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Technological providing of fixed joints quality
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HOCMb U 001208EUHOCTND.
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A press-fit connection or a joint with guaranteed tight is one of the most popular junctions in mechanisms and machines. Such
joints are widely used in machine building for manufacturing turbine rotors, compressors and pumps etc. In article considered
questions provide the required quality of mating parts of fixed joints thanks to improving the electroerosive alloying technology and
its purposeful combination with other technologies that will considerably increase tightness of fixed joints, as well as their reliability

and durability.
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Problem definition in outline

To provide reliable performance
of any machine it should be assem-
bled properly so that all its parts per-
form their functions, the parts are
joined together forming movable or
fixed joints.

A press—fit connection or a joint
with guaranteed tight is one of the
most popular junctions in mecha-
nisms and machines. Such joints are
widely used in machine building for
manufacturing turbine rotors, com-
pressors and pumps, shafts with
toothed gear wheels, axles and shafts
for agricultural machines etc.

Joint  strength faults, fret-
ting fatigue and fatigue failures
are the most typical fault cases for
press—fit and press—key connec-
tions. Therefore, improvement of ef-
ficiency of these joints is one of the
most important tasks to ensure

reliability and durability of machine
parts.

Analysis of recent researches
and publications

It is possible to assemble fixed
surfaces by pressing—in shaft into
hole, when part with hole is heated, or
when shaft is cooled [1].

Tight junction (with interference
fit) of machine parts is carried out
thanks to their pre—strain. Tight junc-
tion is usually used to join the parts
with cylindrical and less often coni-
cal contact surfaces. Such junction
(as structural assembly) is defined as
a joint, wherein load from one part
to the other one is transferred due to
frictional forces (traction) on the con-
tact surfaces, where frictional forces
are generated due to elastic energy.
Consequently, the joint has a non-—
rigid fixation of parts in the axial and
circumferential directions.

The advantages of such joints
according to [2, 3] are the follow-
ing: possibility of implementation of
the joints for very heavy loads and
their good perception of shocks; cy-
lindrical and conical joints are rela-
tively cheap and easy to implement;
they provide good alignment of mat-
ing parts and they do not require any
special fasteners.

The disadvantages of such joints
are the following:relative inconve-
nience of assembling and disassem-
bling (especially inside a one—piece
housing); possibility of fit loosening
and damage of mounting surfaces
when disassembling; large traction
scattering due to scattering of actual
interference sizes within tolerances
and friction coefficients; high con-
centration of stress; their tendency
to contact corrosion due to inevitable
axial microdisplacements of points of
the parts near the contact edges and,
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consequently, the reduced efficiency
of the joints under variable loads; no
rigid fixation of the parts; complica-
tions for nondestructive inspection.

It is required that joints should
have proper rigidity, since they have
to meet requirements for precision
under load.

Depending upon possibility of
disassembling we can categorize
detachable and permanent joints.
Detachable joints allow convenient
disassembling of machine parts with-
out damage of joined elements. Per-
manent joints can be disassembled
only after their partial or complete
destruction. Although tight junctions
are conventionally classified as per-
manent ones, cylindrical joints allow
disassembly (pressing—out) and as-
sembly (pressing—in) of the parts [4].

As a rule fixed joints are rather
often used to fit gear wheels and
impellers, half-couplings, bear-
ing disks, pulleys, star wheels, ball
bearings and rolling bearings etc. on
shafts and axles.

We emphasize that additionally to
the ensuring of joint strength for ves-
sel and piping elements that contain
liquids or gases, it is often needed to
provide their tightness (leakproof-
ness). For this purpose the contact-
ing surfaces of mechanical joints
should be compressed with pressure
much higher than ambient pressure.

When assembling the fixed joints,
conjugated surfaces of the parts are
subjected to plastic deformation,
thus it is advisable for solid metal
parts to have a softer surface layer.

Modern technology offers a lot of
ways to alter the parts surface qual-
ity. The electroerosive alloying (EEA)
method is one of the most promising
technologies.

Characteristic features of the
EEA method are the following:any
conductive material may be used as
an anode (alloying electrode); anode
material can form an incrementally
deposited coating layer on the cath-
ode surface (alloyed surface); and in
this case there is no boundary be-
tween the deposited material and the
substrate metal, moreover anode ele-
ments diffuse into the cathode; it is
possible to alloy preset areas, with-
out protecting the rest surface of the
part. Metal surface hardness can be
altered be means of EEA:the surface
hardness can be increased by depos-
iting material with higher hardness
onto the substrate surface or by diffu-
sion transfer of required chemical ele-
ments from the environment or from
the anode material into the surface

layer; or the surface hardness can be
decreased by depositing softer mate-
rials onto the substrate surface. We
can also increase the surface hard-
ness when dealing with unhardened
but hardenable material by applying
higher current or longer pulses, which
heat up the metal a bit deeper than
total thickness of the applied and dif-
fusion layers [5, 6].

