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ABSTRACT: This paper presents aspects of the technological construction of parts assembled by cold welding.

During pressing, effects of the material transport mechanisms occur in the form of deformations of the parts to be

joined. Thus, on shaft-type parts and bushing-type parts, assembly attempts were made, the result being the

obtaining of parts that underwent shape changes during pressing. Additional devices for placing and guiding parts

on the press have been designed and used to prevent these deformations. The obtained results were much improved,

the deformations being able to be controlled and directed to the desired areas.
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1. INTRODUCTION

Cold welding is known as cold pressure

welding or contact welding is the result of

solid state diffusion between the atoms of

the two parts to be joined.

Theoretically, there are several explanations

for the real mechanism by which a cold

pressure weld is obtained. For example, it

has been suggested that it occurs by

recrystallization or by an energy hypothesis,

but most explanations have been either

experimentally rejected or rejected for

theoretical reasons.

The currently accepted hypothesis, which

explains the fact that cold pressure welding

takes place, involves the atoms of metals

that are held together by the metal "bond",

so-called because it is specific to metallic

substances. The bond can be described as a

"cloud" of free, negatively charged atoms

formed in a unit as a result of the forces of

attraction [1].

Therefore, if two metal surfaces are pressed,

leaving only a few surface separations of the

angstrom order, the interaction between free

electrons and ionized atoms can occur. This

will remove the potential barrier, allowing

the electron cloud to become common. This,

in turn, results in a bond and therefore a

weld.

In conclusion, a new hypothesis can be

issued: after pressing the materials of

different natures, there is a diffusion of their

atoms, cold, in the surface layer.

The main precondition for cold welding is

that the metals to be assembled are ductile

and the surface is flat and clean, the

technology not being applicable to fragile

materials with hard surfaces or high carbon

steels. Among the metals with a strong

affinity for cold welding, remember:

aluminum, copper, lead, gold, etc.

For example, cold pressure welding offers

the most satisfactory way to join copper

with aluminum without the formation of

brittle intermetallic compounds. The quality

is excellent because it produces a machined

structure as opposed to the cast structure

obtained in fusion welding. There is also no

heat-affected area with unsuitable

properties [1], [2].
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2. THE MECHANISM OF COLD

DIFFUSION

Diffusion is achieved by atomic jumps that

have the effect of creating macroscopic

fluxes of atoms from one side of the metal

to another.

In the case of metals, there can be several

mechanisms for achieving diffusion such as:

reciprocal change of places between two

neighboring atoms, diffusion through

internodes, diffusion through cyclic

displacement of groups of atoms, diffusion

through vacancies.

In the case of cold diffusion, in order to

diffuse an atom, the potential barrier

presented by the neighboring atoms must be

overcome. If the barrier is E1 high, the atom

will have enough thermal energy to climb it

for only a fraction of the time [1].

The energy required for jumps from

equilibrium positions in vacancies or from

interstices to other neighboring free

interstices according to the possible

diffusion mechanisms is given by thermal

fluctuations.

In a single crystal the diffusion can take

place only through the crystal lattice on the

surface of the crystal. For polycrystalline

materials, the diffusion takes place on the

surface of the crystals, in their volume and

through limits and sublimits.

Internal stresses and especially

deformations of the crystal lattice

substantially influence the diffusion

process. Distortions of the crystal lattice

caused by plastic deformation accelerate

diffusion; as a result, diffusion will be faster

in hardened metal products [3], [4].

The acceleration of the diffusion is found

especially on the sliding planes and at the

grain boundaries, ie where the energy of the

remaining elastic stresses is stored. In the

case of an inhomogeneous state of tension,

the atoms with larger radii tend to move in

the areas required to stretch, and the atoms

with smaller rays towards the compressed

areas (upward diffusion). Dislocations

influence diffusion, favoring it. Thus, the

diffusion along the marginal dislocations

possesses a lower activation energy and is

important in the case of processes that take

place at relatively low temperatures, when

the concentration of vacancies is low [5]

,[6].

Dislocations also influence diffusion,

favoring it. Thus, the diffusion along the

marginal dislocations possesses a lower

activation energy and is important in the

case of processes that take place at

relatively low temperatures, when the

concentration of vacancies is low [7] ,[8].

