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ID/'IG.13/1 SUMMARY*
United Nations Industrial Development Organization 2 August 1968

ORIGINAL: TINGLISH

Seminar on the fstablichment and Development
of the Automctive Industry in Developing Countries

Karlovy Vary, CSSR, 14 Octrber - 1 November 1368

'QUALITY CONTROL ON FOUNDRY OP'IZATIONS
FOR_AUTONOTIVS PARTS MANUFACTURI~

by

L.E. Komarov
Chief Metallurgist
Moscow Likhachev Automotive Plant
Union of Soviet Socialist Republics

SUMMARY

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

treatment such 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 modern methods and equipment to control foundry operations, it is possible

to obtain high-qual ity castings of high accuracy and the strength that determines
machinability,

4. Since produ~tion of castings in green sand moulds is the most commonly used method,
pricipal czttention is paid to this process.

* This is a sunmary of a paper issued under the same title as ID/"*:'G.13/1.

y 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.
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5« Quality control begins with the verification of raw materials (cast irom,
steel and iron sorap, metal chips, ferromalloys, additions and fluxes) and basic
and additional moulding materials (sand, fire=clay, bentonite, bonding materials,

coal and others).

6. As the quality of materials 18 verified hy suppliers, occasional checks in
the consumer plant are made, If detailed information on quality control of raw
materials 1s not available, 1t 12 necessary to perform juality=control tests at

the plant,

T. The paper describes varicus methods and squipment for controlling foundry

materials,

8. The second ani third control asteps are the verification of the molten metal
and moulding and core sands preparation., The paper describes special methods amd
devices for examining the specific phys.cal properties of tested materials, and

the quality and dimensional accuracy of mould parts and cores.

9. Whenever heat treatment of castings is required, heating and chilling comtrol
is carried out. It 1s also frequently nccessary to control the heat treatment

atmosphere,

10. Final control steps determine the correlation betwecn the quality of the real
and required casting parts, Therefore, testing devicer for -ontrol »f atrangth,

hardness, structurc, soundness and dimensional accuracy of castinge are described,

11, It 1s ¥nown that dirensional accuracy is det rmined for the accuracy and
toughness of pattern=box equiyment, sccuracy of th- vreparation of the moulds and
cores, and propertics of moulde, core materials and cast alloys. These propertine
are revealed 1n an ‘nteraction between metal and mould while the metal 18 im the
molten sttt i 5 -t solidific. . Acrordingly, controi melhode for the wceuragy

of the contangs are de oribed,

12, The paper gives data about the controls in each step of the foundry prooess
in accordance with specific conditions of production.
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1. GENDUL CONSIDLRATIONS

1. It is wcll known that the quality f All cast ¢omponents, including
automobilc parts, depends on the quality f the initial castings and Hf

their subscquent processing (heat treatment, surface hardening and mnchining),
and that thc first and most imp:rtant stacc f 211 is t> sbiain a castin

Hf the required quality

2. The s»lutisn £ this problon lics prim~arily in the coloetion and devel-
opment of the techaol yical nrocesses, cguipment ard motoriads best suited

t> achicve the required results within the limite »f the ;iven par-uncters.
The nim Of the eomtryl f materials and porations during the whole cycle
culminating in the productinon )7 castinzs is to keop withia given limits any
deviations from the roted value of the parameters of the technoloical pro-

CeBSB

3. Muality control »f casting productin speratins ean theroef re be most
advantageously considered tHpether with the conditins neeessary to cnsurc
the required qunlity in the production ~ycle. The aim HF th presont paner
is to deseribe the bust tochiol ipacal processes, the metheds of enruring
that thoere 1s no deviation from those orocosscs, and the nothds -t cheecking
the main parameters of the production nrocess. Mor. speeific nad detalled
information on individunl quostiocns can be Hund in the special literature,
As sand-casting 1s thoe most usunl method f priducin enstings, ~ttention
has been chicflv devoted to this oneratisn in 2onsidering the productiosn and

quality contryl »f castings.

IT  AUALITY CONTROL OF THT RAW MATERIALS

4. Measurcs to> cnsurc the required muality of costings begin with quality

control Hf the raw mnterials: those nnkias up the chargc (foundry pig=iroHn, |
stecl and ir.n scrap, mctal chips, firro-alloys, clloying =dditives and
fluxes) and those uscd to make the moulds (s-and, elay, bentnite, silica
flour, graphite, coal, binding materials, various tvnes of strensthening ma- {

terials, and sther ~dditives),

5. The requircd qunlity »f theso materinls is usually gunrantced by the

supplicrs; poeri-dic tests for quality arc normally carried out by the user, ]

but sometimes no checks are made nt nll. Whore there is no full guarantoc
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of the consistentiy ratisfactory quality of the materials gupplied, the

user must tect them constantly.

6. The genera! requirements for catisfactory moulding materials may be
summarized as followu:  The bosiz roulding material - gilice sand - must
pogsecs high resistancs to heat and ciaemicals, ~ontain the least possible
quantity of' iimpuritier, and be of Lic upecified grain £ize. The other
materisle added to mould mix rauct give 1t the necessary sirength, plasticity
and snecial technologicai provertics when - and this 1c most important -

they are added in minimol quantitico

Quolity cooverof U onoulden s uerinels

7, The must imoyortent oharac L ristics of noulding sand arc 1ts chemical
compesitiong, gronuler conmosition, clay eontent, ons perneability, refrac-
tory qualitics and carbonate ooatont. Orain compoisition is determined from
the relative weichis of the piles of wraing of the difforont gouges obtained
by sicve nn-lysis f - sample botch on n standard sot of vibratory sicves,
The clay eontont is detormined by clutriction with nn ~e1tator aceording to

Stock's scdimentation Low.

8. Gas permeability is Aotermined on o spueeinl npparntus that mensurces the
ratio of filtratim rot 40 npoessure drop in 2 sample f iven height rammed

into a tubc on a laboratory impaot tecter,

9. The chemienl eommositiom Hf nalding sand 1s determined by the ordinary
. \

2, 511,203' Fp?)j"

Ca0, M0, K, 0 ant Nr 0, Iis rofreet ey gunlitics are dotermined from the

‘.

methode Hf chemical annlysis £ neasur. its aontont )f 3510

mclting (s ftoning) print of swiples and from the temperature ot which the
geaing slag (or start ¢ sintor).  Sands with o high cl~y contont ~roe tested
for wet streneth index under ptimum moisture conditing, Clays ' ben-
tonites are tosted for their tinding eapaeity and ¢ 11.oidAl qunlitics (dcgrec
of watcer absorption).  The gtrevgth of mouldine meterials iz determined by
compressive strength tusting Hf sannles Hf iven standard composition,  Water
absorptim is detornined as the amount of ~bsorbed water per unit amount of

dry material.

10, 'Thou AleO ' TiO2 and FoZO3 comtent Hf refractory clay is determined by

chemical nnalysis.
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11. Biliea fliur ie tostud shunieally 5 doturmine its silina oontent,
oarbonate inpuritice :nd 1)es in oaleining It i ~1s» puri dieally tustud
for finunces f divisi .

12, Coal dust intonded for us. ig moulding ennd e an-lyscd £ r contunt of

moristurc, ~8h, sulphur nd volatiles, and for fin.nees £ diviel n
13, Crophite 1o tust o £ ~ab it ont wid finences f Yiv.g: on.

14. Orpanice ~ad vorganic bindin: ratorinls ~r asu~lly testod e their
binding capreity and nssins. "o bindin,- capncity in b toemined by teating
the tunsilc stroagth of ~ Ari d stand~pd saple; sein 18 defined in torme

of the volun. f ;- aven 1t o ¢rar f the mataral

15.  In particul~r cnsco, lepending upo the roquirem. nta f the proc se,
teste arc nls n~de of B8p.cifis wavity and Ary mattor ¢ ntont (sulphate
rosiducs), viscosity {potr low Aictillation wnst.s), ~nount f presiduc and
acid number (vesctabl. tle, dextrin), ash gontent, 8 lubility (dﬁxtria}.

molvent contunt ~nd pE v lus,
16. Sodium silicate o lution is tostod fap liqu r rati: anl specifio gravity.

