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Figure 9 and 10 details the big differences aspects of faces topography in accord
with different tool path orientations, using the same cutting conditions.
Comparison in terms of regularly scallops resulting after cutting process,
horizontal upward orientation achieved the best cutting conditions, which are in
accord with edge cut entrance and chip area transition (Fig. 3) to the high chip
thickness and small area. In opposite situation, horizontal downward orientation
achieved the worst surface topography, with irregular scallops and many scratches
because the edge cut entrance in undeformed chip is to the small chip thickness
and very large contact between cutting edge and machined surface. Using zigzag
tool paths result the worst topography in vertical or horizontal orientations.

Figure 10. Surfaces topografy (up milling)

Figure 11. Comparison of Ra parameter value for various tool path orientations

The average mean surface roughness Ra, adopted to determine the
longitudinal and transversal workpiece roughness, was measured for a sampling
length of 4.0 mm and cut-off length of 0.8 mm, and represented in figure 11 a)
for face 1 (down milling) and figure 11 b) for face 2 (up milling). The result
clearly illustrate in graphics that using a vertical upward orientation (surfaces 11,
21) gave the lowest surface roughness and in generally lowest values for down
milling. The biggest values are results for zigzag tool path (surfaces 15, 25) and
especially in vertical orientations.
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Dynamic of cutting and vibrations

Ball nose end mills generate complex chip geometry and non-uniform thickness
distribution along the cutting edge and work contact zone (Fig. 3), creating
cutting forces in three Cartesian directions. The cutting force is proportional to
the chip thickness and may excite the machine tool system and presence of
chatter leads to poor surface finish, chipping of the tool and large dynamic loads
on the spindle and table structure. Most of the research focuses on chatter
stability in milling and presented analytical prediction but study about vibrations
level in respect to cutting path are scant. Therefore, a detailed knowledge on the
evaluation of vibrations in different cutter path strategies for finish milling is
essential.

Cutting vibrations measurement were carried out using scheme from figure 7,
where the dynamic signal was analyzed and stored for each tool path strategy
for 50 seconds of machining. Data analysis was performed using special
software PULSE LabShop Version 10.3 in CPB mod analyzer (frequency / time /
amplitude of vibration speed Fig. 12).

Autespecirum(Signal 3) - Input (Magnitude) [mis]
Working : Input : Multi-buffer 1 . CPE Analyzer

+—80u

200 400 500 800 1k
[Hz] 8] (Tima)

Figure 12. CPB diagram (horizontal zigzag 2.6 for Z axis)

The software has a facility to study different frequency band slice on a CPB
diagram and see the amplitude of vibrations in time domain (Fig. 13). The
dynamic signal is periodically, carried to the rotating tool (6000 rpm) and tooth
number (4), resulting a fundamental frequency =400 Hz for study. Results of
measurement are represented in figure 14.

The level vibrations is in generally higher for up milling (Fig. 14, b) and
especially for zigzag tool path, result in correspondence with surface roughness
(Fig. 11, b). The milling process has good cutting conditions (low vibration
level) for vertical upward and horizontal upward (surfaces 11, 12).
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Figure 13. Slice on fundamental harmonic 400 Hz (horizontal zigzag surface 2.6 for Z axis)
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Figure 14. Comparison of speed vibratins value for various tool path orientations

4, Conclusions

This experimental study confirms geometric model of ball nose end milling and
following conclusions have been derived, when finish milling at an inclined
workpiece angle of 45
— using a vertical upward tool paths, gave the lowest roughness and
vibrations;
— the worst surface and high vibrations level was obtained using zigzag tool path;
— avoid as much as possible downward tool path when the effective cutting
edge is near to the tip tool and cutting speed is reduced to low effective
diameter;
— down milling is more favourable process that up milling in all tool path
strategies.
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Loading simulations of nanotube networks
Ibolya ZSOLDOS
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Abstract

A modification is suggested to the Brenner potential cut-off function in order to
compute atomic forces of carbon nanostructures in a more realistic way and
giving a possibility to fit the atomic forces to experimental data. With the
modified Brenner potential the loading diagram and the tensile strength were
determined for an example of the carbon nanotube networks. According to these
new computational results carbon nanotube networks can be the materials which
inherit the extremely high strength of the graphite sheet and they bring this
property in all directions of the 3D space (not only in 1 direction as the
nanotubes).

Keywords

nanotube, network, simulation

1. Introduction

The sp® carbon-carbon bond in a graphite layer is the strongest of all chemical
bonds in solids. Theoretical strength values of the graphene were determined as
6c=0.316TPa derived from the Young’s modulus and c=0.14-0.177TPa derived
from the work of fracture. This theoretical strength is important because it is the
maximum theoretical strength for all solids.

The carbon nanotubes could be the materials which approach the theoretical
strength of the graphene. Direct mechanical measurements of the tensile strength
were carried out on multiwalled carbon nanotubes (MWCNC) and on single wall
carbon nanotube (SWCNT) ropes. To determine the tensile strength a theoretical
way was carried out by molecular mechanical calculations using different
energetic potential functions. Different types of SWCNT-s were studied using
primarily the empirical Brenner potential. For the same purpose the Tersoff and
the Morse potential were used, as well. Recently the finite deformation shell
theory was developed for theoretical studies of carbon nanotubes. This
continuum theory is based on use interatomic potential, as well, and can be the
next generation of theoretical methods to determine mechanical properties.

