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L. Gorny, J. Marcinkowski 

MANUFAC'f~ A!'4JJ UUAl..IT! ~TINA'rlON 01'' CASr 

SP.ARB PARTS 

Summary 

Among the metal-made parts of machines and equipment, 

cast elements are very 0ften exposed to overloading under the 

existing operating conditions. The parts, which get worn more 

quickly than the otner elements, are called spare parts. 

Castings are characterized by numerous advantages which 

result, among others, also from a varied range of the applied 

metals alloys and an easy formation of a given part in tne cast-

ing process, compared to f .ex. plastic working or machining. 

This is the main reason why even the spare parts, usually made 

oy forging, press moulding or rolling, are quite often replaced 

.by castings. 

z. G6rny, Prof .Dr Eng. General Manager of the ¥oundry Research 

Institute in Cracow, Poland 

J. Marcinkowski, Dr Eng. Manager of the Pilot Plant of the 

Foandry Research Institute, Cracow, Poland. 
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fhese advantageous conditions are created, on one hand, 

uy a knowledge of tne duties under whicn a given· spare part is 

working, and on tne other uy the properties of ~ casting which 

result from the type of material used and the casting processes 

applied. 

The main step in the procedure of making a cast spare part 

is its idP.r£tification, i.e. determinati.on of the i:;asting material 

and of the casting process. If a relevant technical documentation 

contairdng these data is not available, it becomes necessary to 

take a decision basing on the collected examples of the already 

checked applications of the castings working under the descrioed 

operating conditions. 

This paper presents a r.:lassification of the cast spare parts, 

dividing these castings in respect to the operating conditions 

and the correspondin5 properties. 

furtner, some methods of estimating tne quality of castings 

were discussed, and ~umerous cost indices were given which may o, 
useful for those who will have to take decisions regarding the 

production of cast spare parts. 

Tne last chapter of this paper relates various casting 

processes particvlarly suitable for the production of such cast­

ings. A detailed description of the eight castings, di.ffering 

in respect to the imposed requirements and the materials and 

processes applied, provides a set of the information indispensa­

ble for those who would like to use this technology in order to 

obtain the cast spare parts. 

" 
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1. Introduction 

Castings used as spare parts in the repairs are generally 

included into a special group of the parts of machines and 

eguipment which loose their utilization properties or get damaged 

much earlier than the remaining elements. In most cases these are: 

- parts exposed to friction, abrasion and - as a consequence -

rapid wear, 

- parts exposed to the effect of aggresive ct1emical compounds 

/liquid, gaseous or even solid matters/, 

- high-duty parts, damaged as a result of rugged or extra-rugged 

operating conditions, 

- parts damaged as a result of the oreak-down. 

Sometimes, the service manuals of the machines and equipment 

include a list of the, so called, "parts exposed ,to a quick wear", 

which form this basic group of spare parts. 

In most cases spare parts are cast elements, in most cases 

subjected to machining, If it is difficult to reproduce the snape 

of the non-cast eleiLents /f .ex. forgings, stampings, wire rods, 

etc./, cast elements may be used as a Sl~Ostitute, since they dre 

much easier to manufacture than parts produced in the proce~s of 

plastic working. This type of substitution may ~esult sometimes 

in only partial reproduction of the utilization properties, but 

at least it enables the machine to start working again. fher~fore 

casting of spare parts is of a greater practical use than it might 

result from the effectively used number of the cast elements. 

The easiest solution is t0 purchase the spare parts from 

their manufacturers, directly or indirectly through the supi;lier 

of a given machine or equipment. If this is imf,ossible due to 
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various reasons /no production, considerable distance, lack of 

money, practical restrictions, etc./, it becomes necessary to 

start the proces~ of manufactu-ing these parts, which in most 

cases is not a profitable operation. 

The way in which the spare parts are cast is determined 

by the number of the castings required. Usually these a-e piece 

castings or castings made in s1&all-lot production /several or 

a dozen pieces/, and therefore the technological processe~ used 

for their ma?.1ufacture hc:.ve to be selected rationally, while the 

degree of mechanization is rather low. In most cases these ele­

ments are cast into sand moulds, sometimes with chills, or into 

simple .hand-operated dies, wherever a higher rate of solidifica­

tior. as well as an appropriate structure and properties are 

required. 

The main task in the pr~paration of cast spare parts is to 

identify them, i.e .. to :J.eter~mine t.he material /casting alloy/ 

1n which a given part has been made and a method of its manu­

facture /i.e. casting and finishing/. In the case of mating parts 

it is also important to know: the shape and dimensions of a given 

part, its dimensional accuracy/the admissible dimensional 

deviations/ and the ~dmissible surface roughnPss /in parts cast 

and possibly also machined/. In most cases the technical documen­

tations include this information, f1:.ll or partial, the relevant 

data can be taken from the supplier. The information usually 

states the type of alloy and the heat tr·eatment., if applicable; 

the data on tbe casting method are rarely given /f .ex. ir1to 

sand moulds, dies, under pressure, etc./. 

Depending on the information available, the data should be 

made complete, either fully or in part, to start the operations 

... 

• 
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connected with the manufacture of a casting. This procedure, 

aiming at a sel£ction of the cast material and casting process, 

consists in determining: chemical composit.ion /to iJ.entify the 

material/, micro~tructure and hardness /to evaluate the c0.1dition 

in which the casting is to oe used, f .ex. used in the as - Cdst 

state or after a heat treatment/, external surface /an evaluation 

of the casting proces~ and of the surface ro~~hness/ and the li~e 

ones; usually app ... ·opriate CQntrol and measurir~ devices are 

necessary here .. 

When the typ~ ~f the casting alloy is considered, and it is 

imposs-t.1'le to find an identical one, the most important factor 

is to provide an appropriate substitute, an'i this i.s an additional 

vital problem in the process of making cast spar~ parts. 

When it is impossible to use a documentationr when an in-

formation aoout the required alloy is not available and the proce­

dure e;}abling an identif icatio& of the material cannot be carried 

out, the decision which type of the alloy is to be cbosen and 

which castine process is to be applied should be cased on the 
the 

a~tual data stating~onditions under which a given part is operat-

ing in the whole machine /'l!ear rate, chemical agents, hig:i duty, 

etc./, and nc~t t!':~ alloys assigned. for these or similax· service 

conditions shoulJ be used. 

~inally, the range of the casting materials is to be defined. 

These will be all casting alloy, i.e. grey cast iron with flaKe, 

spheroidal and vermicular graphite, white cast iron, whiteheart 

and blackhea1~ pearlitic malleable cast iron, carbon and alloy 

cast ste•l, nickel and cobalt auperalloya and non-ferrous metals 

alloys, disregardir.g the alloys of noLle metals /platinum, gold 
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and silver/ and the alloys which are not used for castings /f .ex. 

soft solders/. 

In order to sistematize the constituents of the casting 

alloys /and not only of these alloys/ we can divide them into 

the following groups: 

1. base elements, i.e. those present in large amounts in an alloy 

and determining its affiliation to a gi"en group, 

2. auxiliary elemtnts, i.e. included into the composition of an 

alloy /alloying el~ments, admixtures/. 

Tal.Jle 1.1. shows the periodic classification of the 

elements and merks tne base meta~s /rectangles/ and auxiliary 

metals /circles/. 

The base metals include: 

Fe, 1\ii, Co, Cu, Al, Mg, Ln, ~n, Pb, Cd, Bi, Ti, Mo, M."l, Hg. 

fhe auxiliary metals, i.e. those which can oe included into 

t~e composition of an alley but do not .form seperate groups, 

include: C, Si, P, S, Cr, V, W, Sb, Nb, B, Zr, Ta, Hf, Re, N, 

i, As, Ag, !:le, Te, Ca, Na, Ba, K, Li, Sr, In. There are also rare 

earth metals i.e. lanthanides, including scandium /Sc/, and 

thorium /'fh/. 

Of course, there are many bas2 metals which can simultane-

ously play the role of the auxiliary ones, and hence we have f .ex. 

aluminium-eopper alloys in which the base constituent /metaJ./ is 

aluminium and the auxiliary one is copper; but a reverse situa.tion 

is also pos&ible, i.e. copper-aluminium alloys. 

• 
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2. Classification of casting materials 

.tUnong the various properties of castings, required for the 

diff2rent c~nditions of tneir operation, the most popular ones 

inc:ude the, so called, "oasic Mecnanical properties" and tne 

metallographic structure, i.e. an area of the casting or of its 

part, prepared in an appropriate way for the observations under 

a microscope. The aoove mentioned mechanical properties include: 

t~nsile strength Rm, yield strengthJf.ex. Ro,2. /i.e. the strength 

at a plastic strain of 0,2fo~ and elongation A. These properties 

are determined on the test pieces of an appropriate shape, cast 

separately, together with the casting>or cut out from the cast­

ing. The basic mechanical properties ~aditionally include hardness, 

measured according to the depth of an identation of the oall, cone 

or pyramid on an appropriately prepared surface of the test piece, 

or even directly on the casting /.brinell, Rockwell or Vickers tests/, 

Of course, tne classification of casting materials can al3o 

be based on the chemical composition of an alloy, i.e. on the 

content of the base constituent, of the alloying elements/introdu­

ced into the alloy ~n purpose/ and admixtures /impurities/. 

Fc'.:'Inlsalloys, i.e. the alloys in which the base element is 

iron, are divided into those whicn contain carbon as an essential 

addition and into the alloys free of this addition /special alloys, 

some ferroalloys/. Depending on the form in which caroon is 

present in the structure /combined, free - i.e. graphite or1.temper 

carbon/ and on its content, iron-carbon alloys fall into ~he 

following groups: cast iron /pig irone/ and steel /cast steel/. 

Cast iron is an iron-caroon alloy /including elements such 

as: Si, Mn, P and S/ characteristic with this that as a result of 
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the eutectic transformation we get an effect of the pre~ipitation 

of either graphite /so called "stable system"/ or cementite /so 

called "unstable system"/. Due to the presence of Si and P, the 

eute~tic point /4,25~ C/ shifts to the lower carbon content levels. 

To estimate the effect of Si and P /possibly also of Mn or S in 

the cast iron in which the effect of all the elements is calculated 

in terms of carbon/, we use the notion of the "eutectic·saturation 

point" Sc or "eutectic carbon equivalent" Ee. 

The white cast iron contains in its structure cementite 

/apart from ferrite and pearlite/; due to elevated hardness, it 

is sometimes called hardened cast iron. The simultaneous presence 

of cementite and graphite gives the, so called, "mottled" cast 

iron. On the other hand, when the free cementite is not pres~nt in 

the structure, the precipitations of graphite occur, and the 

fractuxe of cast iron becomes grey. Depending on tne shape of the 

spatial graphite precipitates, the, so called, "grey cast iron" 

may have flake, spheroidal /nodular/ and vermicular /compact/ 

graphjte; the processes of inoculation, which change the structure 

of cast iron, enable the obtention of grey cast iron, although 

- according to the chemical composition - it should be white or 

mottled cast iron. This grade of cast iron is called inoculated 

or Meehanite cast iron from the name of the canpezzy which first 

acquired a patent for this process. 

The content of alloying elements in the white and grey cast 

iron /with flake, spheroidal or vermicular graphite/ gives the 

notation o! the alloy ~ast iron /high-alloy, medium-alloy and low­

alloy/. In respect to which of the alloying elements dominates, 

we distinguish here cast iron with chromium, silicon, manganese, 
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nickel, copper, molybde~um, antimony, titanium, vanadium, 

phospnorus, tin or cooalt. rne alloy cas-c iron usually contains 

more than one alloying ~lement, and so f ,ex. chromium cast iron 

quite often also contains add.i. tions of i~i, V, Ti, Mo, Cu, W or Al. 

