of the nu^;noiic properties  of metals 

•uid alloys  opon   tueir eh vp.teal  eomoonilioa   -ud structure,   and muy b- carried 

out   in r   fro. LOO    .>5 n-o-^nd.     ^ho ma a., tie  anclyser h.-.s ma anetisirve coili 

supplied with  altercati0 ,   carrent  of adjustable  strength,   and nor sarins 

coils -connected up to defe*-.  tho  induced voltage.     /. standard  so,einen with 

the required ot ruotar- io  placed in one coil and th; test piece in the other.. 

The electrical     .¡¿il ibridi of tho system then depends upon tho correspondence 

of the strict ur». o-.' the test  -astina* with that  of tho structure of the 

standard  op animen 

124«   I*1 certain casce such equipment  ie fitted with a Cathodo-ray tubo by 

noans of which the power ganuratod in tho acoond coil con be displayed in tho 

•UH 
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form of a sinusoidal curve,   fron the dinonsiono   ef which the hardncse can 

be determined, 

125,   I>y   using equipnoot  op^, rating on  th.,  "bove  priuoipk.  for  the magnetic 

analysis  of the  structure  of coatings,   it  is p.ictj.Lbl..:  IJ feet  every gristing 

mede from ferrite end perl it: aa.llv;abl>.  irao        iiirh-stron/th f.mt.;  iron» 

(Qi.otingti   containing It'?  por cent  -o ment i t v,   If   oor c-jnt  or ir;'ì  pori i to 

or 10 por cent   or noro  of not ai   aontoiì.in;  fi ok.     :r.ohit     -re  sor pp?d), 

126    Piston rirure or. I ,   Í,  l   .1-. :m urejn ,tLo-ii.To.ilf >-.  struct^ro-t^itine* mutrunionts 

127-   Because of  che over-inoro,-.SììI.T don; nd for ;;roator roí i" bi.t Ltv  of  cast- 

ings,   particular attenti "m   ic  ^ivon to U-3 tino;   for  Lit .mal  d.feote,   i   e. 

testing; of Boaridnono-.     Such innp^otion can  .., carried out by visual  or 

uioroscopic  examination of a costing ift„r  it  hae b. on o,»  opon  for this 

purposo,   bot  this  procedure   is   Umc-eonsurun.o -aid can  be  need only   for  spot 

chocks       In r.iodorri foundry  practice - particularly uhj»  every  costing must 

bo tasted -  thisj method has  boon  replaced by "-rccyv   ultrasonic, nru^netic or 

fluorescent tc-stin*-;.     All  t>u.se or. non-doctructivo methods  und coa bo   i3od 

if necessary  to t.;yt  an  „ntire  or. teli  of casting      They ¿ivo  fully  ru liable 

results  and supply dr..ta on the  sito,   enturo,   and dimensions  of internal 

de foot s 

128, Radiar,,  thoriun,   and nosothoriuß are used -us radioactivo sources in this 

type of testing,     fìadium calte aro  placed in  -, si Ivor capsulo,  which is then 

placed in an alumini in shell;  mosothoriun sails :iiv  placed in o -'lass capsulo, 

which  is  placed in  torn  in  a brasa  tub,.      Th..  casein,/ in  placed b^twe^n  the 

radioactive source and :   photographie  fi In in soon a way that an image  is 

projected  ente-  ih.  film 

129, Ultrasonic  t  su.n can  r.v.ed  internal  d-focts rr.or^ th. n on,- iih-tro  from 

tho surface  of a crating,   BO  that  theoretically   iz can  b.  used for castings 

of all   thickness. 3 aoud dimensions.      It   13 Las..d  „ss.ntial ly  on  the  behaviour 

iu tho tv.-stpiece oí  ultrasonic vibrations n.t   -p by '   ni ;Zoquartz disc. 

