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METHOD OF OPTIMUM CONTROL OF ELECTROLYTE CHEMICAL
COMPOSITION AT ALUMINUM PRODUCTION

Algorithms for electrolyte chemical composition control with optimum calculation of operating influences were
developed on the basis of mathematical model of process. These algorithms were entered to automatic Control System,
and this new way of control resulted in economic benefit.

Keywords: mathematical model of process, algorithms for automatic control, electrolyte composition stabilization.
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TESTING OF ALUMINUM-SILICON ALLOYS MECHANICAL PROPERTIES
ON SEPARATELY CASTED SPECIMENS

The mechanical properties of aluminum alloys before casting into moulds were determined on separately casted
control specimens casted in horizontal or vertical forms. A comparison of the mechanical properties (tensile strength σt,
elongation δ, hardness HB) of 12-mm-diameter individually casted of AK7ch alloy control specimens and its density in
the solid state (ρ) showed that it is necessary to use specimens casted in a horizontal mold for evaluation of castings
quality.

It was estimated that position of separately casted test samples in the foundry metal form influences the indicators of
mechanical properties of aluminium-silicon alloys.

Keywords: aluminum-silicon alloys, tested specimens, mechanical properties.

In chill mold casting of aluminum alloy parts individually
cast test specimens with a diameter of 12 mm are poured in
some plants in a horizontal chill mold and in others in a vertical
one (see the figure).

In order to establish the influence of the position of test
specimens in the chill mold on mechanical properties tests
were made on one of the common aluminum casting alloys,
AK7ch (RF Aluminium casting alloys GOST 1583–93:
6,0–8,0 % Si; 0,2–0,4 % Mg; Al – remainder), a typical
representative of Al-Si system alloys. After tests of the
12-mm-diameter specimens cast in horizontal and vertical chill
mold from their heads there were machined specimens with a
gage length diameter of 6 mm, which were also tested to

fracture. Before the test their density was found by the
method of hydrostatic weighing [1].

According to the results obtained the tensile strength σt
of the separately cast vertical specimens is 238 MPa and of
the horizontal 225 MPa while, on the other hand, the
elongation δ is higher for the horizontal specimens, 6,19 %
vs 3,3 %. Such differences in absolute values of the
mechanical properties are related to the fact that the
specimens were cast in different plants in which the alloys
were produced from different charges and by different
methods.

A study of the geometry of gating and feeding systems
of both types of chill mold showed that they differ
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significantly. For example in the horizontal chill mold there
was a single specimen with a weight of 0,125 kg. The specimen
was poured and fed with a 0,675 kg tapered feeder head with
delivery of metal to each 18-mm-diameter head by a vertical
slitshaped feeder (the cross-sectional area of each of them
was 7,57 · 10–4 m2 and the total area 1,157 · 10–3 m2) and to the
12-mm-diameter gage length by a feeder with a cross-
sectional area of 4 · 10–4 m2. In the vertical permanent mold
there were two specimens each weighing 0,165 kg. The metal
was fed to it to the 18-mm-diameter heads by slit-shaped
vertical feeders with a cross-sectional area of each of
2,52 · 10–4 m2 (total area 5,04 · 10–4 m2 from two slitshaped
vertical metal lines). The weight of the gating and feeding
system was 0,85 kg.

12-mm-diameter test specimens cast in permanent molds
horizontally (a) and vertically (b)

The length of the horizontal specimens was 200 mm, which
corresponds to the required final size, while the length of the
vertical ones was 300 mm, as a result of the longer length of
the upper head which provided feeding of the solidifying
specimen. Before testing the specimen was shortened to
200 mm. The mechanical properties were determined in the
T5 heattreated condition and the hardness HB with
parameters of 10/1000/30.

After tests of the 12-mm-diameter specimens cast in
horizontal and vertical chill molds from their heads there were
machined specimens ∅ 6 mm. An analysis of the results of
tests its specimens showed that for horizontal specimens
the mechanical properties differ less than for vertical. For
example, the σt of specimens from the heads of horizontal
specimens differs by 1,7 % while for vertical by 2,7 % (1,58
times more) while for specimens from the lower heads more
significantly with 6 by 0,4 and 10,0 % (by 25 times) and HB
by 0,7 and 2,7 % (by 3,85 times).

For the vertical specimens all of the properties of the
specimens ∅ 6 mm were higher from the lower heads. The
density of the specimens of both heads of the horizontal

specimens is the same while for the vertical specimens it is
0,31 % higher than the density of the specimens from the
lower heads. It is known that the density of aluminum alloys
of the system (Al-Si) to which АК7ch belongs reflects the
presence in castings of discontinuities of gaseous and
shrinkage origin on the macro- and microlevels and the
amount of them correlates with the mechanical properties.
At that it was established [2] a correlation between σt and ρ
at the preparation of the alloy AK9ch (system Al-Si: 8,0–9,5 %
Si; 0,17–0,30 % Mg; 0,2–0,5 % Mn; Al – remainder) by
different technologies: σt was smaller than ρ approximately in
10 times (in limit of 9,90–10,40). So, if ρ is divided by 10 it can
be σt without any testing alloy specimens on rupture.

