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EXTRUSION OF BIMETALLIC ADAPTERS MADE FROM STAINLESS STEEL WITH AN
ALUMINUM ALLOY

L. A. Nikol'skly and V. M. Kirasirov

Tubular adapters made out of various metals are used for the
development of permanent connections by means of welding them with
the ends of pipelines made of the corresponding metals. Based on
operating condltions the adapters should possess high strength,
minimum weight, and impermeability under pressure in aggressive
media for a long period of time.

Several methods are known for obtaining a permanent connection
from different metals: drawing of nozzles from rolled bimetallic
sheets, friction weldlng, wedge-pressure welding, explosive weld-
ing, etc.

Extensive use 1s made of the method of obtaining adapters by é
the multioperational drawing of a cylindrical billet, which sub-
sequently 1s subJected to mechanical working with the removal of
a considerable amount of material. After working the billet has
a tapering form. Shortcomings of this method include the impossi-
bility of obtaining adapters of great length, a low (less than 0.1)
utilization factor of the metal, and a great deal of labor in the
fabrication of the adapters.

Wedge-pressure welding 1s reallzed by the introduction under |
pressure of dynamic or statlc loads of a conical billet made out
of a harder metal into a solid billet or thick-walled bushing made




out of softer [mstal]. By this method connections of stainless
steel with pure aluminum or low-alloy aluminum alloys of the AMg3
type are obtained. The shortcomlngs of this method include the
low metal utilization factor and impossibility of applying a layer
of a third metal (ADl1 for example) for improving coalescence of
metals which join together poorly (for example, AMg6 alloy and
Kh18N10T steel).

The fabrication of adapters by explosive welding 1s realized ' A
in layouts with extension or compressicn. The obtaining of billets
of adapters in one operation is very promising. However, the use
of this method is connected with the creation of a special sector,

A

and the adapter, Just as in the case of drawing, has a tapering
form.
A new method has been developed for obtaining bimetallic adap-
{ ters.¥* This method is realized with the Jjoint plastic deformation
of hollow bushings made out of different metals in a heated state
using the arrangement of direct extrusion (Figure 1).
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Figure 1. Layout for direct extrusion of different metals for the

obtaining of a billet of a bimetallic adapter.

I - beglinning of extrusiony II - end of extrusion; a - bushing

made out of different metals; b -~ billet of bimetallic adapter;

1l - mandrel; 2 - annular ram; 3 - detachable inserts; 4 - die

: housing; 5 - support ring.

bk * Author's certificate No 300276. Bulletin "Inventions, industrial
: models and trade signs,"™ 1971, No 13.




The tubular bushings belng connected are set in the cavity of
the detachable inserts in such a way that the softer metal (AMg6)
is preceded by the harder (Khl8N1lOT). The die with the set of
billets is heated up to the initial extrusion temperature.

By means of the annular ram the metal 1is pressed through the
opening, formed by the cylindrical surface of the inserts and the
movable mandrel which 1s inserted inside of the billets. With
the pressing of the metal in the area of deformation high compres-
sing stresses develop, as a result of which with the simultaneous
Joint deformation of the contact surfaces of the different metals
their coalescence takes place.
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Figure 2. Diagram of the change in the force of hot extrusion
from the movement of the ram.

I - pressing of the steel part of the bushing; II - combined
pressing of the steel and aluminum parts; III - pressing of the
aluminum part of the bushing.

Key: (1) Stage I, II, III; (2)tf.

Extrusion is realized in three stages: 1n the first stage
the steel part of the billet is pressed, in the second - the com-
bined pressing of the steel and aluminum parts, and in the third
- pressing only of the aluminum part of the billet. Figure 2
shows the dependence of the force of extrusion on the movement of
the ram. For lowering the force of extrusion and stress in the

3-

LA th

Aot




die the deformable

part
as POssible,

b .




alloy and the Khl8N1OT steel for improving strength, plasticity
and the hermetic seal of the connection.

