*OFTTand Teasus3

83Ul 03 9TBS J0J €8dJaaumo) Jo
juswiaeda] €osSNOYIUTJIBRST) ays 013
paseaToad aq Lew 3T “Pa3TWITUN
ST JUSWNOOP STY3 JO UOTAINQTIASTJ

g
JE Eqﬂnﬂﬂv
I DAL v pw
Wy m@:&@&&
2dg

=

Py

L

RN
el
Vo
§
1

e

ATyspeAT *g "A
£q

NOILONHLSNOD ENIHOVW NI ddsn

SNOYI LSVDO INVLSISHY-HVIM ANV NOILOIHAILNY

NOISIAIAd A90TONHDLL NOITHOA

1SITT

IDIAYIS NOILVWIO

._<U_z_w_..Umh ._<ﬂ0_._.




DISCLANERYoICE

Z @
o

THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE  LEGIBLY.



FTD-HT-23-449-70

EDITED TRANSLATION

ANTIFRICTION AND WEAR-RESISTANT CAST
IRONS USEDL IN MACHINE CONSTRUCTION

By: V. B. Lyadskly
English pages: 54
Source: Tadzhikskly Sel'skokhozyaystvennyy
: Institute. Trudy (Tadzhik
Agricultural Institute. Trans-
actions), Vol. 13, 1968, pp. 91-119.

Translated by: Loulse Heenan/NITHC

UR/0000-68-01.3-000

. THIS TRANSLATION IS A RENDITION OF THE ORIGI-
= NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR

EDITORIAL COMMENT. STATEMENTS OR THEORIES PREPARED BY:

ADVOCATEDOR IMPLIED ARE THOSE OF THE SOURCE

AND DO NOT NECESSARILY REFLECT THE POSITION TRANSLATION DIVISION

OR OPINION OF THE FOREIGN TECHNOLOGY DI- FOREIGN TECHNOLOGY DIVISION
VISION. WP-AFB, OHIO.

.Ffb-HT-23ﬁAA9-7o

Date * Nov. 19 70




g

T

,ﬁ_“,.
e

l
%
t
i
$
s

ANTIFRICTION AND WEAR-RESISTANT CAST IRONS
USED I MACHINE CONSTRUCTION

V. B. Lyadskiy
Candidate of Technical Sciences, Professor

The pearlitic cast irons are antifriction cast irons: gray,
inoculated, high-strengh modular or spheroidal, and malleable
(alloyed and nonalloyed). The ferrite content must not exceed
15% [1-3]. These cast irons should have a considerable quantity of
graphite. The steel base of the cast iron can consist of ferrite,
cementite, pearlite, and phosphide eutectic. Ferrite, a soft
structural component, has low wear resistance [4-6].

Alloyed alumirum (up to 0.5%) and copper (up to 2.0%) can
increase the antifricﬁion properties of ferritic cast iron [T7].
Cementite has considerable hardness, makes the cast iron brittle,
and causes significant shaft wear. There can be no free cementite
in antifriction cast iron. '

Pearlite, a eutectold, is a mechanical mixture of ferrite and
cementite and, as mentioned above, is the base of antifriction

cast iron.

The phosphide eutectic, the solid structural component, plays
a dual role in cast iron during wear. While absorbing a considerable
load (having high natural wear resistance), it rczduces wear; if it
is removed or breaks off, wear considerably increases. The behavior
of the phosphide eutectic during wear is obviously determined by the
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gtrength of 1ts deposit in the steel base of the cast iron, as well
28 by the character and amount of frictibn. If the deposit strength
of the phosphide 1s sufficiently great and 1t is not removed duringu
friction, it obviously counteracts wear, For this reason it 1s
recommended that the phosphide eutectic be obtained in the form of

a lattice in the pearlite or pearlite-sorbite base .of_the cast iron
[4]. The phosphide eutectic solidifies after the evolutlon of other
structural c¢lements and 1s located between the grains of the metallic
base of the cast iron, forming a closed lattlce when the phosphorus
content is 0.6-0.8%. Since the phosphlide eutectic 1s very brittle,
it increases the brittleness of the cast iron.

References [U, 8-12] established the fact that there is
increased wear resistance in cast lrons when they contain a phosphlde
eutectic. On the other hand, references [3-13] recommend a minimum
amounc of phosphide eutectlic In antifrilction cast iron and a unlform
disvribution of it in pulverized form.

The graphite in cast irons has a great effect on the strangth,
the antifrictior properties, and the wear resistance. On the other
nand, it disrupts the continulty of the metallilc basé;\contributes
to the breakoff of metal particles during wear, yet 1s a lubricating

=
ot}

terizl and f1l1ls the rough places of the frictlon surface, spreads
out on them, increases the actual area of contact, reduces specific
przssuve, and serves as a lubricant counteracting wear. During liquid
and boundary frictlion graphite contributes to the ‘adscrption of

-

the lubrlicant on the workling surfaces, Increasing the antifriction

Varicus antifriction cast irons [2, 3] SChTsl and SChTs2,
which are cupocla pearlite low-alloyed cast irons with a normal
grachite content, have been suggested. These brands are used at
specitle pressures of no more than 100 kgf/cm2 and 'sTip rates of
no moye than § m/s if the product of specific pressure'fimea rate
is no more than 18 kgt m/cmzys. (SChTsl differs from SChTs? by the

o o . -
prenence of

copper and aluminum. )
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. Cast irons Ts5 and B belong to this same type; These brands
are used at specific pressures of no more than 60 kgf/cm2 (Ts5) and
no more than 160 kgf/cm2 (B); slip rate must be no greater than
3 m/s for Ts5 cast iron and no greater than 5 m/s for brand B under
the conditionstha’ the product'of specific pressure times rate does

not evceed 15 kgf m/cm2 s for U5 cast iron and 40 kgf m/cm2 s for
B cast iron.

It 1s recommended that cast irons SChTsl, SChTs2, and B be
used under loads without impacts or Jjerks for operation in steam
with shafts having an KB hardness no less than 300Akgffmm2.

A softer cast iron, Ts5, 1s recvommenced for work with shafts
01" less hardness.

Cast iron Ts5 contains chromium and nickel, while cast iron B
iz chromium, nickel, titanium, and copper. Cast iron B is worn and -
wears shafts 15-20% less than pearlitic cast irons. Pearlitic cast
irons, containing 0.8-1.8% copper, (1l4] have been used in friction
rodes of electrical traveling cranes (bearingsfor the transmission),
Ltoading machinery for open-heafgh:furnaces,'Slab'éﬁgéfs, boring
machines and lathes (support nuts), and other machinery.

The conditions governing the application of copper cast iron
as antifriction material were the same ar those for the cast irons
SChTsl and SChTsZ.

Wear of parts of Spindle nodes {15] with bearings of titanium-
copper cast 1rcn was not only no more than, but frequently less than,
hronze. Two-year tesis showed that titanium~copper cast iron can
fully replace bronze in spindle bearings for wet spinning of flax,
wlitn the compulscry maintenance of an enlarged clearance, high-
grade instaliation, and proper cleaning and lubricating of nodes.
™is cast iron contained 0.6-1.0% copper and 0.1-0.15% titanium.

In making piston rings by the individual method (12, 16], cast
iron containing 0.4-0.45% molybdenum is used. Instead of expensive
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molybdenum, we can introduce 0.45% copper and 0.1% titanium.
Molybdenvm, chromium, copper, and titanium increase the thermal
starility or the ring and, therefore, preserve the brittleness of
whe cast iron even at elevatedwgemperatures. -

In reference [17] titanlum-copper cast iron containing 0.35-
0.50% copper and 0.08-0.15% titanium was recommended for casting
cylinder blocks of engines. Antifriction cast iron containing
copper also operates well under the action of water and steam. The

avorable effect of copper on the antifriction properties of cast
irons was noted in references [19, 12, 19, 20].

In connection with tnis, speclal copper antifriction east iron
containing up to 2.0% copper was developed [20]. For bearings
working with abundant 1ubr1¢ation, at low specific pressures and
rates, soft antifrictlon cast Irons with a ferrite base and a
phosphide eutectic in the form of a lattice are used [8, 19, 20].
antifriction porocus cast 1ron was proposed [21, 22] as a substitute

0. bronne Br 0TsS6-6~3 and Br 0TsS5-5-5, as well as aluminum bronze.
inisz rzast iron is cobtzined by introducing lead and potash intoc tha
liguid mnetal and contains 06.5-1% bhosphorus and 0.5-1% lead.

[

P

[

The heat treaztment of antifriction porous cast 1lron (APC)
depends upon what kind of microstructure the specifications require.
In order to obtain pearlite structure (ferrite no more than 15%)
£PC 1c normalized, while to obtailn ferrite-pearlite structure it is
anncaled. APC with pearlite or pearlite-ferrlte structure has a
hardness of HB-120 kgf/mmz. In reference [22] it 1s mentioned that
this cast iron has a pore diameter of 0.75-1.5 mm and a tensile
strength of L0=50 kgf/mmz.

With low values for hardness and the presence of pores there
iz aome doubt concerning the amount of tenslle strength. In such
o cast iron tensile strength should be considerably lower than
indicated in the reference. In addition, it is not clear how to
achieve a specific quantity and size of pore., A pore diameter of
0.75-1.5 mm is represented as large enough. Also doubtful are the
antifriction properties of this material and the arsas of application
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Indicated (bushings for rollers on the S-80 tractor, main bearings
of the ZIL-150 and ZIL-5 automobile, bushings on metal-cutting o
machines, carrier bushings for sliding blocks on«fofging machines).

In addition to these deficiencies, APC must have very low impact
toughness.