Accordingly, today the straight carbon nanotubes are the strongest materials.
Nevertheless they show this property only in one direction. Their extremely high
strength can be led by nanotube junctions into different directions of the three-
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dimensional (3D) space. The significance of nanotube junctions was first
discovered in their electronic properties. For example a heterogeneous junction
built from a zig-zag and an armchair tube behaves like a rectifying diode with
nonlinear transport characteristics. The Current-Voltage characteristics of a Y
junction are measured, as well, and we may hope that the molecular transistor will
be found in the group of the Y junctions. In our earlier research work we have
defined a set of nanotube junctions built from armchair and zigzag type straight
tubes. We have shown that any number of tubes having an optional diameter can
be connected in a junction and we have developed a method to construct their
models as well. Our system is created in such a way that if a tube of a given type is
taken out from the junction, it can always be replaced with a contrary type one.
This property can be interesting in electric applications. Later we have presented
that nanotubes of any chirality can be connected in a junction. Nanotube junctions
consisting of more than 3 tubes were observed in various experiments.

From different nanotube junctions different nanotube networks can be built.
The basic types of regular networks are named as supersquare (the network
constructed from X junctions), supergraphene (the honeycomblike network
constructed from Y junctions), supercubic (the network constructed from
junctions having 6 perpendicular tubes) and superdiamond (the network
constructed from tetrahedral junctions). Several mechanical properties (Young’s
modulus, bulk modulus and deformation mechanisms) were determined for
supersquares and supergraphenes. Special fractal networks, so-called super-
carbon nanotubes based on the nanotube structures were defined. Others
prognosticate a successful future for the random nanotube networks, although
these networks have not contained junctions so far, only disordered tubes as
dropping pickup sticks. They could be the most stable and the strongest electric
conductors having almost zero failure probability. Researchers hope a new and
cheap technology for their manufacturing will be found shortly. Several research
institutes in the world prepare them today in plastic impregnated technology.

The goal of this work was to develop a method in order to calculate the
loading diagram and the tensile strength of nanotube networks.

2. Calculational method

To determine the loading diagram and the tensile strength, atomic forces are
needed to compute. The atomic forces can be calculated from a derived energetic
potential function. For this purpose we have chosen the empirical Brenner
potential which is generally used in molecular mechanics and molecular
dynamic studies not only in carbon nanostructures but in hydrocarbon structures,
as well.

Brenner developed the interatomic potential for carbon as

V(r):VR (r)_gijVA(rij) 1)
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for atoms i and j, where r=rj; is the distance between atoms i and j. Vg and V4 are
the repulsive and attractive terms given by

D. . -vzsper)
Ve :ae AR fij (rij) )
V= SDe_Sl g VS AIR f ('?j) 3)

The so-called cut-off function f;(ri;), which restricts the pair potential to
the nearest neighbours, is given by
4

1, rij<R1
j — R
fij(rij) =19 1+cos R2_R17T /2, Ry <R (4)
\0’ rij>R2

The parameter Bj in Eq. (1) represents a multibody coupling between the
bond from atoms i and j and the local environment of atom i, and is given by

k(=i,])

-5
B = {]ﬁf ZG(eijk) fu (T )} (5)
where 0jj is the angle between bonds i-j and i-k, and the function G is given by
2

G(©)= a0[1+c—° % )Z} (6)

dZ dZ+(1+cos®

For atoms i and j that have a different local environment, Brenner suggested
the replacement of the coefficient B;; in Eq. (1) by

§ij = (Bij + Bji)/2 (7)

In accord with our experience more authors have noticed that the cut-off
function affects the computation of the atomic forces very strongly. It introduces
a dramatic increase in the interatomic force at r= R; (like a camelback on the
force curve), which rises sharply with a peak at around 30% strain, Fig. 1.b. To
avoid this problem Shenderova et. al. shifted the cut-off function to larger strains
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so that it occurs after the inflexion point in the interatomic potential. Belytschko
et. al. have found that the cut-off function affects strongly even when it is shifted
to 100% strain. Duan et. al. assumed the cut-off function equal to 1 to avoid the
dramatic increase in the interatomic force. Mylvaganam et. al. defined the
changes of the slope on the interatomic force as different stages of the stress-
strain curve.

Table 1.

Nanotube structure ot (GPa) method
SWCNT ropes 13-50 loading experiment
MWCNT 11-63 loading experiment
MWCNT 150 loading experiment
(5,5) nanotube 123 calculated with Morse potential
(9,0) nanotube 94
(12,12) nanotube 112 calculated with Morse potential
(16,8) nanotube 106 calculated with Morse potential
(12,4) nanotube 98 calculated with Morse potential
(20,0) nanotube 93 calculated with Morse potential
(20,0) nanotube 110 calculated with Brenner potential
(10,0) nanotube 105.38 calculated with Morse potential
(10,0) nanotube 99.89 calculated with Brenner potential
(10,1) nanotube 106.09 calculated with Morse potential
(10,1) nanotube 100.46 calculated with Brenner potential
(10,3) nanotube 110.21 calculated with Morse potential
(10,3) nanotube 102.59 calculated with Brenner potential
(10,5) nanotube 116.83 calculated with Morse potential
(10,5) nanotube 104.20 calculated with Brenner potential
(10,7) nanotube 124.09 calculated with Morse potential
(10,7) nanotube 104.93 calculated with Brenner potential
(10,9) nanotube 130.93 calculated with Morse potential
(10,9) nanotube 105.64 calculated with Brenner potential
(10,10) nanotube 134.01 calculated with Morse potential
(10,10) nanotube 111.93 calculated with Brenner potential
(10,10) nanotube 1357 calculated with Brenner potential
(17,0) nanotube 754
(14,14) nanotube 250* calculated with Brenner potential
(24,0) nanotube 125*
(6,6) nanotube 152.3 calculated with Tersoff potential
(8,3) nanotube 107.6
(10,0) nanotube 925
(5,5) nanotube 1700-1800* calculated with Brenner potential
(9,0) nanotube 1400*
(10,10) nanotube 1700-1800*
(17,0) nanotube 1400*
(15,15) nanotube 1700-1800*
(26,0) nanotube 1400*

*The value is read from the loading diagram.
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Beside the above mentioned problem there are uncertainties in the measured
and calculated strength values of carbon nanotubes, as well. In Table 1 we
summarized the tensile strength values found in the literature. The values are
rather different.