17. enol ond - thor thern -g0iting reeins that are widcly uscd for sholl
moulds ond ¢ res pr Quced in bt boxce arc testod for Puring-tinc, flwbility,

spccific yravity, wnd n ltingy oiat.

alit; control £ th. charge malorinle, fucl, fluxes and refract orics

18, The qunlity f charg. mitorinig, like that f mad 1 smicrials, 10 chooked
by the supplivrs, wh Acliver then in siven quan tios with @ cuments 6 n-
taining details ~f their compsition and quaatity,  Thus 1 oundee Pig=ir n 18
delivered in batches f 30-60 one with cortific~tos clving ate weirpeht and

the results f its chonicnl ~ lysis, usu-lly for its cont.nt of Cy Si, "n,
Cr, S and Pe Thoreafter its chorienl conporgiti n need b fostod only poriods
ically by the usor, and usunll> nly {Hr it8 cmtont of 8i wnd Mn. Fvery
batch of frundry pig—ir n with -n anusunliy higch comtent o Hthor C1omon's

(the s-call.d natural allyys) must be tosted £or its content of ory, N4 nd 8i,

19. Ferro-nlloys, likowisce, are deliverod with wceonpanyia s eunents eiving
the content »f the basic clement ~nd f any Hthers that ny ffoet the
quality »f the cast metal. Thus 1'6Si is dcliverdd with n cortificat. giving

the contont not osnly >f the basic clemente but als, of aluminiun, which nny
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vk Bl oayehs]log Ir the protuet. n L0 pnllc sbBle iroa, h wevery 1t ig gls-
cBBentinl o knsw the wmount .7 Cr in the pig-irm, as this ~ffucts the an-
nealing Line {0 th ypoup oo thae anp v POvouEer s U must ninke an
wilyele £or ohr TNy unlo80 it us oy oy o e wWvantyse ug 4 rrRnEC
with the supplic « ¢ L9 Yhon additives oantairn ohromium, molybdcnum,
vanndiun, tifaniun, nickoly, et dt e (g oamte ) g Abis) il Liam, 1t is alseo

“asentinal Lo tost vop oy o tont 4 thoae

20 Afourte should b oan e t Pievdiron o stool anlos whether in
brigu ttce » n I rooore oonstant sapniiors Tvprenl sources of
£ pply are bl pachy 8houg of Lhe cuton bile tctory itsclf, v >f >ther

firmes th-t NB8-nr duc, mota] @

m

2l.  The untur. ¢ (he nnchincd reial ig tbon kiiow: -2l romnins unchanged fop
vlong time, s ther ey by MUCC8eAry to mnke Lulr noriodio chemical anal-

s8cs Hf deliverad ~hipe
!

22, Btoel serap is usunlly nnlvecd aly for 118 7r ans L eontent when
intended v nmeltpge Ple=iron but fop 211 brgio vloments when intended for
Bteel meltine,  Cagteip o Berany wnlose of 4 known o omy '3ition, is analysed
for its contont 1 Oy Sy TRy T A S St0i1 apd Cagt-Ir n gorap 18 alg)
testod to cnsurc tnet ep fi:. wnd thickacss of the Dlues cormnly with the
supply snecificnat: ms Btoklishod 1 e Tanee with the [ - tirular eonditions

M productiom,  Wlux,o g f roaron ol gt o) Peltinge nust ~la b toetud,

23.  Thus lincst 1. Looded ant o yn s furm-cos t) cnuee th ¢ ke ~sh i
sand ty glas nuct o At not el L L5 ber oot 50, ~8& this woiuld hindcr
slag formation, 1t =gt 1t 2 ataan enlelt, ImPUritics, bocnuse this sub-
8tanco may Cxpl ade o hi:h Terp eatur, nry, 1f possihlo, (wp8ury, which cone
taing sulvhar.  Lircstono is w3 testud for its cmtont of yYorpin xide,
8ilicic ncid and portie]. s T elwy, sand ~nd dust, and {r .ts lump sizg,

hardness nd fong: U

4. Only wrshod flwrapar should be used, it shiuld be testoed for its Caﬁ‘?,
5i0., S and 1) ';\Lz* cntent A for hariuiss aad £pecific epavity in necordance

with the murehng. gpecificnty me

25. Tmsloked lime (cmickliruﬁ), which is us.d £ p gl farmnt o furnacea

4

with a basic Lining, must b mnlveed for ta oontont o ualy Mo, nheture,

S, 8i0,, P?OS wnd Fc,,&\*-&l,,ﬂ%, ct8& et contont, erletan; wsvs, lumr sime
3 " o o *
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and storage time, The last test is most important because of the str o ng
tendency of quicklime to dee mpase througsh wator abs rptiung this ny increoasc

Ay

the gas contont of the motal

)

26. The quality of the fuel (i =. foundry ¢ z0) has 2 emgiderable influence
"n netal melting in ~ cupil~ furnace ~nd on the quality of the product, Tt

must thorefire be togtcd sonst SRR

o

7. Foundry coke is ch. manlls aaslysed for ids eoibont of C, H?, (‘ +H ' 9,
ash nnd water. Coke must nleso bo tested for Tump ai ooy stroncth (s hwm b
the percentage f the initiol arunt of coke 1eft oo 40-mm sicve ~ftor
tumblin:: in 2 drum tester), cosistance to dumpine {(shwn by the percentage
romaining m ~ 60-mm sicve <fior fhe sample bateh nns bola thrieo Jwap ol on

a cast-iron platc from A heipght f 2 metras), porosity and enlorific value,

28. 1In testing 21l mnterinls bot-ro releasing thom £or use in oroducti mn,
particular attentisn must bo pard Lo thoir purity., As - ceneral rule, ma-

torinls containing impuritios rust be rejected,

29. Since molicn metal romcts with the lining Hf the melting plant, the
refractorics must ~1s) bo testod,  These sre tested £ or theip chemienl nom-
pagsition (fjrvclﬁ: nd silicn-firociny bricks ~re testad fr th ir omtont

of NJO,,, Al, 1 €Al and P 'J}; dinng bricks for their o owtont f oxf\\, Al, O}

and Cad; and mymusite bricks £or Eioir contont of o, Sie, .9 Cal, A12 3

™

FOQOB), for their mel%ing p oint, ~nd e rofract Ty qualities. Their aatward

appearance must als. boe carefully inspocted,

30.  All these recamencatio g np vasced on the oxperience »f varioue under-
takings in the ~utm biio wdietry. The main Jhiest of vesting the quoncity
and purity of the Ymsic charsc naterialg is t o provide 1 cmotant guarantee
of their quality feonditiom) 1 ¢ op. thcy enier the tochnol cieal procoss o f
producing castinss.,  Thus 2lmosit all the charge o rolionts, fluxes and
refractoriecs are tosted v their chomionl - rpteitisa. The two main meth ods

1

usced e speetr seopic annlisis ~nd choemienl e lveis,

P

31. Speetrisoopic anlysit i8 a modern phys: il nothod fop deternining the
cshemical compisition f a substarze. "n oussonee it o ngists Sf vapourizing
and 1ls" cxciting the substance:  i... imparting ndditional cner y to the
atoms of which it is cummsel. The at me are then ~11wed t0 roturn of thair

own accord Ui their normal statc, ~nd in doring 85 they radiate the oncrsy
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imparted t> them during cxcitation in the form »f lipht of varisus wvclengthg,
The ~toms f cach ¢loment rradiate waves »f o given wavelength; and the inten-

sity »f the radintion dzpends n the number F +toms c~usin it: 1 .. on the

-
i

—
—_—
P
—-
g
ot
e
©

T rodints

b

content of the particul-r olomoat v tne Specimen
dirceted 1aty the spectrise pie nppreatus thro b ~n cxtrencly sarrow slit,
(only some hundredtas of ~ miilimeior wide), where it is broken doun into its
compr nent wavelea~the  is ~ rosaly - "bricht-line spcctrum® is formed ~t the
output o1 the lastrument.  The spocirn thus sbtained from the spceimens ~naly-
scd arce then comp-rod with previously-propared and reeorded speetra of standard

e R S T -, -
samples o1 thiosc zloments,

32, Two types HT spparntus ~re uscd for spectroscopic annlysis:  instruments
with visunl nrosentation of the Speetrn (stg"ldscwpos and styl motcrs), nd

instrumcits in which Lo sncctra e roesrded notographically (\spgotrw{;r'zphs).

33, Quratitative annlysis is corried ut oy compar-tive mensurement of tho
intensity =f the spoctruy lines ciiho visurlly or with ~ polarizing phdto-

meter (st):mcicr),

34. 1In rccent :cars autmatic w-~cuwn Juantum measring instruments have been
increasingly used,  Thor onable he conteat of ~1] cncmicnl clements, including
Cy Pond 5, tu be Acternined very quickly (in = fow tenths o - szeond) . The
preeision of the mensurements mode wibh these instrumeats is tw> t thrcc

times thna! “btainable with visu~l ~p pPhiarprapkic Ins*runcnis,

35. These vacuun uaniun neasuri, s instrunents werato o the basis of the
physicnl pher menn dcsoribod aboves but the nprocoss o1 enpturing the light
waves (speotrur Lines), roeordigg tact, ~mplif.ing them and turning theom into

instruncnt roadings vs oaub omntod

36. The specimens us.d £or chemicnl mnalysis are ~vernge samples in the form

of chips HShtnined by Aruiling, planning or n.iling.

37. In order b aveld serious crrove in wnlysis, tost picces must first
be cleaned before sornlee are tokoa from them, ns thov may have sand, slag,
scale, o1l, pnint 'r cther substruaces on their surf-oc.. f~rd specimens should

first be annealod v o1 ound,
36, The eloment»l comp sitim oF speciuens is lctermined by mrking: various

gravimetric, v lumetrie, calorimetric, photenldrimetric nd other tests by

established methods.  Different methods rFive different depreoce of precision,
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and the meihyd £ be uged nust thorefrre be scleeted in ~eeordance with the
requircments. . drawback .f chemieal annlrsis is the time it takces and the

nced to kcep laree stocic o f ~hemicnl preparatioag onll roysonts

I THD oo ;‘.?WH 97 THTOLTQUD T
LD T TSI O T AL

-

Lt

Tho melting cruinmont

39. The prosortics of che iron i'ron which cnstings ~re made depend t) a
large extont o the nethd 1 melting and the troatment L1 She liquid nmoetal
within th. furnace., The mope stable the chomicnl coupivion of the eaot
ir>n, ~nl th: n.pe closcly contr lle? the tempernture At which the ol is
melted ~nd pourcd, the fower ~re thoe devirtions in the oroevtics Hf the

castin;e.

