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APPLICATION OF PULSE ELECTROMAGNETIC FIELD
FOR JOINING OF POWDER DETAILS

V. Mironovs*, I. Boiko**, M. Kolbe***

*Laboratory of Powder Materials, Riga Technical University, Azenes 16-331, LV-1048, Riga, Latvia
**Institute of Mechanical Engineering, Riga Technical University, Ezermalas 6k, L.V-1006, Riga, Latvia
***Institute of Manufacturing Technology, West Saxon University of Zwickau, P.O.Box 201037,
08012 Zwickau, Germany

ABSTRACT

Nowadays pulse electromagnetic field effectively used in different manufacturing processes, such
us stamping, forming, compacting of powders and welding, as well as production of powder coatings
[1-7]. Pulse electromagnetic metal processing is based on physical processes that appear as a result of
electrical discharge of capacitor or another device for electrical energy storage on the inductive load
(inductor), where details is placed (Fig. 1).
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Fig. 1. Principal scheme of the pulse electromagnetic metal processing: 1 — transformer ;
2 —rectifier; 3 — capacitor’s battery; 4 — discharger; 5 — rod; 6 — detail; 7 — coil

The main advantages of the pulse electromagnetic metal processing are follows: energs
concentration on the certain areas of the detail, short-time process, and same equipment can be used w
process of details of wide variety of different shape and dimensions. Plastic metallic materials witk
high electroconductivity, such as copper and copper alloys, aluminum and mild steel, can be mos
effective processed by pulse electromagnetic metal processing [6]. Some examples of permaness
joining of metallic parts are given in [6, 7]. The aim of this work is to prove the possibility of the
permanent joining of powder details by pulse electromagnetic field.

Experiments were carried out in Laboratory of Metal Forming Technology (West Saxw
University of Zwickau, Germany) and in Laboratory of Powder Materials (Riga Technical Universm
Latvia). For joining the magnetic pulse forming machine BBC-60 was used (energy level 13,37 L
voltage 17 kV). The metallographic research and mechanical testing was carried out as well. The
research object was samples from bronze and iron with 1,2% of graphite (Fig. 2). The inductor wm
sample is shown in Fig. 3. The macro and microsection of sample (outer diameter 32 mm, inne
diameter 26 mm, width 25 mm) are shown in Fig. 4.

The electromagnetic force surface density is equal to difference of the pressure of puim
electromagnetic field on outer and inner surface of detail. During joining of the details the vector ¢
electromagnetic force is directed to the side, when pulse electromagnetic field is weaker, i.e. in thn
case from the outer side of detail to the inner. If sample was produced from non-magnetic material o
electromagnetic force surface density on the outer side of detail is close to 0, that’s why the surfac
damages are not expected in contrary to other deformation methods, i.e. contact methods. Metalix
powder details have residual porosity, but during joining by pulse electromagnetic field the additicam
compaction occur.
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Fig. 2. Powder details before joining Fig. 3. Inductor with sample

a)

Fig. 4. Macro (a) and microsection (b) of bronze-iron powder detail with 1,2% of graphite

RESULTS AND DICSUSSION

It could be concluded that the permanent joining of powder details by pulse electromagnetic field
is an effective technological process that offers new possibilities in the field of the manufacturing of
details from powder materials. It is possible to achieve the joining of details from different metallic
powder materials and from dissimilar materials, when the inner detail could be produced from
ceramics, for example, but the outer — from metallic powder.

Most effective the method of the permanent joining of powder details by pulse electromagnetic
field when join powder details with relatively high copper content (more than 10%). It should be
mentioned, that the machinability of powder details on the base of iron is lesser, but it can be increased
by the increasing of the pulse magnetic field strength on the 105 A/m and higher and using discharge
with frequency higher than 30 kHz.

The application of pulse electromagnetic field is most effective when thickness of powder details
is in the range of 2 to 10 mm. It is caused by the effects connected with permeability the
electromagnetic field into material.
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