/as single additions or several at the same time/; silicon cast 

iron contains Cr, Mo; manganese - Al, Si, Cu, Ni; nickel - Cr, Ti, 

Mo, Cu, B, Mn, Si; copper - Cr, Ni, Ti; molybdenum - Cu, Cr, V, 

Ti, Cr; titanium - V. 

In respect to the structure, to classify the metallic matrix 

in the as-cast state or after the h~at treatment we use - 3ppart 
from the shape of graphita, such structural constituents as ferrite, 

p~arlite, ledeburite, ceme~tite, austenite, martensite, bainite 

or troostite. 

·rhe malleable cast iron is obtained as a result of the heat 

treatment which consists in either decarburization /whiteheart 

malleable cast iron/ or graphitization of cementite to the, so 

called, "temper carbon" /olackheart malleable cast iron/; in the 

case of an incomplete graphitization ~e obtain the, so called, 

"pearli tic malleable cast iron" •. Malleable cast iron may al.so 

contain some alloying elements which enable an obtention of tbe 

required properties. 

Cast steel is a corresponding form of steel assigned for 

castings, while steel occurs in one of the plastic-worked !orms, 

f.ex. targed pre~sed, rolled, drawn, etc. 

Cast steel is an iron-carlx>n alloy /up to about 2~ C/, 

containing also other elements; carbon /unalloyed/ cast steel 

is thP. one which contains up to: 0,9~ Mn; 0,5~ Si; 0,3~ Ni; 

O, 3'1b Cr; O, 2,tb W; O, 2~ Co; 0, 2jb Cu; 0, 1 i'b Al; 0, 05;161 Mo; 0, 05~ V or 

O,O?Jb Ti. 
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Depending on the required mechanical properties and the 

content of phosphorus and sulphur, low-carbon /up to 0,25~/, 

medium-carbon / 0,025 up to 0,60~ C/ and hish-carbon I 0,60~ C/ 

cast steel may oe of a co111DOn, elevated and extra high grade. 

The classification ~f alloy cast steel usually emphasizes 

the alloying element, f .ex. manganese, chromium, manganese­

silicon, clm:lllium.-molybdenum, chr~um-nickel, chromium-manganese­

silicon, manganese-silicon-molybdenum, as well as its designation, 

f .ex. cast steel constructional /for performa.nce at normal ~r 

elevated temperatures/, corrosion-resistant, stain.les~, acid­

resistant, heat-resistant, for tools, magnets, /metallurgical/ 

rolls, or wear-resistant. 

The same, as in the case of ca.st tron, structural constituents 

determine the classification of carbon or alloy cast steel in the 

as-cast state or atter a heat treatment. 

Ferrous alloys also include some nickel and cobalt alloys, 

in particular the, so called, "superalloys 11 • Their structure is 

quite often similar to that of the alloy cast steel with a high 

content of tte hard and wear-resistant carbides. In the specifi­

cations of these alloys there are numerous trade names and 

desigr.ations which make their rational classification much more 

difficult. 

In the classi£ication of copper alloys we take into conside­

ration tnese alloying constituents which exert an essential 

influence on tile structure /internal cons ti tutiorl and proper­

ties of a casting, Such alloying conatituentts are: tin- and the 

OCJpJer-tm alloys are denominated as tin bronze or 0 in short, 

bronze, aluminium /aluminium bronze/, nickel /nickal bronze/, 

lead /lead bronze, leaded copper/, silicon /silicon bronze/, 
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ueryllium /beryllium bronze/, cooalt /cooalt bronze/, manganese 

/copper-manganese alloys/, zinc /brasses/. 

Sometimes the second all~ying addition to copper is also 

emohasi~ed, and tnus we have f .ex. copper-tin-zinc alloys, 

corrunonly known under the name of gunmetals. 

Brass is a copoer-zinc alloy conta~ning tbe latter ele~~nt 

in an amount above 15-20fe; a lower zinc content have tombacs 

/red and semi-red brasses/. 

We distinguish common brasses, whicL are Culn alloys possioly 

with a small addition of lead /up to about 1~/, and special orasses 

which, appart from zinc, contain other alloying elements, usually 

emphasized in the name, f.ex. manganese /manganese brass/, silicon 

/silicon brass/, tin /tin brass/, nickel /nickel brass/, etc. 

Table 2.1. gives a list of othe£ groups of alloys which need 

no comments, although in some countries, especially the CJiglish­

-speakj ng ones, numerous trade names and designations make it 

much more difficult to put into classification these alloys in 

respect to their alloying or structural constituents. 
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3. Classification of operating conditions 

The operating conditions of the castings working as parts 

of machines and equipment or operating individually /f .ex. cast 

pipes/, this also incl~ding spare parts, stimulate a necessity 

of using the materials of such properties whicn enable the lougest 

possible time during which they preserve their utilization 

properties. ro facilitate a comparison of the performance of 

different casting materials under given operating conditions, the 

evaluation has to accouat for some specific properties or resistan­

ce levels which would, on one side, cnaracterize tne required 

operating conditions, and on the other, the strength of the material. 

There are numerous properties whicn determine a given material in 

relatiQfi to its operating conditions; the main ones include: 

mechanical properties, magnetic properties, thermal properties, 

l'esistance to the action of chemical agents or wear res is ~ance. 

A.part from Rm, ffo, 2 , A and hardness, the mechanical properties 

also include compression strength, bending strength, torsional 

strength,~!and shear strength - all of them determined on appropriate 

test pieces. A set of the different type.s of strengths /Fi_t,. 3.1./ 

deteraines the name used for the mechanical properties. The above 

mentioned mechanical properties may be determined at both ambient 

temperature /usually 20°c/ or at elevated temperatures /up to even 

several hundred 0 c/, or at the sub-zero temperatures /usually 

to -40 or - 6o0c/, depending on the operating conditions. 

Special mechanical properties /resistance to mechanical load­

ing/ are required in the case of an application at elevated tempe­

ratures. ·rhen we have to enaure that the material is heat resistant, 

i.e. preserves at an appropriately high level its mechanical propert­

ies at a tomperature up to 1000°c in relation to the aeme properties 
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•••ure•nta; 
I - body; 2 - hole for 
reference plate; 4 - crew 
tor faatenif18 the refer· 
nee plate; 5 - identer 
/bilateral con./ 
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revealed at ambient temperature. In a similar way, the property 

called creep resistance has to ensure the preservation of appro­

priate relative values up to a temperature of tID 0 c. Alternating 

elevated temperaturesare typical of the, so called, thermal shock. 

One of the basic mechanical properties is i~pact strength 

determined on the notched specimens /with an identation/ or on 

the unnotched specimens. This is a measure of the work required 

for a failure of the specimen and referred to the fracture area; 

the impact strength is thought to characterize the ability of 

a given material to resist the mechanical loads of an impact-like 

nature. In the case of vibratory mechanical loads /alternating in 
(of some hundreds) 

time and of a highj\lrequency Hz/, an important characteristic of 

the material is its damping capacity /f .ex. the cast iron with 

flake graphite is much oetter than cast steel/. With alternating 

loads of a lower !requenc1 we have mechanical fatigue strength 

/in most cases the resistance to the alternating torsional or 

bending loads, or flexural-torsional loads/. In the case of perma-

nent loads, lasting for h~ndreds, thousands, ten and hunared 

thousands h:>urs,we have the, so called, "creep strenght" or tensile 

strength /f.ex. pressure vessels/. 

Among the magnetic properties, required sometimes, we usually 

deal with the properties such as: magnetic permeability or coercive 

force, and thus the physical properties typical of magnets and 

electrougneta. Anot.1-._-r property is lack of the magnetizability 

/non-magnetizaaility/, very impo~tant in the work under an effect 

of the magnetic field. 

Thermal properties include thermal conductivity /analogical 

but not identical is the electric conductivity, its inverse being 

the electric resistance/. 
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rlmo~g the numerous types of the resistance to the effect 

of aggressive chemical compounds, the most popular is corrosion 

resistance /resistance to the action of some determined matters/. 

Similar resistances but determining different operating conditions 

are erosion resistance /a chemically active agent but at the sa:ne 

time mecr.anical ai.Jras ion/ and ca vi tatio11 resistance, typical of 

the ele~ents working in hydraulic syst~ms where the wear proceeds 

at a quicker rate due to tli~ presence of gas buubles SWiir led in 

tte liquid medium ff.ex. air buboles in water/. 

A specific example of the attack from the environment is the 

formation of scale, i.e. of the film of oxides on the surface of 

the metal el2ments operating at elP.vated temperatures; therefore 

in some special cases we can have a notion of the scalir.g resistance. 

Scaling occurs very often when there is a movement of the gases at 

an elevated temperature /f.ex. exnaust gases/, and then we can 

speak about the resistance to the /~orrosive/ action of the bet 

gases. 

,fomerous castings, this including also spare parts, are work-

ing under the conditions which promote their mechanical wear due 

to abrasion; this mainly refers to the mating parts which are mov­

ing dgainst each other /f .ex. shaft and bearing, piston and 

cylinder, etc./. Ir1 suc.h cases the casting material must have 

a high abrasion or wear resistance. In the case of slide bea~ings 

we sonetimes speak about the sliding properties of the oearing 

material, characteristic with both low wear and low coefficient 

of the sliding friction; this obviously regards the cag_ • of an 

in3ufficient lubrication and mitigated solid or solid friction 

/without the separating film of lubricant/. 
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An application of the nuclear technique is combined with 

certain requirements concerning protection against tne radia­

tion of electrones and ~ays; this also refers to the alloy 

itself which has to oe characterized by an extra high purity, 

free from any trace elements /admixtures/. 

One of the requirements, imposed rather rarely, is the 

ability t(", obtain surface nardening of an external layer of 

the casting or of its cavity in relatioo t.c :i considerablf 

less hard internal part, or f .ex. the enamelling power, i.e. 

an ability to receive a film of the enamel as a coating finishing 

the cast surface. This refers to the grey iron castings. In 

a similar way, sometimes it is required to provide a power of 

the anodic oxydation /aluminium alloys/ or for an application 

of the electrolytic coatings /f .ex. nickel or chromium plating 

of copper alloys/. 

An important characteristic, required in tne case of 

hydraulic parts aud especially the high-pressure ones, is the, 

so called, "tightness" examined on the special test stands and 

checked as a tightness for compressed air after immersion in 

a water bath or as a tighteness for water under pressure. 

To illustrate the requirements imposed to the castings 

of various scopes of application, Table 3.1. gives an exemplary 

atte~pt of correlation: operating conditions, type of casting 

and its material. 
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4. Classification of cast parts 

Irrespective of tne accepted cr~terion of a division of 

the cast par~s, it seems advisaole to speak only about the most 

popular ones, since it is neitner possible nor useful to mention 

dll oi them. rne domindting operating conditions were dCcepted 

~s a criterion of the division, i.e. tne conditions originating 

from ooth the applied loads and from an effect of the environ-

~ent, or resulting from some special requi~ements imposed into 

:hese farts. 

There are following classes of cast parts: 

I. Fixed elements 

II. Fixed elements mated witn tne other ones 

III. Blements performing plane-reciprocating motion in contact 
with the fixed elements and at ambient temperature 

IV. Elements used as fixtures or pedestals 

V. Elements rotating around their own axis bearing an extra 

load on their perimeter 

VI. Elements used for the transmission of a rotary motion or 

fixed but promoting a mutual rotation of the mating parts 

VII. Elements exposed to bendin6 and compression, fixed or 

yerforming small movements around the axis of rotation. 

VIII. Elements in which friction of the mating parts is used 

for checking cf the rotary motion. 