In references [23, 24] antifriction and wear-resistant sulfur
cast iron is described. This cast iron [23] was obtalned by ferrous-
sulfide treatment of ordinary SCh21-U40 cast iron in liquid state at
1400°C. 1Ingots were subjJected to normalization: heating up to
1050°C, holding 1-1.5 hours, and air cooling. After heat treatment,
the cast iron had a fine~grain pearlite baée and annealing graphilte,
whilch was distinguished around the sulfide inclusions as crystalliza-
tion centers; the sulfldes which formed in the cast 1iron (sulfur
content was below 0.86%) had no.effect on the decrease in mechanical
properties after normalization. 1In addition, a 45-57% increase in
the strength of the cast lron.was observed. This was connected with
the peculliarities of graphite structure after normalization and
the fine-graln pearlite base.

With dry friction the wear of sulfur cast iron was 25-30% less =
than magnesium. The coefficient of friction during dry friction
for sulfur cast iron based on steel was 0.350-0.401 and for
magnesium and ordinary gray cast iron 0.&50-0.500.

Metallographicstudies of thin surface layers of sulfur cast

iron [24] subjected to wear have shown that, as a result of friction,
sulflde inclusions substantially change their form and character;

we observe thelr deformation, pulverization, and the formation of
dispersed crystalline inclusions oriented 1nfthe:direction of the
friction. When tempered steel slips along sulfur cast iron without
lubrication, there is a high codtént of suifurlin‘the products of

the wear during this friction. It 1s suggested that the dispersed
inclusions of sulfides and sulfo-oxides forming in the surface layers
have a positive effect on run-in, antiselzing properties, and wear-
resistance of sulfur cast iron. These inclusions possibly play the
role of fine grinding powder. Along‘withihigh antiseizing properties,

FTD-HT-23-449-70 ’



“h2 high quality of the friction surface attained during wearing in
1as a conslderable effect on the performance and the durabiiity of
che friction pair. The roughness of a friction surface of sulfur
zast 1ron during friction without a lubricant was in the 8th class
and abové, while with orAinary cast iron it did not exceed the 6th
rlass during tests ur. .- the same conditions.

A sufficlently deep sulfurized layer can be obtéined by surface
21loying of an ingot of sulfur directly in the foundry mold t25].
The essence of thls process lies in the application of a layer
ontaining sulfur compounds or simply sulfur on the dry surface of
he foundry mold or core. When the mold 1s filled with metal, the
sulfur 1s melted and the metal 1s enriched with 1t to a considerable
depth by diffusion. Sulfurization of bevel and root pinions for
runners increased their lifetime from 2-2.5 months to_.l year and
tore, while the service 1life of dumpers was increased from 3-4 to
3-10 days.

Sulfurized bushings of the TEl dlesel locomotive from nonallcyedwmﬂ

2Chl5-32 cast 1lron were 2-2.5 more wear-resistant than Qommercial
sushings from low-alloy cast iron.

Wear-resistsnce tests on a TsNII MPS machine with reciprocating
wsion imitating the work of the bushings and on an MI machine show
that sulfurization of cast iron and steel increases their antifriction
sroperties and sear resistance. The high properties of the sulfurized
2ast irons and steels are.explained'by the formaﬁion in their
structure of interlayers and rosettes of soft sulfides, which make
2 lubricant on the surface of friction.

Antifriction antimonous cast‘iron, obtained by alloying gray
2nst iron SChl5-32, SChi8-36, and others, with a sméll'émount of
©.iimony introduced directly into the ladle under the metal stream,
ir uweseribed in reference [26].. This¢cast'1roh coﬁtains 0.3~0,65%
artimony, does not require heat treatmenﬁ, and has good casting
rroperties. Antimony increases'the‘hardness of pearlite and the
rhosphide eutectic. With optimal antimohy content the transverse
s rength 1limit is reduced 5-30%, while hardness 1ncreases‘6~23%.

L HT-23-009-70 - 6
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The antifriction propertles of antimonous cast irom were
tested on the AYe-5 end-friction machine with boundary lubrication
and friection wlthout lubrication. Cast iron containing 0.32-0.64¢%

antimony had the lowest coefficient of friction and wear for the
coupled pairs.

Extended operational tests on parts from machines made of this

cast iron showed that 1n many cases 1t can. successfully replace .
bronze.,

In another work [27] it .1s noted that during _seizing tests the
samples seized the supports after the first few seconds regardless
of the amount of antimony. However, after sulfocyanogenation
of the cast irons containing antimony, the samples and the supports
operating as a pair with them had no surface damage. 'The abilit&vgf
the cast 1ron after sulfocyanogenation to resist seizing with an
antimony content of more than 0.0%5% 1s explained by the formation of
the compound Sb2S3 wlth a lamellar hexagonal crystalline lattice and
very low hardness — 2 on  the Mohs scale. The low melting point of

T )
Sbh

BN

283 (550°C) contributes to the easy disruption of seizing points;
sc.Tt flakes of Sb283 are contained in thg wear products. The
advisability of sulfocyanogenation of antimcnous cast 1lron 1s
confirmed by a test and successiul operationjof approximacely 200

different machine parts made instead of bronze,.

In this same work 1t is correctly noted that data on the
properties of cast 1ron containing antimony are insuificient and
contradictory. Recommendations concerning the optimal amount of
antimony are not connected with the cross section of the castings
and with the possible variations in the composition of the cast iron,
There are considerable contradictions‘concerning*the increase in
wear reslstance of cast irons. No consideration is given to the
amount of wear of a steel sample which, when dberating in a pair
with antimonous cast iron, was two times greater than with Br CF-10-1,
8 times greater than with BrWOTsSS—S-S, and 50 times greater than with
Babbit B-83. Naturally it,}s”ndt_sufficient to evdiuate the use-
fulness of antifriction material only'withvrespect to its wear
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withgut taking into account‘the wear of thercoupled steel parts.

Good antifrictinn properties, high wear resistance and heat
resistance up tc 600°C are noted in reference [12] for cast lrons
alloyed with nickel, chromium, and copper. '

Such cast irons are used for ball-and-socket joints of outles,
cases for automobile engines, and in refrigerators since they are not

cold-short alloys.

Wear-resistance studies on various cast irons in the machines
of 3avin and Amsler [28] made it possible to.establish,the high = ..o
wear resistance of nickel-molybdenum cast iron,fparticularly with
z "necile" structure for the metallic base, and high—strength cast
iron wl:h spheroidal graphlte, which considerably exceeds the wetr
resistance of ordinary gray and inoculated cast irons. Antifriction
nearlite malleable cast iron is considered a precursor of higher-
guality and mnre wear- resiStan“, high-strength pearlite cast iron

wilth & more compact f{orm of graohite inclusions.~

Harcening oy high-~frequency current increases the wear
vesistance of all cast 1rons except nickelQmolybdenum cast iron
with a "needle” structure. The alloying of cast iron, which has a
considerable effect on wear resistance in the test state, has a
comparativaly smail effect in the case of surface hardening.

The wear resistance of a hardened layer of cast iron which has
noen cold-treated, in splte of the increase in hardness, does not

nerease, bult actually decreases in the majority of cases. With
hent Lreatment inoculated and high-strength cast -1rons can achileve
o wear resistance as good as the wear resistanCe of chilled cast
ror., By the iatroduction of molybdenum.into the cast iron for
piston rings, it was possille to achieve stable and@ high mechanical
properties and increase the_weaf‘resistance of the metal several
times [29]. Subsequently it was*possible to replace molybdenum,
which is an expensive elemenﬁ, with chromium, copper, and titanium. .-
Tntroduced into the mixture were titanium-copper cast irons and
chromium with an additive of ferﬁéchromium.ffThé wear resistance of

T -HT-23-049-70 8



these rings was even somewhat higher than it was with chromium-
molybdenum cast iron. : :

Pearlite and peariitefférrite malleable cast;irons [30=~35] are
antifriction and wear—resistantAmaterials‘in maﬁy cases of friction.

In reference [30] we are told that pearliteferrite malleable
cast iron (pearlite 50*80%) works completely satisfactorily at
specific ressure up to 300 kgf/cm s slip rates up to 2-3 m/s and _
semiliquid friction, with products of specific pressure times rate
up to 250-200 kgf mfcm s, and under conditions of variable-sign
impact loading. This cast iron showed considerable advantages as
compared with bronze of the type Br 0S5-10 and Br A-10, as well as

the aluminum alloy alcusin (less wear of bearings and connected
shafts). ‘

An increase in pearlite content in the structure of malleable
cast iron causes an increase in the wear of the coupled steel part.

In reference [31]V1t is'indicated‘that the best structure for
pearlite~Territe malleable cast iron 1s a structure containing 50-70%
pearlite with a hardness of HB—149—1?0 kgf/mm This cast iron
must be lubricated Just as bronze and 1ts use 1s not recommended

for work during friction without 1ubricaticn or with insufficient
lubrication. ‘ ' ' o

" Ina pair with molst steel shafts a pearlite”céntent within
60-70% is permissible (HB = 167-178 kgf/mm ), while in a pair with
steel hardened shafts pearlite can be 90-100% (HB = 197-217 kgf/mm y
[32}. 1In this work 1t is noted that the good antifriction properties
of pearlite-ferrite malleable cast irons - do not depend upon the
nethod of preparing them, It is 1mpossib1e, of course, to agree
with this claim. Manganese-titanium malleable cast iron L33],

containing 1.0-2.0% manganese, 0.05% chromium, and 0.05-0.12% A

titanium with spheroldized pearlite structure was used as an
zntifriction and wear-reslstant material (Journals ©f pressure
cast molds, bearings of reducing gears in mixers, push-“ods

of tunnel anneallng furnaces operating with lubrication, links

PTDLHT-23-509-70 9.



in chains of overhead conveyers, aérator bladés, rollers of
plate transporters, blades of vibrators and cfushing chamber,
blades of runners operating without lubrication).