The reasons for the differences are partly because of the differences in the
structures and partly because o+ is not defined the in same way by the authors.

To compute atomic forces in a more realistic way we suggest a modification
in the cut-off function in the formulas of the Brenner potential. Figure 1 shows
the effect of the cut-off function on the energetic potential and on the atomic
force curve in the case of only one chemical bond of the graphite sheet. The cut-
off function (fj;) is a monotonously decreasing curve, it decreases from 1 to 0
between the distances of R; and R,, Fig.l.a. If we omit it from Brenner’s
formulas, the energetic potential approaches zero in the infinite, but if we do not
leave it out, the curve approaches zero at R,, Fig.1.b. The effect is stronger on
the atomic force function: the curve computed with the cut-off function is
basically other than the one without the cut-off function, Fig.1.b. Beside this
there is a break point on the force curve, as well.

F[nN]
P \ A
\."“ \\‘ 15 4 d,' \
—Brenner-potentjal \
1 Hr 1,_& P \ atomic force | |
i L (for one Igond]j \arWith cut-off function

54 [ Without cut-off function

.
/: e
7 A | e

0+

1 15 =3 25 3
0+ &l ¥ v rjAngstrom]
R, i Rs VieV] Ry R,

Figure 1. The cut-off function (a) and its effect on the energetic potential and
on the atomic force curve (b) in the case of only one chemical bond
of the graphite sheet

It is obvious that there is a large set of functions which keep the property of the
original cut-off function: they decrease monotonously from 1 to 0 between R; and
R,, Fig.2.a. Consequently if we use the elements of this set like cut-off function to
compute the energetic potential and the atomic forces we can define a curve set for
both of them, Fig.2.b. It is important to mention that a small change in the
energetic potential curve between R; and R, means a large change in its derived
function, in the atomic force curve. We suggest choosing the cut-off function from
the function set in such a way that we fit the force curve to experimental results if
it is possible. Beside this we suggest putting the value of R; to the minimum place
of the energetic curve to avoid the breakpoint of the functions.

To describe the curve set of the cut-off function mathematically we used
polynoms in two different intervals defined by
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£ (r) = f,(r), R,<r<R; (8)
! f,(, R, <r<R,

where

f.(r)=ag+asr+ar’+asri+asr* and f,(r)=be+byr+b,r’+hsr’.

The selection is favourable because polynoms are derived very easily. The
two different intervals between R; and R, are separated by the inflexion point of
the curve having coordinates of Rt and fr which will be the free parameters for
the fitting, Figure 3.

The conditions to fit the curves at R;, R, and Ry determine nine different
linear equations as

fi(Ry)=1 ©)
fi’(R1)=d (10)
fi(Ro)=fr (11)
fi’(Rr)=f.’(Rr) (12)
f,”’(Rr)=0 (13)
fa(Rr)=fr (14)
fo(R2)=0 (15)
f,"(R,)=0 (16)
f,”’(Rr)=0 (17)

The role of the *d’ parameter in Eq. (10) is to fit the force curve at R; to avoid
the breakpoint if R; is not chosen to the minimum place of the energetic
potential. Since we put R; to the minimum place, d=0 in our calculations
detailed in the Section 2.

The free parameters of Ry and fr are intended to fit the potential function to
experimental data. The tensile strength (o7) of several MWNTS is known from
experiments today (see Table 1) and we will use one of these data for the fitting
later (last paragraph of this chapter). We mention here that although the cut-off
function as a cosine function (as it was used by Brenner originally) is more
realistic in physics, it is not able to fit the function because of the absence of free
parameters.

We used a cubic and a fourth-degree polynom to solve the equation system

(9)-(17).
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Figure 2. a) a set of the cut-off functions, b) The energetic potential (lower half of the diagram)
and the atomic forces (upper half of the diagram) computed with (6) different elements of the cut-
off function set (for only 1 chemical bond of the graphite sheet).
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Figure 3. The coordinates of the inflexion point Ry
and fr which will be the free parameters

In Eg. (19)-(25) we show the solution of the nine equations for the
coefficients of the polynoms. The recursive formulas can be used in computer
codes very easily:

L f (19)
3™ 2 _ 3
(R,-Ry)

_3f;=3-d(R; —R))+6b,(R,—R;)* (R, —R)) (20
) (R;—Ry)*
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a _48.3[R$—Rf—3R12.(RT—R1)]+3b3(R2—RT)2+d (21)

’ 3(R;-R,)*
b,= —3bsRt (22)
a,= —3asRt —6a,R+? (23)
a;= d —2a,R; —3a;R,*—4a,R,° (24)
b= d —-2b,R,-3h3R,’ (25)
ag=1-a;R; - a,R?— asR,® — auR* (26)

The mathematical description of the curve set is not so easy. There are too
many conditions (Eqg. (9)-(17)) and the solution for them is generally only
partial. For example, let us regard the solution for an interval of R;=0.145nm
and R,=0.2nm (this value was used everywhere in the literature). In this case we
can choose values for fr and Ry only inside a part of the rectangle defined by
(R1,R2) and (0,1) shown as the hatched area in Fig. 3. If the inflexion point is
beyond this area, the monotonously decreasing property is not realized.
However the hatched area was enough to find the most applicable curve from the
function set.