Formulation of the article ob-
ject (problem statement)

Thus the object of the research
was to provide the required quality
of mating parts of fixed joints thanks
to improving the EEA technology
and its purposeful combination with
other technologies that will consid-
erably increase tightness of fixed
joints, as well as their reliability and
durability.

Description of basic material
of the research

The results of the joint research
carried out by the researches of de-
partment of Technical Service of
Sumy National Agrarian University
and “TRIZ” Ltd enterprise (Engineer-
ing Problems Realization Company),
Sumy, are stated below.

There are almost no references on
application of EEA for surface layer
hardness reduction of the parts, al-
though technologists quite often face
such a task. For example, in order to
increase tightness of the joint when
assembling the heat—treated parts,
one or both mating surfaces should
be softer. The proper softness can
be achieved by reducing microhard-
ness of the surface layer in any pre-
set area, not altering hardness of the
entire part.

Patent [7] suggests that the ob-
jective can be achieved, when a sur-
face layer is formed on the mating
pretreated surface of the part with a
graphite electrode by applying EEA
method.

When steel cathodes are EEA-
treated with the graphite electrode, a
“white” layer is formed on the cathode
surfaces, and this “white” layer usu-
ally cannot be etched with reagents
used for the substrate material. Mi-
crohardness of the “white” layer is
considerably higher than hardness
of the substrate metal. Under the
“white” layer there is a conversion
zone, i. e. a sublayer, where heat
affection with pulse discharges and
diffusive mutual penetration of an-
ode and cathode elements took place.

The sublayer is usually a tempering
zone, and its size is conditioned by
parameters of the pulsed discharge.
The higher is the latter, the bigger is
the zone. Hardness of the tempering
zone is lower than hardness of the
substrate metal. Zone of heat affec-
tion may run up to 400 um when its
surface is treated with the graphite
electrode using long duration high
current pulses up to 9-10-% s and at
energy of 0.4-4.0 J.

When EEA with the graphite
electrode the surface roughness of
the treated material is least altered,
100 % uniformity of the alloyed sur-
face is achieved, the metal electrode
that is being used leaves no coating,
the electrode does not stick during
the process of EEA and, finally, a
cheaper electrode material is used.

Depth of higher and lower hard-
ness zones is obtained experimental-
ly for each element material and for
each EEA modes. Zone with higher
hardness is removed by any known
method, for example, by grinding.

When heat—treated parts from
nonferrous alloys, e.g. beryllium
bronze, are EEA—treated using the
graphite electrode on the device
"UILV-8" model at discharge energy
W,=0.42 J (Fig. 1), a tempering zone
is formed directly on the surface;
depth of the tempering zone depends
upon the mode of alloying, just as
in the case of alloying of steel parts.
The more is discharge energy and
the longer is alloying time, the deep-
er is the layer with lower hardness.

Microstructures analysis (see
Fig. 1) and data of Table 1 show
that increase of alloying time from
1 to 4 min/cm? results in increase of
weakened layer depth from 25 um to
120 um. And at the same time micro-
hardness increases from 1450 MPa
to 2290 MPa.

Thus, the necessary time for al-
loying with carbon depends upon
the required depth and desired mi-
crohardness of the surface layer.

Quality of mating parts of fixed
joints can be improved by applying
special coatings that alter structure
of mating surfaces of the parts.

Thus, patent [8] suggests the
following method of treatment of
mating surfaces of steel and/or cast
iron parts.

The method is detailed below.
Nickel coating is applied on the mat-
ing surface of steel and / or cast iron
parts (irrespective of their heat treat-
ment) by means of EEA method. At
that pulse discharges at energy of
0.01-0.63 J are used to form a sur-



Fig. 1. Microstructure of the surface layer of beryllium bronze
CuBe2Ni(Co) BrB2 (GOST) after EEA-treatment using carbon within:
a) 1 min, b) 2 min, ¢) 3 min, d) 4 min, x400

Table 1. Microhardness distribution and depth of weakened surface

layer of beryllium bronze CuBe2Ni(Co) BrB2 (GOST)

EEA.capacity, e b, i Microhardne.ss distribution in proportion to
min/cm?2 deepening from the surface, MPa
1.0 25 1450, 1950, 3120, 3700
2.0 30 1400, 2600, 2800, 3700
3.0 50 1840, 1950, 2200, 3700
420 120 2290, 2500, 2600, 3700

face layer, microhardness of which is
lower than the part substrate micro-
hardness.