The wear resistance of parts made from this cast iron was higher
than those from normalized steel 45 and stannic bronze.

Cn the basis of operational tests it has been concluded that
manganese-titanium malleable cast iron with sphéroidized pearlite
1s, in a number of cases, a completely satisfactory substitute fox
nonferrous metals. The least wear occurs in pearlite magnesium-
titanium malleable cast iron dufihg slidihg friction without lubrica-
tion and with lubrication with a content of 1.5-2.0% manganese and

0.1-0.15% titanium in the cast iron [34].

Based on studles presented in this work, we have concluded that
1t 1s possible to use manganese-~-titanium pearlite malleable cast
ircon as a substlitute for bronze in the manufacfure of bearings and
as a substitute for carbon steel in the manufacture of chaln links;
aerator htlades; bottoms and blades for runners; rollers for plate,
overhead, and pouring conveyers; etc.

In reference [35] 1t was found that malleable cast irons
alloyed with manganese from 1.0-2.25% and titanium from 0.05-0.15%
can be substitutes for antifriction nonferrous alloys and carbon
structural steel. Inoculated pearlite malleable cast lron [36]
during tests in laboratories, without any lubrication or with
insufficient lubrication, was 20-25 times more wear-resistant than

ordinary gray cast iron and 12-15 times moreso than 1noculated gray
cast iron.

Wear in inoculated malleable cast iron was the same, and in
ome cases 2-5 tlmes less, than bronze. Operational tests on Journals
£ thnis cast ircen installed in various machines, hydropresses,
nf

on

-
(@]

irmed 1its high wear resistance. Journals of ordinary
stannic bronze, as a rule, work no more than 12 months, and those

from aluminum~iron bronze (Br AZhS9-4) no more than 6 months. After
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}replacing«them with cast iron Journals, service 1life increased
to 18-30 months. Inoculated pearlite malleable cast iron also

Tound use as a materlal for cold-pressing, bending, flanklng, drawing,
and compound dyes.

Comparative tests of inoculated cast iron (with an additive of
sllicocalecium and ferrosilicon) for wear resistance during
reciprocating motion in the laboratory énd in operation [37] showed
its advantage over uninoculated cast iron.

At a speciflc pressure of 20.0 kgf/cm2 inoculated cast 1iron
were 25% less than‘high~quality pearlite cast iron. Based on the
tests made, recommendatlons are given concerning the use of
Iinoculated cast iron for machine césting of mountings, drums for
automatic machines, lathed chucks, etc.

In addition, this cast iron can he used in place of bronze and
steel. At low specific pressures (less than 10 kgf/cm2 of, when
there is good lubricatlon, less than 30 kgf/cm2)~the advantages of
inoculated cast iron are scarcely noticeable; however, as the
pressure grows and the operating conditions of the friction node
senerally worsen, the advantages of th{s‘type of cast iron increase
£3817.

The inoculation of cast iron with ferrosilicon [39] considerarly
improves wear reslstance. : -
i small 1ncrease of alloying elements in a cast iron (nickel

and chromium) notlceably ilncreases wear resistance. ‘

Operational tests on parts cast from alloyed lnoculated high-
strength cast iron and before heat treatment (sleeves of the
valve chamber 1lining in the S-252 concrete pump) showed high wear
resistance, metal hardness, and, at the same time, ductlility.

Reference [40] indicates the possibility of widespread use of
incculated ferrosilicon alloyed cast iron as antifriction material

FID-HT-23-U49.70 11



in place of expensive bronze and other nonferrous alloys, particularly
for parts working under high loads.

The wear resistance of. inoculated cast iron [41] is 4 times

greater than ordinary gray cast iron and approximately 3.5 times
greater than steel pearliticcast iron.

Tests [or wear were carried out by abrasion from a rotating
disk. 1In the test for wear from reciprocating motion without
lubrication [38] the wear resistance of inoculated cast iron was
apprcximately 2.7 times greater than for uninoculated cast iron.
The wear resistance and good antifriction proﬁerties of inoculated
cast iron [417 are explained by a combination of the following:

"a) the flake form of graphite which adsorbs the lubricant well
and by the soft-lubricating action of this graphite when there is
no lubricating layver uetween the working surfaces (for example, upon
starting and stopping);

b) the pearlite structure of the basic metallic mass in
which there are no crumbling inclusions of ferrite and hard brittle

%]

tructurally free Inclusions of cementite and a ternary phbsphide
=utectiz acting as an abrasive during wear." (page 30).

{

Datz are presented on the good antifriction properties and high
wear resistance of high-strength cast irons with spheroidz.i graphite
(U2-45, b7-72].

Reference [42] discusses the high wear resistance of large
parts from high-strength cast iron. The wear resistance of this
cast iron in a cast state 1s greater by a faclor of 2.5-3.5 than

inoculated cast iron [43].

&4s a result of wear tests on a Savin machine [44] (abrasion by a
revolving disk of hard alloy with lubricaticn and cooling by a 0.5%
solution of potassium chromate in water), the considerably higher
wear reslstance of high-strength cast iron than St3 and inoculated

FTD-HT-23-149-70 -
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cast 1iron  SChM35 was also established. A succ »ssful test 1is noted

on the use of high-strength cast iron in agricultural machinery
construction [45].

Tests 1In laboratory conditions, verifled by operational tests,
have established the high wear resistance an: good antifriction

properties of high-strength cast iron with and without lubrication--- -

(reduced wear of coupled part, low coefficlent of friction) as
compared with cast 1rons of other types, 1ncluding the best of
hem — malleable cast iron [46]. ‘

Cast 1ron with spheroidal graphite combines the specific
propertlies of cast iron and the high strength of steel {47, 48].
Cast iron wlth spheroldal graphite virtually removes strength
limitations exlisting In antifriction cast 1ron with flake
graphite. 1In addition, the possibility of controlling the structure
of the metallic base with heat treatment is important as it
enables the selection of a specific structure depending upon the
operating conditions [49].

In wear tests [50] on the MI machine using the friction of a
roller of tempered steel along the test material without lubrication,
1t was established that pearlite cast iron with spheroidal graphite
has a higher wear resistance than bronze Br 0TsS5-5-5, Br AZh9-4,
and malleable cast iron. | :

Increasing the ferrite content in cast iron with spheroidal
graphite above 15% leads to a reduction in wear resistance; the
wear of a bearing, in thils case, considerably exceeds the wear of
bronze bearings and bearihgs from SChTs2 cast-iron with a purely
pearlite metallic base, as well as those from titaﬁium-manganese
malleable cast iron. According to the wear of the wroller, the
materials were arranged iIn the following sequence (based on increase
in roller wear): bronze, cast iron with spheroidal graphite with
pearlite structure, titanium-manganese malleable cast iron, cast iron
with flake graphlite brand SChTs2, and, finally, pearlite-ferrite
cavt iron (with ferrite content 20-45%) with spheroidal graphite.
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The highest coefficient of friction correspondéd to pearlite
cast iron with flake graphite, and the lowest to cast iron with
spheroidal graphite with a pearlite structure. The coefficlent of
friction for bronze was only half as great as the studied cast irons.

R

It requires considerably more %ime for cast irons to wear in than
for bronze.

In tests on the ATS-5 machine (with a softéadjusting bearing)
cast iron with spheroidal graphlte has better wear-in character-

istics than cast iron with flake graphite or with graphite in the
ferm of temper carbon.

Maximum loads in the wear-in period for the majority of tested
cast irons differ only sllightly from loads sustainable by bronze.

Almost all tested cast irons withstood the maximum load taken
for the wear-in regime at 120 kgf/cme. Total load capacity was
greatest in bearings of bronze Br 0TsS5-5-5. Then (in descending

order) followed bronze AZh9-U and the cast 1irons: type SChTsz and cast
iron with spheroidal graphite. 1In tests on the MI friction machine
without lubrication [51] the coefficlent of friction for various

airs was 0.15-0.60 and during friction with lubrication was 0.02-
0.06, i.e., in the first case 5-10 times greater than in the seccnd.

3

Cast iron with spheroidal graphite [52] has high wear resistance
during frictlon without lubrication, which, in certaln cases, exceeds

the wear resistance of heat-treated steel.

Tests on the wear resistance of cast iron with spheroidal
graphite without lubrication during recipfocating motion [53] showed .. ... . .
that the wear resistance of this cast iron with a pearlite structure
1s 2-3 times greater than that of hardened steel.

In a stand test of plane motlon without lﬁbrication Ssimilar
results were obtailned. If the wear of gray,céstyiron is taken as
100%, then the wear of inoculated cast iron was 21.5% and of cast iron
with spheroidal graphlte was §.2%. ‘ '
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In wear-resistance tests [54] on the Savin machine the wear of
cast iron with spheroldal graphite was near (somewhat less than) .the..
wear of inoculated cast iron with flake graﬁhite brand SMCh-35.

With this method of testing no difference was seen in the wear
resistance of wvarious high~strength cast 1rens.

In tests usir~ the MVTU‘méthod~(thé test wvample 1s clamped under
a load to a revolving steel shaft with a hardeﬁedfsurface; tests are
made without lubrication; wear is determined based on welght loss of
sample) considerable advantages were noted for cast iron with

spheroidal graphite as compared with ofdinary~gray‘and inoculated
cast irons. ‘ ' ‘

Very appreciable advantages have been established for pearlite
high-strength cast irons over ferrite. The wear resistance of
high-strength cast iron withvspheroidal graphlte in a test state

15 2.5-3.5 times higher than the wear resistance of inoculated cast
iron [43]. ' '

Reference [U4] indicates that with the proper selection of
composition and heat treétment, it 1s possible to obtain high-strength
cast irons with high wear resistance under any operating conditions.
In references [55, 56] the conclusion is reached that high-strength
cast iron can be used in many areas of machine building and repair.