We fitted our parameters to experimental data calculated for one chemical
bond. For this purpose we have chosen Demczyk’s et.al. measurement on
multiwalled nanotubes because the measured structure can be derived from their
paper. They observed a tensile force of 18uN on a tube having a diameter of
12.5nm, the type of the tube is not known. If we assume that the tube was a
zigzag type tube, then the outer tube has to have a (160,0) structure. The distance
of the parallel tubes has to be minimum 0.34nm which is the interlayer graphite
distance, accordingly the inner tubes have to have (150,0), (140,0), (130,0), ...,
(10,0) structures. It means that 160+150+140+...+10=1360 bonds being parallel
with the loading direction have to be broken together, so the tensile force is
18uN/1360=13.23nN for one bond. If we assume that the tube was an armchair
type tube, then the outer tube has to have a (92,92) structure. The distance of the
parallel tubes has to be minimum 0.34nm which is the interlayer graphite
distance, accordingly the inner tubes have to have (86,86), (80,80), (74,74), ...,
(8,8) structures. It means that 2(92+86+80+...+6)=1500 bonds have to be
broken together, the angle between the bonds and the loading direction is 30° at
the beginning of the loading. Considering that the angle has to be a bit smaller at
the tensile force, the tensile force has to be a bit smaller than
181uN/1500/c0s30°=13.86nN for one bond. To fit the maximum atomic force we
have chosen 13.3nN.

The strain value of the maximum force cannot be known in Demczyk’s et.al.
paper therefore we tried to compute without this.
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In a special iteration procedure we varied the value of Rt between R; and R,
beside this we varied the value of fr between 0 and 1. It is obvious that for every
value of Ry we can find a value of fr so that the maximum force is the same,
because we do not know the place of the maximum force. In this work we
selected 4 characteristic (Rt,fr) pairs in order to compute forces. The (R+,fr)
pairs with the corresponding atomic force and the energetic potential curves can
be seen in Fig. 4. We mention again that in the case of a very small change in the
energetic potential (see the fitted energetic functions in the lower part of the
diagram) there is a large change in the atomic force function (see the fitted force
functions in the upper part of the diagram: the change here is only in the place of
the maximum force).

F (nN)
18 -
The fitted functions,
; : 15
from left to right: ;
R=1.6,f=0.656 12 - Brenrer's originé[-f_unctions
R+=1.7,f+=0.437 B (with cut-off functign)
R,=1.8,f;=0.237 o '
i withou
R;=1.9,=0.080 6 the Mledfunclions ) cut-off function)
§ =
0 ___ I (Anstrom)
a 1.15____,:..-{:—-:"____.__.:._— % 495
-3 B X
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Figure 4. (f1,Ry) pairs (a) and the corresponding atomic force (F in nN-s, upper part) and the
energetic potential curves (V in eV-s, lower part) fitted to experimental data (b)

The maximum force on the fitted functions is smaller than the maximum one
on the Brenner’s original function, Fig. 4.b, although we do not know how
realistic our assumption is for the structure of the MWCNT in Demczyk’s et.al.
experiment. The places of the maximum force, the tensile strain (6-12%) on the
fitted functions are smaller than it is on Brenner’s function (30%), as well,
because we have shifted R; to the place of the minimum energy. For the tensile
strain there are experimental results, as well: Yu et. al. measured about 5% on
SWCNT ropes and about 10-12% on MWCNT, but we do not know it from
Demczyk’s et.al. paper. If there will be other or more accurate experimental data
for the strain, it could be needed to fit the functions again and maybe to change
R; and/or R,. We notice that there can be smaller changes in the slope on the
descending branch of the fitted atomic force curve in several cases (e.g. the
dotted line in Fig. 4.b), but this part of the atomic force function and that of any
loading diagram is not important in engineering aspect.

In the end we mention that the values of R; and R, affect the maximum
atomic force very strongly. Agrawal et. al. showed differences in the loading
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diagram of nanotubes if R; is varied between 1.6 and 1.7. In our calculation R,
equals to the equilibrium atomic distance in unloaded state to avoid the break
point on the atomic force curve. The physical mean of a slope-change on the
curve is not known. R; is the same as Brenner’s original value.

For the energetic potential we used the second set of parameters provided by
Brenner adopted here as follows:

D.=0.9612nN nm, S=1.22, [3=21nm'1, R=0.139, 6=0.5, a,=0.00020813, c,=330,
do=3.5, R1=0.17nm, R,=0.2nm.

This set corresponds to the equilibrium bond length r,=0.145nm.

In order to compare our method with other works (see in Table 1), we have
calculated the tensile strength of a zigzag (10,0) and an armchair (10,10) tube in
the case of the four selected (Rr,fr) pairs. In these calculations we have divided
the maximum force calculated from the loading process (parallel with the tube
axis) by the cross section of the tubes given by D=t where D is the diameter of
the tube and t=0.34nm is the interlayer graphite distance. We have found that the
tensile strength of the (10,0) tube is 156GPa for all the four (R+,ft) pairs and the
corresponding strain is between 5 and 13%, the tensile strength of the (10,10)
tube is 178GPa for all the four (R+,fr) pairs and the interval of the corresponding
strain is a bit greater than it is for the (10,0) tube. The order of magnitude of
these values is the same as more other published results. Our 61 values are
greater than Duan’s et. al. and Belytschko’s et. al. results where the cut-off
function is omitted from the calculations, and smaller than Agrawal’s at.
al. results where the second generation of the Brenner potential was applied. The
tendency that an armchair type tube is stronger than a zigzag type tube is similar
in our calculation to the one Duan’s et.al. work, where the chirality dependence
of nanotubes was studied.