These vibrâtiono ar.j  transnitt   I t.   th„ t.;st piece through a medium Buoh AB 

water,   oil,   or vas.Im..       If there  ar,.  any  rief,-oto   ih ^ .r'r.roO'.is  punts), 

the ultrasonic vibratmn:   -,r,.-  r. f 1   ctod  at   th..   ¡.arfeo..   >f   th..  two di f firent 

media-     Th. r ..fleet,, d  impulses  act   ou ,    recivin.- quartz disc,   .attiri^ up in 

it   electrical  sigiale,  which  are  ariplifi,d and  f. d to  ~  oathod.-r-y oscillo- 

graph on the screen of which thoy form p.aks      The instruments unod in 
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ultrasonic  lectin;; (ultrasonic nicroBCop..;-;,   ultrasonic  impulso testers)  aro 

thus bas>.d on p_n,tration by ultrasonic waves  and  their roflection, 

130    Thv.   ¡.rajrK.tio !,.. thud  v:i il   d.t..ot  cracks  of any  3ÌZv       Magnetic  powdor 

in  scr.lt „rod   on   a irai' A i:',..d  • ;-•.;;+ina;    aid indiaci,   3  all  defects,   Ijcaus-  its 

particljs  are er-wn  io by  tra. non-norr. ì.-rv-nj in ;..--yne t ic  fi^ld  eot  ap  ia tho 

area of th.   d-f-Ot,     rpha n, adiod d ,a,.ctc  s irfas.  cracks  ia   '¡astiala  and ilso 

intornal  defect-  situ-ted ü >;/;;  to  1) nta  bolow th..   narfaj-- 

131-   ?h<-  fia^r.oient nijtn.jd detects sarf-.o . careen  cud defeats   m castings 

of non-r.uafrn  tic  all 1/;;  s'in  is  aast.aiti    east   iron      .'   fiaorascnt   liquid 

is applied t •  ihv   sarfaco  of th.. tost pieoc and then washed off.    The liquid 

th?.t  rumaiaa  it   pTJntr  v'tier^   thore  ar..  cracks    >c  a..f. etc  rcV-ils  th„a by 

plowing when the  sirfic. of t!:.   casting is illuniiiated with   iltra-vi.let 

rayo 

132 Because   jf the relatively high cost  of th:  equipment,   these nethods  of 

non-destructive testing ar_ mstl.y us ,;d f >r perfecting technological pro- 

cesses,   for p.rixiic  (or spot)   tastine of cantinas,   or for testing a wholo 

batch  of particularly   important  castings. 

133 H;m.,tioity   of cast Ligs   is  usually  tost.d hydraulioally       This  typo  of 

test  is nod*.   !:t oaatinr. th-t   rro  te work under pressure,   such as pump bodios, 

hydraulic  :L-|}>! i. fi. -rr v   and  engin,   vr tor  jack tr 

134'   Thor.'  nr.   tvjo n; in   types  of !:ydra il L : t..etc .     In one  of thorn,   all open- 

ings  in th.. castina* aro GO.-led,   and  it   in filled with w-tor under pressure. 

In the- other,   the casting 13  G  -1 .a and s jbnorgod in wit or,  and conprossod 

air  it-  p,U'ipod  into  it       Visual  indi-„•-.ti >n  if any  link of air-tightnoss in 

the  body of  th ;  o-sting  is   -ivon  by  inter 1 aacs  in tho  first  typo of tost  and 

striano  of Kbb L„s   in  th..  eoe -ud. 

135 Th-.' dimensions of castings arc tested by laying out and using ordinary 

fitters' instruí::-nts on 1 hy mt bleak, or with tcct instruments of various 

dosi ms, use Ì ly -onstro-ted specially for jioh pirtioilar type of lasting, 

.'. rnothod worthy of attention ia that in whioh transparent templates with 

tii    outline     :'   '  ;n  .ufi.-  rv .j.ii-fv r-ti JU .•, f ti..  "iat iri(- :x rk. .d  on then iro 

placed    »n   th-  ..;; rv.: ;i vii )••   o..i   torou-h   th,   h idy    >f  tn,.   oaatin^       ty this 

method  th ;   v.'atv    ,f a 5;.iç, i i •'•> ..-d   -.atingís,   o.¿oíi   --e  engine cylinder blocks, 

and  partioaiarly  .-f  Uuiv   :.ntornai  cp.vitioo,   can bo  tested oxtrcnoly quickly 

ajid with  sufficient  accuracy 
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136    Dimensions axv usually tented only periodioodly (i.e.  spot-ohoakod). 