40. The 1ntest process for nelting grey iion, which congsistently proyduccs
metal with o wide range of dcgip.? propertice, is the duplox process, usiag

a cupola furnaece and ~n cloetric iaduetim furn-ce

41, Large cupsl- furnases with wnooubput f 25250 tops f Liquid moctal per
hour anl ~ 11 pori botween varhauls re boro 1nstn11cd in the foundrics
of mydern ~utomobile facs r1et. ven with oxv sen blagt sy h ot bl~gt cquinent,
however, tho hihe-prilucty o wup il Marine s will u ot nrolues incalated iron
with spccinl propertics For this the netal must o, rencleed 1n inluetion
furnances, where it is rohoatol ~gd refined, its chemicnl ~omp ocition io
equalized ~nd it is ilnoculatol The mogt oo wmonly usel tooes f theese fur-

Ial

nacce arce Uho channel-type Dadaot!sn 1 &rnnces v th ron va' e ch-ancls.

42, Thc soccific foaturcs of Lhe chareing and melting proscsses for producing:
malleable irom in eupola furnases (th: need to usc un th 50 por oecont stecl
8crap and t . “con the eontent of carbide-forming clomenis tam t o an abs lute
ninimum) And the cver-inerceasing ue. of 2llovs suech -g enr o, vanadiun and
molybdenum steels, for which the quaatits f low=21l y ir n in the char
must bo incrceasoed, have forccd - transition t o melting ia cloctrie furasses.
Therefore the proscnt and probably als  the future pr-ne3s for producins
mallenble ir n o is the lupl ox process in which omc Lleetrie furnsse is uged
for nelting wnt: the s:1id chars ¢ ~ud another £or moltine ants the Liquid
charge, where the irm is rchentsl wnd refincd This improves the quality of
malleable iron castincs and praduces ir:n with c¢specially g physical and

mechanical propertics.
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43. Mectrie (including inluction) furnaccs and 78 furn~ces ~r¢ brth widely
uscd for melting non=ferrsus metals. Tt nppears, however, that in the futurc
eleetrienl induction furnncos with romovable chanacls vill he nreforrad as
these give Liquid mot~1 o Ry eundity,  The aceessary aunlity Lf the metal
nd coascquontly ~le o F the crgling cannot be onsured, howover, solely by

sclectin: the risht Ziad o0 aoltirg slant and 481k the roht charge materiols.

Hensurine ! tiac ohnroo. ooronenag

——

34, Onc of the - ot arordant roquiroments for obtaining liquid motal of a
siven quality e b oavoris on o in measurings ut the charpe compononts in

accordnnes with thoir -etual chmieal analysis

45. T tho meinl chnrgs ¢ mponsats supnlicd +3 the factory ~re »>f osnstant
comprsition wnd qu-lity, thoy aced snly be moasured sut corrcetly aceording
to the charge fHreuln, for whict ournsse the noest varied cquipment, ranging ;
from the simolost b0 ~utomntic wolching levices, enn be used. I, however,
me or more  foLthe choarsc e mpornonts varics in comprsition, it is cssentinl

Fe

to work out o onow charges formule coch fite the ch-r~c 1s mixed. The accurac
b

of measuring cliars: conooerts is wsunlly within the range of 0.5-1.0 per cont.

46. ko ~nd fluxes ave conerally mossuret out o volume, Tt is *herefore

essentinl i watch fhr changes ir their lumn size.  [f thesc .ccur, the

volune must be recaleulaiol or acnrourapeat must b by weishts but theon
+ o )

allowanee st he pals for the a0 lgtro ~ontont,

47. n view f the imporiaace oL mesgurioa mt-nfecharie conpononts, it
may bo of valuc to comsider severai modern nothode,  The mass production of
castings, for cz-npls in th avtimsbile industr,, muct e mechanized:s in many
cases complote abomnt s o v the aoasuria wwit=s{=charce. 2mponcnts is
warranted  Since the o8t comolienta! nxlting olent, usiag - nulti-component
charge, is the cup l. furn.co, it o o dvantngoous Lo consider the appli-

cntion Hf the char c=c mpaont neasrTing preocess to this fyne Uf furnace.

45, For meliuine ivon ia cupoi- furnnees, the fUull wing systens Hf measuring
ut the charge ¢ mroucats are st Bron the et raie ~rcns 4y which ferrsus
charge nmoterinls irve been olivareld by rodlwa wyons 1 onotor vehicles,

they arc ‘raasforrsd by o svernc~d eranc with - rormotle disc intu foed
bunkers, cach sct aside 1r o iven material and ueunliy designed to contain

sufficicnt material o0 o whole shift »r 24-hour peri od.
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9. Prom the food bunkors the charso vmooments e Ionded in =o~aone
ES 4

int> the measuring o mtadner, vhicn is usanlls thc bucker o 7o8kivn clovator

Thoy o arc ncesared cud by oan o of Pic U L1 wing mothods:

r oa Iyading cran

(a) The ~ars ¢ rmvnensg -po franeforrel Sram 0 bunker by welehit e

apren comveror wha ol whon the Lonlias backe o o thoes 1ty 18 switeohed
on, 4 livers o PEULENTY qunnt Ly T matopriall o anl ia th-a o-itohed
vif,  The bucket n-zo. e in Sorucnce vwlir huakore aitunt oA oy el
Bide o It o 1o 1 iilel wils caep o DLoaee s oo ianee winth
the prosent dvetment © e leiive py “onnretus, attor yhioh it

A
ACTIVLE At S cun 1o fopgren for digchar o Thie or cors s
contrallod i

raym o~

(b) The Shorce mmeorie 1l e U livordd foeoam Phe toiors thrweh vibreegin:

feod chubtes inny - chreye kol oantol oy - s cannlenl ly e ven
wolhivg: cnrrinrg with ~ cohiy Top 1ol oerators e drives the
carriazce i tura S - simkery swilchoie o b huto, ond switcnes
it off whea the rorar oot hne boon Loliverod, o switohine

oot HfE f the eluglon anir e nut e o,

(e) ™ charee comrononts e Jteked up v oo Gy ang pourcd ints n
charge boppey cvitod wits el hings dovieo and sitaatol Yver the
Lo~ding cmtainer,  The chores = moonc b woichte are poe rdcd on
perforated toe and agi ratienll s commarod i th oty cnleulatad
fifures.,  The chirae smositim is o rroeted & aueossary by
additin of matorial o A moutir ecurstoly enjouletos the woilght
°f Cach eommiment TUTULT LY gn

F
4
-
™
wd

vy ed e lovration
from the cstahlichod 1 ur.e in talics int s see b oon the next

batech.

(d) The choarse commoncats -pC trenaforpcd fror ta bunk.rs throuch
MCWSUTLI” 2onvey g o vilbratiag chuto sniral o apr ooy oonveyor
that feouds the ounole Mippnc., This proc.ss coa he fully ~utomnted,

[4A
«+

50. The dcliver: T . char oo ints e cupole furviees s “overned by the
level t5 whicii the “urn-eo st Nne th he filled This is aeasure!? by oo
mechnnicnl ~nd radis inotonin Level=uensuring CODPALTUS bonding signals cithop
t> the contirsl pancl o Aroouly . the sestos sontrolling the nensuring: of

components inte the Landing eontainery ~ad theirp transfor 0 the cup.la furnacoe.

51. The usc T clechironic comoutirs mkas it pogsinle t. o outsmate the cal-
culation of 1he furnace charge, s>lves the nroblorn. Sf findiig the correct
proportion »f char,c mat: ri-lg aceded fopive She desirod chemical eomposition
o> the iron vt Lo pr duced, and unniles the bogt DUSS1Lle charow compoasit on
for a gsiven chomicrl conpositina of the resultons iron ) b achiovod At
minimum cxpensc.  The inf rootion fod int the computer for thig puUrpoOse con-
8ists of the chumical compusiti n of the Tws anterinls and of the alloy to

be produced, the list of matorials necussary for cack typ. of allyy, the amount

[y
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T waete, the tochnalysical lindtrtims Sf the varins compononta and the
avallnability »f the m~tsriala,
22+ The nethnds uscd HP provarin, ~nd mcamneing bh char.c fr the nmelting
g metals in Lluctric furnaces, wsther f the ~re r the induction tyne, ~re
bagically in n vy ALFfiroat fron 2 s, desers bod ~oave, but sttention nust
be paid b sonc of Lhlir spocind Coeturcs

I p
53¢ 4 nnin remudroniont thes Srttodls eomecerns inlustrial g2.ioty more than
quality cortr.l s that o1l torinls Loaadoed int clectrie furnaces must be

drv.