The presence of magnesium in the aluminum alloys worsens the
conditions of their welding with austenitic steel, and with a con-
tent of around 6% Mg (AMg6) it is practically impossible to obtain
a strong connection, since a brittle intermetallic compound (of
the FeAl3 type) is formed. Therefore for obtaining a strong
coalescence between different metals, characterized by a great
difference in coefficients of linear expansion, it 1is recommended
to use an iIntermedliate layer made out of a third plastic metal [2].

This method of connecting different metals involves, as is
evident from Figure 1, the joint deformation of billets in such a
way that the billet of the harder metal traverseg the zone of de-
formation first. The contact surface obtained in this case has
the form of an irregular truncated cone from the outer surface of
the tubular adapter to the inner. An increase in the area of the
welded surfaces in the process of extrusion is an important factor,
contributing to the destruction of oxide films and the development
of juvenlle surfaces, which determines the strength and hermetic
seal of the connection. The strength of the connection is influ-
enced by the high degree of deformation (extent of compression);
high stress in the area of deformation, which is the result of
the specific sequence of occurrence of the extrusion process (the
harder metal should be deformed first and create a head), and the
conical form of the contacting surfaces of the bushings.

The bimetallic adapters are fabricated in the following tech-
nological arrangement. The initial aluminum bushing and cone are
subjected to etching, the steel bushing - to degreasing. Before
setting in the die the bushings (primarily the connecting conical
surfaces) are washed thoroughly with commercial alcohol. The set
of bushings, assembled together with the cone and the outer nozzle,
are placed in the cavity of detachable inserts. 1In the die the
bushings are compressed in a cold state with a force which is
approximately equal to the force of extrusion. This is achieved
by the more complete isolation of the contact zone from the outer
medium and prevents the oxidation of the contact surfaces of the
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bushings and the penetration of vapors from the lubricant to it
during heating. The die with the bushings is heated up to
390-41000, after which the bushings are pressed through the annular
opening of the die; a tubular bimetallic adapter is obtained.
Preliminarily the quality of connection of an adapter which
has been worked by sharpening can be judged by its sound when it is
struck. A ringing tone testifies to the absence of breaks in the
connection, a dull sound - is the sign of separation into layers

on a certain section of the contact surface.
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Figure 4. Device for tensile testing of turned bimetallic adapters.

Key: (1) 1Khl18N9T; (2) AMg6.

The quality of the connection is determined as a result of
the conducting of mechanical tensile tests on turned adapters
(wall thickness s=1,5-2 mm) with the help of a special device
(Figure 4). Using interchangeable parts, it is possible to test
several size-types of adapters. Destructidn of adapters which
were fabricated by extrusion took place on the main metal - the
aluminum alloy AMg6. Tensile strength comprised 28-32 kgf/mm2
(Figure 5).

The adapters were also subjected to control tests according
to the plant program and stood up successfully to a check for
hydraulic load, Ppressurization and hermetic seal.

In the case of testing with pressure up to destruction an
adapter with DBH=MO mm broke down with p=360 kgf/cm2, an adapter
with D8H=60 mm - with p=170 kgf/cme. The site of breakdown -
all the zones of connection (Figure 6). Operating pressure of the
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liquid in the adapter comprises 30 kgf/cmg, control pressure during
pressurizing 45 kgf/cmz.

Figure 5. Nature of breakdown
of bimetallic adapters during
tensile testing.

Figure 6. Nature of breakdown
of bimetallic adapters during
hydraulic loading.

The developed method of fabrication of bimetallic adapters
ensures higher indices of strength and hermetic sealing, a con-
siderable lowering of cost of production (by 3-4 times in compari-
son with those produced from rolled bimetallic sheets), and also
With this method it 1s possible to obtain
adapters from standard billets (tubes, bars) on universal equipment

mobility of production.

(i.ydraulic presses).
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