IX. Elements exposed to the effect of gases flowing at 

elevated temperatures 

i. Rotating elements loaded by the centrifugal forces 

and transporting liquids or gases 

... . . . . . . . . . 
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Fixed e).ements used in the tran.3port a~1d distrioution 

or storing of liquids and gases 

Elements used for rolling of sneets, ruboer, etc • 

Fixed elements eJ..:posed to toe presairn of liquids 

or gases 

Elem~nts used for shaping of other metallic elements 

Elements of the electro-technical a.rid welding equipment 

Elements used for the determination o.t' weight or for 

an additional loaeing of the equipment 

Elements exposed to severe friction, aorasion and 

impacts 

JCVIII. Castingsused in housenold and as ornaments 

9 rl 



I 

Fig.I.1. 

@ 
Fig.I.2. 

~ 
~ 

a/ 
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rixed elements which are slide ~earinga of shafts, 

spindles, etc. 

tlearing !or 

rolling mill 
with steel coil 

~ ~ 
Bearing half-
sleeves 

~ 
~ 

b/ 

This group includes slide bearings 
of various types, bearing sleeves, bearing 

bushings and half-sleeves of oearings. 
dere it is necessary to provide 600d 

wear resistance. good sliding properties, 

and in some cases also the preservation 
of these properties under the conditions 
of an insuificwnt lubrication /mitigated 
solid friction instead of fluid friction/. 

Depending en the operating conditions, 

we disti~ui~h tbe dlloys of a low hardness 
/for oearing bushea/-these are generally 
Sn or Pb alloya, more rarely Cd or Al 
alloys-nowadays cast in a continuou5 pro­
cess on a steel or orass strip as well as 

on a layer or bronze or cast iron /the 

bracking oearing ousnes/, and the materials 

of a higher hardness /bearing sleves/ 
made in most cases of tin bronzes, 
more rarely of grey cast iron. 

Fig.I.3. Hearing halfaleeves 
a - front maln; b - central 
main; c - rear main 

@ 
Fig.I.4. Camshaft Dearing 

bush 
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II 
Fixed elements mated with the other elements and perfo 

I 
1f1!!.•.plai.--reciprocat1ng aotinn at ambient temperature 

f55 

C> 

These ele .. nta are additionally 

exposed to tbe atlloapbere of hot gases 

·/cy~inder a1eevea, va1ve guides, 1'8lve 

seats/. 

The elements operating at ambient 

~ teaperature aboul.d nave a good abrasion 

Fig.II.1. toke 

Fig.Il.2 Guides 

Ftg.II.3. Valve aeata 

.,, 

Fig.II.4~ Cylinder of 
an compreaaor 

resistance, with an elevated temperature 

and the effect of bot gases it is addi­

tionally neceaaary to enaure good reai-

atance to co!"roaio~. sealing and thermal 

abocka. 

In the f irat caae wa use the aorasion-

reaiatant grey cast iron, sometimes surface 

baniened; oarbon cast ateel or bronzes are 

uaed leaa often. In tbe second case we uau~ 

low alloy grey caat iron /cylinder sleeves/ 

and alloy caat iron. a1loy cast steel, or 

even auper-alloys /valve aeata/. 
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I Element.a ~t!~m !n eentact I 
Ill with the ~ixed elements and at aabient temperature 

Fig.III.1. Slide 

~f-
i~L-----+--~~....-. 

. __ _ •n_o=--------i 

Fig.III.2. rlydraulic 
piston 

Fig.III.3. Ring 
________ _!J_1_4=D ____ ____.~ 

fig.III.4. Slide piaton 

These e1e.enta are made of 

hardened caat iron and b~ 

cast steel. The piatoaa or I.~. 
enainea, aaditionally expoaed to the 

e!f ect of e1evat~ temperatlll'W• and 

hot ga••• are lllld• or .Al a11.ey• 

/Al-Si; Al-»1-Cu/; l••• orten of caat 

iron er al1•Y ateel. 

A aeparate greup ror• piaton 

ring• and the like e1e•nta aacl• e! 

grey caat ir:»n, l••• orten of ateel 

or caat ateel. 
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Elements used aa fixtures or pedestals, such as base 

I'/ plates, frames, trestle~, oenches, pillars, holders, 

I I floors, housings, etc. 

Fig.IV.1. Bed-plate 

Fig.IV.2. Bed 

t65 

Fig.IV.3. Drop end 

Generally speaking, parts of machin~~ 
and equipment operating at ambient tem-

perature and under noraal conditions are 

made of grey cast iron and cast steel; 

for I.e. engines malleable cast iron, 

Al alloys and aemetimea also Mg alloys 

are applied, ~henever a reduce in tne 

weipit of a car is expected. 

When the elememt contact• aggressive 

auoa",ances, acid-, alkali-, or salt-

-resiatP.nt cast irons or alloy caat 

steels are used; stainless cast steel 

ia also applicable sometimes. 

A specific example of the mounting 

art are fixed nuts in large hypoid gears 

/movable screw/; they are made of Cu 

alloys, sometimes - but leas often -

of grey cast iron. Movaole nuts in some 

mobile screw joints are cast in 

malleable iron. 
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~s fi~tures or pedestals, sucn as uase ' IV pl3tes, frames, trestles, l.Jencnes, pillars, .. oLiers, 

floors, housillfl, etc. 

Fig.IV.5. Compressor 
casing 

J22 

140 ----
fig.IV.6. Oil sump 

The oodles of I.Cc engines, called 

cylinder blocks, are cast in Al alloys 

/motor-cars/, or in cast iron, or low-

-alloy cast steel. ro facilitate fix­

ing of various elements in the oodles 

or cases, special flanges are made, 

usually of the same material. 

nousings and other castings used 

as elements of the off ice equipment 

/typing machines and computers/, 

optical and precision equipment /field-

-glasses, epidiascopes, projectors, 

C3meras/ and tools /drilling machines, 

saws/ are cast in Al or ~ig alloys, 

similarly as frames of the racing 

bicycles. 
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,, 
v 

'Elements rotating around their own axis ucaring I an extra load on their perimeter I 

Fig.V.1. Pulley 

Fig.V.2. Orive wheel 

Fig.V.3. Rope sheave 

fhere are various typeaof 
wheels, rligh mechanical properties 
are o!Uen reiluired here /bending 
strength, torsional strength, 
fatique strength/. uelt pulleys, 
sheaves and rope pulleys are u~u­
ally cast in grey, sometimes 
malleable, cast iron. In some 
special cases, when extra high 
loads are applied, we use carbon 
cast steel or low-alloy cast 
steel. 

fhe ~heels of trucks, cranes, 
etc. are exposed to a quick wear 
/hign unit tiJruats/ and impacts, 
and they are cast in grey iron or 

steel. 
A special category of wheels 

are tne toothed wheels which· iu 
the mating 1

' pairs form the, so 

called, toothed gears used for 
the transmission o! a rotary mo­
tion from one parallel to anotner 
/cylindrical .. wheels/ situated 
either at an angle /tapered wheels/ 
or oblique /hyperooloidal gears/. 
Toothed wheels should have a high 
wear resistance /mesh/, and they 
are made of grey cast iron, low­
alloy cast iron, carbon cast steel 
and constructional alloy cast 
steel often subjected to a heat 
treatment. 
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v Elements rotating around t.heir own aAls ue~ring 

an extra load on tneir perimeter 

I 
i)I _I 
•i 

I 

--~---o-i 
Fig.V.3. Worm 

U8 

Fig.V.6. Wheel for the mine 

a b 

truck 

Fig.V.8.Toothed 
gear 

a-cylindrical 
b-angular 

Fig.V.9. Flywheel 
a-cast 
b-welded 

When exposed to a special 
effect of tne environment, tnese 
parts are made of another alloy 
cast ateel/f .ex. stainless cast 
steel/, Cu, Ln or even Al alloys. 

In a tootaed gear wnich enabl~ 
a transmision o_I.. the rot.ary motior, 
between the axes perpendicular to 
each other 'the worm and the worm 
wheel are exposed to a quicker wear 
than the toothed wheels. The warm 
gears are usually made of Cu alloys 
/tin bronzes with phosphorus, 
aluminium. bronzes/; in some special 
cases of grey cast iron or cast 
steel. 

A separate gro.ip form flywheels. 
They are characterized by a relati­
vely large weight, and when they 
are spinning the tensile loads are 
formed. ·rhey are made of grey cast 
iron, arxi in the case of extra high 
loads of the cast steel. 

wheels of tracklaying vehicles 
or goods vehicles are cast in Al 
and Mg alloys /reduce in weight/, or 
in caroon and alloy cast steels for 
higher loads. 

The huo, which is a movable 
element used for fixing the statio­
nary axle, may also be included into 
the group ot wheels; hubs are cast 
in malleable cast iron or cast steel. 
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Elements used for the tranallisaion of a rotary motion 
VI or fixed but promoting a mutual rotation of the mating 

part 

A-A 

Fig.VI.1. Crankshaft /cast iron/ 

Fig.VI.2. Crankshaft 

Fig.VI.3. Crankahaft for an amaaonia compressor 

Fig.VI.4. Cam-shaft 

In the case of certain I.e. 
engines and coapressors, there are 
crankaharts cast in grey cast iron 
with spheroidal graphite or with flake 

graphite. 
The casting process is applied 

much more often in the case of cam­
shafts tor I.e. engines, the s.g. cast 
iron and low-alloy cast iron with !lake 
graphite oeing uaed here. Apart from 
the torsional loads, these sna!ts are 
exposed to a quick wear and impacts 
/from the caa followers put in motion 
Dy the ca• noaea/. 
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Els.en ts tran.!!~ee!on Qf a rotary motion 

or fixed but promoting a B.ltual rotation of the mating 

part 

I 
I 

Fig.VI.5. Spindle for the lathe 

Spindles which are pipe shafts, 

are mainly exposed to torsion; more­
over they should have a good damping 

capacity ard are usually made of 
grey cast iron; in some special 

cases of cast steel or steel /cast­

-welded, forged/. 
Pina /usually tne cylindrical 

ones/ are exposed not only to tor­

sional loads but also to bending 
loads &rd impacts. 'fhey are made 
of steel or constructional cast 

steel; rarely or cast iron, Cu 
alloys or the like materials. 

1-.umeroua other shafts and the 

elements of a similar shape and 
!unction are made of grey and malle­
able cast irons, constructional cast 

steel, ~nd very rarely or Cu, Al or 

Mg alloys. 
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I Ele~nts ex~sed to berv~!!"_g Anrt ~o~pr~BB!on. fixed or 

VI/ perf orlling amal.l movements a.round the axis o! rota­

tion 

I 

Fig.VII.2.Qsmacting-rods 
2' 

Fig.VII.3. Handle 

There are elements such as f .ex. levers, 

brackets, fork&, crosses, connecting rods, 

cranks, certain tools and pushers, made 
reading rate ot 

/depending on the~.r size and\iind.lieaule cast 

irons, and constructional cast steel. In 

the case of an additional effect of tempe-

rature and tbe presence of gases or aggre-

sive media, high alloy cast steel, super­

alloys or Ti and Cu alloys are applied. 

When these elements are used for I.e. engi-

ne vehicles and aeroplanes, Al and Mg alloys 

are also applicable. 