54¢ lictric—are furaness aro usanlly shariwd with ~ special neasuring bucket
r bix, 1uliety n Furnncos yith soceinl (usun~lly statisnnry) charging cquip-
ment als Fittod witlh o monsurins coitninen. The moterials are measured out
by weight

55« Durins the widtizing perisl the earton ocontont 1s tostod from time to
time, Tn thoe proeess Lo=xidizine the 8%eel it is cssertial to koep a
carcful check 'n the tomporatur. so w8 Tty vl cverheating, and alse on the
dcrres of de-oxideby op (the specimon nust we oerfoctly 0101 when brokon Jnen
and must n ot e ni-in wy s hubblog), The tomperature must ~ls: be chuckcd
before soartas 10 -0l th aclh is ntonourcd Uff ~t mec - 1o when the
furnncc copreity is soversl bines that >0 *he 14310 = the shonienl compnsition
Of the nctnl must be ~hoekod dwring pouring and, if noeeessary, corrccted by

addition,

Checkiqg- the molti, - craeoag

06 sl oongurl L uh bh sharie materinls to give a required chargo
ennposibiog, crd 1l ther int . the farnsec 2t the appropriate time, con-
stant cucks ust L caprr ol ot luring the melting process if netnl of the

§

desired pinlity 1s t. 5. btagged,

57. is stated ab oy the nimdn bepe of melting: plant used 1ia the fHoundrics
M auton bil. works, ~nd thnat {n yhich eontrsl Hf the nelting process is the
most complitated, 1s the curp - ln furnsec; it will thus be 2ighly valuable to
comgider ~t this piint the a2sntr.l of the mclting process in this tyoe Hf

furnacc.

58. The mnin indicat 'rs thnt must be checkad in the cupyla furnacce process

rclato to the chemical coyaposition and temperature of the actal, the blast




and the oxhinuet (a8 Thl ch cking: f
usunlly consiats
perind bhotyoon guech annlyels o
Compositivn 0 the motal

desoribed -ty

57,

Varius instrumcits arc uned oy

T anslyeic o itw
U mere than X ninue.g

8 cliceln.d by

D 1y
11

Ty v
LT

the

8l
s

chiemienl eompogitisn o the netal

v 91, My, Pand S, 4s - rulc the

The shemionl

Sde Enetrunt pie and chomical methods

Ansur: ¢ the tomperature ot netal,

The most widcely us ¢ imcs ap. witieal (Lumin L) mnd padiaty oy Mrornotors
They 45 not, o MWIVLTy AVe the oooesery Teeurtey or continuity of poasurce
ment, aal tomperataes Fnsurcnicats with thon wwe 9ot treaune fron subjective
arrors o1 the  jorat rs.

60. 4 wire hichly perfoctol nothod of meagurine: tomper-~tures uscs thermo-
eleetric prromctors (thormoe WnLlig) mede of notalg wnd ~lloys with higch

meltin:-p.iate such ~g
They will mensure beh

61.

aper~tiag

Channcl temperaturcs e
Beparating two spoctrum brilliovcos

establishins the rati. hoetwee shon

oropoartionnl fy the {averse - satude
well knowvm, the 3ifferonce
peraturc 18 not crear Sop (1
is uscd, the ~pric-l DY ONCTtL oo of

of much lcse

62. The blast is ~hockel Vorocho £o1lowing e

(a)

AN
The pressur. -t thc tuyor.,

of menbranc tope that acssures the »re
valag,

reulates it ot - rive
(b) The tomper-ture, whish ig 3

reeording dovion

(c)
(a)

a reerrding lovice.

£ns enntes uel moasur.
63.
tioning of the cunola furnace b o8t,

The control in these is autonatic.

platinw, pl-tiaum/rh diun aad tuny

nosgured

nothe princinle f the spoetrum r-tin.

sotbweorn tho
A ferrous motalg,
£ha mot-l

‘mportance thon in radin~ts o ~n? luminosity

stoermined
The 10w, whic'y is Aot ormin A hy

The hwridity, wiich is dotormined ny
t:k‘r W{\'tUl‘ I ”t(;'{f,

In recent years systoms have boon

sten/molybdenun.

Dertsdicnlly and o oatiny usly

Sontinuously vith chromatic pyroneters

This is Jdetornmined by

with ~ rd sad » blu. o sLouwr filter apd

The Lousarithm f 4his peti 1s dircetly
i the ool e domooreture nnd, g is
colour fomporatar and the true toen-

Yhen v ohromatis pyromctor
wl T the filu eovaring it are

mwroncters,
witors:

asunlly dotornined by a oressurc g0

curc wnl automatically
hy o~ thermoeouple with o
»oaensuring Yiaphrym fittoed with

vari ug instruments thnat tnko

developed £or the oontinudus condi-

tadluding eonditinning for humidity.
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64, The gngos ~ivon »ff by the cupsla furnace nre checked far composition

and tempernturce.  Since ~a impartant {onture of the conbustion of fuel is

the €O, wnd GO crvtont L bthe xh-ust (nBuB, theme componcnts are measured
41

with mas analvsers, citior nerindianlly or e mtinuously,

1

65. Purisdic annlysis 1o Ao with ohenicnl Cusunlly prtable) eas analysers
on the principle f ahs roti-n of Lhe vari sug compracnts O the pas mixturc

by apyrowrintc chonicnl roncente, Uher are aeeurntc within 0.05 ner cent,

but cince an wnlyois tokes 45 minutos, thee ore cencerally used Tor doublo-
cheekting: ~nd Ioborat vy nongurcmont. Fvocomtrnst, chromat.oyraphic ann vEors
will complele nn amalsis in tu 4 three minutes but are ~ccurate only within

me per cent.

66. The roqul-tion of the cupnls furnnce process nceording 9 the composition
of the cxhnast ~ascs calls for congtant determinntion - L their €O content,

and rore particularly -f their Cﬂ? cntent ns the mnin index to the nelting
process.  fileciricnl, magnetic nad mechanical ans analisers are used for this

purpose.,

67. Gloctriz ;s malrysers operate By oo omnaringe the thernnl conductivity

of furnnce grscs with that f -ip o hy measuring the ~mount of hont genernted
when n nmixture T iafloamnable ~sos s barnt in then,  The volunmetric eontent
of the compoment & ucht in Lhe suiple 1s detormined by measuring the change

in the temporatarc—donendont clostrienl roesistence of wires runnin, Shrough

the itastrunont,

68, Tlymetic s winlysors werk o1 bin rygnetio nropertics of gascs.  When

bhe gns is subicet ot b an urcqual mwmetie £10ld in Lheso wstruments, taermo-
magnetic convection of the ses flow passing through the instrunent (magnetio
fanning= wit) is got up.  Meointensity o this chenomenon depends on the

amount Af the eompoacnt g wht Lo bac s nixture and i mensured by the

chanse in the cleetrienl resist~ne. Sf - honting clement ¢ooled by the =as
: L Y o)

f1ow.

69. Mcchaiicnl gns -wnmnl¥sors merate hrooconparing the snecifice gravity Hf
tho gns wnder anlysis with that of air ot aniform temperature and humidity .
Optic-acoustic gas alvsers wre not very accuarate bui enable changes in the
fas8 composition to Le monitored continuously and can therefore be used to
advantage in astomati~ process ~ontrol. Gas temperatures are measured with

thermocouples.
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70. When necessary, the melted metal is tested for gus content. [ one of
the latest tests of this kind a metal sample ig re-melted in s special
vacuum resistonce furncce with o ibular hester and ron off. Thiv epcedsg
the process of oxtriction of the rages; whicih are anilysed in a £as chroma=-

tograph

71. When iron, stecl, uod other metals are meltcd in electric—-induction and
ar:> furnaces, the m.in fastor tected is the chemical composition of the metal,
The nain element. who, o contont i determined in stoel are Oy Mnoand 31, In
the casting of specicl allor gteols, however, ur Lo conform to Lhe technical
conditions of the prodeshien process or the roficencnts of tho tger, anal-
y8es8 may be carried 9.l to delermine the sonteni of ovher elements. The
methods and o.pripmont for ~hecking the chemical componition of steels are the

game auz Tor oust iroa.

