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ABSTRACT

The technical conditions, which are imposed to the cast iron rolls in the
exploitation period, are very different and often contradictory. The
obtaining of various physical and mechanical properties in the different
points of the same foundry product meets difficult technological problems
in the industrial condition. This supposes us to know many technological
factors, which lead to this deformation equipment. The rolls must present
high hardness at the crust of rolls and lower hardness in the core and on
the necks, adequate with the mechanical resistance and in the high work
temperatures. If in the crust the hardness is assured by the quantities of
cementite from the structure of the irons, the core of the rolls must
contain graphite to assure these properties. One of the parameters, which
determine the structure of the irons destined for rolls casting, is the
chemical composition. If we not respect this composition, which
guaranties the exploitation properties of the each roll in the stand of
rolling mill, it will lead to rejection. Alloying elements have in principle the
same influence on structure and properties. This article explains how the
chemical composition, through the main alloying elements (Ni, Cr, Mo),
influencing on a structure and the expected mechanical properties of the
nodular cast irons, and presents also some graphical addenda.
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1. INTRODUCTION

The nodular graphite cast iron is considered as one of the most
versatile roll materials nowadays. A small proportion of magnesium added
to the melt as nickel-magnesium or alternative alloy, or as pure
magnesium produces it. In the nodular graphite’s iron roll, the free carbon
takes the shape of spheroids or nodules, thereby eliminating the notch
effect of flake graphite and improving upon the mechanical properties of
the cast iron.

The nodular cast iron rolls are characterised by the nodular shaped
graphite in the microstructure. Through adjusting the alloy elements of
nickel, chrome and molybdenum and heat treatment technique, the
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different type of rolls of popular nodular graphite cast iron. Large scale
alloyed nodular graphite cast iron, pearlitic nodular graphite cast iron and
acicular nodular graphite cast iron can be manufactured. All these types of
rolls have high strength, excellent thermal properties and resistance to
accidents and there is very little hardness drop in the surface work layer.

One of the parameters, which are determined the structure of the
irons destined for rolls casting, is the chemical composition. If we do not
respect this composition, which are guarantied the exploitation properties
of the each roll in the stand of rolling mill, leads to rejection of this. All
FNS type rolls are alloyed especially with chrome, nickel and molybdenum,
in different percentages. The irons destined to these cast rolls belong to
the class of low-alloyed irons, with reduced content of these elements.
The technological instructions firmly state the elements required to rise
the quality of rolls. In this case, the contents of these elements stand
between large limits. Also, the contents of these alloying elements can be
reduced due to the strong effect of the magnesium from the nodulising
agent, upon the structure and the form of the graphite.

2. RESULTS OF ANALYSES. TECHNICAL INTERPRETATION AND
SIMULATION IN MATLAB AREA

In the case of the semihard cast iron rolls, the chrome has a less
important influence than in the case of hard and extrahard rolls, as in
their case the chrome proves to be the most efficient alloying element to
regulate the crust depth. The semihard rolls have chrome content, which
is preserved at low limits (a maximum of 0.6%), although this content still
assures the necessary hardness on the rolling surface and in the core the
rolls. According to the practical values, the graphic from FIGURE 1 has
been made, presenting the hardness variation with the chrome content of
these irons. An increase of the hardness is to notice, together with a
growth of the chrome content.

The nickel addition leads to the improvement of the mechanical
properties (resistance at wear, resistance at thermal shock, hardness and
upon the workability of the cast rolls). If we do not allow this element to
increase the graphitisation degrees and the white solidification in the
peripherical area of the rolling surface, this content will be considerably
reduced. Accordingly, the silicon content of the irons is modified, as this
element replaces nickel. Also, the nickel content is in close accordance
with the chrome content of the irons, to favour the formation of the
perlitical structure, without the massive and rough carbides. These two
elements are added simultaneously, because the addition of chrome
compensates the graphitising effect of the nickel. The proportion between
the nickel and the chrome is situated between 2...4.