Only in special  cases,  where ther.; ore extrciely strict  requirements far 

tho  accuracy   >f th..  ;-- :on-.; trica!  dimenai ->us   :.'.' T.Eán.!?,   is  a whole  batch ai" 

castings t ;stod  in   this way       Naturally.   wh..s ali  -as tirila  '-Tu  lo  Lv testeu 

the  last  jf tho m.thods described -boy,.,   tk. ing a destructivo m.'thod,  is not 

feasible 

Vili •       i\o-ee LUPO    Ut-   Wi.OiI'  •'-'   iViJb   ;J.,l.ie'.uO   v.'-    iivili J/I.IU    li 

I37.  Tho accuracy of castings r^cuitr,  from a laraa numb ,r '.•!' e mst-ntn .and 

variables in th    t .ahn->j }.-ic •   oroo.ass   >f '-r.xiuc Lnr then      It  in  influenced 

by tho din ..¡isionr.1   accuracy  hit h which  th.,  p-tt.rns h; «.v.; h Jon made,  th. 

accuracy  of   their mouatin,-   m   the  p-ttern  baa   ,   ¡ah e  acsur~.cv   with which  tho 

pattern  is mounted relativo to  tho  pin.,:,   the  accuracy with which  the  pine 

and the  apertures  in th.  flask sockets  h av.. !a..n nachiru.d,   the    .ccuracy  of 

the matching pins,  -che accuracy and design  --f the working surface  of the 

mould and coro,   th.   strength of  thoir assembly,   ta.  do forant i. .a  of tho mould 

and coro  by  static,   dynamic  and  thermal   .,fl\.ots   of th..  molten dotal, 

shrinkage  of tho ¡notai,   and r.  number of other fruiters      Itosi   of  those  in- 

flueuc   oach  oth.or,   and the  calculation of their resulting; interaction  is 

therefor.; vary  complicated 

13ñ,   Dimensional  calculations   of castings  aro basou on  calculations  of tho 

dimensional element  systems of the oasting mould,  the componenia oí wbioh 

include  din-naions   -nd th. ir deviations  ci.et,.rmiued  by   fletara   i ri  the  casting 

process  ittioli'-     '.y  thés .  cal .uilations  it   is possible  to u,t. .-rah:,  the 

probable  accuracy  of  a casting  in   the   liyhl   of  the  vario  a  -JcvLati an;  duo 

to  the   „laments of the  technological   process  'od to solve  the cenvars. prob- 

lem of distributing permissible  inaccuracies  over  the vari'au   techn )iofcical 

stages  or elemento,   far a;iv..n 1, ;J.eraiieos  in tho  dimensions  of the casting 

and for a ¿iVeU ra«. thud of assembly of tho  castina moulds 

I39,   Dimensional  calculations  can be made  only   if the majority  of the basic 

technological   factors causing deviations  ar..  investi,-catad and their role  in 

the mechanisms  ¿pvornine; changes  in tho r-teu dinensi ais  of the  casting   >r 

other dctemminf parametjrs  is  established  experiment-illy      This can  be 

dono by  experimental  and statistical  investi.; rati an  of  the  limits   >f varia- 

tion of the  basic  technological  fact >rs  and th .ir  influença  on  the dimen- 

sional deviations of the elements of tho casting mould and th; casting. 
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140-  A wiri • ran;?e of m- t,rial ou  th.. natiux and nagnitu.de   >£ th,- effect of 

variauu  faotarn  in cirui^irv; tlu.  iinunni )n¡;  of citings haa already boon 

'icaumlated x. f »unary  Uaha,l, a       r**,, thiu ¿atrial   and  tho  oxperianco 
Jf intlivia«.,l   f otar-i  a   it   io  p.:5ii.l,,   with  •   ,all-d,ria,d do-roc   r£ poo- 