The . % ! test on the wear resistance of cast‘iron with
spheroidal giraphite durlng reciprocating motion with lubrication
[53] revealed high wear resistance. The best wear resista..ce was
shown by a pair consisting of high-strength cast iron with a = =
pearlite structure and hardness of HB = 255 kgf/mm2, followed by a
pair consisting of pearlite cast iron with spheroidal graphite
(bushing) and inoculated hardened cast iron (pin).

Tests on the Amsler machine with sliding friction and lubrica-

tion gave the same results. Pearlitic cast iron with spheroldal
graphite in a pair with Babbit B-83 had the best results.
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Under these conditions, the wear resistance of high-strength
cast 1lron 1s higher than steel. Blades, levers, guide wheels, cross
pleces, and plstons for the working wheels of turbines, which were
formerly made from ZOL steel, are being made from high~strength cast
iron with spheroidal graphite [52]. Also cast from 1t are diesel
crankshafts; pistons, bushings, and other parts; all kinds of small
parts such as impellers for methane torches, impellefs for dust
removers, parts for sporting guns and sewling machines; parts for
corn combines which formerly were made from malleable ¢ast iron
{clutches, jointed square shafts with‘screw/thread, tufnstile box,
sprocket whéels, thrust washer, etc.). Also made from th.: rast
iron are crankshafts, wheels, and brake drums for automoblles, gear

drives, piston rings, plstons, bushings, rollers, plowshares,
dyes, etc.

GOST 1585-57 [52] specifies antifriction cast iron with
spheroidal graphite of two brands: AVCh-1 designed for operating
in a pa’r with‘a heat-treated (tempered or normalized) shaft and
AVCh~2 designed for operating in a palr with a nonheat-treated

~ 4.
shaft.

AVCh-1 differs from AVCh-2 by a copper contéggmof 0.74%
and a higher allowable amount of manganese.

Presented below are the maximum permissible operating conditions. .. .

for parts from antifriction cast iron with spheroldal graphite.

Cast Specific Circular P

iron pressure veloclity in kgf
in kgf/cm2 in m/s m/cmzs
AVCh-1 -5 5 25

AVCh=-2 120 1.0 12¢C.

The maximum operating conditions for antifriction cast iron with

spneroidal graphite considerably exceed those for antifriction gray
cast irons.,
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. With. good lubrication the wear resistance of high-strength
cast iron is the same as for'gray cast iron [57]. Under conditions
of friction without lubrication high-strength cast iron 1s less wear-
resistant than gray cast iron. |

Crankshafts from high-stréngth cést iron with spheroidal graphite
are no less wear-resistant and reliable than steel [42, 52, 58-63].
Crankshafts from magnesium cast irons are more durable than those
from cerium [62]. Heat treatment can considérably improve their
wear resistance [63]. Camshafts and push rods of tractor engines
made from high-strength cast iron with spheroidal'graphite and from
gray cast 1ron with flake graphite with a troostite structure had

greater wear reslstance than those from medium-carbon and high-carbon
steel [64]. ‘

Piston rings from high-strength cast iron have high wear
resistance, strength, elasticity, and heat conductivity [65].

Spheroidal graphite chips off with a minimum disruption of
the metallic base, which contribuies to run-in during friction.

Elasticlity of rings from high-strength cést iron with sphercidal -
graphite 1s considerably greater than in those:of alloyed cast 1iron.
Heat resistance of high-strength cast iron 1s higher than cast 1rons
alloyed with chromium, niékel, and copper and somewhat lower than
cast irons containing molybdenum.'

Based on studies made, it has been concluded that high-strength
cast iron with spherbidai graphite in a cast state 1s the best
material for plston rings.

High-strength cast iron with spheroidal graphite is successfully
used for engine pistons [66]. The durability of pistons from high-
strength cast iron was 3-4 timeé;greater than.those from malleable
cast 1ron with spheroidal graphife. This cast iron also indicated
high wear resistance in bushings made from 1t [52].
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High-strength cast iron with spheroidal graphite satisfies to
the fullest extent the high requirements imposed on. roller materiazl

[67-691.

High-strength cast iron rollers 670 x 1380, installed on a
continuous blllet mill operated for 5 weeks betweeﬁ éhanges, while
other roliers had to be replaced every 2 weeks; rollers of high-
atrength cast iron showed less wear [687.

A compzarison of the results of the work of rollers made from
ordirary and hlgh-strength cast iron of varying hardness indicates
that the advantage always falls to rollers of high-strength cast

iren; the greater the difference in quality the lower the hardness of
the working layer.

The service life of rollers with a hardness of HB = 200-280
kgf/mm2 for reduction mllls and cogging mllls rose 1.5-2.5 times
as ccmpared with rollers of cast iron with flake graphite and
mcore than 3 times as cdmpared with steel.

Reference [52] deals with a further improvement in the quality
of rallers brought about by 3lloying high-strength cast iron.
Techrinlogical factors such as the preparation of charge, the melting
mode, inoculation, and teeming, have a considerable effect on the
quality of rollers [70-71].

& high ferritic oxide content in slag has an unfavorable effect
on the structure of cast lron and noticeably reduces the quality and
wear resistance of rollers [72]. e '

Hard white cast iron alloyed with;carbidevformihg elements 1is
usually used to operate under abrasive conditions [12, 73-80].

Tt has been found that by alloying, white cast iron with
toron, titanium; or both elements together y1th a certain content
of carbon 2nd silicon, a considerable increase in the strength of
this cast liron during abrasive wear can be’achieved.,AWhen white
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cast iron 1s alloyed only with boron, its hardness improves
significantly while, at the same time, its strength, particularly
viscous strength, is reduced. The additional alloying of such

cast iron with titanium leads to improved‘strenéthbprcperties while
its hardness remains sufficiently high. 'The alldying of whité cast
iron with titanium only produces an insignificant increase in
strength. White cast 1ron containing 0.3-0.5% boron is sultable
for casting parts which are subjected to abrasive‘wear wlthout
impact loading. The deoxidation of this castgigpn‘by ferrotitanium

in the amount of 0.13-0.15% has a very favorable effect on its
properties. ' ' ' ‘

k3

White cast iron containing 0.7-1.0% titanium can be used for....

making parts which are subjected to the actlon of intensive abrasive

wear and impact loading. White cast iron contalining .3-0.5% boron
and 0.7-0.9% titanium is recommended for}thése same operating
cecnditions. ‘

Parts for power equipment, made from white gast iron with
0.32~0.5% boron, have operated effectively for several years. ‘Their
service life has been‘B times longer than,parts made from rolled
products and twice as_ long as parts from chilled cast iron.

Cylindrical corrugated armor plates of ball mills "Sh-16" were
cast from white cast irons containing 0.3~0.5% boron and 0.7-0.3%
titanium, as well as titanium alone in the amount of 0.7-1.0%,
and mounted simultaneously with plates of‘austenitic_manganese
steel. Examination and measurement of the plates after 8079 hours
of mill operatlion showed that wéarMin‘plates alloyed‘with boron and
titanium was approximately one half as much as in those made of
manganese steel. o o ‘ o

In order to increase tt: ~iur resistance ol c¢ylinder bushings
of reciprocating sump punzi, 1t wag proposed 7 F74] to cast
them inside with an;ﬁfcast ircen contalning 1+ boron and nickel,
Boron cast irown ass 2 vé?y'high‘bardness, appreximately
HRC = 67-70. “he service life of such bushings wés increased by
a factor of 2 whea pumpiné water with sénd.
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Nickel-boron white cast iron [12] containing 3.5-4.5% nickel
and 0.7-1.0% boron with a hardness of HRC = 58-62 has been used

for buckets of pumps and other parts cperating in an abrasive medlum
and also with limited lubrication.

Alloyed white cast iron [75] containing-1.8% boron and 3.7%
nickel with a hardness of HRC = 63-64 has .greater wear resistance
than nitrided and cyanided steel burhings of drillling pumps intended

for pumping the flushing liquid into the borehole dﬁring drilling. ... .

The flushiling liquid 1s a clay solution. Intensive wear of the

bushing-pistcen pair occurs, mainly on the abrasive layer.

Centrifugal pumps, which are widely used (for hydromechanization
of time-consuming earth work, in the construction of hydroelectric
stations, in transport and industrial construction, in agriculture,
in the chemical industry, mining, metallurgy, in glass, sllicate,
and cement plants, and at power stations) are subject to severe
wear [76].

The best structure for cast iron with respect tc wear resistance
in these conditions 1s carbide-martensitic, 1.e., the structure of
white cast iron containing 3.8~5.0% nickel and 1.6~2.6% chromium.
Cast hardness is HB = 400-600 kgf/mmg.

The carbon content must be no less than 3.0-3.6%. A decrease
in carbeon content below 2.5% causes a sharp decrease in wear
resistance along with a drop in hardness.

Chrome cast irc- contdining 28.0-30.0% chromium and 2.0-3.0%
nickel has high wear resistance under these conditions. Molybdenum
in the amount of 1.0-1.5% and titanium in the amount . crl 6.5-1.0%
improves the wear resistance of cast iron noticeably.

The rotary throwing of shot is wildely used at the present time
for cleaning plckun and scale from castings, forged pieces, and

rolled prcducts, as well as fo» surface hardening of parts. However, ™

the intznse wear of the parts, particularly of the blades, of the
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shot~throwing device 1s a major disadvantage, which complicatesn and
ralses the cost of these installations [77].