T2. An automati~ controi apparatus Tor checking and correcting the composi-
tion of asteel has bocn developed recantly. T4 consiste of a quant.m rneter,

a decigion-takin- tomputer that determincs ihe necegsary anounl of corrective
additive and au electronie weighine device [t shortena by more thun one

half the process for obtaining steel of 4 ;riven composition,

73. When «1loys are Meltod, thelr physicol and mechanical rropertics, struc—

-

ture and certain bechnolowioe]l propertios murt also b cherked Although
the data are isaally determined nad iged after the meltin - and even the
casting have been comolelod, these chects ore neverthelenss essentialg and,
if there have beci exconsive deviations in ths Jaality of the metal, the

castings already made can he serappeld
> S 23

T4. VPhen the »hysicnl a1d mechinicr! sroperties of alloy melts are checked,
tests are asually made of 1he metal's herdnees, tengile strenrth, and bending
and impact resictanco Aczorcin. to the technical reqiirements for the
product, the strongeth, vield peint, relative elozatlon and relative contrac—

tion may also re determined at the gamo time as ths toenzile Strength

5. The hardness of - metal sample or part determiac tts zapazity to resist
forces ot its surfucc: it is 1 Peature both of ing metal'e mochanical pro-
pertics and of itg Jiructure, Tha testing of cagtings for herdness is there-
fore extremaly widsspread.  The hardness recorded depends on the method of
measurement. Hardroes valuse obtained by differcnt methods can be compared

by reference to tables aad empirical formulae,
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76 ‘the Brincll harducss figure for a casting is determined by pressing
into its surface a hardened steel ball under certain woll-defined conditions.
The figure is deducsd {rom the ratin of the appliad force "o the surface
arca »f the spherizal indontation  Hard matorialy ere tosted by pressing a

diamond con. into thelr coriase (the Ticksrs rothod)

77, The Rockwell motnod and inctrumens for hordness tosting are extremely
wick and casy to ase. but thoe acscuracy off this nethiod is not wvery high. Its
oI ' o L3 2
gpecial foabt re ig tho double looding: Lirel n livht proiiminary bhlow is
;o ) i J
delivered, then o {inal blow arder heavy loadiag Tho d:pth of the indeonta-
7 L] _J 13

tion igs meas ired with o special saure simdtanoowsly with Shoe Lmpact of the

N 5 B i

ball or con.:,

Phere arc also dynamic mothods of deternining hnardness, such as the
rocilient recoil method ased in the Shore apparatig This method, however,

does not give consistont readines

78. Tensile strongth (elongatlon), hendins and inmpact astrength tests are
carricd cut by well-knowvn michilaes on speoilal teast pleces standardized for

mochanical testine  Those are agually as-cast 2and anmachined

79. In practice thoe nced Tuite frequontly ~risca for data on the structure
of o metal and on other nroperties sich as ile {lowability, cocfficient of
linear contractinn, toadenny to formation of shrink hnles and tendency to
chilling. Opeciel tochnolosinonl tent pleces developed ‘or these tests are
usual Ly desigmod to brias out oo clearly oo nossiole the technological pro-
perty (indux) v the motal whish b s desired co detormine,

80. Tor cxcmple, in order Lo dotermine bhe rogeonse of 2 sast iron to
cnilling, wide ano ds noede of o stepped, wedee-chaped test picce whose
varying scotion gives soveral differens cocline conditiong in a single speo-
imen and malkows it possible to detormine within thie required limits of ac-

curacy the varistions in this property.

81. lctallorrophic analysiz o owsed in determining tho macro- and micro-

gtructurs of metal nnd alloys

85 Th.: macrostristure of & metal can be determined on a specially-prepared
specimen with the nuaied oye It indicates the [incness of the struoture of
the specimen, the prosonce of segremation, defeets due to shrinkaze and

gegrogation, the effect oif mas porosity vn the speecimen, and the prescnce




of slag inclusions and oxide scabs  The advant age of macrostructure xoniin:-

tion is that it rcveals both th. metallursical and the tecnaolioeical orisn

of a defect

83, In ordor to study the microstructure orf o specimen; 1t nmest b maenified
30-1500 times nder o metallosrephic microscops.  Txamination of th. misro-
structare mey rovoeal contsminstion of the motal with non-netallic inclusions,
the grain sizo, the doteils of the micro-grain coanstruction, and the numboer
and form of graphit. inclusions  lliecro-mnalysis is corried oui on specially
cut and polishoed specimens Mhe stractarcl components are fully =nolysad by
microsoopic cxami.iibion of o polishoed specimen ctencd with gpoeial zhomical
reagents  Fiechanicel and clectrolytic cquipmeat is voed for the volishing
of specimens. The results of mocro- and micro-structural analysis arc used

in compiling quality roporte on spccimons

IV,  THW PRUPARATION AND CHECKING OF »MOULD AND CORI VIXTURTS

84. If propcrly cowditioncd monld nad core mixt.ro comnonctits have boen
sclacted in the corrcet proportions, the ool iiy of the moulds or cores made

from them is decigivaly influchced oy the mothod of thowr proporation

85. Onc of the primary roquirements in the preparation of thesce mixturcs is
usc of cquipm:nt that ongures hish-madity mixine of the components. Jurther-
more, in view of the volumcs of the materials to be treated, the preparation
of thce mixturc must be hishly automated to achicve # zonsistent quality and

and high productivity

36. Paddle-tyne mixers, aurer-type mizers, roller mille snd high-spood
pendulum-type contrifiral roller mixers arc used for the prepuration of mould
and core mixtuircs in modern foundrics I'he last two arc the most widoely uscd

in mass produntion.

87 1In roller mills, mizing is dene by the slidine and rolling of rollers in
a circular trongh The gand prains are turnad and contod with o liquid
binder and the mixtur- is, so to spunk, ground down o spocd 2nd improve
the process, modern voller mills are made with roversl rollors moanted on
two, throe or four axcs Tastoned to 2 stronrthoncd centre post and arranged
at angles of 130°, 120° and 90°  Vanus aro fixed between thom to quide the

mixture from the centre to the periphery of the circuler irough.
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88 cContrifug 1 roller milis mix

m oan nxis o in the centre of the o

'
i

vertion! sxos cwed withozoiads v
the lnnor wells of e trouwh, wh

the workiny sarfce of oo woller,

different zpocas of movement ~od
relatinn to cuch sthor, the haso
This typo 9 mixor giv.oe »o0d nix

89. In order, newever, 2 jropar

i

quality, ‘o comvooonns ol the

loaded in o dofinat s rogucn
weight or by vol.me Volumctr

conditioncd materi 1o »ni conoisto

90. In modere m oso-prodintion To

nutomatic cyst.omg 1or properinug m

, [ . . . .
Lt r: naast o ourarstoldy nan

by the repid rotation of « rotor placed
irculsr trouch oad fitted vith rollors on
3 “he matde voeies throw tho mixtarce onto
;re throaeh friction ceoinst the walls ond
th. particl ¢ ot tno mixtare ar. riven
cr.ointeagavely dicoulnco 4 (rolled over) in
mings ovenly covored with the Yioalag liquid

1y and the bitiect productivity

tne roguired

SOPC cnd ot din® nlxes ol

ourcd ouat and

“hoocompon nts oos e measured cat gltaer by

mensuriar sqaipnent is profertble when using

nhopie ity
adrics, such as thos: of automobile

izturce are sed ia which the transport,

meagaring-oot, chorsingg mixlz wd dispenelng alts are all 1 otomatic

Chocking of tho parmmciers ol the

importance in thes: civcumstanceas

mi¥ duriag its proparation is of particular

3, =6 1t reducos the nrepapation time.

1

91. “hea automntie systoms are amploysd for the prencration of moalding

mixturcs, L muin voriablos sre
uscd (burnt) mixtur: I»nadcd into
Althouch 1t 18 trao Lane spocind
has rocontly como tata oo Yo 2o
neverthoeloss in Lo mjority of
loaded straisht into the mixinge

'

perature nnd hamidity o the mixt

92. As th. hapidity of the mouald
extant such vy ipvortaut proper
permcabllity, thoe uocd to chesk i
tion of tho hwmidity of the mixiaz

propertics of v mixbre within

93. Automatiic humidiey rosliavion would regquirc

recadings only ! th: noistare con
det:rminced Ly dirost, oloctrioal,

The most common of thosce procedar

1

ssunlly the Umneratars sad hamidizy of the
the mixers olon o with itnce other components.
adeipnaat suach ag o wvaporaticn cooling nits

t1lize the propertics 27 the ngsod mixture,

:

coces the beatopn-out ased mixtupe is still

quilpnent, coniag floctuastions 1n the tome

ape beinst oropored

it omixture determises to o considerable
ticn s its strongth, density, and ~as
t ig olunr tt *3 olso 2lenr thet rogulae

re coilid, 11 iIv Jore possihle, ko2p the

the dosired limits

tent of the miyt ro This parancter can be

rodioactive, therma. or chomicrl means.

eg iz the cleetrieal one, bascd usually on

an instrumont riving instant




the measurement of ~npaciimmoe. 7This method

dielectric constant of wator ig sonsiderauly

than the dielectric congtants of the other SOMPI N

method of checliing 'iwidity by me s.rin: the
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Fan
wibs

gatilicer et thnt the

(sev.ral tens of tines) zroater

ooy
oy

‘he
of th

of the mixture,
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mixture is aleo suce uouilly i Afthogh tho moenct oo L0 v 2 ovrtreal
resistonce is st ot d Yy othe omtonte o0 srthop Compon g of oo miviar.,

besidec water, the 1 lacns s of thess tntar?
¥

when the micture of congistont compositln

a7

94

in th: prod.
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V., THE PUEPARATION AND TESTIL.G OF FOUNDRY MOULDS AND CORES

Testing the pouiorn et oo tlng=ton sty el b 700 OOXLSH

95,  Wetore movr onoo . dter. . cop 1oy ¢ o rc otod o orepere moulds

and corov, toov et toa too o0 tpet tooar vty et dimenolons are

) +

corrent. heoo tocts oro mod ey o rvane out aritn boanpl teo o and gouges, pro-
jeeting the contoure of petsoeme op cor lonoo, copd ugsing spocial measuring
instrumonts, inciuding toolmrk o' microsconcs. oot nre slsc mode of the
accurrcy of the leention of tie p-tiorn o 1 bose ond the clernness of

finiech of the surfacos of tne p-ticre nd cor. boxed.