Similar materials are used for the 

elements exposed to bending and tension, 

such aa f .ex. chain links, holders, handles, 

grips, ferrules, etc. Chain links are made 

of malleable cast iron or cast steel /alloy 

cast steel when the medium is aggressive/; 

grips, handles and ferrules are cast in 

malleaole iron furniture - in Cu alloys 

/brasses/ or in an inflammable medium 

/i.ex. vapourn of benzene, petrol, etc./ 

the so called, •non-sparking" toola· made 

ot Cu alloys /silicon bronzes/ are used. 
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VIII 
El~~nts in which friction of the mating parts iL used 

I for checking of the rotary motion 

Fig.VIII.1. Brake drum 

Fig.VIII.2. Brake ahoe 

Fig.VIII.3. Brake back 
plate 

These are elements such as ba~rels, 

disks and brake shoes, or for an elastic 

tranallisaion of the after - axial rotary 

motion /clutcn plates/. 

In botn cases good wear resistance 

at a relatively high coefficient of 

friction is required. 

Grey cast iron witn flake graphite 

arxi possibly an elevated content of 

pho.phonis is usea /f .ex. brake shoes 

for railway cars/. 
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IX 
Elements exposed to the effect of gases flowing at 

I ~le•,ttated tempercsturezs 

IH,5 

Fig.I~.1. Pipe stub 

Fig.IX.2. 

Fig. IX.3. Grate bar 

These elements, used for taking 

off gases from the machines ~nd equipment 

such as f .ex. connector ?ipes or e~haust 

pipes of the I.e. engines, are made of 

the heat-reaistant, alloy cast iron 

/with chromiu~ or aluminium/, less often 

of the neat-resistant cast steel. 

Similar fixed elements used for pre-

tection, reinforcement or separation 

of equipment, such as f .ex. furnace doors, 

asn pits, grates, etc. are made of grey 

cast iron, neat-resistant cast iron 

/Cr, Al/, carbon and alloy cast steel. 

In reaction engines and rocket motors 

there is a set of the elements which 

contact the hot sases of high relative 

speed; a typical example are the truje'res 

mad~ of the high-alloy cast steel, super­

alloys or Mo alloys; the other elements 

working in the medium of !lowing gases 

are sometimes made of 'Ii alloys. 

- - ~ ------- - -- -- ________________ .....__ _____________________ _ 
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x 
Rotatin~ elements lGaded by the centrifugal forces I and transporting liquids or gases I 

Fig.X:.1. Rotor 

Fig.X.3. Vane guide 
wheel for 
turbine 

'fheae c.tre elements such as f .ex. 

rotors and steering wheels of the turoo-

-machines, water, steam or internal 

comoustion turbines, air-craft jet 

turbine engines, water pumps and tne 

rotors used in chemical industry, rotors 

of compressors, etc. 

In the case of water turuo-macnines 

the rotating elements are made of grey 

or low-alloy cast iron, constructional, 

carbon all'i low-alloy cast ateel, Cu 

alloys. In the medium of aggressive 

water alloy cast steel or stainless 

cast steel is used. 

For the rotating elelllC!nts of steam 

and internal combustion turbines and 

turoo Jets we must use the materials 

of elevated mechanical properties, 

such as high-alloy cast steel, heat­

-resistant superallc;,ya or rto alloys. 

The rotvrs of tne air turt>o-machi-

nes are also made of Al and Mg alloys 

to ensure a reduce in the we16ht of 

the rotating elements. 
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I y I Retary elements loaded oy the centri.fugal forces I 
" I I and transporting liquids or gases I 

A specific case are the hydraulic 

power converters in whicn the rotating 

elements are made of Al alloys. 

Another atypical example is tne 

construction of rotors and. steering 

wheels which use the blades manufactured 

separately, i.e. either cast in tne pre­

cision casting processes or forged in 

Co-Mo alloys I st.ell! tes/ and mc,unted 
Fig.t...5. Rotors; 
a-centrifugal; b-diagonal; in steam and gas turbines. Blades are 
c-open; d-torsional; e-unila-

teral open; also used in the throwing rotors of snot 
!-binary open; 
g-two-~tream blasting machines in which they are 

• 
• 

Fig.X.6~Vane !or turbine 
wheel 

Fig.X.7.vane tor turbine 
wheel 

exposed to a particularly severe wear 

due to tne presence of the snot. ~ucn 

blades are made of the aorasion am wear-

-resistant grey and wbite cast iron as 

well as of the alloy cast steel • 

Propeller screws, used in tne drive 

system of ships, are ma.de of Cu alloys 

/manganese brasses/ or of stainless cast 
' ./ 

steel /panels of the adjusting screw , 

in general/. 
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Fixed elements used in the transport and distribution 

or storing of liquids and gases I 

~ 
.. 1 

Fig • .(1.1. Pipes 

Fig.XI.2. Pipe fitting 

~ 
°"I 

i 

Fig. XI.3. Valve barrel 

Theae are elements such as pipes, 

C•'lnnecting links, fittings, elb°"s, valve 

hodiea for pumps, turbines, etc. 

Water-main and gas pipes as well as 

their fittings and connecting links, 

used for the distribution of municipal 

water or fuel gaa, are called pressure 

pipes, since the water or gas flowing 

in them are kept at a pressure of up to 

even '00 .MPa. ·rhese parts are ma.de of 

grey cast iron with spheroidal or flake 

grapnite. In large mains systems steel 

pipes are used. Pipes for the sewage 

disposal /storm sewage/ are made of the 

cast iron with flake graphite. 

Pipes, connecting links, elbows, 

distribution tanks, elements of the gas. 

water and sewerage ayatem as well as the 

cast parts of the sanitary elements are 

made of the caat iron with flake graphite. 

Similar material• are applied for 

parts of the boilers !or central heating 

and heaters, the latter onea being also 

made of Al alloys. 

On the other nand, parts of the 

household equipment, such as - valve 

bodies~ passages, tapers, etc. are ma.de 
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VI 

"' 
Fixed ele .. nts used in the transport and distribution 

or storing e! liquids and gases I 

Fig.XI.5. Pipe connection 

.­
I 

Fig.XI.6. Cylinder head 

Fig.XI.7. Cylinder head 

of Cu alloys /brasses/ or of malleable 

caat iron. 

Sanitaries, such as - bath tubs, 

sinka, etc., used after enamelling, 

are cast in tne grey iron with flake 

graphite, similarly as the equipment 

used in the chellical industry; the 

onl.y diff ~rence is in the type of the 

enamel coating applied. 

~lements of the industrial steam 

machines are made of Cu alloys, low­

-alloy cast iron, carbon and alloy 

cast steel. When the elements are 

exposed to the eff•ct of aggressive 

substances, alloy cast steel is u•ed 

/stainless cast steel, acid- and alka­

li-resistant cast steel and Pb alloy!V'. 

~lements of the high-pressure 

hydraulics /working pressure of up to 

6000 fll'a/, aucb as f.ex. bodies of 

valves and distributors, req')ire a very 
compact structure /tightness and are 
usually made of the grey cast iron 

with flake or spheroidal graphite as 

well as of the low-alloy cast iron 

or steel. 

Heads or blocks of heads are made 

of Al alloys; leaa often of cast iron 

or low-alloy cast steel. 
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I XII I 
I I 

Elements used for rolling of aheeta, rubber, etc. I 
0 c 

-fim-
d 

Fig.XII.1. Schemes of 
rolling 
a-plain; 
b-tranaverse; 
c-d-skew 

Fig.XII.2. Roller cage 

Fig.XII.3. Schemes of 
rolling 

These ele•nta aN 

e!.f ect o.f high surface 

the ref ore they require 

' I 

exposed to tne 

pressure, anu 

a great hardness 

and high abrasion resistance. Metallur­

gical rolls are aade o.f chromium cast 

iron, low-alloy arx1 mediua-alloy cast 

steel, the ao called, •conposite rolls" 

or bi-meta111c cast iron /e~ternal 

working layer/ and grey cast iron or 

carbon caat steel /core and neck/. 

The rolls used in the processing 

industry are usually cast in grey iron; 

sometimes their surface layer is subject 

ed to hardening. 
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XIII 
Fixed elements exposed to the pressure of liquids 

or gases 

_#7JO 

Fig.XIII.1. Cylinder for 
hydraul.ic press 

Fig.XIII.2. Valve cheat 
•OSO 

These elements, such as pressure 

vessels, hydraul.ic and pneumatic cy­

linder•, muat have a high tensile 

strength and tightness. They are made 

of grey cast iron. carbon or low-alloy 

cast steel; in aome special sases of 

Cu or even Al al.1oya /reduced weight/. 

Thia type of eqlrlpment used in tne 

cheai"8l induatry requires cast steel, 

alloy eaat iron. ar enamelled grey cast 

iron. 

rig.iIII.3. Frederkina'a boiler 
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Ylll 
Fixed elements exposed to the p~aaure of liquids 

l nm I or gases 

Fig.XIII.4. lioiler 

Fig.XIII.5. Condenaer 
cover 

--~J60 

Fig.xIII.6. Head 

I 
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XIV Elements use~ for shaping of other metallic elements 

180 --------------j 

~ 

Fig.XIV.1. Section 

Fig.XIV.2. Drawing die 

Fig. AIV.3. Casting die 

Fig.AIVs4. Chill 

Fig.XIV.5. Die 

! 
These elements sucn as - drawi~ 

dies 1 dies, swages, permanent moulas 

chills, casting tools, are made of grey 

or hardened cast iron and of caro~n and 

low-alloy cast steel - for operation 

at ambient and slightly elevated tem-

peratures. 

For the tools contacting liquid or 

hot metal /casting moulds/ we use grey 

cast iron, caroon, and low- or medtum-

alloy cast steel; these tools, which 

are additlonally exposed to the effect 

of high ~ressing forces /pressure die 

casting dies/, are also made of tne 

tool cast steel designed for the work 

at elevated temperatures. 

Drawbacks exposed to a quick wear 

and the effect of elevated temperatures 

are made of the hardened alloy cast 

iron, tool cast steel or stellites. 

For the pressure die casting dies 

and inserts, coming into contact with 

the liquid metal, Co, Mo or Cu alloys 

are applied /lie or Si oronzes/. 

Moulds for centrifugal castin~ are 

~~de of the constructional, low-alloy cast 

steel, grey cast iron or caroon cast steel. 

Moulds for plastics /d!ea/ and for 

glass are also made of copper wlth additions 

of beryllium or chromiun. 
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)(~ Elements of th• ~lectro-technical and welrling 

equipment 

Fig.XV.1. Flange of 
insulator 

lO 
I 

u 

I 

I 
~ I 

•102 

Fig.XV.2. Cap of inaulator 

~I // 
I 
I 

I 
I 
I 

I 
I 

I 

/ 
I 

I 
I 

Fig.XV.3. Boxheader 

These elements whi~h do not 

require electrical conduction, such 

aa t.ex. the elements used tor fixing 

the other elements /caps~ are ~de 

of malleable cast iron, while the 

element•, which require appropriate 

electrical conduction or heat e~tra-

ction, a~e made of the e~tra pure 

copper, of copper with small 

additions ot lie, and Cr, or of 

brasses. 

The plates of accumulators are 

cast in Pb or Cd alloys. 
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Elements used for the determination of weight or for 

I an additional loading or the equipment 

These elements, such as f .ex. 

weights or oobs,_require only ~he 

accuracy of shape and lack o! defects 

on the surface. They are made of the 

grey cast iron with flake graphite. 

Fig.XVI.1. Plate bob 

....... -_;-:=- ~-

Q a: -
...... .... -·- -- -

160 

Fig • .<VI.2. Bob 

I 
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XVII Elements exposed to severe friction, abrasion and 

tm~cts 

I 
- .. " - . 

Fig.XVII.1. Mover fingers 

.,_._ ___ .. -1'-"''5~------~ 

Fig.XVII.2. Uivider blade 

Fig.AVII.3. Comb 

These elements, exposed to 

severe conditions of work during 

crushing, grinding and mulling of 

ceramic materials, such as linings 

of mills, balls and otner mulling 

elements,are made of the abrasion­

-resistant alloy cast steel /includ­

ing manganese rtadfield steel/, or 

of grey, alloy and i1ardenec1 cast 

irons. 