3. Calculated results

The aim of this work was to determine the strength properties of carbon
nanotube networks. A super-dimond structure consisting of (3,3) nanotubes was
selected for our computation. In Figure 5 we can see the 1186 atom initial unit
cell of 39.94 Angstrom. During our calculations we kept periodic boundary
condition.

The loading simulation was carried out by elongating the structure in very
small steps. After each step we computed the new equilibrium positions of the
carbon atoms. We noticed for the equilibrium coordinates that any cut-off
functions of our set gave the same result as the original one. Namely the
modified cut-off function does not change the minimum place of the energetic
potential. In Figure 6 the three snapshots of the simulation show the structure
after 28%, 40% and 55% elongation. It can be seen that the structure starts to
break at the straight tubes and not at the junctions.
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Figure 6. The structure after 28, 40 and 55% elongation

In the end we calculated the loading diagrams using the 4 selected (Rr,fr)
pairs to compute atomic forces detailed in the Section 1. To determine the tensile
strength we divided the maximum force by the cross section of the unit cell. We
carried out the computations for two main directions, Fig. 7 b. The loading
diagram and the calculated tensile strength for the direction being perpendicular
to the faces of the unit cell (Dir. 1) can be seen in Figure 7 a. If the loading
direction is parallel with the tube axes (Dir. 2), the value of the tensile strength
was a bit smaller: 20.2, 20.7, 21.1 and 21.4 GPa for the selected (R,f7) pairs of
(1.6, 0.656), (1.7, 0.437), (1.8, 0.237), (1.9, 0.080), respectively.

Thus the tensile strength is between 24.3 and 25.1 GPa and the corresponding
strain is between 20% and 50% for the direction which is perpendicular to the
faces of the unit cell. Similarly, the tensile strength is between 20.2 and 21.4
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GPa and the corresponding strain is between 20% and 50% for the direction
which is parallel with the tube axes. To sum up the difference in the tensile
strength between our network and the single nanotubes is less than one order of
magnitude, and we mention beside the above that our example is not the densest
network.

F (nN)
400

300

from left to right:

Ry=1.9,f1=0.080, 61=25.1GPa

R+=1.8,f;=0.237, 01=24.9GPa

Ry=1.7,;=0.437, 61=24.7GPa

Ry=1.6,f1=0.656, 61=24.3GPa
AL (Angstrom)

200

100

0 5 10 15 20

Figure 7. The loading diagrams and the tensile strength (a) for the first loading direction (b)

4, Conclusions

As the cut-off function of our modified Brenner-potential was fitted to
experimental loading data it can be applied in a more realistic way in order to
compute the loading simulations and characteristic forces of various carbon
nanostructures.

Carbon nanotube networks can be the materials which inherit the extremely
high strength of the graphite sheet and they bring this property in all directions
of the 3D space (not only in 1 direction as the nanotubes).
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Abstract

Research was performed on the friction, wear and efficiency of plastic gears
made of modern engineering polymers and their composites both in a clean
environment (adhesive sliding surfaces) and in an environment contaminated
with solid particles and dust (abrasive), with no lubrication at all. The purpose is
to give a general view about the results of abrasive wear tests including seven
soil types as abrasive media. At the first stage of the research silicious sand was
applied between the meshing gears and the wear of plastic and steel gears was
evaluated and analyzed from the point of different material properties
(elongation at break, hardness, yield stress, modulus of elasticity) and its
combinations. The different correlations between the experienced wear and
material features are also introduced. At the second stage of the project the
abrasive sand was replaced with different physical soil types. The abrasive wear
of gears is plotted in the function of soil types. The results highlight on the
considerable role of physical soil types on abrasive wear resistance and the
conclusions contain the detailed wear resistance. The results offer a new
tribology database for the operation and maintenance of agricultural machines
with the opportunity of a better material selection according to the dominant soil
type. This can finally result longer lifetime and higher reliability of wearing
plastic/steel parts.

Keywords

agricultural machines, gears, tribology, abrasive wear

1. Introduction

In the agriculture the plastics are well-known. From the sixties polymers are
considered to be up-to-date materials regarding light weight, corrosion
resistance, easy to machine and install. At early stages plastics were used mainly
as foil houses, tubes, water distribution and pipe units. The main focus went on
PS, PVC and PP materials (Edmister 1966) (Szabo 1974) (Placz 1978)
(Horanszky 1979).
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A decade later with arising engineering polymers a new field of applications
was invented. Parts of some agricultural implements for hard agricultural
conditions can be made of some plastic types. The loading capacity and adhesive
and abrasive wear resistance became more and more important (Vamos 1983).
The seventies and eighties were addressed to the gradual development of
polymer machine elements in agricultural machines. The main focus went with
different polyamide types: PA 6, PA 11, PA 12 (Kragelszkij V. 1987) (Antal M.
1989) (Yamaguchi I. 1990).

