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Vplivi na mehanske lastnosti sive litine

Contribution to the mechanical properties of grey cast iron

1 Uvod

Siva litina z lamelnim grafitom ali siva litina
(GB)ali Gusseisen mit Lamellengraphit GJL,
kratko Grauguss (D), skladno s standardom
DIN EN 1561 (1997-08), Se naprej zavzema
prvo mesto na podrocju proizvodnje ulitkov
iz materialov Fe-C-Si, kljub zmanjSanju
obsega proizvodnje (SI. 1) [1].

V Preglednici 1 je prikazano, da je bilo v
Nemciji v letu 2014 proizvedenih

2,3 milijona ton sive litine (GJL), kar
ustreza 57 % celotne proizvodnje materialov
Fe-C-Si v skupni vrednosti 4.1 milijona
ton. Leta 2014 je bilo na svetu vsega

1 Introduction

Flake graphite cast iron or lamellar graphite
cast iron or grey cast iron (GB) or gray cast
iron (US) or Gusseisen mit Lamellengraphit
GJL or briefly Grauguss (D) according
to DIN EN 1561 (1997-08) maintains its
leading position as Nr. 1 within the group of
cast Fe-C-Si-materials in spite of decreasing
percentage of production (fig. 1) [1].
Following table 1 Germany in 2014
produced 2,3 Mio t GJL = 57 % of the total
Fe-C-Si-sum 4,1 Mio t. In 2014 the whole
world produced 47,5 Mio t = 56 % of the total
Fe-C-Si-sum 84,4 Mio t (Modern Casting
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Slika 1: Proizvodnja ulitkov iz materialov Fe-C-Si v % v Nem¢iji med 1970-2008
Figure 1: Production of cast Fe-C-Si-materials in % in Germany 1970-2008

Vir / Source: Bundesverband der Deutschen Gieserei-Industrie (BDG)

deutschland
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skupaj proizvedenih 47,5 milijonov ton sive
litine, kar znaSa 56 % celotne proizvodnje
materialov Fe-C-Si v skupni vrednosti 84.4
miljona ton (Modern Casting, december
2015). Drugo mesto po koli€ini proizvodnje
neverjetno zavzema nodularno (grafitno)
lito zelezo GJS s 37 % (v svetu 30 %),
sledi mu lito jeklo s 5 % (v svetu 13 %) in
temprano lito Zelezo z 1 % (tako v Nemciji
kot v svetu) [2].

December 2015). The next amazing position
reached nodular (spheroidal) graphite cast
iron GJS with 37 % (world 30 %), followed
by cast steel 5 % (world 13 %) and malleable
castiron 1 % (D and world) [2].

2 Technical Discussion

One main reason for the leading position
of grey cast iron in spite of decreasing

Preglednica 1: Proizvodnja litin iz materialov Fe-C-Si- v letu 2014 [2]
Table 1: Production of cast Fe-C-Si-materials in 2014 [2]

Nemcija / Germany Svet / World
v tonah / in tons % v tonah / in tons %
GJL 2.355.957 57 47.461.966 56
GJS 1.520.855 37 25.032.847 30
GJMB + GJMW 30.486 900.818 1
GS 206.894 5 11.049.705 13
skupaj / total 4.114.192 100 84.445.336 100
Stgerusgatendens der Egerachatien
2 2 & 8§ 8 §
Pa—— natezna trdnost /
et tensile strength
Zerspanbarkedt obdelovalnost /
machinability
Ceenihemgus
kakovost povrsine po obdelavi /
quality of surface after machining
odpornost proti toplotnim $okom /
Feasghen resistance against thermal shocks
Slika 2: Nekatere ] T
h K fizikal . mo¢ pri vi§jih temperaturah /
me ansv e 1zika n,e . in Dimgtungs- strength at higher temperature
tehnoloSke lastnosti sive e

litine s poveCano natezno

dusilne lastnosti / damping capacity

modul elasti¢nosti / modulus of elasticity

zmoznost proizvodnje / ability of production

odpornost na obrabo (abrazijo) /
wear (abrasion) resistance

. Elastirnity-
trdnostjo [3] el
Figure 3: Some —
mechanical, physical and
technological  properties -
of grey cast iron with racerr
increasing tensile strength g

Wanddcken

zmoznost proizvodnje tankostenskih ulitkov /
ability of producing thin-walled castings

(3]
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2 Tehnic¢na razprava

Eden izmed glavnih vzrokov za vodilni
polozaj sive litine kljub zmanjSanju obsega
proizvodnje (leta 1970 v Nemdiji 77 %,
leta 2014 pa 57 %) predstavlja izvrstna
kombinacija njenih mehanskih, fizikalnih in
tehnolo$kih lastnosti.