99. After thir, the now pattorns nd core boves shet have presed thie first
stage of toeting »ro uced to produce the moulds ~nd coros that nrc assembled
and uscd for cacting.  he dimensione of the cnotings obtrined are checked

Ly mrrking out, plucing then 1ir cpeclni measuring devices and so forthj; the

reculte cnnble one 1o decide whotiicr the patternt nnd corc boxes are satis-

factory.

100. Thc othur clements of the cnsting cquipment, such c8 the flasks,
pattern bascs, pins -nd bushes =r¢ tested, particularly with respect to the
quality ~nd -ccuraey of devieloped surfaces cuch as pattern bzsce and the fit
of flaeks.

101. Ae tho various lements of the couipment are suibject to wear in use,
periodic toots of their shepe wnd dimensions must boe made.  laximum opore
ating lives wro oestrtlished for pettirne, sngiing boxer nd other cquipment,

after which they »ro o ither compictoly overhmuiod or ocrpped.

102, Incrcrcingly wide oot W reeentily oeorn med. of oo, iron, including
high-stircnsth cast iron cont .lains opheroid. ! #r-ophilie, for the manufrcture
of pottirne und core boxoy for tin mooy production of custings. IEquipment
mrde out of thir metericol iy vevers) tamee - strong oo thet made of
aluminium, -nd conscquently 1t keepr the requrred dimencions conesiderebly

1onge r.

Mould -~nd corc production proceirci

103, Viriow notnods of prodiacing moulds and cores arc used in modern
foundrice, vut tro mert wid vpreod melhods are jolting ~nd pressing, or
stroight-forw . m preceing, for the production of moulds, nd sand blasting

for the production of cores.
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104. The procusses used for thy mnufrcture of moulasg nnd coroa Lnve o

EY

significant ~nd sometimes - docisive :ffoct o thoir quolite. To ont in
cestines of wood Tonlity, 1t le cssentiedl Lo cttraa coasistoacy ond stooile
ity ia the dorroo ~od cotar ol the vomnine of mo dds —ad coroe Mo done
ity of the moulas 1o the mosy ol hive o g arcaly the moet oo ndly

bascd 1ndox of thoir qarlity, ~5 it dotopenisLs thoar Siroavti, 2o parmo=

ability, end othor phvsicnl -nad ~ochunactl proverl.e

165 Tho aothod thot cost ~onrel y o5 bioTiae 1o poguiroments far high

and consisteat doocity throochnit Tho o4 o th ronbined rammias-jolting
proc2sc with simdboncows or subscount proscin: with ¢ sbhep o d or qelti-
plunger pressure hoeod To ovtoin net onty o osood hut c a0 a monaiatont

+

quality of moald, ¢ .o mast be togon in the roming prociss (o0 roguls bt the
sizc of th. portion of nixturce londed into the would, th numbor -nd powar
of the blous of the jolting t-oblo, and the smoant and noture of thoe prossurs
applicd  This 1o hoet ceoniloved on nutonstio moaldias machincs Por the
preparation of moulds ror ~rstinss of mod.rotc hoight and ancomplicatad
configuration, the bost ecrnming Jff et ig obt-innd by o sinzle pressing
retion  Ia thic ~nse, eircasht-forward pr.cscs re ased, nnd the automoe
tion of th. process 13 sumpoifiod
106 The moui moders ond ni-nly sorfectusd process v proparing cores is to
harden them in oxes Thermoro orive op other boncing restas that horden
whon hected or cven 2f ordiacry torpoersturse are uged for this parposc
Mixturcs contzininy thon rre load i nnd pocsed 1afo cor. boxes by sond-
ot

blastiagz mechines  {tor ooing hardoncd in the bozes, oros unde hoac

mixturcs assune thelr Toacl dinonsvongy -aG, booraee of tasir high strength

in the hepdened state, thay do not cheyr. thes. diacacions duriag trongport
and ngsenbly

107. Whon prenarcd woo saaa 2ores et be tronsportod {or deying, 1t as
esgentinl to prot .ot them from ithe “ffuct of shoiig, Jjorts, <tc. Bochuse
of the low ctronzth or *h nixtwre 1n the wet gine , these shooks micht

lend to “aotrliae™ o0 th ures ood eoncLTuchtly Lo chaneos in their shape.

Choclein.: the omtioy o o lug onldl urp

108, Costine o Yda (00 o Lie) r. wsuclly chocked eftor manafncturc by
visunl fuspiotion sud o fosnoction of Yht denesneas (hordngess) of thoeir

working srfocce.  In the visunl inspaction, attontion is poid to thoe state
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of the curface »f tne mould and the presence of cexteornal defiets sucn os
cruivling, ermcks or dewanr: The donsencss is testod indirectly by moasur-
ing the surfree nardancss of the maadd w1t o gpoelal herdisgs-monsaring
inctrunent Thooo o of soverol siads, ot fao prinzirle ol oporation is
th gsam: for 211 o Lhoom 0 ospraine=ionacd nell or cooo held o rivoa dig-
tance apove th. wor>ing onrlws of tho uonld iz vrozood fato the surface
Ttg hardnoss o r»ol tod o vhe cletan.o o which Ll ball pencurit:s This
digtonz g trensmitosd <nrnc-h o oygtom o0 lorers to 0 palatir moeving over

aosenrle wounliy crad oot od et 100 untle o Rorda oz

109 wWhea 1t e nocogoory, 1or resenrch parposes or whon developing teshe-
nolosinnal processen, o devermias the densoncee ot dafforoat points in the
mould, voriou: sempllin: devises sucn g dreills o Liles are used, Uy ncans

noint 1 the

i

el oTLbare aul B POIOVod Sron 2 Tiveon

e

of which . sot ~ynors
mould. Iy enrofl woigching of tio sumple 1t 1a poszible to dotermine the

dengencse of the noadd »t thie point.  After dryiug or haracningz, th: cores
are iaspected ond thoir chope nad dimcasions choecied on spoecizl test oquip-

mont

VYI. THT IEAT TOUANITHT O SASTILGS Jul ITS JHDCKING

110, Iron and st .1 cos'ings asr o suljozted Lo allferot forms of heat

trontuont {or vori s o rpos e

111, Iren ceetinegs moy oo cnnoniod 9 rowove ar reduc: stressss, ~nnonled
renove or incroasc hordacss oy distribution or sclution of graphite, hardencd
and temperad to inerorec herducos or improve tholr siructural basis, or

graphitizcd

112, Tontinuwg=vporstioe Lonel furawes ana lovator-typs clo2tric furnaces
arv usad for tho gropmate--ancaling of molloabl . iron ecnstings. Ta olevator
furnac s, which »r o omoech ased in the sotomobiice industry, anncaling ~an be

carricd oul without o spocicl protestive stmosphor.

113, In cormtiuwnouns urmee o, oustings are protocted teow int nsive. oxida-
tion ~ad dicarbonization by toin s gpecinlly » oo .d in sand in hont-rosistont
boxen, which ~ro then sontod with olay Tn more woacr: continuoue furnaces,
nancaling is corricd out in o snocinl protoctive atmosphore, and heat is

supplicd by sas-heated radicting tubos.




114, 8irncce ot the high temperaturcs nacessary for grephito-anncaliag, castings
often loso thoir shape ~nd dim: nsions, those nre corrccted in proszos with

spceial dies

115. The qunlity of aancilea coctiass is shoeiod by cxonining their nacro-

structury, thoir moohonics oropervics, awnd tholr mizrostrict ury Tor
cxamination of mucrostrcturs, cactings ore provid.d ith Lu*s, vhich arc
knocked of'f after anncaling so that » visual analysis can boe mnde -4 the e
poiat of brenkase [ ordcr o d:tormnin o todlr nozhonionld propertics, spo-

i ~ '

cimens oro oost cnd cnactled rotors Lot

116. Hent trectacnt is one of th o soontiol operations in th: produstion of
profiled steel crstinzge.  fac most widoly used forts of hoat trostmont of
stocl castings ~r: -~ancaling ond aorattizin s T abjest of rnnonling is to
cffect recrystnllization, rodic. the opain g1ze, inprove the neehanicnd
propertics ~nd remove residusl strogoes doraalizings vorves the gam par-
poscs wiacn the reqaired cffect connot b sntrined by ane Jdinge. Yhon it o is
necessary to ~zhicve particularly good machraicnl propertics, heat trootmeont

congistinz of h=rdcnin: rnd temporin: is ased

117. Alloy stocls nre civen coseinl hent troctpont ‘pendine o their come-
Y ) ,
osition. Thu qunlity Of honl=treatoe atool cratings is chocked hy meshanie
& ;

cal tests -nd actallosrophis ~nnlysis.