Similar operating conditions are 

encountered in the case of some 

elements included into the agricul-

tural machines, such as atvider 

blades, mover fingers /malleable 

cast iron, spheroidal graphite cast 

iron, abrasion-resistant cast steel/ 

as uell as caterpillar member links 

/nigh-manganese cast steel/. rtammer 

faces, drop weights, bodies of 

buffers and couplers, made of caroon 

and low-alloy cast steel, are exposed 

to relatively high impacts only. 
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I I 
XVIII Cast11181 used in housah:ld as Or!!a!aents 

Fig.AVIII.1. Console 

Fig.1VIII.2. Connector 

r """ ___ ____;:-=------
.-·- . .__ ·-----

__. ---· 

fig.XVIII.3. Clallping 
ring 

These elements are exposed only to 

some small impacts and the e.f f ect of food 

or detergents; these are: pots /grey cast 

iron, Al alloys/, parts of household food 

aixers, juice squeezing machines, meat 

grinders, washing .icnines /Al alloys, 

stainl•s~ caat steel/. Castings made o.f 

cast iron and Al alloys are used in ~ewifl1 

•chines, vacuua cleaners and refrigera-

tors. Cooker& and water heateq, .r.'equire, 

apart .fro• iron castings /grates, plates/, 

al.so ~u a.lloya /bru.ssea/ .for tne parts 

of gas burners. 

rlouaehold orDa11enta, .ferrules of th~ 

µousehold equipment, etc. are made o! Cu 

alloys /braaaea/ or Al a11oys, ornamented 

kitchen utensil.a - of Sn allot a, ornamel"Ls 

and aouvenira - of Hi alloys /low melting 

point/. Art caatinga are Ede of Cu 

alloys /tin-zinc bronze•/ or cast iron. 

Bella are caat in tin-zinc bronz•s, 

silicon bronzes, or even in spheroidal 

graphite caat iron. 
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5. Identification of the cast male.1·ia.l 

WhenP.ver it becomes necessary to replace the worn or damaged 

element of a machine or equipment, we should determine the way in 

which it was made, i.e. by meoo-s of casting, forging, pressing, 

welding or pressure welding, etc. The cast parts, especially in the 

case when they have an unmachined su.t'face, differ from the elements 

forged, pressed or rolled in a higher surface roughness; only the 

precision-cast elements have the surface rQ.16hness similar as the 

elements made oy means of plastic worklnge What is also typical 

of the cast parts are some technological allowances which create 

cends on the contact surfaces of the perpendicular walls, soft 

curvatures and rounded contours /Fig.5.1/. 

In the case of cast elements /am not only/ the best method 

to identify a casting alloy consists in the determination of its 

chemical composition, wnich is usually obtained by means of the 

chemical, pnysical-chemical or physical methods /Table 5.1/c 

When it is difficult to carry out in practice an analysis, 

an approximate evaluation of the alloy /i.e. of the presence 

of the main elements/ can be made by mean& of the, so called, drop 

test, very popular in the case of aluminium alloys. Table 5.2 shows 

an application of the drop test to the cast aluminium alloys, using 

/according to the scheme/ the following chemical reagents applied 

in the form of drops ~nto the surface of the tested element /cleaned 

with a torch/: 

I - drop of sodium hydroxide ~aOH 

2 - aftpr drying, a drop of nitric acid HN03, 

3 - neutralization with a drop of aJllDOnia NH4e1 
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4 - 1~ alcohol solution of dimethylglyoxyne on a wetted paper 

5 - grains of sodium ois.111.1thate digested in a sediment 

6 - 5% aqueous solution of cadmium sulphate Cd.So4 /+ 3~ aqueous 

solution of NaCl and 5~ solution of HCl/ 

7 - dissolving of filings in an aqueous solution of HCl and rh~o3 
/in a ratio of 1 : 1 : 1/. 

There are also other si111>lified drop tests for .Al and 1•1g alloys 

and for the tin bronzes, the latter ones being less popular. fne 

drop tests are not only approximate, but most unfortunately also 

selective, i.e. they are applicable only to some groups of the non­

ferrous metals alloys. 

Certain approximate identification of the group of alloys is 

possible basing on the deterai.nation of the colour of a casting, 

its weight and ha1'"Clness /Table 5.3/. 

In the group of, f .ex., copper alloys there is a g~eat variety 

of colours, trom the red copper to the light-yellow brasses, with 

greyish-red alloys of copper arxl lead /lead bronzes of an elevated 

content of lead/, grey-red-yellow, tin-lead bronzes, steely-grey­

yellow, allilllinium bronzes am similar, although more greyish silicon 

bronzes, Copper has a colour very similar to the alloyed copper and 

to these oronzes in which the alloy addition is relatively low, such 

as f .ex. beryllium or chroaiwa bronzes. 

Hardness of alloys deper.cla not only on the properties of the 

material, but alao on the way in which it is measured. This quantity 

can neither be defined nor measured in an absolute way, and to some 

extent it is of a conventional nature. Hardness is characterized by 

a resistance o! the surface of the teated element in respect to the 

presaed ~Oltn ball, cone or quadruple pyramid. 
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Fig. ).1 • .:>orne details of the d1.:sigra typical of castin~s 

- - ---~ ----------''---------........_--~----____...._ 
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Table 5.1. Methods for determining the cheaical 
composition of metal• and their alloys 

••thoda 

1, Qaalitati't• 

1,1, Claesical /chemical/ 

1,2, Spectroscopy 

2, Qu.ntitati•• 

2,1, Clasaical /chemical/ 

2,1,1, Weighing 

2.1.2, Titration: /volumetric/, alkacJlletrio, redo­
xiaetrio, precipitation, complexoaetric 

2.2. PJ'!.Ysical-chemical /i1111trumental/, such aas 

2.2.1. Blectrol1t1c 

2.2.2. Potenti••trio 

2.2.3, Polarographic 

2.2.4. Allperoaetria-titration 

2.2.5. Cond11ctometric 

2.2.6. Photo:Htrio 

2.2.1. Spectrophotometric 

2.2.a. Pluoroecopio-tluoreacent 

2.3. Physical 

2.3.1. Spectrographic 

2.3.2. Spectrcaetric 

3. Seai-guantitati'te 

J,1, SteeloeoopJ 
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Table 5.3. Appro%1mat• d•te:raination of oaating allOJ tJpe 
.,.._ ___________________ ,_,.__ _________ . _____ ..,._._____ ---------

1 'celoar ef 
oaetiDg 
•a.rf aoe 

Speoit1o
1 weight :z 

gJo-3 
··--··················---·--··········- ..................... . 
greJ oaet iron with 

- flake graphite gr•J 
- apheroi4al graphite 8llTer-greJ 

--------...... ... -------...... -~_.---~-----
whit• oaat iron gr8J 

....... -----.----------.. ----~~----- -------
.. 11.a•l• oaat iroa 

- whit;eheart 
... ltlaokheart 

- ~~arlit;le 

BilT8rJ 
art ~·1 

gr9J 

~--------------.------~--·-------------
oaat ateel 
-------------------------·------------
1aperallo1a blue •llTerJ 
------------------~~---~-~-~~--~--

Ou alloJ• red to light 
JellH 

~---·-----------~-... ------· ___________ _._ 

Al allOJ8 

7.2 - 7.35 200-300 
7.1 - 7.3 140-)00 

--... ----~--

___ _,_ _____ 

---------..-~ -----------
6,s-1,s 220-230 

150-160 
150-310 

-.---~------

________ .. ____ 

130-330 
~----------

__ .. __ .. ____ 
8,8-9,0 170-210 

----~----- -----------
7,5-8,9 25-200 _ _______ ,. --------.. --

-----------~---~-------------~----- ----~-----~- -----~-----
.. all•J• 

-----------------~-------------..---~~---- ------------ --,.---~----
Za allo1• 4,7-,,s 65-100 

---·-----~--------~------~·~------------ ------------ -----------
8,5-10,7 15-35 

-------~----------...... ~4------------- ------------ -----------
Sl nllOJ• sre1 1,6-s,5 21-32 -··------.. --.. -------·----!----------- ..... __________ -----------
Wl allOJ• 1t1a10 •11- 1,.s-s,s 100-400 

---------------------~~!!?I-------- ---------- ----------~-

%/ 1• aM4 tor aa appraS.te 4etera1aatioa in th• ••M of •i­
ailar eoloara aD4 ~·• Talu, 

sz/ aaJ ~ 4eteiwiae4 al•• wit;~ Pol41 har4Jae•• t;eater. 
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Casting alloy~ are tested by weans of a Brinell ~ethod which 

consists in pressing down a hard, calibrated, steel ball into 

a flat, sufficiently smoothed surface of the examined object or 

specimen, applying a thrust /force/ perpendicular to this surface 

and measuring, after the thrust has been relased, the diameter 

of the permanent ball indentation left on the surface of the examined 

object. rne Brinell hardness test is applicable to the metals and 

their allofs having a hardness of up to 500HB. Exceptionally, using 

special balls, we can measure the hardness of up to HB = 600, but 

usually it is accepted that with HB ) 400 other methods of measure­

ment should oe used, f .ex. Rockwell or Vickers hardness tests. 

Pcldi hardness test /Fig. 5.2/ was based on the Brinell test, 

and it consists in pressing down a steel ball into the material 

tested and at the same time into a reference plate of the determined 

hardness. Measuring with a graduated magnifying glass the diameter 

of both indentations, we calculate hardness of the examined object. 

The drawback of Poldi test is its relatively low accuracy, while 

the advantage is a possibility of measuring hardness on large castings 

and in the spots usually inaccesible to the Brinell hardness tester. 

There are also other methods of measuring the hardness, incom­

parable or hardli comparable with the main ones /Brinell, Vickers/, 

which may sometimes be used for an identification of the material. 

This is f .ex. the measurement of hardness ~ith the 1hore sclero­

scope /utilizing the elastic properties of the examined material 

and of the ball, the measurement of the height of the ram spring 

back way/, or the measurement carr,ed out with the Herbert pendulum 

/HB • 13,5 HHero/' but its reliability and scope are not very aura. 
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The hardness test used for the purpose of identification does 

not vary very much for particular groups of alloys, and it is 

additionally complicated by a possible heat treatment, appliea 

quite often in the case of aluminium alloys. Therefore the hardness 

test can b,e useful only when applied together with other tests, 

like f .ex. the drop test and an estimation of the casting culour. 

When the cast material is identified, anl especially when the 

state of the casting is to be determined I as cast after heat 

treatment/, it is very useful to determine the microstructure of 

an alloy, i.e. to examine under a metallographic microscope the 

section from a part of the casting or the test piece, polished and 

possibly also etched with an appropriate chemical reagent. For the 

purpose of identification it is suff.icient to provide an enlarge­

ment of 100 and 500 times. This identification also enaoles a deter­

mination of the structure, and hence a dirferenciation between the 

element that was cast, forged, pressed or rol1ed. 
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6. Substitute alloys 

~uite often in the production of castings the economical aspects 

a.re also taken into consideration, namely the advisability of using 

some materials or partic~larly expensive alloying elements, like 

f .ex. No, Co, w, Ni, Sn or Cu,- is discussed. 'fhis creates some spe­

cific tendencies in the price levels of castings, different in 

different castings. Table 6.1 gives an exemplary estimation of tne 

cost of castings made in some selected groups of alloys. 