Nekaj tehnoloskih lastnosti je prikazanih
v Sl. 2 [3]. Drug razlog za tako obSirno
uporabo pa je gospodarna proizvodnja.

Prof. W. Patterson, moj ucitelj v
Aachnu, je dejal: »Siva litina (Grauguss)
je tako popoln material, da bi ga bilo treba
nemudoma izumiti, ¢e ga ne bi poznali ze
stoletja.«

Brez dvoma je ogromno livarjev po vsem
svetu sodelovalo v dejavnostih z namenom
izboljSanja  proizvodnih  postopkov in
tehniCnih lastnosti sive litine, Se posebej pa
zlitin zeleza in Fe-C-Si-X.

Naj omenim nekaj znanih zbirk znanj,
skupaj z avtorji in njihovimi sodelavci:

* E. Piwowarsky (D) 1929 in 1951 [4]

+ W. Patterson (D) 1960 [5]

+  C.W. Walton (US) 1957 in 1962 [6]

* H.T. Angus (GB) 1960 [7]

* O. Liesenberg in D. Wittekopf (D) 1992

(8]

* F.Neumann (D) 1994 [9]
+ W. Bauer (A) 2013 [10]

Dolgoro¢no in kriticno letno
ocenjevanje idej z vsega sveta s podro¢ja
specializiranih livarskih tehnik od leta 1964
pa do danes so predlagali in izvedli P.
Schneider in W. Standke, VDG Dusseldorf:
Jahresubersichten des Giessereiwesens.
Najvedji delujoCi strokovnjaki na podrocju
sive litine so: H.F.W. Hauptvogel, W. Weis
in R. Deike: Giesserei 101 (2014), st. 1, str.
101-102.

Na podlagi strukturnih  raziskav
[h] Laplanche (F) 1947 [11], raziskav
materialov A. Collaud (CH) 1954/55 [12]

percentage of production (1970 in
Germany 77 %, 2014 57 %) is the excellent
combination of mechanical, physical and
technological properties.

Some technical aspects shows fig.
2 [3]. A further important reason for the
wide spread application is the economical
production.

Prof. W. Patterson, my teacher in
Aachen, said: ,Grey cast iron (Grauguss)
is such an ideal material, that it should be
invented at once, if it would not been known
already since many hundred years.”

No question, that a lot of foundrymen
around the world were engaged to improve
production procedures and technical
properties of grey cast iron and generally
iron based Fe-C-Si-X-alloys.

Some well known books as examples
for concentrated knowledge shall be
mentioned with respect to the authors and
their coworkers:

« E. Piwowarsky (D) 1929 and 1951 [4]

+ W. Patterson (D) 1960 [5]

+ C.W. Walton (US) 1957 and 1962 [6]

* H.T. Angus (GB) 1960 [7]

*+ O. Liesenberg and D. Wittekopf (D)

1992 [8]

* F.Neumann (D) 1994 [9]
* W. Bauer (A) 2013 [10]

A remarkable continuous and critical
annual observation of actual publications
worldwide concerning special fields of
foundry technique since 1964 up to the
presence was proposed and realized by P.
Schneiderand W. Standke, VDG Disseldorf:
Jahresubersichten des Giessereiwesens.
The acting experts for grey cast iron are
H.F.W. Hauptvogel, W. Weis and R. Deike:
Giesserei 101 (2014), Nr. 1, S. 101-102.

Based on structural investigations
of H. Laplanche (F) 1947 [11], material
investigations of A. Collaud (CH) 1954/55
[12] and metallurgical equilibrium
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Slika 3: Shema delovanja za sivo litino [14]

Figure 3: Operating diagram for grey cast iron [14]

in raziskav metalurSkega ravnotezja W.
Oelsen, K. Roesch in K. Orths (D) 1955
[13] sta W. Patterson in R. Dépp (D) 1960
[14] razvila shemo delovanja za sivo litino
»Betriebsnomogramm fur Grauguf3«: SI. 3.