Gears are essential parts of machines from the point of view of dynamics and
engineering. The research program dealt with key effects of further drive
developments: the macro- mezo- and micro-surface tribological phenomena of
gear mesh. These are essential to be known for the reliable operation of the
machines. Friction and wear are critical from the point of efficiency and lifetime
of gear units. Till the end of nineties in the literature there were no general
information about plastic/steel gear mesh, even no tribological information about
new engineering polymer and composite gears. The research team started to
clarify the mentioned lack of engineering knowledge and this article is focused
on the abrasive wear.

Concerning our global tribological approach to the topic the right place of
abrasive testing is shown in Table 2. Among many other test categories the
abrasive research of model gears means only one category in system theory.
Some of our earlier results were published in several articles (Kalacska 2001,
2002, Zsidai 2002, 2003, DeBaets 2002, 2004).

Objective

Breakdowns of agricultural machines frequently occur because of the abrasion
due to soil, sand and other mineral-based small and very hard particles acting on
the working surfaces. Abrasion occurs if the contacting interface between two
surfaces has interlocking of an inclined or curved contact, ploughing takes place
in sliding. As a result of ploughing, a certain volume of surface material is
removed and an abrasive groove is formed on the weaker surface (Figure I).
This type of wear is called abrasion (Bushan 2001).

Soil as an abrasive media means a large category. From the point of caused
wear on working surfaces the physical soil types are essential and have to be
clarified (Barczi 1997, 2003, 2005). According to the recommendations seven
different physical soil types were selected (Birkas 2006, Prokisch 2007) as
abrasive media for further laboratory wear tests. The whole soil abrasive media
project with polymer/steel gear pairs was built on reference measurements
conducted with sand test gears.

Steps of the research, where the main focus is the abrasive wear, was as
follows:

— reference sand test with different polymer/steel gear pairs

— abrasive measurements with seven soil types and different polymer/steel

gear pairs

— comparison of wear results between the test systems
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— comparison of wear resistance of polymer/steel gear pairs in the function of
soil types

— recommendations for material selection for design and reconstruction
during maintenance knowing the dominant working conditions, the given
soil type as essential abrasive media

a) cutting mode b) wedge-forming mode ¢) ploughing mode
(Bushan 2001)

Figure 1. Three different modes of abrasive wear of metal observed by Scanning Electron
Microscope (Bushan: Modern Tribology Handbook)

Working conditions in field
At first the real operation of the dominant wear mechanism of sliding
polymer/steel surfaces, e.g. gears and slide bearings of harvesters had to be
clarified. Formerly extensive studies were done in this field during the
development of ply-wood bearings of John Deere, New Holland and Claas
harvester machines in the eighties and nineties (Beer 1995, Pellényi 1997). One
of the main conclusions was that beside the surface stochastic fatigue process the
ratio between adhesive and abrasive wear mechanism varies in the function of
the dust distribution (depending on the height above the ground level (Figure 2).
Other output of the studies was that abrasive effect is dominant beside the
adhesion and fatigue regarding the quick and aggressive surface deterioration,
thus, abrasive wear process had to be clarified and optimized in the wear system.
Typical harvesters (Figure 2) have many plastic/steel gear pairs in the new
constructions that really urge the detailed knowledge of different polymer/steel
gear wear under different conditions. Beside gear applications in agricultural
machines the increasing role of moving and wearing plastic elements were
emphasized by Szendr6 et al (2005) and Tiba (2006).

Adhesive Abrasive Adhesive Abrasive
-

h

L

] 100 0 100
Dominant wear process Dominant wear process

Figure 2. Ratio between adhesive and abrasive effects in the function of dust distribution
(height above ground level)
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2. Materials and Methods

Tested involute spur gears

Only generally available plastics have been used for manufacturing the tested
spur-gears and other test specimens. These plastics are widely known all over
the world: on the basis of sale records of semi-finished plastic products (rods,
tubes, plates, etc.) in the Central European region and according to reports of
buyers it is supposed that approximately 90 % of industrial plastics used for
manufacturing polymer gears have been selected. For the measurement of
machine elements gears were manufactured with the Fellow's machining
technology (Figure 3). The material of the driven gear was made of S355 steel,
the quality of the tooth surface in its initial condition was Ra 2.5 um. Further
data: drive ratio 1:1, module m = 1,25 mm, pitch diameter D = 45 mm, number
of teeth z = 36, load carrying tooth width b =16 mm.

Figure 3. Gears (according to Fellow’s technology)
with the reference abrasive media (siliceous sand)

The following polymers (Figure) were used for the reference measurements:
— PA 6G Na: cast polyamide 6 (PA6G), Na catalytic
— PA6 Mg: cast polyamide 6 (PA6G), Mg catalytic
PETP TX: PETP/PTFE composite
— GF30: extruded polyamide 66 composite with 30% glass fibre reinforcement
— POM-C: polyoximethilene co-polymer.
The main technical properties of the polymers are listed in 7able 1, based on
catalogues supplied by the manufacturers (Quattroplast, 2007):

Table 1. Material properties

Polymers Elongation at Modulus of Hardness, Yield (H/E)x10
break (%) elasticity, E HR M stress, ratio
(MPa) (MPa)

PA6-Mg 40 3000 86 85 0,287
Pa6-Na 25 3300 88 80 0,277
PA66GF-30 7 5200 98 185 0,188
POM-C 30 3000 86 70 0,287
PETP TX 8 3200 94 75 0,294
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Test system and conditions
Among the applied test systems shown in table 2. the abrasive measurements are
highlighted. The system approach of a certain tribological problem was studied
20 years ago (Czichos H. 1987) (Valasek 1. 2002) in accordance with the DIN
50320 standard. Furthermore the DIN 50322 specified the wear test categories
that can be a good base to classify our test categories, too. These testing
categories are shown in Table 2.