In the general concept of choosing materials and alloying ele­

ments less deficient, Mo is replaced by Si and Mn in the alloyed 

steel, Sn by Si or Al in br~nzes /silicon and aluminium bronzes 

instead of tin bronzes/, Cu by Zn /brass~s of a low Cu content/, 

Cu alloys by grey cast iron, cast steel by s.g. cast iron, etc. 

From the point of view of the spare parts the use of substitute 

materials has no economic effects, bat it aay prove neces~ary when 

it comes to making the production more easy or even possible at all. 

A set of information on the selection of suostitute materials is 

given in Part 3 of tnis paper where the variant materials have oeen 

ennumerated. 
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7. Application of casti11pj m.:annf';:u~ture of snare 

parts for machines and equipment 

Foundry practice has at its disposal numerous manufacturing 

methods, and the choice of one of them depends on various factors. 

A characteristic of these methods is given in Table 7.1. Among 

them, production of spare parts covers only a small fragment of 

the table due to the following reasons: 

- small demand, 

- simplified procedure of making pattern equlpment, 

- limited possibilities of the spare parts-making foundries. 

Most often, the spare parts will be made according to the 

procedure described in Column 1 of the above mentioned Table 7.1. 

The other methods will be applied rather rarely: Column 2 /hand 

strickle moulding/, Column 6 /mou.lding with expendable patterns/ 

and Column 5 /moulding witn investment patterns/. 

A foundry pattern, er strictly speaking a set of patterns, 

consists of an equipment which enables conferring to the moulding 

sand packed in a moulding box the required. shape of' the mould 

cavity as well as making the cores which reproduce the interior 

of a casting. This also incl.ud.es parts of the equipment which 

ensures correct casting of the elements under given technological 

conditions. The elements included into a pattern equipment set are 

illustrated on the drawings given in Chapter 7.,. 
In the case of making a spare part of the complicated shape, 

it is important to think whether it would oe pos~!~le to use the 
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damaged part as a pattern or a core box, even if it means 

additional adaptation works. In such a case, advantageous and 

bringing savings in both the time and materials, it is again 

important to ensure an enlargement of the pattern dimensions in 

comparison with the ready spare part to account for the casting 

contraction and to introduce the machining and technological 

allowances. The, so called, technological allowances are necessary 

to ensure appropriate taper of patterns and core boxes, which is 

required in the process of sand packing and the subsequent with­

drawal of a pattern from the mould. The technological allowances 

enable tne obtention of a compact internal structure in the cast 

walls. They include: feeder heads, passages between walls, fillets 

in the walls joints, etc. 

The values of the casting contraction for different casting 

materials are given in Table 7.2. 

The reqiired increase in the pattern dimensions in relation 

to the original cast part can oe obtained attaching to this part 

appropriate elements made of wood, steel sheet or plastics. We 

can also apply very primitive but none the less quite effective 

means to enlarge the mould cavity in relation to the applied mould­

ing pattern. This procedure consists in "tapping" strongly the 

pattern after packing the sand in a f o~ndry mould, which increases 

the dimensions in these directions in which the "tapped" pattern 

is moving. 

If it is impossible to use the damaged part as a pattern, 

we can use hardened polyvinyl chloride to make a pattern. Then 

it is possible to select the moat aJvantageoua forms of this 

material which is usually manufactured as plates, rods, or pipes. 

The advantages of applying this technology of pattern - makin& 
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Table 7.2. 

Casting contraction after DIN 1511 /in~/ 

Material Mean Scatter 
values 

. Cast iron with graphite 

flake 1,0 0,5 - 1, .3 
spheroidal, as-cast 1,2 0,8 - 2,0 

spheroidal, annealed 0,5 o,o - 0,8 

Cast steel 2,0 1,5 - 2,5 

Manganese cast steel 2,3 2,3 - 2,8 

Blackheart malleable cast iron 0,5 o,o - 1,5 
Whiteheart malleable cast iron 1,6 1,0 - 2,(J 

Aluminium alloys 1, 2 o,a - 1,5 

Magnesium alloys 1,2 1.,0 - 1, 5 

Copper alloys /electrolyte/ 1,9 1, 5 - 2, 1 

Bronzes 1,5 o,a - 2,0 

Brasses 1,2 o,a - 1,8 

Zinc alloys 1,3 1,1 - 1,5 
-

Lead-tin alloys 0,5 0,4 - 0,6 
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~re as follows: it is easy to join togetrier parts made of tne 

hardened polyvinyl chloride and to machine them, while the pattern 

as such nas a very long life. 

Further, we should also take into consideration the possibility 

of casting patt.t: ... ~r-.s in epoxf resins, of making laminated pattern 

equipment, and of using for tnis purpose foamed polvstyrene. 

7.3. ~~~~E!~~-2f-~~~!~~-=~~~-~Ee£~_E2£~~ 

7.3.1. Flywheel 

rt flywheel weighing aoout 900 kg is shown in Fig.7.1. Due to 

a consideraole degree of damages in this casting, its weight which 

makes difficult using the casting as a pattern,and a very laborious 

assembly of the elements providing the machining and tecnnological 

allowances, it was decided to make a pattern in the foamed polysty­

rene. In this way consideraole savings were obtained in the time 

of making the pattern and moulding, since it was possible to elimi­

nate the operation of parting the mould in the "windows" of the 

casting, indispensable in view of the required wall draft. The con­

struction of a foundry mould is shown in Fig.7.2. 

7.3.2. Control cage for a centritugal shot blasting machine 

A control cage worn due to the effect of shot is shown in 

Fig.7.3, while the ready spare part cast in alloy iron is shown 

in Fig. 7.4. Since it was possible to make the pattern on a lathe, 

it was decided to use wood for the pattern and core box. The 

values of the machining and technological allowances are given 

in Fig. 7.5. The next drawing /7.6/ shows the construction of 

~ foundry mould. 
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7~3~3· Impeller for a centrifugal shot blasting machine 

This casting was also made of alloy cast iron. It is mated with 

the control cage and is exposed to a quick wear due to tne action 

of shot /rig. 7.7/. The applied machining and technological all~ 

ances are shown in Fig.7.8, while the ready castillt; is shown in 

Fig.7.9. 

Fig.7.10 shows the foundry mould with a central core, situated 

in its top part. Due to easy machJning, the pattern was made in 

wood. The core box was made using a fragment of the worn 

casting; this is shown in Fig.7.11. Losses in the part of the 

casting used to reproduce the cavitie~ in the core were repaired 

with resin ~r plaster. 

7.3.4. Pump impeller 

The ready casting of the pump.-impeller is shown in Fig. 7 .12, 

while the machining and technological allowances as well as the 

gating system are shown in Fig.7.13. 

A considerable degree of the shape intricacy in this casting 

makes it unprofitable to prepare a new pattern in special wood or 

metals alloy. Therefore, it was decided to repair the losses in the 

impeller blades with resin and plaster, while the machining and 

technological allowances were provided applying a layer of plastic 

on the marked surfaces of the worn casting. It is quite easy to 

machine ·this material, and therefore the pattern can be prepared 

!or mould!~ very quickly /Fig.7.14/. 
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The blade for a centrifugal shot blasting machine shown in 

Fig.7.15 is an example of the u..se of the original part as a pattern 

after the necessarf amendments which result from the presence of the 

curvature of a large radius, visible on the end view of the casting. 

In this case the casting contraction is compensated enlarging the 

mould cavity by "tapping" of the pattern. The casting has no ma.chin-

ing allowances, since tne material used is very hard and hence 

difficult in machining, while the dimensional accuracy obtained is 

sufficient. The construction of ·a mould is shown in Fig.7.16. 

7.3.6. Lever 

'fhe lever cast in an Al alloy is shown in Fig. 7 .17. In the 

manufacture of a new casting the worn part was used, but before 

it was repaired aal the machining and technological allowances were 

added applying segments of steel sheet, plywood or card board. 

Similarly as in the previous case, the casting contraction was 

compensated enlarging the mould cavity by means of "tapping" the 

pattern. The lever is constructed in such a way that its arms are 

located in different planes. Due to this it is necessary to place 

a small core and to part down fragments of the pattern /Fig.7.19/. 

7.3.7. Excavator tooth 

The method of making the tooth for an excavator shown in 

Fig.7.20 depends an the required DWlber of these spare parts. 

It is quite possible to use the casting as a pattern, and the 

only amendment necessary is to provide two core prints to locate 

the main /central/ core aal to make a core which reproduces the 

hole through which the tooth is screwed to the excavator /Fig.7.22/. 
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It ie !~~eihle to make this hole by means of !!!aChini~.g since the 

materia1 used for the tooth /high-manganese cast steel/ is unmachi­

nable. The method of making a core box for the central core shown 

in Fig.7.21 requires cutting tne worn cast tootn with a gas torch, 

and next applying a layer of the material an its surface. This 

method is however very troublesome, and therefore whenever it is 

possible to make the core box of a casting material, a conventional 

method.is JmJCh simpler. This is also recommended if a greater number 

of these castings is demanded. 

7.3.8. Piston 

Making pistons under simple technological conditions is one 

of the moat difficult processes among those described so far. 

Figure 7.23 shows the piston made of an aluminium alloy; its internal 

part is reproduced by an intricate core. If the worn piston is to 

be used for the manufacture of a core box, this requires parting 

of the piston into three parts, following the procedure illustrated 

in Fig.7.25. Aa it can be seen in this drawing small fragments of the 

walls are left uncut, and later on when broken enable putting the 

piston together preserving its original dimensions /Fig.7.26/. 

The core box for making the central core consists of the three 

parts visible in Fig. 7.26. 

The outer part of the piston ia reproduced by a machined die 

made of cast iron or steel. An assembly of the complete mould is 

shown in Fig.7.28. 

In a aiailar way it ia possible to make the cast iron piston. 

In such a caae, howeve~ 1 t ia recommended to change only the way 

in which tbe metal is !ed to a mould. It is advantageous to place 

the dow:ngate in the axia of the central core using internal 
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ribs between the bottom of the piston and its walls as a runner 

feeding the cast iron. The piston made of cast iron can also be 

manufactured using a sand core instead of the die reproducing the 

external wall~. 
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Pi«. 7.4. Control oag1 
tor centrifugal •hot blast­
ing aachin• caat in iron 
with an addition ot ahr~mium 

Pig. 7.). Control cage tor 01ntritugal .•ho~ -laat machine. 
Bot• traoea ot wear on the internal and external 
•urtao•• and on the •bot outlet bole 
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Pig. 7.7. lapell•r of oeo.tritugal shot blast~ -ohine. lot• 
trao•• ot nar on illpeller puaqe /ii an4 :lapeller .,.. ,,, 
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Pig. 7.9. Iapeller o~ oentritugal •hot blasting maobin• oaet 
in iron witb an addition or chroaium 



( 
! 

t 
I 

l,, 

I 

I 
f 
I /-
1 / 

~" 
I 
i 
' 

I 
-; 

- 70 -

f 

a 

\ ·, \ 
\ 
\ 
L 
\ 
\ 
\ 

I 
I b ·.>-

' I 
r 

I 

/ 

/ 
/ 

/ 

Pig. 1.10. Impeller of centrifugal •bot blasting •oblne. Drawing ot caAt­
ing moulds a - core, b - feeder head, c - gate runner, d - rwi-
ner, • - downgate, r - pourillg buln 
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Pig. 7.1a. L•~•r. Drawing ot patt~rn 
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Pig. 7.19. L•~er. Drawing of casting mould 
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Jig. 7.21. Tooth tor 1xoavator. Drawing• ot two oor1 box•• 
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Pig. 1.22. Tooth tor exoa~ator. Drawing or casting mould. 
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Pig. 7.2J. Piston cast in il alloy 
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Pig. 7.24. Piaton. Drawing of oasting with machining allowB.DO•• /a/ 
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Pig. 7.25. Piatoa. Dftawing of piston out• to prepare a core box 
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Pig. 7.27. Pi•ton. Drawing ot caatin& with feeder htad /a/ and down­
gat• /b/ 
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Appendix I 

fable 3.1. 