The wear-resistant alloys for the blades .must have a hardneu: of
approximately HI 600 kgf/mm » & yleld point of 20 kg/mm » 2 shear
strength limit of 70 kg?/mmg, modulus of elasticity E = 9000 kgf/mm R
a coefficient of recovery upon impact of O. 78, a coerficient of
friction of approximately 0.2. The structure of alloys far blades
must consist of a sufficiently strong and ductile base, pearlite
and a thin lattice of carbide of high hardness. PFine inclusions of
carbldes in the base increase wear resistance‘to an even greater
extent. There must be approximately 2% bound carbon in the alloy
and 30% carbide phase.

-

Chromium zlloys -have highér wear resistance than alloys of
cther elements.

Boron intensifies the effect of chromium;*however, when the
content is greater than 0.3% the alloy becomes brittle. 01l hardening
with subseguent tempering improves the wear resistance of alloys by
approximately 30%. |

Cast iron blades having the following chemical composition in
(%) gave the best results under industrial conditions: c-2.0,
¥n-0.53, S1-1.18, $-0.023, P-0.048, Cr-4.7C, Ni-0.07, B-0.32, after
nardening in oil from 1100°C and subsequent tempering at 200°C for
two hours.

Tests on shot-cleaned blades coated with caprohe with linings
of shecck-resistant glass and also cast blades of Silumin ‘
impregnated with powdered sllicon carbide under the action of
ultrasonics indicated their inadequacy in connection with intense” ™ 7~
wear after 5 minutes of operation. The linings of glass were broken
by the impact of the shoéks in the first moments of operation.

The grinding bodles (balls and cylinders),’cast from various cast
irons in sand, in metal molds with fihration and the centrifugal
method, werz tested for strength, shock resistance, and 1impact
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fatigue on specially preparéd’drop hammers . 'In‘addition, W ar-
resistance tests were made on the Kh4-B machine {78, 791. ihe

best Indices were attained withfthe centrifugaleethdd oi cas.’'ng
grinding bodies from unalloyed cast iron with low carbo, ai -
silicon content. Balls of low-carbon cast iron Qefefﬁésted,for

2 years 1in inductr131 silidate‘plantsvand prvédato ha?e a higher
wear resistance than steel by a factor of 34§. These balls did not
heat up while working in mills with a diameter of 2.2-2.5 m.

The abrasive wear resigtanée of working parts of grain cleaners,
disks with pores, was improved by the introductionyofytellurium
into cast iron [80]. . ‘

The following amounts of tellurium - 0.005%, 0.01%, 0.015% —
were poured Into a ladle with’iiqﬂid‘cast iron at 1325-1350°C; caéting
began when the tellurium Ceasédvgiving~dff steam, approximately
30~60 s after 1t was'pourcd‘intqythe:éast iron.

The addition of 0.01% tellurium gave‘a uniform chill to a depth
of 1.0-1.2 mm, while 0.15% tellurium gave a continuous chill. Surface
purity of disks cast with tellurium added to the ladle was excellent
and fully responded to the requirements in the specifications.

An attempt was made to increase the wear resistance of these
parts by creating a chilled skin by surface microalloying with small
quantities of tellurium. Surface chills of various depth were
obtalned; however, a surface;purity for disks and cells which‘
satisfied specifications was not achleved.

Tests on the abtrasive wear resistance of various cast irons
in the Khi-B machine [81, 82] showed that white cast iron had the
worst wear resistance. High~étrength castviron with spheroidal
graphite, obtained after hardening the martensite structure, revealed
comparatively high wear resistance. The least wear resistance was found
in high-strength ferritic and‘péérlitic cast irons after annealing;
thelr wear resistance 1s near the wear resistance of Armco iron.
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« The greatest wear resistance in castings was found in high-
Strength pearlitic cast 1irons; their wear resistance is near the
wear reslatance of annealed 412 steel and higher than inoculated

cast irons. Tn some sgecimens of pearlitic‘high-strength cast iron
wear resistance was lower,

With an increase in hafdness the wear resistance of cast iron
also increases,; however, there are other factors affecting wear
resistance which do not affect the hardness of the. cast iron. The

mechanical properties of cast iron are not connected directly with
vear resistance. /

et

Tire authors of this work note that the mechanical propertiles
determined durlng tensille tésting depend to a consliderable extent
upon the dimension and quantity of graphite separation, while wear
resistance depends chiefly on the structﬁre of basic metallic mass.

Tests made it possible to establish that the relative wear
sistance of pearlitic high-strength cast iron increases as a
r2sult of hardening by approximately 50% and that the relative
wear resistance of white cast iron 1s somewhat hlgher than hardened

hxl

4

(24
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1

found in the wear resistance of high-strength pearlitic cast irons
and inoculated cast irons wilth the same structure (when comparing
them as castings).

Cast irons with ferrite structure, obtained during casting or
after annealing, have the lowest wear resistance.

Ia reference [83J.the effect of cast iron structure on its
abrasive wear was studied. A method of mutual grinding was used,
which made 1t possible to observe the behavior of materlals in the
presence of an abrasive.layer'between workling surfaces. The best
results with respect to wear resistance were revealed in cast
irons with a ‘troostite~sorbite stfﬁcture‘obtained by hardenling and
tempering at 400°C. '
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Wear resistance increases only when the hardness of the cast
iron's metallic base increases. When the content of graphite is

the same but the slze of the graphite inclusions is Jarger, wear
resistance 1s less. | ;

Cast lron with spheroidal graphite inclusions is more wear-
resistant than it is with flake inclusions when the structure of the
metalllic base is the same. HoweVer,'cast iron with fine spheroidal
graphite inclusilons, with a short distance between them, can have
less wear resistance than graphite with larger inclusions of flake
form. Thus we can conclude that an attempt must be made to obtain
cast iron with troostite or troostite-sorbite structure and
comparatlively large graphite inclusions, which is difficult in
oractice.

The abraslive wear resistance of cast iron with spheroidal
grophite [53] in many cases is higher than steel with high hardness.

Studles on the abrasive wear resistance of cast iron with
spheroldal graphite and a different metalilc base (tests on the
Amsler rmachine with sliding friction and a lubricant containing
abracsive) of a steel roller along a casing of the tested cast iron,
indicated [84] that, under these conditions, the greatest wear
was found in pearliitic cast iron and the least in ferrite-cementite.
Tests on the abrasive wear resistance of cast iron with spheroidal
graphite on a Khi-B machine {85] indicated that cast iron with
spherolidal graphlite and a pearlitic structure has significant
advantages over inoculated cast iron MSCh 32»52, gray cast ircon

Cr 21-40, and cast carbon steel 30L. High-strength cast iron with

e structure had the highest wear resistance, while high-

ztrength cast iren with pearlite structure had lower wear reslistance.
The more ferrite in the structure of cast lron with spheroidal
zraphite, the lower its wear resistance. If the wear resistance of

1 50 during abrasive wear is taken as unity, then the wear
stance of other materials will be: white cast iron -~ 1.71,
high-strength cast iron with martensite structure — 1.63, high-
strength cast iron with pearlite sgtructure — 1.12, steel 30 — 0.96,
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SCh 21-40-0.95, and VCh 40-10-0.86.

The amount of abrasive wear in ferrite and pearlitic cast irons
with spheroidal graphilte after isothermai trans ‘ormation of
austenite at low temperatures (below 350°) chany es similarly to
the change in hardness and strength limit, while at higher -
temperatures the change 1s simllar to the change in the amount of
residual austenite [86].

The relative wear resistance of pearlitic cast iron with
spheroidal graphite subjected to 1sothermal hzrdening according to
the optimal mode (300°C =1 h) is somewhat higher than the wear
resistance of even white cast iron and cast iron hardened to
martensite without tempéring, as well asvcast irons which are cast,
normalized, and temper-hardened. It is assumed tnat the high
abrasive-wear resistance of high-strength cast ircn after isothefﬁgi’
hardening 1s connected not only with the amount o residual
austenite. If the wear resistance were increaced o>nly because of
the drop 1in residual austenite with the fdrmation »f martensite,
then cast iron with apredominance 6f martensite ir the structure
before testing would not have high wear as‘compareg with 1sothermally
hardened cast iron, the moreso since the hardness c<f the first is
180-200 kgf/mm2 higher than the hardness of cast 1ron after iso-
thermal hardening.

In this work [86] it is indicated that in cast iron, with a
certain mode of isothermal hardening, a structure i formed which
is capable of being significantly deformed in micro: oclumes without
rupture, with intense work hardening.

The work hardening in the process of deformatic-: during
abrasive wear counteracts the breaking off of particies and thereby
protects the metal from rupture.

Fhosphorus has no effect on the wear resistance of cast iron
in a free abrasive [B773, while 1t quite effectively Increases the

wear resistance during the sliding friction of metal along metal
{4, 8-1217.
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The wear resistance of east iron significantly increases when

alloyed with manganese (below 1.5%) and chromium combined with
nickel (1.5% chromium and 0.5% nickel).

The highest wear resistance in an earth mass 1s found in
acicular troostite obtained by isothermal treatment. The smallest
increase in wear resistance provides ferrite-carbide -mixtures of
granular structure, which are formed as a result of temper hardening.

Austenite of steel G13L has very .low wear reéistance in an
earth mass. Austenite of nickel steel N25 is characterized by e
lower wear resistance than manganese steel, and in steel Kh18N9
austenite has a wear resistance‘equal to the wear resistance of
cast steel G13L [87].

Plowshares are included among the parts which operate under
conditions of abrasive wear. ' These parts, subject to considerable
wear, are manufactured in large numbers.  In this country the yearly
consumption of plowshares is 12 million pleces, of cultivator teeth
8 million pleces [88].