Conditions of the abrasive gear tests:

— abrasive media: siliceous sand (Figure 3) for reference tests and selected

soil types

particle size: < 200 pum (two times screening, with first and second
screening the gap clearance was 500 um and 200 pm, respectively)
operational time in abrasive test: 60 minutes/gear pair

temperature: + 22 °C

for each measurement a new steel gear was used

the sand could flow out from the sand holder via the outlet port with diameter
1,5 mm at central position above the rotating gears (flow-speed 10 ml/min)
the classified sand was used only once for measurements and the detached
polymer and metal particles were observed after the test

at the beginning of the test a ten minute long running-in period was applied
without abrasive particles, this was followed by 60 minutes normal
operational test

gear weight was determined by ,,Balanta Sibiu” analytic balance, with 0,1
mg accuracy

multi-teeth measure was executed by a gear tooth micrometer with 0,01
mm accuracy

siliceous sand having plastic and steel particles was observed by a ,,Zeiss
Amplival Universal” microscope (magnification 40), teeth surfaces by a
,.Zeiss Binocular” microscope (magnification 5)

after the measurements the abrasive medium was mixed with glycerol and
placed onto the glass of the microscope for the evaluation.

According to the internationally accepted method the controlled even flow of
abrasive media contaminates the mating gear teeth surfaces. During the test
period a preliminary set speed and torque is transmitted. The weight of the gears
is measured before and after the wear tests. Figure 4 shows the scheme of
abrasive gear test method.

.\ 3
6\ O’r/
- ogﬂff

Figure. 4. Gear test in abrasive flow 1- polymer driving gear, 2— driven steel gear, 3- sand as
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Table 1. Test systems

DIN Correlation to Environme Environmen
50322 test | the working Definition Characteristics Model nt Clean . Remark
. t Abrasive
category gears (Adhesive)
VL Static pin-on- Polymer pin, rotating steel Small-scale
disc disc ' measurements
° Static and constant load, speed X - Carried out
and ambient temperature
Friction and wear
VL Dynamic pin-on- Polymer pin, steel plate 1 Small-scale
plate Dynamic load, speed o i measurements
° Friction, wear and improved . X - Carried out
deformation effect _u_
VL Cylinder-on-disc Polymer cylinder, rotating Small-scale
steel disc ] | ‘ measurements
° Static and constant load, speed % x X Counterformal contact
and ambient temperature approaching teeth
Friction and wear i connection
Carried out
V. Plate-on-plate Dynamic Large-scale
Overload behaviour measurements
PY Role of dimensions (stress X i Effects of edges, size

distribution, edge effects, heat
partition and conductivity
...etc.)

and heat conductivity
Carried out




Iv. Gear-gear Friction tests,
Real gears, polymer-steel pairs e  Efficiency, friction
Constant torque, low load energy loss
level, low speed regime . Carried out
Combination of rolling-sliding
contact
Iv. Teeth-pairs Friction tests, e Model of the dynamic
Real teeth, polymer-steel pairs friction phenomena on
Friction control on the Fr the teeth surfaces
connection line e  C(Clarified dynamic
friction on teeth
surface
/o o Carried out
111 Gear-drive test Wear tests
Polymer - steel gear pairs 1 ‘ :. ® Wear resistance
Highly loaded drive, constant c Wetar 'inl the furllftion of
torque ‘ f material properties
High speed - ‘w . Carried out
1L Epicyclical gear Real construction with I
polymer — steel gears | o
,,Closed box” test -- . . Friction losses,
Dry and oil lubricated drive I ® Efficiency
tests | e Inprogress
High load |
L Harvester cutting Running field test . Dynamic effects
/theoretical board, polymer Wear control of original . Wear in abrasive
target of gear drive constructions environment
modelling/ . Changing abrasive
condition

In progress




Abrasive Wear of Different Polymer/Steel Gear Pairs E Q [m TRANS-TRIO SCIENCES

The maximum allowed output to be transmitted by polymer spur-gears
according to the Lewis formula (DeBruyne 1999 and Eberst 2005):

m.y.b-d-n.ﬁ.f;.o‘
P= kW 1
e [kW] ()

where:

m = module, mm

y = tooth form factor

b = load carrying tooth width, mm

d = pitch circle diameter, mm = m-z

z = number of teeth

n = speed, rpm

f; = speed factor = 0,75 +0,25

I+v

v = circumferential speed of the gear at the pitch circle, m/s

o = allowable stress on the root of the tooth, N/mm?

f, = operating conditions factor

Under conditions set for the experiment 830 watt output was transmitted,
which means a slight overload from the point of mechanical load carrying
capacity of each selected polymer gear. Practical experiences proved that the
mechanical overload acts on the surfaces causing increased wear. The slight
mechanical overload with increasing wear perform region III. in Figure 5. In the
tribology literature that region is called transition between moderate (II. and IV.
in Figure 5) and severe wear.

Wear-rate (dV/h)

Transmitted power level
Figure 5. Theoretical approach to the overload regime (III.) of the tests

Soils for the tests

The sites for taking soil samples were chosen according to the basic principles of
soil mapping. The soil sampling was carried out with the Piirckhauer auger
technique. The Piirckhauer auger is a steel tube, 1 m in length, its diameter is
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between 1 and 3 cm, half or a third of the length of which is open, with a solid
steel head at one end, with a hole drilled. The auger is driven into the soil by a
plastic hammer and after a few rotations it is pulled out of the soil, containing a
soil profile. The auger is made of a very strong and resilient alloy and its
hardness makes it easy to take samples from very compact or heavy clayey soils
or soils containing stones. Another benefit of the technique is that it enables
studies of soil type, thickness of layers, colour, physical type, carbonate, pH
value and moisture without excessively disturbing soil structures, and it has
proven to be suitable for roughly distinguishing and separating soil patches. The
description of the auger and the identification of the soil types are based on the
work of Stefanovits (1999) and Szodfridt (1994). After the profile description,
disturbed soil samples were taken from the designated layer.
The selected and tested soils used as abrasive material can be seen in Table 3.