Casting materials 

Alloy group ·rypical a71oying Main mechanical 2/ 

elements1 
properties 

r 
/content in Rm I R0,2 A tili 

castings/ 
1111Pa MP a }b 

1 2 3 4 5 b 

Grey cast iron 2,7-3,Bfe C 100- 0,2-3,0 100-
/with flake graph- 1,2-2,711J Si -400 -300 
ite/ including 0,5-1,5.7b l''ln 
inoculated grade 0,2-0,65Jb p 

0,08-0,157b s 

Spheroidal graph- 3,0-4,0% c 3~- ~30- 2-17 135-
ite cast iron, 1,3-3,7fe .Si -1100 -800 -500 
ferritic, pearli- 0' 3-0' 8]tl .i.1n 
tic and mi>eed 0,0'•-0, 2)11 p 

0,02~ s 

Whiteheart malle- 2' 4- j ' 1 ~ (.; 350- 200- 4-12 200-
able cast iron 0, 4-0,'7,l6 Si -450 -260 -~jO 

0,)-0,8'jb Mn 
o, 1-0, 15~ p 
0,1-0,2Jti s 

Blackheart malle- 2,2-3,01b c jOO- 190- 6-12 150-
able cast iron 0,8-1,4~ Si -350 -200 -160 

0,35-0,6% !'1n 
0,1-0,15~ p 
0,1-0,2~ s 

Pearlitic malle- 2,2-2,6~ c 450- 2?0- 1-5 150-
able cast iron 1,2-1,6~ Si -800 -600 -310 

0, 4-0, 5~ 1'4n 
0,12-0,12~ s 

Cast iron -
- aluminium, 
- low-aluminium 5-916 Al;0-3~ Cr 1dJ-140 2EC-3)0 
- medium-aluminium 9,5-18~ Al 110-1.30 290-300 
- high-aluminium 19-31~ Al;0-1~ Mc 90-2:;Q 24D-365 
including spheroi~ 
dal graphite 
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faule 3.i. 

., 2 ~ 4 J b 

Cnromium cast 
iron; low-
chromium O, 1-2,7Jti Cr; 0-1fa Al 120-360 180-400 

0-0,4,.11 11110; 0-0, 8.;ti Cu • 
0-0' 7~ 1\li ; 0-0' 35/ll '.ri 
0-0,3i-o V; 0-1'fe w 

medium-chro- 6-18i1l Cr about about 
mi um 350 450 
high-chromium 18-36/tl Cr; 0-4:;6 Al 300-480 2 0-540 

0-9/'b l~i 

Silicon cast 
iron 
-medium sili- 3, 7-6~ ~i; 0-1'.Jb Cr 145-175 260-300 
con sphero- 0-1 '.;lb ~~i 300-650 300-500 200-300 
idal graphite 

.-high silicoo 12-18/16 Si; 0-4;6 1"10 40-90 300-460 

1"1anganese ?-12:;6 Mn; 0-4Jb Al 100-180 160-450 
cast iron 0-4:16 Cu; 0-51' i'ii 

1Uckel cast 
iron 
-low-nickel 09 4-2, 5:Jb 1H; 0-0,5~ 1 ~-320 180-580 
spheroidal Cr; 0-0,9% Cu; 550-?50 400-600 1-3,5 250-450 
graphite o-o,.c" Mo 

-medium nickel 2, 5;ta lH; 0,2-2,4% Cr. 170-180 450-750 
spheroidal 0-2,6;6 Cu; 0-1j6 Mo 600-120) 450-800 1-5 280-550 
graphite 

170-280 -htgh ... nickel 12-361C> rU; 0-5,5~ Cr 0-5 120-250 
spheroidal 0-7,5~ Cu; 0-1" Mo 370-?00 1 ?0-~50 1-45 120-250 
graphite 

Copper cast 0,3-27b Cu; Oy0,4~ Cr 190-270 240-290 
iron low-cop- 0-0,8)b Ni ;0-"13~ ·f_i 550-750 400-550 1,5-3,5 250-320 
~r-spneroidal 
graphite 

Molybdenum 0,15-1,4~ 1'10; 150-320 190-2?o 
cast iron- 0-0,7% Cu;Oy0,5~ Cr 660-700 400-500 1, 5-3 200-280 
3pheroidal 0-0,25~ V; o-o, 1~ ·ri 
graphite 

Antimony cast Oy1-0,5~ Sb 90-190 205-VO 
iron 

Titanium cast o, 1-0, 2/ii ·r i ; 150-220 210-310 
iron 0-0,1616 v 
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faole 5. i. 

1 ;> ~ 4 'i 6 

Vanadium cast 0,1-0,25% v 180 )10 
iron 

Constructional 0,1-0,6~ c 400-6)0 250-380 15-26 114-2:?3 
carbon cast 0' 35-0, 91' t'1n 
steel 0,2-0,5% Si 

0,05-0,09J' p 
0,05-0,07" s 

Constructional 0,3-1, 1~ Cr 550-880 .300-(00 12-18 160-.260 
alloyed cast 0,3-0,a~ ~u 
steel 0-0,45~ No 

0,15-0,45~ c 
0,2-0,8% Si 
0, 5-1 , 6jfj Mn 

ft' ear-resistant 0,3-3,2'6 Cr 480-1200 320-900 4-21 154-410 
alloyed cast 0,2-2,01' Ni 
steel 0-0,6" Mo 

Oy0,3~ v 
0-0,3,a ·r1 
0-0,3~ Cu 
0,2-144" c 
0,4-1 ,, Mn 
0,2-1,4,4 Si 

Heat-resist• 6-3CYJ' Cr 400-550 250-300 0-25 155-350 
ing and creep- 0-19,5~ tU 
-resisting 0,25-1,6~ c 
alloyed cast 0,4-1,5~ Mn 
steel 1,0-,;,~ Si 

0,04" p 
0,035" s 

Corrosion- 13-19" Cr 450-650 200-450 8-25 130-280 
resistantalloyi- 1-11~ Ni 
ed cast steel 0-2, 5" l'to 
/stain less ·.ri - depends 
and acid-re- on C 
sistant 0,15-0,25~ c 

!0,4-7~ Mn 
0,3-2,~ Si 
0,035" p and s 

Ferri tic alloy· 0,3-12,~ Cr 440-880 245-590 15-22 
ed cast steel I0-1 , 2" Mo 
for operation I0-1,5" Ni 
at elevated 0-0,35" v 
temperatures I0-0,5,. w 

0,18-0,26" c 
IO, 1-0,6" Si 
0,5-0,8" Mn 
0,03-0,035~ p 
0,025-0,03" s 
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Taule 3.1 • 

. 
1 

, 
~ ~ 4 ) b 

Superallo1s 0,05-0,5" C; G-2J' Mn 100 h 
,,ickel-Base 0-281' Cr; 0-15~ Co 1200°F .MllOfS 0-)5;.\ Mo; 0-18,5~ ii 

rJ0-1~•~ 
J-2,5~o; o-4 ,7-,, ·r1 
0-7'iii Al; 0-0,6~ Jj 

0-1,5~ Zr; 0-2~ J.o .. e 
0-9% 'l'a; 0-6~ Cu 1000 h 
0-2,5;1& V; 0-1,5~ rlf 200001', 
0-0,5jb Re 123,8-51,8 

jfor limited group of 1300-36G [;00-393 6-15 155-250 
\alloys i 

.::iuperalloys I 0-5JW-in I 100 h :0,08-1,05~ C; 
Iron-,"icKel t0,1" Si; 20-28ji Cr . 

1200°F oase-Alloys !5-8~ Ni; 0- ~Co l 427-4'it> 
11-3,2~ Mo; 0-3,25~ • ! \0-2;1b Co; 0-0,003~ .13 1000 b 
:o-0,25% Ni; 0-3~ cu 

j 1500°.f ! 
j129,5=1l> 

I 

Suj::eralloys ;o,25-1~ C; 0-1~ Mn l 100 h 
Cobalt Base ;3-29,5~ Cr; 0-15~ Ni I 1200°F Alloys :4,5-25% W; 0-~ Cb 

0-1~ 'fi; 0-4,3~ Al I - 400 
0-0,0271' .t3; 0-2,2" Zr I 1000 

0 
h 

0-2~ Fe; 0-0,5~ i j 2000 F 
0-9~ ra; 0-2~ Re ,23,8-44,1 up ?oo 

i'4i-Cu-Si 21-36:16 Cu; o,4-4,6~! 360-710 170-710 0-40 100-390 
alloys /1•1onel/ 0,5-1,5~ Mn;OyJ,5JliFe 

0-0,5% Co; 0-0,13~ c 
0-0,6~ Zr 

1'.i-Cu-.Sn 35-43;1(. Cu; 5-101' Sn 360-630 190-330 0-20 100-400 
alloys 0-1" ln; 0-3~ Si 

0-1~ Fe 

1~i-Cr-Fe 12-20~ Cr; 5-2°'9 Fe 420-520 230-310 2-15 150-200 
alloy 0,5-2% Si; 0,5-1,5'Wtl 

'fi,Cu, 0,3-0,a~ c,zr 
J.'"m,W,rle,Co 

1'4i-Si alloy up to 10,. Si 250-280 400-500 

1\li-fi-Al ~-6,5~ fi ,'/40-11~) (8-34) 
alloys 2-5-3,5~ Al 

l~i-Be alloys jup to 3~ de 
1r.-10, w,r'e,Cu,Cr 

I 
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l\wle 5.1. 

1 ' 2 3 4 ~ b 
' I 

' 1H-Al allo~s !2-4,4~ Al; 0,4-1,, 'l'i ' 

.up to 1/6 Si I 

·o-o,6~ Mn I 
I 

i0,05-0,5" c I 
i I 
I 

j 1 J-1) 1'1n-Cu-1U i27-28~ cu;11-1~ ~i 400 11J-14J 
alloys !0-0,3" C; 0-4~ re I 

!0-4~ ~i 
i . 

Refractor7 jo,5.-. ·ri; o,oa~ L.r 315 i 1;1etal Alloys ; o,o•5 ~ c i 
!~O lybdellWll 

I 
Base Alloys 
/arc meltiftj/ J 

Copper l~ot over ~ total. 17 5-{3'70) 63-¢eo) j (11 ).40 44fOS) 
'of As,ln,Cd,Si,Cr I or other ele-
1ments 

Rea brass 2-8]1t Zn 224-259 70-11~ I 25-3~ 5?-60 
leaded rea Sn) Zn I 

I 
or ass I 

I> 0,5~ Po/ I 

I ! 

lellow orass > 1 '})(t Zn 258-455 70-161 I 15-40 4J-9J 
Leaded yel.law 0-6~ Sn I I 

brass under 2" total of I 
: 

I> 0,5~ Pb/ Al,.Mn,1-.li,r'e or ::ii I ' 

' I 
' 

i I 

Semired trass 8-17J' Zn 196-252 ljd-10) ; 26-50 
i 

5?-60 
Leaded sea.i- 0-6:i' Sn i 
red crass I 

I> 0,5" Pb/ I 

rtigh-strengtn ::> 1?'J' Zn 497-005 19b-581 1?-30 70-120 
yellow brass over 2:;. total of 
Leaded h.y.o. Al,Mn,Sn,tU und Fe 455-595 175-294 20 9J 
/>0,51' Pb/ <0,5~ Si;<.- Sn 

Silicon > 0,5~ Si 585-595 168-350 21-.50 90-11) 
brass >3" ln 

·rin brass >6~ Sn 238-266 84-91 .55 45-50 
Ll1>Sn 

Nickel brass 1~ Zn 
I nicKel ail.WP'/ 1'4i in amounts 
Leaded nickel sufficient to 
brass />0,5'1t 

Pb/ 
give white color 245-266 119 20 55-(0 
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fdble 3. i. 