Sirok razpon mehanskih lastnosti je
mogoce poA. Collaud [12] razdelitina glavne
staticne lastnosti, in sicer natezno trdnost,
trdoto in proznostni modul (prikazano
spodnjem srednjem delu SI. 3) ter lastnosti v
povezavi z voljnostjo in zilavostjo, elasti¢nim
ter plasti¢nim upogibkom in udarno trdnostjo
ali odpornostjo na udarce na drugi strani (v
spodnjem levem delu SI. 3).

Lastnosti niso locljive in so v celoti
odvisne od kemijske sestave in pogojev
ohlajanja. Ti dejavniki v prvi vrsti vplivajo na
metalografske strukture ulitka in v drugi tudi
na lastnosti.

V Sl. 3 je vodoravna os, ki prikazuje
hitrost ohlajanja, opredeljena kot razmerje
O/V = povrsina/prostornina v cm-1, kot sta
dolocila W. Patterson in F. Iske [15].

Na navpicni osi je kemijska sestava
opredeljena kot stopnja nasi¢enost

m=1]

Graphitislerungstendenz (K)
02 0F 10 14 T g 20 34 !
e e e e = e — = 1)

investigations of W. Oelsen, K. Roesch
and K. Orths (D) 1955 [13], W. Patterson
and R. Dopp (D) 1960 [14] developed the
.Betriebsnomogramm fir Graugu3*: fig. 3.

The wide range of mechanical properties
may be divided, followingA. Collaud [12], into
the main static properties tensile strength,
hardness and modulus of elasticity on the
one side (in fig. 3 middle of the lower part)
and the ductility and toughness properties
as elastic and plastic deflection and impact
strength or impact resistance on the other
side (in fig. 3 lower part left).

All properties belong together and
depend in detail on chemical composition
and cooling conditions. These factors
influence at first the metallographic structure
of the casting and secondly all properties.

In fig. 3 on the horizontal axis the cooling
rate is defined as ratio O/V = surface/volume
in cm-1 following W. Patterson and F. Iske
[15].

On the vertical axis the chemical
composition is defined by the degree of
saturation
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SC =C/(4,23-0,312 Si - 0,275 P)

po A. Collaud [12], ter ob&asno ali pogosto
uporabljena formula

SC = C/[4,23 — 1/3 (Si + P)].

Za spreminjanj mehanskih lastnosti 34
talin sive litine po A. Collaud [12] s SI. 3
sta W. Patterson in R. Dopp [14] uporabila
razmerja po P.A. Heller in H. Jungbluth SI.
4 [16] ter pridobila krivulje, ki predstavljajo
razlicne hitrosti ohlajanja: SI. 5 + 6. Vse
podrobnosti o transformaciji so zapisane v
izvirni izdaiji [14].

Eden izmed glavnih ciliev SI. 3 je
graficna doloCitev C in Si s preseciS¢em
stopnje nasi¢enosti SC (oglejte si zgoraj) s
stopnjo grafitizacije K = 4/3 % Six [1-(5/(3 %
C+% Si))] po H. Laplanche [11], primerjajte

-y
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Bild 6. Berechnete Zusammenhinge zwischen der Zugfestigheit
und dem Sittigungsgrad des grauen GuBeisens in Abhdngigheit
vom Probestabdurchmesser

IYiir den Stab Dmr. 40,0 mm gy =
Fiir den Stab Dmr. 50,0 mm g = 1005 —85 .S,
Ifiir den Stab Dmr. 60,0 mm g, = 99
Iiir den Stab Dmr. 90,0 mm gy = 9

SC = C/(4,23 - 0,312 Si — 0,275 P)

following A. Collaud [12],

frequently used
SC =C/[4,23 - 1/3 (Si + P)].

briefly and

Transforming the mechanical properties
of the grey cast iron materials of 34 melts
of A. Collaud [12] into fig. 3, W. Patterson
and R. Dépp [14] used the relations of P.A.
Heller and H. Jungbluth fig. 4 [16] to get
representative lines for the different areas
of cooling rate: fig. 5 + 6. All details of
transformation are discussed in the original
publication [14].