A study of a longitudinal axial cross section of 12-mm-
diameter tested specimens made it possible to reveal in the
upper head of a vertically cast specimen a concentrated
conical shrinkage cavity 10,5 mm deep, 7 mm below which is
located a zone of scattered shrinkage porosity described by
an ellipsoidal contour with a height of 12 mm and a width of
9 mm. In general the upper head has shrinkage defects to a
depth of 30 mm, which is 21,4 % of the height of the head
before machining. In the 12-mm-diameter gage length there
are no shrinkage or other defects.

Measurement of the hardness HB (5/250/30) along the
height of the vertical specimen showed that it remains
constant (688 MPa) over the whole height and over the gage
length all the way to a height of the specimen of 196 mm
(68 mm below the ellipsoidal contour of the shrinkage
porosity). Then the hardness drops continuously and reaches
595 MPa at a point 10 mm from the lower boundary of
appearance of shrinkage porosity (the hardness was not
determined in the zone of shrinkage defects). At the same
time the hardness measured along the length of a specimen
horizontally cast from the same metal (measurements made
on the side surface) at 10 points was the same (724 MPa) and
at one (on the head), judging from the somewhat smaller
impression diameter (by about 0,2 mm), is somewhat higher.

A comparison of the results obtained indicates that
horizontally cast specimens possess more stable properties
over the whole length and this makes it possible to
recommend them for mechanical property tests of aluminum
casting alloys.

The obtained results were confirmed by cast the holder
component made of AK7 Al-Si system (6,0–8,0 % Si; 0,2–0,5 %
Mg; 0,2–0,6 % Mn) of aerospace engine into permanent mold
at two different plants: σt of specimens from that holder
was 275 MPa and from holder it was 305 MPa (10,9 % more),
accordingly, δ were 2,5 и 5,5 % (by 2,2 more).
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ИСПЫТАНИЕ МЕХАНИЧЕСКИХ СВОЙСТВ АЛЮМИНИЕВО-КРЕМНИЕВЫХ
СПЛАВОВ НА ОТДЕЛЬНО ОТЛИТЫХ ОБРАЗЦАХ

Механические свойства алюминиевых сплавов перед заливкой определялись на отдельных контрольных об-
разцах, отлитых в горизонтальные и вертикальные формы. Сравнение механических свойств (прочность σt, удли-
нение δ, твердость НВ) отдельно отлитых из сплава АК7ч образцов диаметром 12 мм и плотности в твердом
состоянии (ρ) показало, что для оценки качества отливок необходимо применять образцы, отлитые в горизон-
тальные формы.

Установлено, что положение в литейной металлической форме отдельно отлитых испытательных образцов
влияет на показатели механических свойств алюминиево-кремниевых сплавов.

Ключевые слова: алюминиево-кремниевые сплавы, испытательные образцы, механические свойства.
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THE ASSESSMENT OF HIGH PRESSURE PIPELINES OF THERMAL STATIONS
STATE BY NONDESTRUCTIVE METHODS

The method of the monitoring of the thermal stations high pressure pipeline is described.
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High pressure pipelines are widely used in thermal
stations. Parameters of pipeline usage reach T = 560 °C and
P = 14 MPa. The special steels and alloys applicable for the
fabrication element of these pipelines work in creeping
conditions [1], i. e. to the maximum of their capabilities. Creep
is the significant factor that caused failure of steam pipelines
with high temperature and high pressure in the period of
long-term service [2].

Besides, pipelines have large extent (dozens and
hundreds of meters) and present a complex of volume-spatial
construction requiring increased attention, not only by the
strong feature of separate elements, but also to construction
as a whole.

Breach to integrity of separate elements brings, as a rule,
serious consequence, not only as breaches of the production
process, but also creates a serious threat to lives and health
of the personnel of the enterprise.

For ensuring the reliable usage of such pipelines, it is
necessary to implement many components of a system of
the monitoring for their condition in the enterprise [3; 4].

It contains the incoming control of pipeline elements and
planned-preventive control the condition of the metal these
elements and control the condition supporting-hanging
system for performing the conditions to toughness, acerbity
and self compensation of the pipeline as a whole. Besides, in
obligatory order, the presence is necessary in the enterprise
of instruments uncompromising control and the other special
equipment, accounting methods and skilled personnel
capable to analyze the information, received by control the
condition of the equipment.

The assessment of the condition of the pipeline as a
whole is formed from estimation of the condition forming its
elements. Such elements can number from dozens to several
hundreds. Each element of the pipeline is checked by several
methods of uncompromising control. Depending on the type
of element, from one to seven of such methods can be used.
Moreover, during the usage period of the element, with
determined by periodicity, several (approximately ten)
planned estimates of its conditions are conducted. Therefore,
a large volume of information is received, which is necessary
to analyze as in approach at the time of undertaking the
control, so and track record of the change characteristic for
the whole period of the usages. In addition, in process of the
pipeline usages it is necessary to trace constantly its spatial
position and take into account receiving dates when
scheduling the accounting schemes of the adjustment
supporting-hanging system.

After collection and systematization of data, received in
the course of uncompromising control, it is necessary to use
received information as raw data for accounting methods,
by means of which is defined the remaining resource pipeline
elements, and are revealed the tensest places for adjustment
of the methods and volumes of the control.

As a whole, the picture of the condition of the pipeline
forms on base collected for the whole period of the work
dates and their analysis by means of special accounting
methods. Further, it is necessary to take into account the
parameters to usages, for instance such as temperature and
pressure, and their detours from the given level for the whole
period of the usages of the pipeline.




