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{leehanite irons of nodular type, " S " type of llechani=
te irons,have been developed for service conditions cal=
ling for exceptiovnal strength and toughness,They are par=
ticularly suited for applications,where resistance to
shock 1s inmportant.They offer the advantage of castings
to replace forgings and weldments in a wide range,ihe
heat treatment of those irons increases strength,hard =
ness and toughness,

Z2 lnvestigated the fracture surfaces of tensile test
specimens of ileehanite irons of nodular type,aimed for
production of crank shafts and also the fractured surfa=
ces of broken crank shafts after testing in diesel en=
sine,

we lrnvestizated two types of the nodular irons.The SP
type which possesses in the as cast condition combina =
tion c¢f high strength and toughness.The SP type is a
pearlitic zodular graphite iron,finding many applicati=

™

ons where high stresses and shocks are encountered.lx

amrles are cast - to - form pressing and stamping dies,
vily stressed machine parts,heavy duty gears.The SP
e

ype is the S5H iron,which after heat treatment
zives various combinations of strength and hardness va=
0 sult particular service conditions.It provides
2igh strength with moderate hardness lor riachinable we=

ar or nizh stress applications. /nere exceptional strength
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and toughness are required,with moderate machinability,a
normalising treatment may be employed.

Cast irons containing graphite in the spheroidal form
allows the mechanical properties of thé matrix to be ful=
ly exploited and in pearlitic cast irons,iractured at
room temperature considerable ductility ic cbsarved.

With SP types the following values of cast irons are obs=
tained :

kp/mm2
2 lcp/mm2
5

Tensile strength min, 6
Yield strength nin, 4

(@]

Elongation on 2"(50 mm) nin.
Brinell Hardness 180 - 240 BHN

2

The normal types of test bars specified for irons with
flake graphite are not suitable for irons with nodular
zraphite,This is because the rormal cylindrical bars used
for flake graphite give centre - line shrinkage when used
for nodular irons.This is rccognized by the fact that all
national specifications stipulate that the test bars nust
he cast as " Y " blocks or " U " blocks.,The dimensions of
those blocks are prescribed by the 3ritish Ctandards 33
2789 : 1961 and the German Standards DIN 1693,

The German standard DIL 5C146,for the tensile tosting for
steel,prescribes that the rate of loading rust be such that
the deformation must not be more than G.4 2 por second,af=
ter passing the yield point.

The chemical analyses for the lleehanite S Types can only
iniicate the required analyses for casting sectiorns of pro=
gressiﬁe thicknesses as shown in T a b le f.7The maxinum
phosphorus content of the 5 types of ilcehanite should be
0.01 % P. It is vproposed not to cxceed a C; value of 4.4
vhere CE = TC + 1/3 8i.

leehanite sprheroidal graphite irons are apvreciasly nore

~engitive to the prosence cf small amounts of olensznts,

which in f{lake graphite lirons are relatively unirportant
so the procedures involved in the prodvuction process of the

S types of liechanite are more complex as thosc with flake
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‘able I. secommended Turget analyses for the ileehanite
3 Types indicatirg the required analyses for

casting scctions of progressive thicknesses

Casting

section SP and SH spp *
;g TuC. Si Mn T.C. Si. In
15 3.5 2.6 G.60 3.5 2.6 C.30
15 = 25 }05 ?15 O-7O 3'5 2-5 L;-BO
25 - 46 3.5 2.4 0.96 3.5 2.4 0,30
40 - 60 3.4 23 .90 3.4 2.3 0.40
60 - 1G0 3.4 2.0 1.00 3.4 2.0 0.50
106 - 156 343 1.8 1.60 3.3 1.8 C.60

* jeehanite iron with nodular graphite
neets the requirements of DSritish Stan=
dard opecification 2789,32/7

having ferritic and pearlitic natrix.

zraphite irons and it is easily understood that our De=
partment was involved in many investigations product tess=
ting procedures of nodular lleehanite cast irons 1-4 which
were produced in Torpedo foundry ip Rijeka,with which we
are in close cooperation.++

icrostructures characterisation in the TTII and SEM

As already pointed out we investigated a series of fractu=
re surfzces of the tensile test bars =nd of the fractured
surfaces of crank shafts after running in diesel engine
under service conditions.

‘or those investigations we used the TIIN and STEN techni =
ques..hile the theory and instrumentation princ‘iples5 and
practical aplication6 of the EM and THI .re treated in
detail elsewhere,the SEN and TEM possess similarities as

a result of their common basis in electron optics we could
obtain mostly comparable results of fractocraphic examina=

t+ iicencee of the Internaticnal lLieehanite lLletal Co.
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tiors of the fractured surfaces,The I like the 5311 uti=
lizes 4 ma.netic lens system to focus the el ctron oneam
onto the sanple.

Fo obtain fractographs of the broken surfaces the TEI of
Carl %eiss in Jena was used,operated at 65 {ilovolt acce=
lerating rotential.The direct carbon replicas were made
oy evaporating a thin film of carbon dircetly into the
fracture surface in » vacuum evaporator.

10 obtain scauning electron micrographs small specimens

1/2 in x 1/2 in x 1/8 in were cut fron the Tracture surfa=
ce and rounted into a specimen stub of a Canbridge Stereo=

scan liark IT with Durifix and colloidal silver,

In general we obtained almost the sape resulis of Tractos
;raphic ex minations of' the lractured suriaces on behalf
of Tsll and 3T techniaues,

trr the broken surfaces the fatigue strintions ns

i
nultr fractures were observed.The river ~abierns could not

exactly be observed on cleavage fractures,oibtnired ith
the Tsll and ST techniques.

Allother imrortant result reorescents the “racture pattorn

obtained with the Siil on the 4 - stroke ciacsel engine cras=

wk shaft,avins the following mechanical characterictics:

el . —~ 2
lensile strength 26,6 ln/mm°
Yield strength 58,6 n/mm°
Hlongation on 2" 3,6 5
srinell Tardness 272 il

P N . _ o2 ]
Toushness Kot Cyld kpn/em”

which oroke aiter the following rur.ing tines
at n = PC00 rev. .....e... 11,5 hours

At 0 o= 2300 rev. ..eeee... 42,5 hours

L the vactured surface of tre

crark sharlt

7¢ ovserved that ith: aspheroidal s particles did
+

ot iuteract with the matrix durirs this nractical fati=

sue testing 5o the overall resemblarce the dirole rup=
0b

ture was v rtially ooserved.
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The siuvilar vesults were obotained after crelic testing

of the sanvles in Tatigue.
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