One main aim of fig. 3 is to determine C
and Si graphically by section point of degree
of saturation SC (see above) with degree
of graphitization K = 4/3 % Si x [1-(5/(3 %
C+% Si))] according to H. Laplanche [11],
compare [17]. A new version of fig. 3 is fig.
7 with Ledeburit and Osannit.

Example here: If a customer wants a
tensile strength of 280 N/mm? in a casting

Die Gleichungen der Bezugsgeraden des Bildes 6 lauten:

Fiir den Stab Dmr. 79 mm o= 84 —41,5- 5,
Fiir den Stab Dmr. 10,0 mm gp= 92 —485- 8,
Fiir den Stab Dmr. 150 mm gz = 99 —70 - S,
Ifiir den Stab Dmr. 20,0 mm op =101 —77 - S,
I'lir den Stab Dmr. 30,0 mm g = 102 —825- S5,

101,5—85 -8,

—8) -8,
—8 .8,

Slika 4 / Figure 4
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Figure 1 Floor diagram for cast iron to determine C and Si by S¢ and K [7-10]

Slika 7 / Figure 7

Vir / Source: R. Dépp: Contribution ... 66th WFC 2004 Istanbul, Turkey

s [17]. Nova razli¢ica Sl. 3 je prikazana na
Sl. 7 z ledeburitom in osanitom.

filir die Dulkti-

diameter of test bar in mm

carbon content in %

with about 15 mm wall thickness, the founder
has to choose SC = 0,9 and K = 1,4. The
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Primer: e potrebuje stranka natezno
trdnost 280 N/mm? v ulitku z debelino stene
pribl. 15 mm, mora livar izbirati med SC =
0,9 in K= 1,4. Presek vodi do vsebnosti 3,2
% C in 1,9 % Si ter ravnotezne temperature
pribl. 1420 °C. Posledi¢no znas$a trdota 225
HB in proznostni modul EO skoraj 120.000
N/mm?2,

Vse lastnosti s Sl. 3, 5in 7 so skladne z
zbirno formulo po A. Collaud [12]:

natezna trdnost

R, je zmnozZek proznostnega modula E in
trdote HB

R, =a xE;xHBx 10¢in N/mm?

R, =10xE,x HB x 10 in N/mm?

Posledi¢no je R. Mitsche [18] razmisljal
o slavni trditvi po Collaud-Point: SI. 8.
Prikazuje:

cross section leads to 3,2 % C and 1,9 %
Si and an equilibrium temperature of about
1420 °C. The corresponding hardness is
about 225 HB, the modulus of elasticity EO
nearly 120.000 N/mm?2.

All combined properties in fig 3, 5 and
7 follow the summarizing equation of A.
Collaud [12]:

tensile strength

R, is the product of modulus of elasticity E
and hardness HB

R,=a xE;xHBx 10¢in N/mm?

R, =10xE,x HB x 10 in N/mm?

Consequently R. Mitsche [18] discusses
the famous Collaud-Point: fig. 8. It shows:

An eutectic melt (SC = 1,0) poured
into a mould for a casting with 15 mm wall
thickness (test bar 30 mm diameter) leads
to

R =axEO0xHBx 10¢in N/mm? =

—— Profastad -Ome in mm

E
%
=
2
g
-
15
= Slika8: Razmerje med mehanskimi
% lastnosti sive litine (EO, HB, Rm) in
=

glavnimi dejavniki, ki vplivajo nanje
(SC in hitrost ohlajanja) [18]
Figure 8: Relation between the

mechanical properties of grey cast
iron (EO, HB, Rm) and the main

. 700
EEFJ‘ fg:,!'s'?gSFF ﬂrlgr LE;:.. —

110 influencing factors (SC and cooling

rate) [18]



Livarski vestnik, letnik 64, st. 3/2017

147

Evtekticna talina (SC = 1,0) izlita v
kalup za ulitek z debelino stene (preizkusna
palica s premerom 30 mm), vodi v do

R, =axEO0xHBx10°v N/mm?=
=10 x 100.000 x 200 x 106 = 200 N/mm?