Alsco quite high is the concumption of cutting parts and milling
rachines, various cultivators, hillers, teeth of beet-harvesting

combines, teeth of potato diggers, and the workling parts of other
agricurtural machines. As the working‘parts wear, the quality of
so0ill processing drops significantly and operational expenditures
increase.

3oils ¢ be rated in the following order basned on the degree
of wear in  cking parts:

;7 sand and gravel (maximum),
2} clay loam,
clay leached by chernozem,
4) medium luvam alkaline forest soils,
£) 1ight loamy podzols (minimum).
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Plowshares are inade from speclal steel; chilled cast iron,
and recently from high-strength cast iron with spreroidal graphite,

A considerable number of studies [88-96] has been made on the
wear resistance of cast iron plowshares.

In reference [89] 1t is noted that the plowshares having the
best wear resistance also have a martensite stfucture. Tests on

plowshares in chernozem did not show the same considerable wear as_
in sandy soil.

Plowshares and shares made from chilled caSt iron can be
successfully used when there are no impacts £90]. Soil tests on
plowshares of high~stfength cast I1ron with spheroldal graphite
reveal thelr usefulness for the Ukrain, Siberia, the land along the
Volga, and Belorussia [91]} The service 1life of plowshares from
high~strength cast iron is less, by a factor of approximately 20,

than that of plowsharesimade‘of cast iron with flake graphite and
s chilled cutting edge [92].

Plowshares cast from high-strength cast iron with a thickened
noze sectlon can operate in sandy soils as long as they are not also
rocky {93]. Cast iron plowshares cast from naturally alloyed
Elizabethan or Xhalilova cast irons and inoculated with calecium-

licon were recommended in reference {94]. In this same reference
it is mentloned that even plowshares from ordinary cast iron can be
used in plllage since they are not inferior in operation to steel.
Teste have shown that cast iron plowshares are self-sharpening while
in usze,

Plowshares of high-strength cast iron cast in a metal dye are
normalized. ‘High-strength cast iron after such processing is not
inferior tc steel’with respeét to strength but is considerably
inferior to it with reSpect to ductility. However, the ductility

which can be achieved ensures the,oparétion of plowshares without
breakdown [385].
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In annealed or normalized state, plowshares cannst have
sufficiently high wear resistance to counteract the abrasi?e wear
during friction against the soill. High wear resistance 1s achieved
by hardering the plowshare at spots of highest wear. Local heat
treatment is performed, along the cutting surface and the nose
section. However, 1t 1is important, as indicated in this work, that
those parts cf the plowshare which are not subjected te hardening
also have higher wear resistance. For thls reason, the structure of
the unhardened part (the back of the plowshare) must not contain a
large amount of ferrite. Breakdowns and high wear from breaking off

have occurred when the hardness of cast iron plowshares is high
{HB--550-600 kg/mmz).

The wear-resistance coefflcient for plowshares from high-

strength cast lron can be taken as 0.8 as compared with standard
steel of the hardness HB-550~650 kgf/mmz. High-strength cast iron

nardened steel. However the service life of a plowshare 1s determined
13

not only by the wear resistance but also by the strength and
impact toughness; optimal strength and ductility cannot be
achizved excent to the detriment of wear resistance.

for this reason, cast iron plowshares have approximately 20%
lower wear resistance than steel; however, nose section breakdown

and cutting edge breakoffs are not observed.

Under the same scale of production, plowsharesAqf‘high-strength
¢ast iron cast ir a metal dye are one-third cheaper than steel [96].
it 1z certainly of interest to study further the wear reslstance
of cast iron as a material for plowshares. Obviously, the studies
must be directed toward finding wear-resistant cast iron for

specific soll conditions.

Studies in industrial conditions have shown [97] that high-
strength cast iron can be successfully used for parts of mining

egquipment.
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« Reference [98] describes in detail the production process,
the mechanical properties, and the abrasive wear resistance of
various hard cast 1rons. It 1s of considerable préctical value to
find materials and, specifically, cast irons which are resistant to
cavitation damage.

A study on the resistance of cast irons to cavitation wear
{991, using a magnetostrictive vibrator, has shown that pearlitic.
cast iron has very low resistance: welzht losses were greater than
steel 25 by a factor of 2-3. The resistance of inoculated cast iron
(HB-190 kgf/me) was higher: weight losses the same as steel 25.
Cast 1ron with spheroidal graphite had comparatively high resistance;
weight loss was 37% the weight loss of steel 25. The resistance of
a number of low-alloyed cast irons was low.

Chromium~-nickel cast iron and this same cast iron with 1%
tungsten had the hilghest resistance. Cast irons with copper had
lower cavitation resistance than gray pearlitic cast iren. Austenite
resisted breaking better than the ferrite component of pearlitic
cast 1irons [100].

Reference [101] describes cavitation damage in cast iron
containing 3.5% carbon, 2.3% silicon, and approximately 10.0%
manganese with a structure of austenite, carbides, and graphite.
Damage occurred along the graphite inclusions and on the boundary
between the carbldes and the austenite. The large surface and the
branching of the carbide component intensifies damage. The
homogenization of the alloy by multiple heat treatment, which
causes some dissolutlon of carbldes in the austenite, increases
the cavitation resistance (Table 1). Cavitation damage in
austenite occurs along the grain boundaries (Just as in ferrite)
and 1s gradually propagated to thie grain itself., 1If there are
twins on the austenite grains, the damage occurs along theilr
boundaries. |
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Table 1. Comparative resistance of cast iron [101].

Welght loss 1n mg after each hour of testing
State of cast 1ron -
1 2 3 ly 5 6 7
Cast 337.0f 486.4| 654.0| 935.8{1098.0[1326.0|1402.4
After multiple heat- :
ing to 1100°C 28.6 50.1} 110.0§ 190.5| 240.0) 300.0} U4O1l.7

Cavitation resistance in austenite steels 1s determined by
the carbon content, the degree of alloying, and the nature of the
alleying =2lements (Table 2). '

Table 2. Rzsistance of austenitic steels [1017].

Steel ‘ Hardngssi Weight loss in mg after
HB kg/mm 6 hours of testing
BOGTIl . ittt s ittt i et 200 . 36.4
TON2S . it ittt it estveenanas ceeeasnr s 141 ; 90.0
BOG118KhU. . v e, st eeseanas 162 152.0
HOGBKRIING......... e 190 o 377.0

As 1s seen from the data presented, the resistance of austenite
can be quite different even when the hardness 1s almost the same
but the alloying is different. Steel 80G1l4, with manganese
austenite, has the highest resistance.

The authdis of this work note that when the decomposition of
austenite occurs with the formation of martensite, the resistance
tc cavitation damage increases. It 1s also noted that heat
treatment has an effect on zavitatlon damage, in addition to the
resistance composition of steels, which leads elther to the formation
of homogeneous structure or the evolution of execess phases, or to

a change in the grain size and boundary (Table 3).
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Table 3. The effect of heat treatment on cavitation resist
austenitic steels [101]. ance in

- Weight loss in mg ever
, Hardness g y
Steel |Type of heat treatment HR |FWo hours of testing
2
, , kgf/mm 2 i 6
goGib.. .. Hardening 170 4 22 o
Aging at T00°C,
70 hours 223 30 155 400
Gl3...... Hardening 200 3 12 22
Aging at- 700°C, ; : ‘
70 hours . 290 : 20 250 590

Hardening creates a homogeneous structure and thus increases
the resistance to cavitation damage as compared with cast steel.

After aglng, excess phase 1s distinguished, hardness lncreases,
and cavitition resistance of steel drops shard>ly. However, the
decompositicn of austenite with the formation of martensite
structure leads to a sharp increase in the resistance of austenitic

steels. . e

Martensite 1s of the greatest Interest wlth respect to the
resistance to cavitation damage from austenlite decomposition
products. Because.of 1its homogeneity and considerable hardness,
martenszite has the hlghest reslistance to cavitation damage.

The smaller the grain size, the less the cavlitation resistance
of hcmegeneous solld solutions. Damage begins from the grain
boundarlies anddepends upon thelr extent; the latter is greater
the smaller the grain. Thus, maxlimum resistance to cavitatlon
damage occurs with maximum grain size.

During cavitatlion damage, variations in the fine structure
can occur, which are detected under x-ray analysis.

As a result of the cavitation effect, the width of the
alphe-phase line [220] of austenitic steel increases, which varies

wo
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in the initial pericd quite severely and then stabilizes. After

a period of stabilization microfractures appear in the surface and
varlation in line width cannot be detected. The character of
variation in aiphafphase lihe width {220],;&3 a result of the
cavitation effect on chromium~nickel and chromium-manganese steel,

is Zdentical.

There are, however, certailn differences -in the behavior of these

steels.

With the same duration of tests; the alpha—phase line for
ehromium-nickel steel 1s somewhat wider than it is for chromium-
manganese steel., Line wildth varles as a result of increase in
stresses of the second type and the crushing of blocks in the
structural mosalc. Disorientation of the mosaic blocks in austenite
of various compositlions occurs with variows intensYties. Phase
transformations can also occur, as a result of which new phases of
a different nature are fofmed\ t is noted that conslderable

hardening 1is posslble in austenitic steels since it 1s brought aboutwwwwm

by both plastic flow and phase transformations.