3. DESIGNING THE SHAPE OF

PARTS AND DEVICES

Technologicality is a complex feature in

machine construction, which shows the

extent to which a constructive solution

meets the practical conditions of execution.

In the following, assemblies will be

analyzed by cold welding by free pressing

and by pressing using auxiliary devices [2],

[3].

3.1. Materials

In order to perform the experimental

determinations, aluminum samples were

used in two constructive forms: shaft type

(fig.1.a) and bush type (fig.1.b).
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a b
Fig.1. Working samples

The obtaining of the shaft type

samples was made by cutting from

laminated bar φ 30 mm and turned frontally
at the end bees to the length L = 35 mm, and

that of the bush type samples by cutting

from laminated bar φ 40 mm, front turning
at length L = 75 mm and drilling at φ 30
mm.

The chemical composition of the

material used is shown in Table 1.

Table 1. Chemical composition of aluminium materials used in experiment
Chemical

composition

[%]

Al Fe Cu Si Mg Zn Mn Cr Ti Sn Pb Ni Sb

Aluminium 95.47 1.34 1.12 0.47 0.43 0.92 0.11 0.02 0.02 0.001 0.04 0.01 0.01

3.2. Methods

The experimental method consisted in

combining samples of the same kind. To

increase the diffusion surface, the joint

surfaces of the samples were sanded with

M40 abrasive paper (STAS 1753-90) after

which they were cleaned and degreased.

Once the work samples were prepared, they

were pressed in order to perform cold

welding. Successive joints were made, first

on parts freely placed on the hydraulic

press, then joints were made using now

additional placement and guidance devices.

The work diagrams that formed the basis of

the method without auxiliary devices are

shown in figure 2 for the shaft type part and

figure 3 for the bushing type part. For the

parts for which additional devices have been

used, they are shown in figure 4 for the shaft

type part and figure 5 for the bushing type

part. In order to achieve the cold welded

joints, a hydraulic press CP 86150 was used,

having the following characteristics:

pressing force 150 daN, piston displacement

200 mm, pressing speed 10 - 100 mm / s.

The pressing speed was a very important

parameter when making the joint.
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Fig.2. Shaft part pressing, without device

Fig.3. Pressing the bushing part, without device

Fig.4. Shaft part pressing with guide device
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Fig.5. Pressing the bushing part with guide device

After pressing, it was found that in cold-

welded parts by pressing without additional

laying and guiding devices, in the joint area,

the material deformed unevenly and

uncontrollably, without precise flow

directions. The shaft-type parts suffered

corrugation and barrel-type deformations

(fig. 6) and the bush-type parts showed a

flaring of the material in the joint area.

In order to be able to control and cancel

these unwanted deformations of the parts, in

the second part of the research, additional

work devices were used, with the help of

which both the placement and the

orientation of the parts during the pressing

were performed.

Thus, for the shaft type parts, two guide

bushes were designed and made in which

the assembly parts were inserted. The length

of these bushings was made at a size 5 mm

smaller than the length of the parts to be

assembled, the material repressed by

pressing to occupy to the outside this space

between the ends (fig.4, fig.7).

It was found that, using this additional

device, the shaft-type parts were no longer

deformed, the discarded material now

having a well-defined, controlled shape.

In the case of sleeve-type parts,

deformations of the parts also occurred

during pressing without a guide device,

repulsions of the material in random

directions, without the possibility to control

this phenomenon. Deformations also

occurred at very low pressing speeds. To

control this phenomenon of accidental

material movements, mandrel type devices

were used (fig.5). The pressing was done by

means of gripping pliers of the parts right

next to the joint area, preventing the parts

from moving to the outside.
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Fig.6. Pressed shaft type part without guide

device

Fig.7. Shaft part pressed into the device

4. CONCLUSIONS

Research has shown that assemblies can be

obtained between samples of different

materials by cold welding, due to cold

diffusion mechanisms. The flow directions

of the material cannot be controlled at free

pressing, the parts deforming

uncontrollably, more pronounced in the

joint area and decreasing towards the force

application area. In order to cancel these

uncontrolled deformations, additional

devices for guiding and orienting the parts

were designed and used. Thus, guide bushes

were used for the shaft type parts and

mandrels were used for the bushing type

parts.

The parts pressed in positioning and guiding

devices did not deform anymore, the

material flowing controlled and only in the

joint area.
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