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COMPUTER-AIDED TECHNOLOGY OF MELTING HIGH-QUALITY METAL A LLOYS

WSPOMAGANIE KOMPUTEROWE TECHNOLOGII TOPIENIA WYSOKOJAKO  ‘CIOWYCH STOPOW METALI

The paper describes the potentials of computer-aided mgetti high-quality metal alloys. This solution enables dige
control of alloy quality during melting and before pourirtgrito the foundry moulds. It is also possible to manufactastings
free from defects caused by alloys of poor quality and esi control the mechanical properties, eRye2; Rm; HB; As etc.
The genuine computer programs have been and are desigmegthsiprinciples of derivative thermal analysis (DTA). The
algorithms used in these programs are based on statiséilzionships which are said to exist between the charatteri
parameters of DTA curves and the required properties ofinggst The study gives examples of DTA curves plotted for
AISi7Ni5Cu4Mg0,5Cr0,5Fe0,5 silumin, for ductile iron Wwitcarbides, and for CuAl10Fe5Ni5-C aluminium bronze. Phase
crystallisation responsible for the occurrence of thermalcts on the derivative curve has been discussed. Exantfles
statistical relationships used for determination of Mgteoi R, value and percent content of graphite characterised by the
shape factor close to 1 have been given, and procedures msetrol of the alloy melting process have been described. |
has been proved that control is an indispensable tool indefect manufacture of castings from high-quality alloys.
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W pracy przedstawiono moxliwotci wspomagania komputegoviechnologii topienia wysokojakoxciowych stopéw me-
tali. Umoxliwia ono kontrol} jakoxci stopéw podczas ich agtania, przed odlaniem do form odlewniczych. Zapewnia to
otrzymywanie odlewéw bez wad spowodowanych niew?atcikq4aij stopdéw oraz kontrol} ich watciwozci mechanicznych
np. Ruoz2; Rm; HB; As itp. Autorskie programy komputerowe budowane sj z wykoragiem analizy termicznej i derywacyjnej
(ATD). Podstawj budowy algorytméw programéw sj zale»nosiztystyczne pomijdzy charakterystycznymi wielkotciami
krzywych ATD, a wymaganymi w?asnoxciami odlewéw. W pracgedstawiono przyk®dowe krzywe ATD dla siluminu
AISi7Ni5Cu4Mg0,5Cr0,5Fe0,5, »eliwa sferoidalnego z wKghmi i brizu aluminiowego CuAI10Fe5Ni5-C. Omoéwiono kry-
stalizacj} faz powodujjcych wystjpienie okrexlonych efék cieplnych na krzywych derywacyjnych. Przedstawiormykfady
zale»nozci statystycznych dla okrexlenia w »eliwie sfahoym stj»enia Mg, wartoxdR, i udzia®u procentowego gratu o
wsp62czynniku ksztadtu zbli»onym do 1. Zamieszczono piagekontroli procesu topienia stopéw. Wykazano, »e jest on
niezbjdna w bezbrakowej produkcji odlewoéw ze stopéw wygakozciowych.

1. Introduction gineering and Production Systems of the Technical Uni-
versity of Lodz [1-22]. Computer programs control and
The possibility to determine the alloy quality beforeassist the melting process of high-quality metal alloys,
pouring it into foundry moulds is of primary importanceoperating within the range of physico-chemical proper-
for the successful process of making castings. Knowiriigs available in liquid state and predicting the future
the properties of castings even before before their marmechanical and physical properties that the alloys are
facture enables us to avoid missed melts, rejects causggected to o er while in solid state. In their structure,
by improper metal quality, as well as laborious and exhe programs are based on a derivative thermal analysis
pensive laboratory examinations and control tests mad2TA). The characteristic parameters of the alloy cooling
on the ready product. The quality control can be eagind crystallisation curves serve as a starting points for
er and more e ective using genuine computer prograntBe development of statistical relationships between the
assigned for monitoring of alloy behaviour. Programs a@fhrakteristics of these curves, the alloy chemical com-
this type were designed by the Chair of Materials Erposition and the required mechanical properties of cast-
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ings, €.9.Rpo2; Rm; As; HB; etc. The relationships are 2. Test results
an essential element in construction of algorithms for
computer programs of liquid metal control. A stand for computer-aided technology of melting

high-quality metal alloys is depicted in Figure 1.
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Fig. 1. Test stand for computer-aided quality control of t@olalloys

The stand is provided with a Crystalldigraph ap- a)
paratus which records changes of metal temperature in " 3 Y
time, i.e. t = f() and computes the rst temperature time 1000 _ T AL ;

derivative, i.e. dt/d = f( ). A signal to Crystalldigraph
is transmitted by a PtRh10-Pt or NiCr-Ni thermocouple,
the second terminal of which has been xed on a tri- 3
pod. The tripod holds a DTA probe with quartz pipe, g3
containing on the thermocouple. During the pouring the oo—
metal into the probe's mould, the electric signal is trans- E
mitted through the thermocouple to the Crystalldigraph,
wherefrom it passes to the computer which processing 3
the received informations and plotting two curves: a time % Tmm— ——————w-°es
derivative curve [t = f()] and a solidi cation curve [dt/d b)
= f( )]. Both curves are displayed on the monitor; they
can also be printed by a printer.

For example, Figures 24 show DTA curves plot-
ted for AISi7Ni5Cu4Mg0,5Cr0,5Fe0,5 silumin (Fig. 2),
ductile iron with carbides (Fig. 3), and CuAl10Fe5Ni5-C
aluminium bronze with addition of 0,3% Cr (Fig. 4).