Austenitic steels fall into two different groups [101]: those
which are wWork-hardened easily and those which are work-hardened
vith difficulty. Manganése austenite is the easest to harden and
rickel austenite the most difficult. | '

The tendency of austénitic steel toward work hardenling also
determines 1ts high resistance to cavitation damage. The resistance
¢l manganese austenite is cbnsiderably higher than nickel. The
cavitation effect increases;the,hardness; manganese austenite 1s
considerably harder than nickel. The hardening of austernite during
plastic flow due to displacement hardening is considérably less
severe than that due to austenite decomposifion and the formation

¢! new phases.

study of the magnetic susceptlibllity of manganese and nickel

=

A
austenite, depending upon'thé time of the’davitatioh effect, shows
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thet, as a result of thils effect, a considerable variation in
magnetic susceptibilisty occurs in manganesé,auStenite, caused by the
formution of ?erromagnetig phases and the change in fine structure.
Magnetlc susceptibility of nickel austenite is virtually constant
depending upon the timé period of the test, which indicates an

absence of ferromagnetic phases in this austenite as a result
of plastic flow. '

It is affirmed [101] that displacement hardening plays the
chief role in the resistance of nickel austenite to cavitation
damage. ’

As a result of the tests made, 1t is concluded that the selection
of cavitation-resistant alloys should be oriented toward austenitic
steels of unstable character and, particularly, to chromium- C e
manganese and chromium-nickel steels. ‘The resistance of chromium-
manganese steels 1s considerably higher than chromium-nickel and
nickel-manganese. Chromium-nickel austenite ruptures very intensely
and nonuniformly, while chromium-manganese austenite ruptures
uniformly over its entire surface.’

Other things being equal, the depth ~f the work hardening in
nhrﬂmium—manganese austenlte 1s considerably greater than it 1s
in chromium-nickel and nickel—manganese.

he authors recommend that the selection of the brand of steel
be based on the same assumptions as the selection of cast lron,
taking as one ¢f the nost importént conditions, the selection of the
proper structure to ensure the maximum resistance of the steel.
This should be based on the followlng two basic principles:

1) the steel must have a homogeneous structure of a homogeneous
sclid solution — austenite or martensite; -

2} when operating under the effect of plastic flow, the steel
must be work-hardened, with a considerable reserve of elasticity.
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Although martensite éan be work-hardened for the cavitation
effecﬁ, conslderably highef resistance can be aéhieved for steel
1f martensite 1s formed in the process of self-deformation as a
result of hydréulic shock. ' o

Medium-carbon, chromium-manganese steels with unstable structure
which are work-hardened are.best.

Under the jolnt action of sand and water austenite steels
with unstable structure also have an advantage over other types of
steels, and for these operating conditions chromium-manganese B
steels are recommended. :

A study of this interestihg'work reveals the paths to follow
in seeking cast 1rcns which aré resistant to cavitation damage under
the joint actlon of water and sand. Such cast irons ca: be
manganese allcys with an unsultable austenite structure, which tends
toward displacement and phasé hardening, and spheroidal graphite.
Thanks to the homogenlzing effect, hardening of these alloys shoulid
improve thelr resistance to cavitation damage.

References [101, 102] indicate that the chromium-manganese
allioy 30Khl0G10, whose austenite dﬁring cavitation decomposes
generally with the formation of martensite (E-phase can occur
partially), pussesses high cavitation resistance.

Chromium-manganese alloys [103] have hlgher cavitation
resistance than nickel—manganesé alloys. In chromium-manganese
41lloys the structure (y + e), obtalned during heat treatment,
provides significantly lessﬂwear resistance than the single;phase
structure of austenite which can undergo phase transformations.

When alloying an alloy of 1lron and 20% manganese with nickel,
the reverse relationship was observed: two-phz2sed alloys appeared

more stable than single~phased alloys with a structire of unstable
austenite., Thus, cavitatlon resistance depends not only upon the
initial structure of the alloy ard the phase<transformations which
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cegsur during strain, but also, chiefly, on the character of the

solid solution alloying which determines its resistance to micro-
shocks. anomlum—manganese austenite, in this respect considerably
surpasses nilckel-manganese, It is. ‘noted that in the first, rupture
proceeds more uniformly than in the second. The formation of e-phase
and its reverse transition into austenite éurihg”cavitation
contributes to stress relaxation, which inereases the resistance

of alloys. This explains [103] the slower damage of unstable
austenlite as compared with ‘stable.

Reference [lohj;indicates'that the‘manganeseVaustenitic alloy ... .
G38 with various types of damage is more intensely work-hardened than
the nlckel alloy N36. The alloy G38 surpassés‘the'resistance of
the alloy N36 not only in water but also in liquicd lead [105].

The high anti-corroslon properties of metal cannot serve as
a criterion elther for the cavitation effect in water or in melt.
Cavitation-erosion damage in cast irons was studied in reference
[106]. It was found that cast iron with spheroldal graphite has
considerably more caVitation?efosion resistance than a cast iron
with flake graphite. ’ ‘

Uniike cast 1iron with spheroidal graphilte in which damage
nas a lccal character, in cast iron with flake graphite cavitation~
erosion damage oceurs thiroughout. This explains the low cavitation-
erosion resistance of cast iron with flake graphite [106, 1073.
The metallic base of cast iron must have a certain combination of
hardness and ductility.

A pearlite, bainite, and sorbite (tempering) metallic base
ensures the highest resistance to cavitation-erosion damag2 for
cast i1ron with flake graphlte. For cast iron with spheroidal
graphite the highest reslstance tc this type of damage is obtained
with“a bainite, martensite, and sorbite (tempenihg) metallic base.

Cast 1ron alloyed with 1% nickel and 0.28% molybdenum possesses
slgnificantly higher cavitation-erosion resistance than unalloyed

cast iron.
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The hardness: of alloyed and unalloyed cast iron with the
3ppropriate heat treatment 1s identical. However,' cast iron alloyed
with 1% nickel and 0.28% molybdénium has a higher cavitation-erosion
resistance than unalloyed cast iron. Cast irons with austenitic
structure and graphite of flake and Spheroidal form are of great
interest as materilal for parts operating under wear.

Data are avallatle concerning the high wear resistance of
austeritic cast irons containing chromium, nickel, copper {108-111].

An zustenite sleeve for an internal combustion'ehgine, cast from
cast iron containing nickel, chromium, and copper, had a decisive
fect on the service life of the engine. Not only was the wear
cf the case Itself reduced but also the wear of other parts such
as, [or example, piston rings and connecting rod pins [112].

o]
-

ording to other data, austenitic cast iron containing the

}_I

cying =lements has shown a wear resistance filve times higher
hian unalloyed cast irons [19, 113].

Refersnce [114] concerns the wear resistance of cast irons
{gray inocculated with ferrosilicon, low-alloyed and austenitic,
contzaining nickel, chromium, and copper) studied under laboratory
conditions and operating conditions. Laboratory tests were made

onn a sliding friction machine with reciprocal motion, which produced
damage of the mec.allic surfaces by selzing. Test condlitions were

ns {oliows: specific pressuré - 70.0 kgf/cm2, speed — 0.33 m/s,
iubricant — kerosene {3-5 drops per minute), duration of test -

3 hours. o

The wear resistance of the friction palr gray cast lron and
steel is less by a factor of 1.8 than for the same combination
with inozulated cast iron, 1is less hy a factor of 2.43 than this
combination with low-alloyed cast iron, and 1is less by 4.35 than
with austenitic cast iron.
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Thus- austenitic cast irbn had the best wear resistance.

In addition teo laboratory studies, tests were made under operating
conditions on GAZ-MM motors ‘installed in passenger cars -~ taxies
which have undergene major repairs. All test motors had standard
piston rings of gray pearlitic cast iron. Wear injsieeves of
austenitlc cast iron was less by a factor of 1.87than in sleeves

of gray cast iron and by a factor of 1.1 than in sleeves of medlum-
alloyed cast iron. Wear opristbn rings in sleeves of low-alloyed
cast iron was less by a factor of 2.3, and with sleeveu of austenitice
cast iron by a factor of 3.9, than with sleeves of gray cast iron.
Pistons with sleeves of austenitic cast iron wore 1.9 times less

than with sleeves of iow;alloyed cast iron. . These data proved
conclusively the advantages of austenitic cast iron. There is also
information of interest on the use of forgings of austenitic manganese
cast iron for making links for the caterpillarsyof“ﬁanks f111].

A melt of these cast irons was made in a cupola with ferromanganese,
melted separately, added 1into the ladle, 1in an electric furnace,

by the duplex method. Molding and lining of parts was accémﬁlished
as with pearlitic malleable cast iron. Then decarburizir =nnealing was
perfcrmed Iin a gaseous medium at a temperature of 1050-" 5°C for

40 nours with subsequent hardening directly from the furnace

or after repeated heating. The meéhanical properties of an unalloyed
brand after annealing are as follows: strength Iimit 35-42 kgf/mmg

with an elengation of 15-20% (sample diameter 50 mm). Surface

hardness after annealing 1s 250-300 units and after work hardening

is 600-650 unitcs, using the Vickers scale. The wear resistance of

such cast iron was not inferior to the wear resistance of austenii?gu
manganese steel.

The long process requir«d to obtain this ¢ ¢t iron, in spitekof
the high quality and high res’'stance, naturally .imits 1its use.

In addition to data on the high wear reslstznce of austenitic
cast irons with flake graphite, there 1z some In! rmation on
austenitlc cast irons with spheroidal graphite c< zaining nickel
and ¢hr-mium [115-117], as well as nickel, chrom mn, and coppe:
rii81.
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The possivbility 1s discussed of introducing into production
Jet englnes of austenitiec cast iron, Ni-resist, with'Sphéroidal
graphite which is characterlzed, in the cast:state, by the following
values: ¢, = 39.0 + 4i.0 kgf/mm®; o, » 20.0 + 27.0 kgf/mm?;
§ = 10 + 20%; HB = 120 + 170 kgf/cma. ‘High corrosion resistance
and high-temperature strength are characteristic of this cast iron
[115]. Reference [116) describes austenitic cast iron with
spheroidal graphite, 18.0-22.0% nickel and 2.0~2.5%vchromium.
Another work [117] discusses the use of this same cast iron for
making parts for chemical equipment of paper-making machines,
bearing journals for jet engines, and other parts which operate
at hlgh temperatures. Reference [118] is a study of 7 specimens of
austenitic cast 1iron with spheroidal graphite.