118, In the hont=troatnont pi teat, the vapilobles teosted ~re the temporatuarc
in the various zcnun of the workiag aror and the composition of the w.g

medium with which “hovy ore fil1.d In modorn hoeet tre-tmont plonto. the
o i

¥
temperatare is controll.d iy thormo-noupl a3 soans bed 5o - rontinuouely
opurating automatic rpprretis, thot ant only Cixes et ~ls reeddatos the

temperatur. vithin ~iven linits

119. The regquisite »tinsphore i oretoed Lo the vorzia~ ~ro- of bhe AL
ment bty supplying = gas mixturc of the roquisit. composition ir the neocssary
quantitics o avoid devietiog »f th. conposising of the & oren-co “tmoapher:
ontgide the limits dizotd by *h tesnnolosioe-d sroc.sn, the tmogphero is
continuoucly tusted, porticainrly by “dow-pointt tests; wien @ 2hraze nccurs
in tho composition of the ~tmosphoere, tas oontrol apparatas aetantes the
mechanism regulatin: the supply of the zas mixt . rc The composition of

ISR

hardening medin is nlso periodically tust.d




120. “hoo ths hoanat trentmont of cnstiass is corried st in stoges involving

difforent ‘omporaturcs, longths of time nnd speeds of heating or cooling,
these paranctors must be chosid and regdetad ith pariic cular care. This

1 4

, whegkine OF the hoot tr tnont of cnstings produced by

nlao appii.e to 4

diff:ront mothods

ey - ey - FNTTITY b T S PTT 7T VA QOT T LT e
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121, The quality of firionca orsSioms omn b ohooted elther by 2Xamining
each casting or vy spol westins  Wae pronoritics and gqoslitics tested depond
on the purposc to whilh the caetines oro b0 o put sl bhe corr.spondirg

: -+ . P o Lo s, : P R a4 ey \ 7o
tochnicnl condilions; 't the 10317 tosts nre Jor chenienl composition,

&

ﬂJ

hardnoss ~nd sbrotar:, soundnes:. (includins tosting for suriuce croek ), air-
tishtness, ~oomstricsl dincnsions, wd zlenancss of surfacs.  In ecrtaln
cngco, whon necessary, sopetinons ars out off from the sody of » costing, or

from spocinl Lz cast or i, for nechrmical testlng,

122. The simplost and most ugial aethod of chacking castings for surfacc
defocts, dovintione in on2tre (jufurm?tiOﬂ) -nd cleanncss of the surface
ic by vis ol taspootion,  llowever, 1t is aot umoolly pessible oy sush
ingpection to vorify ihet the quelity of the soatiag gotieficos ~11 the tost

4 P

requlrenants. Lo thorofor. nococoory bo orogort to tho toeting nmcthods
and instmatonts whos o finctioas crd princinlos wre deseribod bolow. Hoethods
i of dotermining b chomical conpositioa, hardness nad structure of components

hova b oon doseribod ~hove

124 Inerersianzly dide woo o3 roeoutly boon wode »f non-dostractive nethods
nt tosting the v ordaose wnd structurs of castings by reguotic cacrlysis  This
S tchniqio i3 baged o the depeadone. of the megmotic propertice of metals
‘. md 21loys apon ticdie ob apienl eomnesition cud ctructars, ~nd noy bl oearrid
out in o froctioa of aoemd. The ma=iotic wolyser hoes mametizingg coils
gupplicd with ~ltorentin: >urrent of odjagtoble strensth, and noersuring
soils conneeted up to deder. the iadac:d volt-me. [ standard coieinen with
the requirot struactur - in »lasad in oue ¢dil ond the test plece in the other.

The cleetrizal qalibriw: of the grstom thon depends apon the enrrospondence

SR —

the stractare o0 the tost castine with thoet >f tha structurce »f the

standord svscimen,

' 124, In curtain ecnges asuch oquinment is Tittoed witlh o cuathode-ray tube by

nmeans of which the power gencratod in the socond coil can be displayed in the
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form of ~ ginuscidel ourve, {rom the dinenzions :f which tho hordnese can
be determinad.

125. Ty using cquipront opernting on the ~bove priaciplc tor the mognotic
analyesis of tho structure of coctings, 1t is rocsiile to tost overy onsting
mode from forrite vnd perlit s ncllochloe iron nish-stronsth forrite iron.
(Ceatings —ontcinins 1 U° 2 npor cont oomentite, 17 mep cunt or e porlite

or 10 por coat or more of met I contrining floke vkt oro soroppad).
126 Pigion ringe nre toetod on angootic-Ladulos siracture-tostins mstruaents.

127. Becnusc of che over-increcosinge denond for srantor reli-bioity of cost-

+

ings, particular ationtisn ic ivon Lo testins Jor datoracl doloeet

0

I S
testing of soundnoss.  Such inspection eca oo cnrricd out by visuaal or
nieposcepis ax~minntion of o costing aftir 1t hog boon o open for this
purpos.:, bat this procodurc ie lime-comswungs rud can bo oaszd saly for spot
checks In nodern {onwdry procticce - perticulerly vhon overy custing nust
be tosted - this mothod hos been renlaced by i=riy, tltrasonic, mmmeotic or
fluorcscont tosting 211 those »r. non-dectrictive motnods nd cnn be agad
if nacessary to tost onoontire baich of castinse They give fully reliable
results ~nd supply dota on the site, a~turc, -=nd dimengions »f intoerncl

defoectis.

128. Radiun, thoriun, -nd ncsothorium ore uscd s radiorctive sources in this
type of tousting, Qndium calts ars placed in gilver cnpsule, which is theon
placed in an ~lumini i shell; mesothorium snlis nre plac:d in o rlnass capsule,
which is pleced ia tarn in - bross tube  The onsting is placod betucen the
radionactiv: sourc. :nd . photo -r:phic filu in s cn a way that an image is

projccted oty the filn

129, Ultr-somic t az1ar ~n rovosl inteeel dolcecte rore then one actre from
the surface of + sroting, so thot theorctinclly it eun b used for castinms
of nll thickn.ss 5 nad dimcnsions. [t 13 bes.d ossontinlly on the bohoviour
in the toestpice: of wltengonic vibrations g0t op by - pilozoguartz disc.

Thes: vibrations ~ro traasnitt.d to the tost piece through a medium such as
wotor, oi1l, or vos.lin. I thore are nny dofonte (ho o orooas pwiuts),
the ultrosonic vibrations pe p £ ctod L the iat rfoes ot the two difforent
media.  Th. rofloct.d impuls.s ~ot a0 recoivias quertz disc, soiting up in
it cleetricnl signuls, which ~re nrplifi.d cnd ©.d ts ~ enthode-roy oseillo-

graph Hn th. scre.n of whizh thoy {orm p.ris The instrumonts used in
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ultragmic tucting (ultrasonic nicraseopes, altrogonic impules tostors) aro

thus bhas.d on p.n_trotion by ultrosonic woves and thelr refloction.

130 The mrmmotie nothod vill dot ot cracks o0 iy sia. Mrenctic powder
is scottiored omosoowmern stind cesting wd maiort s oall dofects, Yicouse its
particl:e ‘ro drown 10 by tro non=nomoronoae ooometic Jilld ozt ovpo1a the

arce of the d.f.ot. The movhod d:veets suwrfre. cracks ia cagtings and nlso

internal Jdofooto situsted down 4o 1o e bolow the carf.

131, The fluuroacenl motnod dobtoets gorfoer oo tn nd detests om onstings
of nonenogm o tic lboys s2h o3 oot niti oot o tron 0 fhoorcsceont limid
ig appli.d * tho curfnee of the Lozt plece and then washed off, The liquid
thet romeiv At pointe wiero thore or. orcces e acfoets roveosdls thon by
glovwing when the sarfrel of th oretine ig illuamin-tod with ltra-vitlet

roys

132 Bocnuse of the rolotively uigh eost of th: cgaipment, thoese nothods >f
non-d:gtructive tousting ~r. nastly us:d for perf ctiag tochnological pro-
cesges, for poriodic (or spot) tusting of eostines, or for tosting a whole

batch »f prrticul-rly innortint costiars.

133 Hermoticaty of engiiage is wzuslly tost.d hydroulicnlly  This type of
test is mode oo ernotines thot are to work under prossure, sdch 2s pump bodius,

hydraulic ampliifiore, =nd cneiln w-ber jock e

134. There are fwo rcdn btypes of hedeeilis tocte. In one of thom, all opone
¢ () ¥

ings in thoe 2noting are serled, -ad it is filled witk vetor under prossurc.