Thereafter, bands of 4-6 mm
width are applied with the same inter-
val on nickel surface layer by means
of the above mentioned method and
in the same modes using WCo (Tung-
sten—Cobalt alloy) or WTi (Tungsten
Titanium alloy) hard alloy group elec-
trodes (areas 1, Fig. 2).

In the surface layer formed by the
method described above, strength,
safety and durability of fixed joint is
ensured by the coating, consisting
of the bands, formed by successive

application of nickel and hard alloy
(bands 1, Fig. 2). In the described
case, the coating with solid, durable
surface layer having high (0,3-0,7)
friction coefficient is formed. Under
this surface layer there is the layer,
microhardness of which is lower than
the substrate microhardness. When
assembling the hard surface layer is
pressed into the soft lower layer, how-
ever tightness of the joint is not en-
sured here.

Surface bands of nickel coating
ensure tightness of the fixed joint,
as microhardness of nickel bands is
lower than microhardness of the sub-
strate (bands b, Fig. 2).

Description of mating surfaces
treating method for parts made of
high—test cast iron VCH60 (GOST) is
given below.

High—test cast iron VCH60
samples (10x10x8 mm) were EEA—
treated on the device “Elitron 22A”
model. Alloying was carried out
within 1,5 min using the 6th mode
(Wp=0.63 J).

Nickel (Ni) and hard alloy WCo8
were used as electrode materials.
Moreover, composite electroerosive
coatings consisting of nickel and
WCo8 were applied.

Slices of samples after EEA—treat-
ment were used for studying the
structure and microhardness of the
surface layer. The obtained slices
were examined under the optical mi-
croscope "Neophot-2" and a scanning
electron microscope with analyzer
"REM-106 [" of Sumy Production
Association "Electron", which one
was used for evaluation of the layer
quality, its uniformity, thickness and
structure of sublayer zones—diffusion
zone and heat affected zone. Simul-
taneously a durometric analysis was
carried out to investigate the micro-
hardness distribution in the surface
layer and throughout the slice depth

a)

Fig. 2. Shaft (a) and bushing (b) surfaces with the bands of
electroerosive coatings:a) with hard alloy of WCo or WTi group;

b) with nickel
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starting from the surface. The micro-
hardness was measured on the micro-
hardness tester PMT-3 by impressing
of a diamond pyramid under the load
of 0.5 N.

The metallographic examinaton
proved that the formed coatings con-
sist of two layers. The “white” layer
is on the top. Below there is a darker
conversion layer. Sometimes there
can appear the third layer, i. e. the
heat—affected zone.

When VCH60 sample undergoes
electroerosive alloying with nick-
el, the surface layer is formed with
thickness up to 70 um and micro-
hardness equal to 2200-2760 MPa.
Below there is a conversion layer
that is formed due to joint action of
diffusion and heat. Microhardness of
this layer is 4290-5260 MPa.

The results of microhardness
distribution throughout the layer
depth of high-test cast iron and
steel 45 (GOST) samples are shown
in Table 2.

Press—fit connections have a spe-
cific feature: their parts are at stress
state even before workloads are ap-
plied to them. The stress state is
caused by interference at the mount-
ing surfaces. Summation of stresses
due to work and interference may
cause their significant concentration
in certain mating areas. Concentra-
tion of stress and fretting fatigue re-
sults in reduction of fatigue limit of
the shaft in its wheel seat under the
hub end. Influence of these factors
can be reduced by lowering the total
rigidity of the hub, especially at its
ends, e. g. by pressing—in rings of
softer materials into the rectangular
grooves of bore diameter at the hub
ends (Fig. 3) [9].

i

Fig. 3. Press—fit connection with
the insertion rings:
1—-hub; 2—insertion ring; 3—shaft

Ring height t should be selected
taking into consideration the tight-
ness in the joint and the transmit-
ted load, which determines relative
slip amplitude of the hub 1 and
the shaft 3. The softer rings 2 in
zones of maximum contact pres-

sure smooth stress peaks and re-
duce damage rate during fretting
corrosion.

The test carried out on the 40X
(GOST) steel samples with diame-
ter d=20 mm and hubs with diam-
eter D=37 mm and length equal to
90 mm, having rings of M2 (GOST)
tough—pitch copper, showed, that
their fatigue limit has increased
twice (from 150 MPa to 300 MPa) at
pure bending with 50 Hz frequency.