To je razvidno s Slik 3, 5in 7.

Shema delovanja iz leta 1960 (SI. 3) je
bila leta 1979 [19] izboljSana z dodatkom
standardiziranih razredov sive litine v
skladu s standardom DIN 1692, ki se danes
imenuje DIN EN 1561 (avgust 1997): SI. 9
s 4 primeri razredov in lastnosti [19]. Zadnja
razlicica (2016) je prikazana na SI. 10 (Se
neobjavljena).

S SI. 11 [17] je povsem jasno, da na
strukturo in lastnosti ne vpliva stopnja
nasi¢enosti SC, ampak stopnja grafitizacije
K. Presecis€e SCinKnaSl. 3oznaduje, kako
se SC razdeli na C in Si skladno z Zelenimi
in potrebnimi mehanskimi lastnostmi, kot je
zapisano zgoraj.

Na splosno je mogoCe razmerje med
K in strukturo dolo€iti kot funkcijo debeline
stene x mm in ustreznega posebej ulitega

approximate wall thickness in mm

5 Fi] ] 15
] L !

045
L

=10 x 100.000 x 200 x 10 = 200 N/mm?

This can already be seenin fig. 3, 5 and

The original floor diagram 1960 (fig.
3) was improved 1979 [19] by adding the
standardized grades of grey cast iron
according to DIN 1692, today DIN EN 1561
(Aug. 1997): fig. 9 with 4 examples of
grades and properties [19]. The last version
(2016) is fig. 10 (not yet published).

Regarding fig. 11 [17] it is quite clear,
that not the degree of saturation SC, but
the degree of graphitization K determines
structure and properties. The section
point of SC and K in fig. 3 indicates, how
SC is splitted into C and Si, depending
on the wanted and necessary mechanical
properties, as discussed above.

Fig. 12 [17] shows the general relation
between K and structure as a function of
wall thickness with x mm and corresponding
separately cast specimen with diameter 2
X.

diameter of test bar in mm I
10 15 /1]

60 50

~ZEo (103 N/mm3] —— Rm [N/mm?] ——— HEB

Slika 9: IzboljSana shema delovanja

za sivo litino, vodoravne povrSine
predstavljajo razrede natezne trdnosti
po EN-GJL-150 do 350 v skladu s
standardom DIN EN 1561 (1997).

Figure 9; Improved operating diagram
for grey cast iron with horizontal
areas for the tensile grades EN-GJL-
150 to 350 according to DIN EN 1561
(1997).

degree of saturation Sc

Vir / Source: R. Déppa: Prispevek k

ratio surface/volume in crm™

razvoju litih materialov. 66th World
Foundry Congress 2004, Istanbul,
Turcija.
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Graphitisierungsneigung

, K=065 085 205 310
C [ ]
—_ﬁ‘:\\ A /(- 4 38if1-
’ —0’?‘@0/@,\ / 36’+S//
5 —7
O 43- Z(5i+P)

il

Kohlenstoffgehalt in %

2
[ Ledeburit («‘7% Perlit \Perlit "\ Ferrit—|
— R tFerri
1 Ga
I Unlegiertes GuBeisen 7\\&% >
— Gefrennt gegossene Probest 0mm Dmr
oLl Ll el IIIIIIII
0 7 2 3 5 &

Siliciumgehalt in "/

Bild 3. GuBeisenschaubild fiir getrennt gegossene 30-mm-Probestabe
und normalen GieBereisand nach H.Laplanchell). Sittigungs-
grad nach vereinfachter VDG-Formel!2) bei 09, P

% C
42303129, Si_0,275%, p "ach A- Collaud
Graphitisierungsgrad K nach H. Laplanchell) vgl. (13)
Gleichgewichtsisothermen der Kieselsdurereduktion nach W. Oel-
sen, K. Roesch und K. Orths [(vel. auch %]

Sittigungsgrad Sc=

Slika 11: Vpliv kemijske sestave (v tem
primeru C in Si) in hitrosti ohlajanja
(loCeno preizkusna ulita palica s
premerom 30 mm) na strukturo ulitkov
iz materialov Fe-C-Si [17]. Strukturo
doloc¢ata stopnja grafitizacije K in hitrost
ohlajanja

