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ABSTRACT

This presentation is devoted to induction joining applications. Discussion concentrates on
such popular applications as induction brazing, soldering, shrink fitting and bonding. An
overview of joiming principles as well as Case Studies and an analysis of the typical
mistakes and misinterpretations regarding the use of induction heating for joining will be
also discussed here.
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INTRODUCTION

Induction heating is commonly used to join metal components together. Typical
induction joining applications include, but are not limited to brazing, soldering, friction
welding, bonding, and shrink fitting. The pieces being
joined can be of the same material or two distinctly
different materials (Ref. 1). In the cases of brazing,
soldering and friction welding, both joined metal
components must be heated to approximately the
same temperature. In contrast only one metal
component might be heated when bonding by shrink
fitting.

BRAZING AND SOLDERING
USING INDUCTION HEATING

Brazing and soldering are two of the most popular  Figure 1. An example of an
induction joining applications (Figure 1). Brazing of  jnduction brazing system for
metals is accomplished by melting the filler material.  joining tool bit tips.

In all cases the filler material has a lower melting

point than the liquidus temperatures of the components being joined. The joint area is
heated to a temperature lower than the melting point of the work-pieces, but higher than
the melting point of the filler material. After reaching a certain temperature, during both
soldering and brazing, the surface of the base metal undergoes a diffusion type chemical
reaction with the liquid filler metal.
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Induction brazing and soldering has several advantages compared to heating the work-
pieces with a flame. Since the joint is heated in a localized area, the remainder of the
workpiece will not be significantly affected by temperature. This can be critical for
controlling shape distortion, surface corrosion and oxidation of brazed components.
Brazing and soldering by induction can also noticeably reduce grain growth, as well as
toxic fumes and excessive radiant heat that are usually accomplished without the use of a
protective atmosphere. If required, the induction coil can be easy placed 1n a chamber that
contains a protective gas atmosphere (i.e., argon, a mixture of hydrogen and nitrogen,
etc.) or in a vacuum. Induction brazing/soldering also produces clean high quality joints
with a minimal amount of scrap or brazing spatter of the filler material, because only the
desired area is heated during a relatively short time. One of biggest advantages of
induction brazing/soldering is the ability to automate the process. Once the process is
developed, there should be no need for intervention by the operator, since the energy
input can be well controlled, producing reliable and consistent results.

Process Parameters

Brazing different metals together using the same power supply may result in noticeably
different depths of heating and heat intensity experienced by the different brazed
components. This is due to the fact that the electrical resistivity and magnetic
permeability of the material directly affects the penetration depth at a given frequency
(Ref. 1). In addition, the electromagnetic coupling between the induction coil and the
heated metal that greatly affects the metal’s ability to be heated by induction also depends
on the magnetic permeability and electrical resistivity of the different metals. Therefore,
each electrically conductive component that is involved in induction brazing might be
heated differently while using the same frequency and the same applied power (Ref. 1).

It should also be taken into consideration that in addition to differences in the
electromagnetic properties, the difference in thermal conductivity of the different metals
leads to a different rate of heat transfer (heat soaking). This results in differences in the
heat dissipation within the components resulting in different masses of metal being
heated. The arrangement of the induction coil ¢can usually compensate for the differences
in the ability of components to be heated by redirecting the electro-magnetic field and
induced eddy current in order to provide uniform heating (Ref. 1). It is wise to remember
that the rate of thermal expansion of different materials can be different. This feature
should be taken into consideration when designing the holding fixtures and choosing the
proper joint gaps because during the heating cycle, the joint gap might either open or
close resulting in disturbance of the required filler metal flow.,

Coil Design Features

Brazing inductors are commonly made from water-cooled copper tubing configured to
conform around the brazed joint area. The size and shape of the coil tubing depends on
the geometry of the brazed component, the frequency and the required power (Ref. 1). In
a well-designed induction brazing system, the areas of the components that are being
joined and the filler material need to reach a brazing temperature all at the same time.