To improve shaft fatigue strength
of press—fit shaft-hub joints it is
recommended in [10, 11] to deposit
5-10 mm wide bands of softer ma-
terial onto the inner surface of the
hub close to its face plane using
EEA method (Fig. 4). Copper and tin
bronze can be suggested as materi-
als for electrodes that allow obtain-
ing up to 100 % coatings integrity on
the steel surface.

In the present embodiment there
appears possibility to use such a
constructive method as rounding off
the hub inner face planes that also
ensures reduction of the hub rigid-
ity. Moreover, to the advantages of
the suggested method one may refer
saving of nonferrous metals, as well
as simplification of the hub manu-
facturing technique.

It should be noticed that the
best coating quality (integrity,
roughness, uniformity, etc) is ob-
tained when argon is used as a pro-
tective medium.

It is also possible to increase fa-
tigue strength of the shafts as well
as reliability and durability of the
press—fit connections using electro-
erosive alloying cementation (EEAC)
of the wheel seat of the shaft. Later,
as a next step, the cemented layer is
coated with soft antifrictional mate-
rial (e. g. copper or silver) using the
abovementioned method and un-
dergoes surface plastic deformation
with a ball, a roller or is processed
with nonabrasive ultrasonic finish-
ing (NUFM).

The method and results of the
research are described below.

EEAC process was carried out
automatically on a special device in
different modes within discharge en-
ergy range (Wp) from 0.1 J to 6.8 J.

The special samples were used
for the research. The samples were
made of 40X steel in the shape of a coil
consisting of two 50 mm in diameter
discs, each 10 mm wide, connected
to each other with a spacer 15 mm in
diameter and having two process sec-
tions of the same diameter (Fig. 5).

\
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Fig. 4. The hub with copper diffusion layer and rounded-off face

planes

Table 2. Characteristics of electroerosive coatings for high-test

cast iron and steel 45

Thickness, um Microhardness, MPa
Substrate Electrode
el el White Conversion White laver Conversion
layer layer 4 layer
VCH60* Ni up to 70 10 2200-2760 4290-5260
VCH60 WCo8 25-30 15 5790-10300 4900
VCH60 Ni+WCo8 20 65-85 11830 2200-4580
Steel 45 Ni 2 10 2000 2500
Steel 45 WCo8 20 10 11000 3500
Steel 45 Steel 45 15 60-70 10000 2000-5750
& — substrate material microhardness H,=2900-3100 MPa;

** - substrate material microhardness H,=2700-2800 MPa.



Before being treated with EEAC the
surfaces were polished up to Ra=0.5
um. The samples were fixed in the
chuck of the turning machine, then
EEAC, alloying with silver and cop-
per and NUFM processing were car-
ried out. The surface roughness was
measured with a profilograph—pro-
filometer mod. 201 manufactured
by “Kalibr” factory.

Results of the investigation of
two series of 40X steel samples are
represented below: 1 —cementation,
alloying with silver, NUFM process-
ing; 2-cementation, alloying with
copper, NUFM processing.

The results of the surface
roughness measurements are rep-
resented in Table 3 and the results
of durometric investigations are
shown in Figures 6 and 7.

Fig. 6 shows the microslice and
microhardness distribution in the
sample of series 1. As can be seen
from the Figure, on the surface of
the sample there is a layer up to
35 um deep with hardness of about
80-90 HV, which hardness is lower
than the substrate microhardness
(220 HV). The microhardness grad-
ually increases with deepening and

decreases again and at a depth of
120 um it corresponds to the sub-
strate microhardness.

It should be noticed that the
thickness of the applied soft an-
tifrictional material layer can be
controlled through the EEA mode,
application method and the elec-
trode material. Transition radius
(fillet) from the shaft thickened
area to the normal diameter can be
formed by reducing discharge ener-
gy (when less electrode material is
transferred onto the substrate), as
well as by increasing the burnish-
ing force.

When assembling the hub and
the shaft, soft antifrictional mate-
rial, which lies between the hard
hub surface and the hard EEAC-
generated shaft sublayer, under-
goes deforming and penetrates into
all holes eliminating asperities and
imperfections of the surfaces of the
mating parts. As a result the area
of the mating surfaces of the hub
and the shaft increases consider-
ably (up to 100 %), thus causing
increase of the joint tightness as
well as increase of the friction force
at moving and torsional loads, which

b)

Fig. 5. Steel samples for investigation of result of EEAC and EEA:

at the depth of ca. 60 pm it reaches
its maximum value of 470 HV, and
then it gradually decreases again and
at a depth of 100 um it corresponds
to the substrate microhardness.