Fig. 2. (a, b). Microstructure (a) and DTA curves (b) for Al-
Si7Ni5Cu4Mg0,5Cr0,5Fe0,5 silumin
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Fig. 3. (a, b). Microstructure (a) and DTA curves (b) for digciron

with carbides

a)

b)
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The derivative curves of the examined alloys show
the thermal e ects having their origin in the crystallisa-
tion processes of the particular phases and eutectics. For
silumin (Fig. 2 a, b) these are the thermal e ects related
to the crystallisation of: AIGSi phase { RAB, phase
{ BCD, AlgFe&sSi phase { DEEEF, { + +AlgFe&sSiy
eutectic { FEG'H, + +Mg,Si+Al3Ni eutectic { HIJ,
and + +Al,Cu eutectic { JKK. In ductile iron with
carbides, the thermal e ects on the derivative curve are
induced by the crystallisation of: nodular graphite { AB
{, +graphite eutectic { BEH, primary carbides { HIK
{, secondary carbides { KLM {. In aluminium bronze
the thermal e ects are induced by the crystallisation of:
phase , { CH { the intermetallic phase rich in iron and
chromium { HPQ, partial transformation! { JKL,
eutectoid transformation ! + > {LNO.

Further in the course of action, the characteristic
parameters are determined from the DTA curves, i.e.
temperature of the beginning and end of phase or eutec-
tic crystallisation and of the maximum thermal e ect, the
values of the rst or second temperature time derivative
for these points, and the intensity of cooling rate changes
for a determined thermal e ect curve section. The DTA
curves are plotted for a large number (minimum 50) of
the melts of the examined alloys, averaging the values
stated previously.

In parallel, on control samples, the following param-
eters are determined: chemical composition, alloy mi-
crostructure and mechanical properties, Bg@.; Rn; As
andHB. As a next step, the statistical relationships be-
tween the characteristic parameters of DTA curves and
the required properties are derived.

For example, for ductile iron grade EN-GJS-500-7,
for determination of Mg concentration, the relationship
assumes the following form:

Mg= 0;112+ 0;000251 tF 0;000111 tK + 0;00050 KB+
+0;00804 KE 0;00162 KH + 0;02103 KM

1)
statistical parameters:
dMg = 1,62%; 4Mg4s = 0,042%; R = 0,92; F = 11,40;
W = 4,28

R, = 6311+ 0;60423 tB+ 1;55442 tH 1;8264 tK+
16,08 KA+ 6;83 KB 16858 KE + 241,34 Kl + 16303 KM

(@)

statistical parameters:

Fig. 4. (a b). Microstructure (a) and DTA curves (b) fordRm = 0,66%;Rys = 577,4MPa; R = 0,98; F = 28,19;

CUuAl10Fe5Ni5-C aluminium bronze with addition of 0,3% Cr

W = 13,08
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are the curves t = f() and dt/d = f( ). The comput-

er determines and calculates the characteristic values of
these curves, to compute next the required quantities.
3) Examples of DTA curves printed out from monitor (a)
- ) and results of calculations (b) for EN-GJS-500-7 cast
statistical parameters: iron consistent with the adopted technology are shown
dN,09 = 12,42%N,09s = 76,9%; R = 0,89; F = 16,98; 1 P gy

W = 3,91 in Figure 5 (a, b).

where: Mg { magnesium content in cast iron in %, t The printouts from monitor for cast iron inconsistent

. ; ith the adopted technology are shown in Figure 6 (a,
etc { temperatures on cooling curves, corresponding (3

the point F, K etc; N { module countin mm?; KA, KB,
KE etc { values of the rst temperature time derivatives

N.09= 5005+ 256779 tD 2;,14254 tK 14005 KE+
+201,00 KK

a
corresponding to the point A, B, E etc. )
Using the computed statistical relationships, an algo-

rithm is constructed, and next a computer-aided program
for quality control of alloy melt is developed.
a)
b)
b)

Fig. 6. (a, b). Examples of printouts from monitor: DTA cusvé&)
and results of computations (b) for EN-GJS-500-7 cast iraonm-
sistent with the applied technology

Schematic representation of alloy control process is
shown in Figure 7.
Fig. 5. (a, b). Examples of printouts from monitor: DTA cusvéa) Depending on the results displayed on mon_lt_or
and results of computations (b) for EN-GJS-500-7 cast immsistent  SCreen, the operator of the system takes the decision:
with the applied technology either currying out correction in the metal composition
or allowing the metal to be poured into moulds.

The procedure of alloy control is consistent with the  The aforementioned example of computer-aided pro-
description given below. Liquid alloy from a melting in-cess of metal alloys melting has been successfully imple-
stallation is poured into a DTA probe. From the voltagmented in the industry for: aluminium alloys (production
signal transmitted to the Crystalldigraph and from Crysf pistons operating in I.C. engines and wheels of ve-
talldigraph to the computer and next to the monitor, twhicles), ductile iron (also with carbides), and cast steel,
curves are plotted and displayed on the monitor. Thebeth unalloyed and alloyed grades.
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Fig. 7. Schematic representation of alloy control process

3. Conclusions

From the data presented in this study the following

conclusions have been drawn:

{
{

DTA curves describe physico-chemical properties of
alloys,

there are statistical relationships with correlation co-
e cient R >0,9, existing between the typical param-

(2]

(3]

eters of DTA curves and mechanical properties of

alloys,

(4]

the statistical relationships may be bases of the algo-

rithms prepared for computer programs,
the genuine computer programs for control and mon-
itoring of alloy melting technology ensure e ective

elimination of casting rejects caused by microstruc-[®

ture defects and improve the related mechanical prop-

erties.
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