siKL.    rrue,   t.   an   ^t  din.a.-ioual    .ud  ^haJoáo^l   ¿-r-^ontv-rs or the 

casting process  that   oír -hl ..  tu,   - : ;urao.y   of o-.ti-v? t,   b     brought  withii;  tho 

required  limito      Pr.-oK,-..   •,;• ab, a^ua- and KL-bilizin.:  th., vanan,  parameters 

in castine  ^oration,   aro  discuoi  IM   argüía-; ,5 étions   of this  pap,r 

IX • L   /     O l.'i. i   i ^.ÜA ^All'/Y aObrúüo OF CAePLIC 

141     Ono   ,r tho mart   r-uaaa  ,-,  t},i(:3   ,f   aaa^vxn- -. high ^^ Qf feundjy 

production in  etatiat: , ,i   ,., iity  cot, a auo  releían       Itn nain  object 

in  to rodano  ecrappi a,;,     .--rama t, av  ilabi:  „-La,   ov.m th.  largo s t  ad- 

ditional oxpondiUros   >?:  atatiRUa.l qualUv  a.aitrol  ar,  offset may timoe 

over by saving on aomppod c^Unrii. 

142.   Statistic 1  qu-lity o.mtroJ   ie o-rri .-d out   ay  tureo methods:     rapid 

acquanti m   xf  infornati•  or  tho   acarroño.  .,;   aerappina- or tlu   causee for 

it,   approrchos  ta th.; operator t •  indue, hür;   lo carry out  his duties moro 

officienti;.-,   mal anal.7rú.-!   ai; tho  TV a s -,rlß  for trapping 

4: Tho  siap] -.nt  -,ñ ,-„,,•   jff^tív,  of  those   l'^o rn.thoun  of r,^latin3 

quality »; th, flr,L. ^ ..,.kirW ::,,st üo r,.rri.,i ,ut at all sta^ of tho 

production pror:,Bfl „ooaaa of tho ;r,at vari X~ of w.ayn of reporting tho 

resone   for scrapping,   an,'    ,f tho  lon^h  of lirio  xh a/ take,     A ^ivon para- 

motor munt  ha  oh ;ci: a;   •  •  a > m  -i-  th      m -,«-.+i   •    ;      4-1 1     x • "•  ">m   '•'  ll-   Jpor'tiJii  i:,   tlio product 1 m proco.'-:s 

that d,t,n,aaos  it  xa  aomnl «t -d.     Than th, dala, r lflt  be  „rompt ¡ay transfo^rud 

to  :.. control   card,   a ua tb ,   vertible   p,rRon ,uusc  h.  notified 80 that  ho 

can iva-Aro  Lho  MSIü for the rorapnin.?, 

144.   !<ho:i  this notboò   l(, used  ta antral   tho productian of casting,   statis- 

tic,!  data procouoaa; J,,r  ,-,ot  May   •   very -root  rolo,  as the ;nam facto« 

•ir«  the  org.-nizr.ti.rn  of tho  chocking and notification.     Nevertheless,   prompt 

and nyntornatie  r aiPia|;jon  „<•  tho oontr 4  card :,nd preparation  af reports on 

the  ocr^ppn.a -:r.-  „f  ^ v.t   imp-rt.-oi.. -,   as   in  a aavat nany  cases  th,v  -,r(!  an 

indiflp-mc-M,  facor  i„ tho  .;arl7  -moovorxa- of , now oaun.  af „crapping and 

tho  détermination -id  rom-vrl of both aubstantive and  fortuitoua chan^oe in 

th.)  luvol  of quality 



145. Tho method oí 'operator stinnxietxon" counts of tao checking of indi- 

vidual wofern.  it8 ooject xs to oliate evasion of responsxbility and 

determino the pa,son actual ly  ^oncibi, for the scrapnxn :.  By tl-c etaus- 

tical method a worker's execution of rv operation can ho . ,]r,M in the 

light, not of separat, and oft-,, ,fuit, xramúto^ -ad accidentai nu,- 

breaking ana ir:-.ccurr,t,- work., but oí ,11 tho ne tcrir.l in. looting hi:., qu...ity 

and skxU.  Tho concisions tnue reached TO objective and beyond dispute 

for worker and management alike. 