It should be noted that the sample
diameter increased by 0,04 mm af-
ter EEA with silver and decreased by
0,02 mm after NUFM processing.

Fig. 7 shows the microslice and
microhardness distribution in the
sample of series 2. As can be seen
from the Figure, on the surface of
the sample there is a layer up to
40 um deep with hardness of about
140-170 HV, which hardness is
lower than the substrate micro-
hardness (220 HV). The micro-
hardness gradually increases with
deepening and at the depth of ca.
75 pm it reaches its maximum val-
ue of 510 HV, and then it gradually

a)with silver and b)with copper

finally increases reliability and du-
rability of the joint.

Moreover, the advantages of the
suggested method include saving of
metal when manufacturing shafts
with enlarged diameter, as well as
simplification of manufacturing
technique for such shafts.

Since operational faults of
press—fit connections take place
mostly because of tightness loos-
ening (wearing of the contact sur-
faces of the mating parts due to
fretting corrosion or damages as a
result of disassembling), it is es-
sential to find the most efficient
recovery method for repairing
such joints.

Currently the new technologies
of equipment repairing with the help
of polymer compounds are used
more extensively for maintenance
works. These compounds charac-
teristics are the following [12]:they
have good adhesion to metal; their
strain characteristics are close to
metal; their properties alter not sig-
nificantly with temperature chang-
es; their shrinkage during harden-
ing is minimal; they feature good
resistance to the influence of exter-
nal factors, etc.

It should be noticed that to
obtain proper adhesion of plastic
to the surface of a workpiece, the
surface of the workpiece should be
properly roughened.

The consideration that the
characteristic features of the EEA
method and the fact that different
alloying modes provide a good pos-
sibility to alter the surface rough-
ness (Rz) over a wide range from
1 um to 200 um gives us a good

Table 3. Surface roughness of two series of samples

EEA with silver

Surface roughness value in certain points, yum

Roughness mean

value, um
Ra
050 | o086 | 127 [047 ] 1.33 | 0.76 | 0.59
RZ Ra Rz
1.68 | 244 | 350 | 133 ] 376 | 2.14 | 1.68 | 0.88 2.49

EEA with copper

Surface roughness value in certain points, pm

Roughness mean

value, pm
Ra
055 | 065 | 091 | o0.62] 087 | 071 | o.51
RZ Ra Rz
3.05 | 240 | 235 | 2.64 | 248 | 3.01 | 3.25 | 080 3.19
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Fig. 6. Microslice (a) and microhardness distribution in the 40X steel
surface layer after EEAC, EEA with silver and NUFM processing (b)
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Fig. 7. Microslice (a) and microhardness distribution in the 40X steel
surface layer after EEAC, EEA with copper and NUFM processing (b)

opportunity to use integrated tech-
nology of EEA and further applica-
tion of polymer materials to improve
significantly quality of fixed joints,
especially when repairing [13]. Even
when viewing them on their own,
these technologies in no way belittle
the advantages of each other, but on
the contrary they complement each
other and eliminate disadvantages
inherent in each one used individual-
ly. By means of the EEA method it is
possible to form either the hardened
surface layer or the coating of hard
durable material. Further they can
be coated with polymer material that
penetrates into voids between sur-
face asperities and provides 100 %
uniformity and much lower rough-
ness than roughness of the surface or
coating without additional treatment,
as well as higher hardness and du-
rability than application of only poly-
mer compounds can provide.

Conclusions

Quality of the fixed joints can be
improved by means of:

1. Reducing the surface hardness
of heat—treated steel and non-fer-
rous alloys using EEA with carbon
(graphite electrode).

2. Coating the surface of steel
and / or cast iron parts with nickel
using EEA and with bands using
hard alloy electrodes of WCo and
WTi groups.

3. Improvement of shaft fatigue
strength of press—fit shaft—hub
joints by deposition of 5-10 mm
wide bands of softer material
onto the inner surface of the hub
close to its face plane using EEA
method. Copper and tin bronze
can be recommended as mate-
rials for electrodes, since these
materials allow obtaining up to
100 % coatings uniformity on the
steel surface.

4. Improvement of shaft fatigue
strength using EEAC for its wheel
seat surface and subsequent ap-
plying of soft antifrictional mate-
rial, for example, copper or silver,
using the EEA method, followed by
NUFM processing.

5. Using integrated technology
of the EEA method and further ap-
plication of polymer materials dur-
ing repairing.
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