Figure 11: Influence of chemical
composition (here C and Si) and
cooling rate (here separately cast test
bar 30 mm diameter) on structure of
cast Fe-C-Si-materials [17]. The degree
of graphitization K and the cooling rate
determine the structure



Livarski vestnik, letnik 64, §t. 3/2017

149

Sraphitisiprangrarad X
P

11 220 A
T =

“_,F‘ ar t.'i: w

7 e

e (i
Siam

i~

Slika 12: Obi¢ajno razmerje med kemijsko
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Figure 12: Normal relations between chemical

i 3 composition, cooling conditions and
g v g structure [17]
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Slika 13: Diagram to determine the degree of maturity RG and relative hardness RH by saturation
degree SC, tensile strength Rm and hardness HB [19]

Figure 13: Diagram za dolo¢anje razvoja RG in relativne trdote RH glede na stopnjo nasi¢enosti SC,
natezno trdnost Rm in trdoto HB [19]
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Zuglestighet R_ in Nimm® ——a=

vzorca z 2-krat vecjim premerom kot na Sl.
12 [17].

Sl. 13 [19] prikazuje, kako SC in
natezna trdnost doloCata stopnjo razvoja
RG in kako natezna trdnost in trdota po
Brinellu dolocata relativno trdoto RH po W.
Patterson [20]. To pa ima poleg prakti¢nega
tudi tehniéni in gospodarski pomen. Stevilo
proizvedenih razredov sive litine je mogoce
v primeru znane vrednosti RH zmanjSati
[21].

Lito Zelezo je mogocle razvrstiti na
podlagi natezne trdnosti ali po trdoti po
Brinellu. Obi¢ajno je material EN-GJL-
200 enak materialu EN-GJL-HB 195. To
pomeni, da meri RH = 1,0. Ce specifiéna
livarna doseze vrednost RH = 0,9, razred
trdote EN-HB 195 ustreza razredu natezne
trdnosti EN-GJL-250: SI. 14 [21].

Pri RH = 1,0 razredi natezne trdnosti
EN-GJL-100 do -350 ustrezajo razredom
trdote EN-HB 155 do 255 (SI. 14) [21].

V vsakem primeru je uporaba toplotne
analize za nadzor kakovosti in optimizacijo
materiala smiselna [22]. Na podrocju sive
litine predstavljata razmerje podhladitve po
K.-H. Caspers [23] in relativna podhladitev
po R. Dopp [24] preizkuSena kvantitativha
naCina za ohranjanje kakovosti Zeleznih
ulitkov in njeno izboljSanje. Splosni vidiki
[23] in [24] so prikazani na SI. 15 [22].

Slika 14: Kadar je znana relativna trdota, je
mogoCe zmanjSati Stevilo talitev za izpolnitev
zahtev glede razvrd€anja po razredih.

Primera: pri RH = 1,0 razred trdote EN-HB 195 ustreza
razredu natezne trdnosti EN-GJL-200.

Pri RH = 0,9 razred trdote EN-HB 195 ustreza razredu

natezne trdnosti EN-GJL-250; primerjate z [21]

Figure 14: If relative hardness RH is known,
the number of necessary melts to fulfill the
requirements of the ordered grades can be
reduced.

- Examples: With RH = 1,0 hardness grade EN-HB 195

can be combined with tensile grade EN-GJL-200. With
RH = 0,9 hardness grade EN-HB 195 can be combined
with tensile grade EN-GJL-250; compare [21]

Fig. 13 [19] shows, how SC and tensile
strength determine the degree of maturity
RG and how tensile strength and Brinell
hardness determine the Relative Hardness

RH, following
W. Patterson [20]. This has practical
meaning, as well technically and

economically. The number of produced
grades of grey cast iron can be reduced, if
RH is known [21].

Cast iron may be ordered by tensile
strength or Brinell hardness. For instance
normally EN-GJL-200 corresponds to EN-
GJL-HB 195. This provides RH = 1,0. If one
distinct foundry reaches RH = 0,9, hardness
grade EN-HB 195 can be combined with
tensile grade EN-GJL-250: fig. 14 [21].

For RH = 1,0 the tensile grades EN-
GJL-100 to -350 correspond to the hardness
grades EN-HB 155 to 255 (fig. 14) [21].