-

In the othor, the eostiar 1s s ~1od ~nd sabnercsed in water, and comprogsed
4 . 5 1

alr i1¢ paupoed into it Tigunl indization of nny Laek of sir-tishtness in
the body of the s eting i riven Ly weter licks in the firet typoe of tust and

strouis of babbios in the sooond

135 The dimonsions of castings are tested by laying out and using ordinary
fittors! 1nustrimoate oo o Ly out block, or with toeot instrunents of various
desi mg, ase-1ly constrocted spotinlly for osh portisilor type of ~nsting,
~ method worthy of atiention is that in which trancparent tcemplntes with

th mablincs 0 0 oo o0 croso=coction of i eoptine merkod on thon ~re
placed mothe some et s taroush the boady ot too onsting Ly this
mothod tho soom try or connlic ol castings, saoh o8 engine cylinder blocks,
ond particularly of theiv intornal covitieg, coa be tusted oxtrencly quickly

cnd with sufficicnt accuracy
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136 Dim.nsions ar. usu~lly tested only periodicelly (i.e. spote—chuok.od).
Only in sp:cinl cnsces, whers thers ore oextroaely otrict requirvancats for
tho accurncy HF th. ;jpeonctrienl dincasisas F cooeinrz, 1o oo whole batch of
castings t.stod in thic uny Notuenlly, wheo ~ll ~netiame nre tu ve tostod
the lest of the m.othods deescribod nbove, being - dostructive mothod, is net

feasible

NI T ‘AR N<Jieh SREEE ALTT, AT AT NI ING
VIII .xLJC‘VT Lia\s ] r)l Vaiand b 75 1;\JL 1[2;.031;.; A .Lv}. oae L. lp

137. The accuracy »f erstings roesults from - larz. aumb.r of comstonts and
varinbles in tn tostbaodocinsl procoss of crodecing thon Tt is influcnced
by the dinasioncl acourety with wnich ths prit.ing have boun mde, the
aceurncy of thoir mouatine m the pritern bas , ol nenurnoy with which tho
prttorn is mountod rolitive to the ping; thoe ~courncy with whien the pins
and the opertures in the Flask sock.its hawve bo.a nnchin.d, the ~ccurtcy af
the matsching ping, whe rccuracy =nd design f the working surfrce >f th
mould and core, th. stroasth of thelr asscmoly, Vhe deforantioa of the mould
and coru by stutic, Jynamic ~nd thormel (ffists of the molton mutal,
shrinkage of the mot~l, 7nd o nuwnber of other Motors st of these in=-
fluonc. coch other, ond the caleulntion of their rosilting inturaction is

therofor: very complicntod

1360, Dimensionnl cnlrulstions of eretings ~re bascd 2n erloulations »f the
dimensionnl oloment systems of the casting mould, the componcnis of whioh
include dim.nsisng -~nd Hieir deviotions actormined by foctors in the orsting
process itoolf. v thos, oolrilations 1% L5 poscible t0 actormin. the
prohable nceurncy of o enctiny in the lirht o7 the vario o dovintiong dus

to the .lements of the bechnniaglsel procoss ~ad to solve the convers. probe-
len Af distributing peralssible innecuriaciee 2ver b, veriodas technolosicnl
stagos or olomoents, Do givon toloronces ia the irwnsions of the cnhsting
and for A given mothod »f assombly of the cnsting niowlds

139, Dimonsionnl orlenlations can be ande only 10 the nejority ot the bagic
J

v

technnlocicnl frotors cavsins devistions ar. insestisotoed nd their ra2le in
the mechonisme sovernings sheages in the rotud dimengioas of th.. crstiag or
othur dutormining parrnctors 1s estadlishod cxperimentally  This enn de
donc by cxperimontnl ond stotictical investiontinon of the limita Hf voario~
tion of the basic tochnolosicnl factors and th.ir influsnce on thoe dimen-

sional deviations of the olemonts of the cnsting mould ~nd th: casting.




D/ s/
Pﬂ,({x; 8

140. 2 wids ronge o1 motoerinl sa th. nature ~nd nognitoede HF the offoct of
various faotsres in chragine the dimenagiong of crotings hag alrendy beon
weunal~ted Lo unarey booianly o Prom this wetorin] and the aXperionca

A Andiviaisl Foobanlo s it g poosinloey with - v li=derin. d dogree of pos-
sibl. rror, t oot ont Ainoarionol oG .. whitslozienl porneaters 58 the
crsting process thot cn-ol o tu orurasy of eceting to b brought withiv the

requircd limits . Prevlos o ook omd U bilizines to. varions prrencters

in srgting dperation: rre diseussod in DICe UL ctiong of this prpor
DO DL S0l TE0Te G ALTTY Ol OF GLuil 08

141 Onc of the most veiiecd m thods of chiovin e o high quality of foundry
production is gtatist. | Qoiity coatell rac rogulc Lion Ms main objuct
is Lo roeduce gorappi -, corrnrdines b sy 11end Wity oven the lurgest nde
ditionnl cxponditar. o o etobiagtio 1 qunliiy coairsl mpe offset mony timos

over by saving on soxupped cuclingu,

142 Stotistic) qu-lity comtro]l is corri.d oul by taree mothods:  rapid
acqulsition o infornntion op the seeurrence 9L gerappinges or the cruscs for

N

1t, ~pprorches 49 the aperotor ¢ induce hir Lo eorry oul his duti.s mors

,_‘

cFficiently, and awnl-roix the renzong for ser-pping

143 The sinpl ot -0 oL Sffoietiy of Lhos: "ieoo mothoas af rogulating
qunlity is th.e first. theeldng nust Lo enarricd aut ~t ~11 stuazus of the
production prov.ss boecaane o) the STent o varl b of whys of rcporting the
recsong for seronpine, -ad f bhe Longth »of iinc thuy tnoke. A miven prra-
meter muot b ochueltsd cr o goon A Lho operotion b the prodaction proc.cs
that dotermines 06 1e smnl o4 od ‘ten the debe romt ho pronptiy tronsiceored
to nocontrol eord, cod Ui voerongible purson mast be wotificd o that he

can remove Lhe reasa far the surapning,

144 . "hen this rothod ie uged ta control the praduetion of cnatingys, stotis-
ticnl data procongi baos deer nof olay - very grect role, as the mnin factors
are the orgenizationm o1 the checking snd notifiction. Neverthelo 83, prompt
wnd gystenetico o omancbion of s contrl enyd rnd preparation H¢ roports on

the seroppine wr o of wvoay, mpertans oy csoin o sroct mony cascs thiy cre an

indispme-bl. foovor in tho worly rzoverine of o onow caugo Af acrapping and

the determinotion @ romevel of both substantive ~nd fortuitous chonz:g in )

the lovel of quality




145. The method of toperator stimulotion® consiste of tne caecking of indi-

vidual workers., Itg object in o eliminste cvesion of responcibility and
determinc the peorson ectundly vosponsiLie for the SCTepDlri. By the otatine
tical mcthod = workor's cy-oution of v operation can ba o oohited in the
light, not of separ-t. and ofic., quite traasitory ~rd secldental M-
breaking nnd ir-.ccurst. wortt, bub ol 11 tho m terinl inciesting his quo ity
and skill, The conclusior: tnu. reached e objective nnd beyond dispute
for workcr and monugement o1ike.,

~

146, St-tintic analysis of tho cousces of gerapping oo detect uncucrpeeted
technologicni » vion s for serapping tac coparate the systomoatic tfror the
forfuitous reascns,  nen nscosin 2¥, stotioticn, anlysis e applicd not to
the finiched product vt to o perticuior prramcter of tac technological
process. Approprinte control e-1rds are complcted and processcd for thi
purposc.

147. Thus a:1 the threc roregoing metheds ot strtistic. | regulation of
casting quality cen reveal the crusos of SCropping and onnble orsanizational
and technicnl measurce for their ~bolition to Lo devisod,  ‘The most important

tool in this statisticnl quility copiirtion iv the control coari.

Xe  COTCLUSIONS A D RECOMMEEDATTOND

148. On thc besis of thi: sludy e Tollowing conclusions miy be stateds

(a) High nusti mE quailty s owsteined primoeily by desctoping the most
suitable tochnologice! proceue rnd selesticg wpproprinte modoern
equipment nd matoriele rov craryine Lboont.

(b) To ensurc the roquisits qeality a° aubonebi Lo SSLARFLES A ¥ ¢
essentinl to curry cut Lovte not enly - snd indecd not g6 much -
on the finiched castivg o ~n the metorials nd the oper-tions
of the vroductior. vrocosrs,

(c) It 15 vxtremely imports %o eutablish the permiscible limite for
fluctustions of the ¢uting precess ot #01 stoges, and also to
take tho necoosary monsires o give the casting nrocess the re-
quisite eirbility,

(d) All princiyal aad ovxilliary operations and materiils must be
continuounrly chceckaod,

(e) requency of teoting ie dotermined by tre actusl production non-
ditionn, the vtrbility of quuiity of the msterialis, the reliability
of thc equipment ured in a given catting opuration, nnd alco by
the quality vequirements the product must eatisofy,
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(£) ‘“hen Sriecting mothod o o Cuipeent for Loeling cesting metoris
and oper=tions, 1. ahdo! roguiromont s thoir onpacity 1o gunrantoc
Lorven froquoney,  ccureny, v @ ood of teot aperatiang.  Jeonomis
sonaidoratiorne woot - oG 0 Lo o sand,

i

(g) O of e mort 40 ct o e S cpvdnt aLlgho a1t in the

eeo proquctblon ol Sl 1 coaLg ooy Fwoliuy contror ocna
Temis 0L Pt Y ra Aronomionlon off lnoorntion uout serapping,
on workor v lon, v on ol of e L oGt SOPTTL I

(b) Irovbo vl 04 b s ot o g dlonte foroth proauc-

B

Lion ol ~utomolil. ~ouiin o Lo L LAV treann Lo work oat cyetens
Lhoor merticn tons uanr o at ot sroco oo of TiaL 1ty control,

tor fu L
mciuwdinr “hceking S e cperctior of Lag Cpuspment snd the prescnce

of moteriils, it 2oer tive troacuicoion ond resembly of the infor-
mation ot oo coentrd cortrol voint.