146„ Statistical ahalyaxe of the C^OB of scrapping o¿*. detect unsuspected 

technological r.^on; for scrapping :n¿ sparate the systematic from the 

fortuitous reasons,  "nen necessary, statistica, analysis is applied not fco 

the finished product brt to a Particular parameter of tae techno logical 

procès«.  Approprile control c^rds are compie Cod and procer d for this 

purpose. 

147. Thus a.i the three forego im; methods of statistic;1 regulation of 

casting quality can reveal the- omisos of scrying m\  enable organizational 

and technical mesurée for their • bol.xtxon to I,, devised.  Tho most important 

tool in thie statistical quality roquât ion is the control card. 

148. On tho basis of this a Luay L'io fV>] losing conclusions may be stated: 

(a) High citing quality ir,  aU*in, d primarily hy do/c-ioping the moat 
suitable tochnologior,! procs; and sélectif appropriate modern 
equipment and maton-is bo- ca/i-ryiu/c it out. 

(b) To  ensure the raaquisit; ,p.iali.ty o^ automobile  :.st; infs, it iu 
essential to carry est teat:: not only - and indeed not'so much - 
on tho finished castia,- as ^n the istoriai:; and the oper tionti 
of the production oroeess. 

(c) It is extrcïi.el.v impo."t-j  to establish the permissib],:  limits- for 
fluctuations of the carting process at all stages, and also to 
take the necessary measures xo give the casting process the re- 
quisite stability. 

(d) All principal .aid auxiliary operations .and materials must be 
continuously checked, 

(e) Frequency of testing if. determined by tho actual production con- 
ditions, the stability of quality of the materials, the reliability 
of the equipment used in a givon casting operation, and al'o by 
tho quality requirements, the product must satisfy. 
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(f) Mhcn  :v l..otin;: n..«.ho-l •   -.:.i   .. -. i;,/ ¡c M'   fe- !^Ur¡(- -rstinp ir.rtvjri-;    • 
'-mei operation::;,   i h .   .-fdoi'  rc.-p¿ir>;r;i..!. t   i;;   th.: ir o-pó.eity  to gurj^tec 
íw:i-/on rr.,qucnc,v,    .«-o^r-.^,    -YA  ¡M > <i of  tot   nr..,rr;.hio:u\   "economia 
oonaidorut j or:;:  rr...,;-t.   • ;.--(;   ,       ¡.>:ri!..   U:  ;:;ih>í, 

(g) Or,., oí'   ;:,.  r;orí     ff.^iv.   :r..-..u    of  ••••. úüin/ .u,-;ii  Tv-.át;.-  m   the 
mr.rr,  prouuet io;, oí   c;:.in;;n   i     :::•->,  ..í::M   •;.»-.i i-„V  oontrot   --na 
ro^.4,--/.ioh   '—,'. ...o   o;   T-rj.:   tr:.i,.;n,i;::,i..>:  of   ij;!'orn...í i;/,     uoul   :^cr-pping, 

\v)     In   U: .   ! 1 • í.r. i !•,•-  YJ   • . .í;.-.. '¡ |:   ir. . •.-i   of  rr'ti.-iv.   ;!-r¡4..'   for   r,h     procuio- 
tiOíi   of   'íUí-Oí;.OL:í:.'   -••xllí, -:•    t -    ;.;"   •.,iv.,i::;".-iu.    «O   Vi.)TK   out   oyetr'nr 
for foil   or  T-rU-,     .;orr ^,.or   o!   m,   ;n...v.;-¿..   of   •;;;..: 1 ty   -entro!, 
including •-l-iccKinfT   ,f   >.tu   operato;   of  >.,i<   t pupT^nt   -nd Vho proeence 
of mr/u-riol;:,   -it"]  ^'cr ,::ivc.   M-ue,;,!, OIOî; ,;jid r>;soir.li,y oí  the infor- 
mation .-.t.   ->. ct:fjtr-.i   cor.trai   ooint,, 
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