In every case it is reasonable to use
the thermal analysis for quality control and
material optimizing [22]. In the field of grey
cast iron the undercooling ratio of K.-H.
Caspers [23] and the relative undercooling
of R. Dopp [24] are proved quantitative
ways to ensure and to improve the quality
of iron castings. The general ways of [23]
and [24] shows fig. 15 [22].

In their thesis work H. Schlingloff [25]
and J. Pupava [26] investigated grey cast
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Slika 15: Razmerje podhlajanja po K.-H. Caspers [23] in relativha podhladitev po R. Dépp [24] sta
praktina in preizkusena nacina za dolo€anje in optimizacijo kakovosti talin in Zeleznih ulitkov.

Figure 15: Undercooling ratio of K.-H. Caspers [23] and relative undercooling of R. Dépp [24] are
practical and proved ways to determine and optimize the quality of melts and iron castings

V svojem doktorskem delu sta H.
Schlingloff [25] in J. Pupava [26] raziskovala
sive litine, staljene v kupolki na vro¢ zrak
[25] in v indukcijski peci [26]. Oba potrjujeta,
njuna mnenja se namre¢ razhajata zgolj v
nekaj podrobnostih, splosni vpliv kemijske
sestave in pogojev ohlajanja na mehanske
lastnosti  Zeleznih  ulitkov,  podoben
dognanjem A. Collaud [12]. To predstavlja
tudi vzpodbudno potrditev sheme delovanja
po W. Patterson in R. DOpp glede sive litine
[3]. Podrobnosti o u€inkujo€ih dejavnikih in
izhajajo¢ih mehanskih lastnostih so povzete
v literaturi, npr. [27].

Nedavno je priSlo do neverjetnega
odkritja, kot so Ze zapisali J. Czikel, G.
Gaede in G. Gurbaxani v letu 1971 [28],
glede sploSnega razmerja med Rm / HB in
Stevilom evtektiCnih celic ter odpornostjo
litega Zeleza na udarce. To predstavlja
povezavo z neprecenljivim delom Collauda

iron melted in hot blast cupola [25] and
induction furnace [26]. Both confirm, with
some differences in details, the general
influence of chemical composition and
cooling conditions on the mechanical
properties of iron castings similar to A.
Collaud [12]. This is also an encouraging
confirmation to the floor diagram of W.
Patterson and R. Dopp for grey cast iron
[3]. Details of the influencing factors and
the resulting mechanical properties are
summarized in literature, for instance [27].

An amazing observation recently was,
that J. Czikel, G. Gaede and G. Gurbaxani
already in 1971 [28] had found the general
relation between ratio Rm / HB and the
number of eutectic cells and the impact
resistance of cast iron. This is a connection
to Collauds valuable work [12], also to K.-H.
Caspers [23]. Furthermore it supports some
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Slika 16: Vizija E. Piwowarskyja glede izboljSanja natezne trdnosti sive litine in dejansko stanje [30]

Figure 16: Vision of E. Piwowarsky to increase tensile strength of grey cast iron and present reality

(30]

[12] in tudi K.-H. Caspera [23]. Prav tako
potrjuje nekatere trditve prispevkov avtorjev
iz Portoroza leta 2015 [29].

Nenazadnje: vizija E. Piwowarskyja
glede izboljSanja natezne trdnosti sive litine
(Sl. 16) se je uresnicila na dveh podrogjih:
v€asih najboljSe vrednosti kosmicaste
(lamelarne) sive litine so sedaj samo srednje
visoke: R = 1000-800 SC v N/mm?.

Prav tako je razvoj na podrocju
nodularnega (kroglastega) litega zeleza
znatno izbolj8al natezno trdnost in voljnost.

3 Viri/ Literature

considerations of the author’s contribution
in Portoroz 2015 [29].

Finally: The vision of E. Piwowarsky
concerning the improvement of tensile
strength of grey cast iron (fig. 16) is fulfilled
in two fields: The former best values of flake
(lamellar) grey cast iron are now medium
values: R = 1000 — 800 SC in N/mm?2,

Furthermore the development of
nodular (spheroidal) graphite cast iron has
significantly increased the tensile strength
and ductility.
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