1 I 2 _j I 4 ~ b 
I 

1 
224-315 I 112-210 fin bronze 2-20,. Sn 0,5-30 'ib-105 

I Leaded tin I Ln(Sn 280-329 ' 140-210 1-30 65-80 
oronze I 
I'> o, 5~ Pb/ 

I event. rU,P 175-245 84-154 7-20 48-60 I 

High leaded I 
tin bronze 

: I.,. 6~ Pb/ I 
Lead bronae 30'}6 Pb 60 

I 
4 I 

I 20-25 
Leaded Zn Sn 
Copper Sn under 10" 

: event. Ag,Ni : I 

,\lickel bronze > 10J' Ni 315-525 175-254 10-28 140 
Leaded Sn under 101' 

I nickel bronze i Ln<Sn 315-385 168-280 15-20 1100-1'/0 
1 I> 0,5to Po/ event. i',e,Be,Co 
! copper nickels I l'•in,Al,Cr,Sb 

I I 
I 

2-26 
I 

I 
i\luminium 5-15:Jb Al 400-'00 . 189-585 1125-195 
bronze under 10~ Fe ( 595-940) 1(294-4 76) (8-15) ,(174-230) I 

( 0,51b Si I 
I 

I ' event. Nn,•i . i 
i I 

Silicon oro:lze > O, 5itt Si 200-490 I 224-200 6-25 ! 90-145 I 

I 

rlerf llium 1,3-2,5Jti He or 570-fflO 330-385 20 I 
bronze oe plus metals . I 

otner taan copper; I 
I 

~10-10~ (230-390) I Co, Si, Ni \005-115~ (0-1) 

I Cooalt oronze 0,25-1,61'! <.;o 350-560 140-315 20 
Ag,Ni, Be, Si 1665-1120 (480-980) (1-8) 

~- . 
I Special 12-4~ Mn; 0,5~ Hi 

alloys 1-2~ Al; 0-24~ Zn 385-567 175-252 ·25-34 110-130 
0-1,5~ Pb 

5-8~ 1'111; 20-25~ Pb 160-170 8-12 c:,2 
0-1,5~ Ni 

2-4'}{. As; 18-25~ Pb 128-169 7,2-15 .36-55 
0-2~ Mn 

18-2.3.4 Po; 1,8~ Si 152-220 12-23 56-69 

1-3~ Mn 250-480 3-41 

12-251' Mn; 1-1°" Al up to up to up to up to 

I 
I 0-14~ Ni; 0-25~ Sn 680 350 ~5 185 

0-3:16 Fe 



I 
I 

I 
I 

! 
I 
I 

1 

i.n-1\.l alloys 

L.n-Cu-i•1n 
alloys 

in-cu-Pb 
alloys for 
slide oearil16 

• L.inc alloys 
Ln-Cd, lo~ 
melting point 

Sn-Sb-Cu beer-
ing metal 

Sn-Sb-Cu 
alloys for 
pressure die 
castings 

Sn-Pb alloys 
soft sold~rs 

Dental tin 
alloys 

Tin alloys 
for utensils 

Pb-Sb alloys 
- accumulators 
- fittings 
- plumbings 

/sealing/ 

Pb-Cu-Ni 
alloy 
/sealing/ 

Pb-~b-Ag 
alloys 
/for anodes/ 

Pb-As alloys 
/snootlng 
shot/ 
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2 
! 3,5-)1/Q Al 
I0-5,5i'b l,;u 
I 0-Q' JJJb 11Jt; 
I 

I Cu; 'l '9-24/b 14-15Jll 1•1n 

0,5-1,J;1b Fe 

ui:; to 4,Jft Lu; 
12-2,~~ hl; 0,)-1~ ~n 

i 
about 45/ti Ca 

7-12~ Sb;2,)-6,5~ cu 

-
4,5-17% So; 2-5111 Cu 
0-337b PO 

10-3'7Jti Pb; 0-11Jb Cd 
0,15-0,916 Sb; 0-5'.;lb L.n 
bis dg 

OT4'.1b Ag; 0-1,5;16 Bi 
0-1'1tl Cd; 0-26,51b ::>b 

2-9',lb So; 0-270 Cu 

5-13~ Sb 
2,5-101b So 
0,5-3,,~ Sb 

57-63/b P.b; 
"-,25-2,75'/0 Nl 
rest cu 

-
9-101b So; 0, 8-1;tb Ag 

-o, 5-1,6';\ As; 
0-4~ Sb 

·-·--I ~ !:i: I. 5 6 

' 150-iOO 1-£:: ~?-lJO I -

)70-'')')() . ~-1~ 

' 
I I 

I 
I 

6B-100 l~ 3-11ti ! o, 2.-9 Z/-)2 
I 

' 55-11? 25-30 I 
I 
I I 

: 

I 

I 

' 
I 

I 

I 
I 

i I 

I i 
I I 

I I I 

I ! 
l 
I -
I 
I 

l 
I -I 
I 

I -
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2 

-f>b-.Sn-~b 

alloys 
- soft solder i T? -jO}tl ~n; O, 25-0 .~~o 

printer's ;2,5-12,~1bSq11-19,5.;o Su 
metal 

1 - for vressure; 0-25" Sn; 5-15'.111 So ' 50-88 
die castings10-j;11 t;u 

I 

:12-50,5;ti ~n; P0-~11-rli i 

alloys I low i9,5 .. 25,51b rl; . l 
~, i i 

melting point/j0-1),.0 ~d I I 

I 

l0-2014» Sn; 0-20~ Sb 
' i Lead oearing 
i 

metals :o-j,iti ~u; 0-1,d1'! Ni I 
I I 

;0-7-fo AS j J-0,21b ra I I 

i ' i 

! 
;Q-2,2~;b Cd;0-1,15~ Ca ! 
; 0-0' 916 lfa ; 0-V t 'Jl'/o i~lg I ! 

f !0-0,2~ Al; 0-0,8~ Ba I 
I 'Ag,K,Li,ng,~r, Cgraf I I ; 
f 

17-44'fo Po ; 
l I 

I di-1-'0-Cd '.:>-38'6 Cd ; 

i 
alloys /low 0-42~ !.::>n; 0-9,5~ So ; 

I meltinb point/ 0-42)1) Ln; 0-30~ tig 
I 

0-21Jb In I 
i 

Cadrr.ium alloys 0-3~ ,~i; 0-2,2516 Ag ' / oearing meta]/ 0-5~ cu; 0-1Jb l'1g 

ca-ln alloys 115-20h L:n 
If ill er metal/ 

t1g-Cd alloys 26Jti Cd 
/dental alloy/ 

hl-Cu alloys 3,5-10,~Cu ;O, .35-3, ~Si 
(130-30~ 0-1 '81t11•ig; 0'105-2 ,3 )u li i 

0,05-0,j'.)Jb l'i 

!1ypoeutectic 3,5-6)4) ::>i; 0-0,9~ Mg "150-520 
Al-~ii alloys 0-1,j;lb r'e \ I 

Ufpoeutectic 4-9,5;lb !:ii; 1-5"' Cu (120-29~ 
Al-Si-Cu 0-0,6~ Mg; 0-1 , 316 r,e 
alloys 

uua3i-eutectic 9-1j,b Si; 0-1,21' Cu (150-32~ 
Al-Si alloys U,8-1, jj(t .l:''e 

Table 5 .1. 

I 
I 

.T 

I 

160{22tj (1, 5-4, 5) (55-95) 

(90-220) (2-5) ~o-ao) 

( 120-21~ (o,5-1) (50-85) 

(90-2tm) ( o, 5-10) (50-70) 
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funlP 5. ~ • 

4 
I 

5 6 
rlypereutectic l 17-2~~ Si; 0,8-1,8~ Cu; 
Al-~i alloys ! 0,?-1, 3~ 1'lg ;0,8-j,6:1fal~i ; 

0-0,6~ Cr; 0-1,LJta Co · 
( 190) l1?0) ( 1 

\ 
\ ( '3S i J , 

Al-1•ig alloys 

Al-1:n alloys 

i 

I Aluminium 
· alloys for ' ... 
1 

S.11ae 
oearings 

i 

: ivtg-Al alloys 

' r 
1 Mg-Ln alloys 

I 
1·1g-Lr alloys 

. 2-11)11 •lolG; o,s-1,5" si ~50-Lao) ~oo-19J)~."l-6) 1~s-~~s) 
I Q v 5-1 t j}ll rt. ! 

' I 

4,5-6.- Ln; 0,2-0,71' l"ig I ! ' I ' 
0-1~ te'e6; o, 1-0,3,. '£i i ( LU0-250); \ 1 SJ) : ( 1-~) ~u-YJ' 
0, 15-0, ~ Cr ! ; i 

0-d,)~ Cu; 0-L,,. Si 
0-6)11 Ln; 0-6~ t'e 
0-2~ Sb; 0-1~ ~r 
0-2,,~ ~i; 0-j,. PD 
0-3,ia t;a 

4,2-10.. Mg; 0-j~ Ln 
0-11'1 Si 

2,1-6~ Ln; 0,6-0,8~ 
0-3,2",- ~ /rare 
earths/; 0-j,~ ~h 
0-2,5~ ~ 

I ' 

I 

I i I I 

I I ! 
I • I 
I< 14J-24?)!(70-161)·(0-d) 
I • 

.,l)-7 5) 
' 

I I 

lr ! . · _ 
!( 140-2ti0) \91-1d5) (1-4) 

0,6-0,?~ Lr; 0-2,5~ Ag (188-~45\ (42-1e5) ?,5-1,4J' r')0-78) 
0-3,21' Th; 0~2,~ RE '} , \ , 

Ti-Al alloys 4-1~ Al; 470-815 359-752 6-22 

i'i-i·ln-Al 
alloys 

up to 41' Mn 
4~ Al 

984-1)90 91ir1J27 3-8 
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fable 3.1. - notes 

1. uuite often tne range of the content of elements is given 

for tne wnole groups of alloys, which means that in a given 

range of contents there are some alloys which contain a g:ven 

element in a rnore narrow r-dnge; f .ex. the range 0-1, 2Jb means 

tt1at ~0me of tne alloys may not have this element at all. 

£. fhese are the values determined oy tne standards as tne, so 

ca.llea, "minimum" ones, in other words, the values encounter­
ed in practice may oe am are nigher; in tne scope of me-

cnanical properties /Rm' Ha, 2/ the values measured in practice 

are usuall/ oy 10-2°" higner froM the minimum ones; a similar 

si~uatio~ occurs in the case of plastic properties /A/. 

l'ne value of nardness /ulJ, i.e. according to rlrinell; 

pressure of a oall/ given in tne Table is not to be consider­

ed as a minimum one but as a "nominal" one, which admits 

certain small deviations /lower or higher nominal value/, 

or as a maximum one /f.ex. for alloyed cast iron/. 

·rhe ranges of tne values of mecnanical properties are given 

for the wnole group of alloys, and the specific alloys have 

a considerably lower range of values. It is also worth 

noting tnat the directions of the real cnanges in the mecha­

nical ana plastic properties are quite often contrary to 

eacn ctr.er /particularly in th~ case of ferrous alloys, but 

not only/, i.e. an increase in tne strengtn brings about 

a decrease in ductility ar11 vice versa. 
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