The molybdenum is a carburigenous element, but this effect is
relevant only at percentage above 0.6%. Below this value, fine structures
are obtained on the entire section, also an increase of the wear resistance
and to high temperature stabilities, as well as a considerable mechanical
resistance. The molybdenum addition in the irons composition increases
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both the resistance at the thermal shock and the fatigue resistance. In the
molybdenum alloyed irons, contents beyond a percentage of 0.15%, are
not recommended, because a portion of the molybdenum is lost through
the combination with the phosphorus, and the molybdenum loses a part of
its alloying element function.

In the case of semihard rolls, the content of phosphorus does not
pass this limit, and is imposed by standards to 0.1...0.3%. The analysed
nodular graphite irons present a molybdenum content, which varies
between 0.18...0.28 %. Although the marks seem dispersed, it is easy to
notice the growth of hardness as the content of molybdenum increases in
this interval.
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HB(bodyy = - 69.2668 Ni* - 843.9321 Cr* - 13082.6971 Mo*
+ 258.4342 Ni-Cr - 3258.4415 Cr-Mo + 757.2487 Mo-Ni
- 45.2572 Ni + 1278.2053 Cr + 6349.4428 Mo - 739.6223 (1)

where the correlation coefficients is:

rf HB(body) = f(Ni, cr, Mo) = 0.77;

and the aberrations from the regression surface is:

Sf 1B(body) = f(Ni, cr, Mo) = 13.96;
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In the technological field, the behaviour of these hyper surfaces in the
vicinity of the saddle point, or of the point where three independent
variables take their average value, can be studied only tabular, which
means that the independent variables are attributed values on spheres
concentric to the studied point. Because these surfaces cannot be
represented in the three-dimensional space, the independent variables
were successively replaced with their average values. This is how the
following equations were obtained.

HB(body)Nimed = - 843.9321 Cr® - 13082.6971 Mo* -3258.4415 Cr-Mo
+ 1761.1402 Cr + 7764.5101 Mo - 1066.0756 (2)

HB(body)Crmed = - 13082.6971 Mo? - 69.2668 Ni? + 757.2487 Mo-Ni
+ 4630.9691 Mo + 91.0387 Ni - 300.2406 (3)

HB(body)MOmed = - 69.2668 Ni? - 843.9321 Cr? + 258.4342 Ni-Cr
+ 135.8241 Ni + 499.0128 Cr + 30.6111 (4)

These surfaces, belonging to the three-dimensional space, can be
represented and, therefore, interpreted by technologists. Knowing these
level curves allows the correlation of the values of the twos independent
variables so that the hardness can be obtained in between the requested
limits.

3. CONCLUSIONS

the performed research had in view to obtain correlations between the
hardness of the cast iron rolls (on the necks and on the working crust)
and its chemical composition, defined by the representative alloying
elements.

the values processing were made using MATLAB calculation program.
Using this calculation program we determinate some mathematical
correlation, correlation coefficient and the deviation from the regression
surface. This surface in the four-dimensional space (described by the
equation 1) admits a saddle point to which the corresponding value of
hardness is an optimal alloying elements.

the existence of a saddle point inside the technological domain has a
particular importance as it ensures stability to the process in the
vicinity of this point, stability which can be either preferable of
avoidable.

the behaviour of this hyper surface in the vicinity of the stationary
point (when this point belongs to the technological domain) or in the
vicinity of the point where the three independent variables have their
respective mean value, or in a point where the dependent function
reaches its extreme value in the technological domain (but not being a
saddle point) can be rendered only as a table, namely, assigning values
to the independent variables on spheres which are concentrically to the
point under study.
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as this surface cannot be represented in the three-dimensional space,
we resorted to replacing successively one independent variable by its
mean value. These surfaces (described by the equation 2..4),
belonging to the three-dimensional space can be reproduced and
therefore interpreted by technological engineers (FIGURES 1, 3 and 5).
Knowing these level curves (FIGURES 2, 4 and 6) allows the correlation
of the values of the two independent variables so that we can obtain a
viscosity within the required limits.

the non-uniformity of the crust can be technologically imposed, just as
in the case of the passing area;
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