-These cast irons had the following cecntents (in %): C — 2.6 +
+2.8; 81 -~ 1.72 + 4.,25; Mn - 0.95 + 1.92%; P - 0.03-0.05; Ni ~
15.9C + 32.62; Cr — below 1.18; Cu — below 3.90; Mg — 0.07 + 0.134,

The indices of mechanical”propertiés in austenitic cast irons
with spheroidal graphilte aré cons?derably higher than those cast
irens with flake graphite. These indices are even better after
normalization. Fspeclally good indlces are found for cast irons

containing (in %¥): Cr — 1.1; Cu — 3.9; Ni -«17.25(0B = 55.0 kgf/mm2) T

oy, 7 30.0 kgf/§ — 25%; bending deflection = 3.6 + 3.8 mm and
Mesnager Ak = 2.17 kgf m/cm2 before ncrmalizing and 2.88 kegf m/cm2
after normalizing. ‘

The corrosion resistance of austenitic cast irons with 3phercidal
pravhite is the same as the resistance of cast irons of the same
composition but with flake graphite, while the high-temperature
strength of austenitic cast iron with spheroidal graphite is
considerably higher. | N

"+ has been menticned [12] that austenitic cast iron has heat
recissance up to £00°C, good friction resistance with respect to
CYnlT steel and other steels, and a high coefficlent of linear
ranslion {near that of EYalT steel). For this reason, austenitic
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cagt iron (alloyed with chromium, nickel, and copper), in spite of
its high cost, is used for making sleeve:c for internal combustion
englines 1n automobiles and alSoibartS‘which‘operate at low temperatures
in refrigerators since 1t is not a cold-short metal. Austenitic

cast iron resists weil the action of sulfuric and hydrochloric

acids [112, 119]. It has low magnetic:pefmeability, as well as high
specifle electrical resistance, is nonmagnetic, and is used in
2lectrical machine building for making various parts; In its
magnetlic properties, austenitic cast iron 1s scarcely inferior to
such nonmagnetic metals and alloys as copper, aluminum, and brass,
and significantly exceeds them in electrica. resistance [1187].

Thus, as 1s seen from the examined references, austenitic cast irons
containing nickel, chromium, and copper possess a group of properties
which make this materialyextremely valuable in the manufacture of
various machine parts.

However, the high cost of these cast-irons limits thelr use to
~n conslderable extent. For thils reason, nickel is partially or
completely replaced by the cheaper manganese and copper.

A partlal replacement. of nickel with manganese has been
oroposed in reference {[120]. The éastings had a martensite structure.
Auvstenitic structure was obtained by heating the castings to 950-
1000°C and hardening them in water.

The complete replacement of nickel with manganese, copper, and
aluminum has been proposed by a number of authors [121-12717.
These cast irons, as nonmagnetic material, have found application in
electrical machine building.

Based on studies of austenitic manganese castkirons under
laborgtory conditions, we have found that they are more wear
resistant than many other types of cast irons Juring friction without
lubrication [1281].

A comparison of the wear reslistance of austenitic manganese
cast iron and austenitic cast iron with chromium, nickel, and copper
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aas shown that the wear resistance of the former is higher [125].

Data from experience in plants indicate that the replacement of
ordinary pearlitic cast irons with austenitic manganese cast iron
increases the service life of parts (small conical pinions, wheels
of pouring conveyers in foundries, etc.) by a factor of 2-3 [128,
2917.

ru

The authors of these works have studied austenitic manganese
cast irons with additions of copper and aluminum and flake graphite

in cast state - ) T

It is of interest to study the wear resistance of austenitice
anese cast l1lron with flake and sphe:roldal graphite in various

mang
condltions of wear (sliding friction without lubrication, with
iubricant, with lubricant end abrasive, with abrasive friction,
ete. ).

'n references [120, 131] we have shown the high wear resistanre
of austenitic manganese cast irons during sliding friction on a

I machine with a roller of hardened steel along a race of the tested
material withcout lubricant at various specific p.essures.

tenitic manganese cast iron with spheroidal graphite has,
s condltons, especially high wear resistance.

¢ manganese cast iron has considerably higher wear
nan ordinary high-strength and gray cast irons. A
ifference was found velween austenitic cast irons with

rheroidal graphite and austenitic cast irons with flake graphite
as well as between high-strength and gray cast 1irons.

nas been sald that the precess of wear in austenltic cast
ircns, due to the compact crystal lattice of austenite, its great
ductility and the wear products forming, its corrosion resistance and
toward work hardening connected with the transformation of

e into martensite, occurs differently than it does in gray

tendenc
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cast 1lrons which do not possess the above properties and are more
brittle.

In addition, there must be a substantial difference in the
breaking-off process of metal particles during friction and wear in
cast irons with spheroidal and flake graphite.

It is natural that particles break off more easily wlth flake
graphite than with spheroidal graphite. —

Analyzing the above reference data and alsc the results of our
studies, we can reach a conclusion concernihg the high wear
resistance of austenitic manganese cast irons with flake and 77 °
spheroidal graphite. However, many questions remain unanswered;
there are no fundamental studlies of thls valuable material.

Depending upon the wear conditions, it i1s posslble to create,
with varlous structures, austenitic manganese cast lrons which would
have good antifriction properties and wear resistance.

With sliding fricticn the desirable structure of cast iron
a structure with a small amount of carbide and a considerable

carbon content in the form of graphite in an austenitic metallic
base. '

WS
w

]

With abrasive wear, obviously, a wear-resistant structure would
be austenitic ~cast iron with a large amount of carblde and spheroidal
graphite in an austenitic state.  Cast iron with an uns*able
austenitic structure containing magnesium and cerium woald have high

esistance to cavitation and erosion-cavitation damage.

Subsequent thorough stuéies'of auétenitic manganese cast iron
under various conditions make 1t possible to determine the area of

its efficient use in industry.

Ar.ilysis of the properties of cast irth”ﬁseq in making parts
which operate under wear leads to the following conclusiorns.
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1. Antifriction cast irons, in spiteof the fact that they are
ively inexpensive, have found comparatively little application

relativ
since they have low wear resistance compared with{other:materials.

2. Antifriction cast irons include the pearlitfc cast irons'
gray, inoculated, high-strength with spheroidal graphite, and wrought
iron (unalloyed and alloyed). It is recommended that Lhese cast
irons have a considerable amount of graphite.

3. Pearlite 1Is the base of almost all antifriction cast irons.
Ferrite has the lowest wear resistance. Gementite makes cast iron
rittle and causes considerable wearjcf,the«coupléd part (shaft).
The phosphide eutectic 1in cast iron plays a double role: when tnere
1s 2 substantial deposit of it in the metallic base, it reduces wear
‘having high characteristic reslstance to wear); when it breaks off |
and crumbles, 1t is an abrasive and considerably increases wear.

S

A s

4. The graphite in cast 1roh has a very slgnificant effect on
its strength, antifrictlon properties, and wear reéistance; on the
one hand, 1t contributes to the breaking up of metal particles
during wear and, on the other hand, it is a lubricant which counter-

acts wear and contributes to the adsorption of the liquid lubricant
on the working surfaces. '

5. Alloying cast irons with a small amount of chr@mium, nickel,
titanium, copper, molybdenum, manganese, and other elements does not
significantly improve antifrictioﬁ'properties and‘wéaf*resistance.
Some Improvement in properties is achieved by alioying cast irons
with sulfur and antimony. | ‘

6. High~strength cast iron with spheroidal graphite has been

found to have good antifriction properties and high wear iesistance
az compared with other types of cast irons.

The wear resistance of high-strength cast iron with ;
spheroidal graphlte 1s often higher than that of temvered steel.
Tre

wear resistance of this cast iron can be further improved with

heat treatment,

e
.
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. 7. In order to work under conditions of abrasive wear, hard

white cast Irons are used, alloyed with'borbn, tltanium, nickel,
molybdenum, manganese, chromium, and tell

—

urium.

8. With cavitation wear pearlitic cast 1lron has very low wear

resistance. High-strength’éast iron with sphercidal graphite has
comparatively high wear‘feéiétancé with this type'of wear. Haviﬁg
the highest wear resistance under these conditions is a homagenéaﬁgw
structure of unstable austenité; wnich undefgoes transforration into

martensite under strain. Manganese austenite, alloyed wlth chromium,
is the most wear-resistant. ‘

9. Under the Joint effect of sand and water austenitic
alloys with unstable structure also have the advantage over alloys of

other types. For these conditions, chromium-manganese steels are

recommended.

10. 1t can be assumed that cast irons which are reslstant to

cavitntion wear, as well as to the effect of sand and water, must be
alloyed with manganese, have a structure of unstéble austenite,
and tend toward’diéplacement and phése‘hardeniﬁg.

11. Austenitic cast irons alloyed with nickel, chromium, and
copper have high wear resistance;'however, they are expensive and,
for this reason, their’usé is limited. Austenitic manganese
cast irons are considerably cheaper than auSténitic'cast irons alloyed

with nickel, chremium, and copper and, in many cases, more wear-
resistant. ‘ '

The study of wear fgsistance in manganese cast irons under

various types of wear has considerable theoretical and practical
value,
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