Table 3. Selected soils

Nr. Soil type colour Texture (symbol) CaCO;
1. | wind-blown sandy soil sand yellow sand (H) +
2. | humic sand soil light brown loamy sand (HV) +
3 brown soil, Ramann-type rust-brown loamy sand (AH) 0
" | brown forest soil

4 lime coated chernozem brown, mixed, increasingly loam (V) ++
) light in colour

5 chernozem-brown forest light brown Loamy (AV) ++
" | soil

6. | erubase soil black Loam (A) 0

gravelly skeletal soil yellowish -reddish small pebble, sand
7. (KH)

3. Results and Discussion

Abrasive wear with silicious sand

Wear volume in mass was measured and expressed in % comparing to the
original mass of the gear teeth mass. The plotted wear volumes are averaged
from five different test runs.

Under abrasive conditions the trend of wear resistance of polymer gear
materials is shown in Figure 6. Apart from favourable values obtained by cast
polyamide 6 materials, the PETP/PTFE composite also showed good durability
in the tested system. Relative high wear was experienced at the POM-C and the
reinforced polyamide 66. In comparison to plastic gears, the wear on steel gears
running in pair with the polyamide ones shows a reverse trend. Increasing wear
on plastics is causing a slight decrease in wear on steel, with the exception of the
cast polyamide 6 with Mg catalyst. Specifications of materials can explain these
phenomena only partially, since higher plasticity causes higher embedding
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capacity on the plastic surface, which increases abrasion on the metal surface. It
is interesting to note, that in the clean (adhesion) tests the highest wear on steel
gears was generated by the reinforced polyamide 66 material (Pa 66 GF30).
However, in abrasion tests the lowest level of wear on steel gears was measured
with using the same material (PA 66 GF30).
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Figure 6. Abrasive wear in mass of polymer and mating steel gears, %
t=60 minutes, n= 1330 1/min, M= 6.1 Nm, abrasive material: siliceous sand, T=22°C

Effects of the elongation at break of polymer materials on the abrasive wear
behaviour of plastic gears.

Abrasive wear of polymers and its elongation at break
12

PAG6
GF30 -

10 e . POM-C
< 8 7
R
= & PETP-Tx ¢ PAG-Mg
E 6]
5 * PA6-Na
=

4

2

0 : : : : : : : :

0 5 10 15 20 25 30 35 40 45

Elongation at break of polymers, %

Figure 7. Abrasive wear in mass (%) of polymer gears in the function of
the elongation at break of polymer materials, (A, %), t=60 minutes,
n= 1330 1/min, M= 6.1 Nm, abrasive material: siliceous sand, T=22°C
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There is a loose link between elongation at break of engineering plastics and
abrasive wear on plastic gears, with the exception of ,,POM-C” and ,,Pa 66
GF30” (fig.7.). It is obvious that glass fibre content strongly reduces the
elongation of PA 66, and in case of POM-C the co-polymer molecular chain
structure differs from the other materials. Regardless PA 66 GF30 and POM-C a
linear correlation with negative gradient could be plotted for PETP-TX, PA 6-Na
and PA6-Mg. That means materials with lower elongation at break - more rigid
materials - suffered a bit higher abrasive wear.

Effects of the modulus of elasticity of polymer materials on the abrasive wear
behaviour of plastic gears.

Abrasive wear of polymers and its modulus of elasticity (E)

12
PA66
POM-C y=0,0015x + 1,8943 GF30
10 m; 2
R*=0,7036
g | PA6-Mg

< PETP-Tx
E *
€ 6
=5 & PAG-Na
E
4 4
2
0 T T T T T
2500 3000 3500 4000 4500 5000 5500

Young modulus of polymers, E (MPa)

Figure 8. Abrasive wear in mass (%) of polymer gears in the function
of the modulus of elasticity of polymer materials, (E, MPa),
t=60 minutes, n= 1330 1/min, M= 6.1 Nm, abrasive material:
siliceous sand, T=22°C

In the tested system linear correlation can be drawn between abrasive wear of
polymer gears and E modulus of the materials. The only exception is POM-C
with co-polymer structure. The increasing modulus of elasticity slightly
increased the abrasive wear. (fig. 8).

Effects of the hardness of polymer materials on the abrasive wear behaviour of
plastic gears.

The comparison of surface hardness of polymer gears with abrasion wear results
indicates that the increasing hardness increased the wear, too, instead of trends
accepted generally for steels. (fig. 9.). POM-C is also exception and not
comparable directly with the other homo-polymers.
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Abrasive wear of polymers and its hardness (HR M)

12
POM-C
1 PA66___|
ot o y=0,2515x- 15,688 * GE30
R?=0,5898
8 PAG-Mg
. * PETP-Tx

* PAG6-Na

Wear, m/m %
(2]

85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100
Hardness, (HR M)

Figure.9. Wear in mass (%) of polymer gears in the function of the hardness of polymer materials
(HRM) t=60 minutes, n= 1330 1/min, M= 6.1 Nm, siliceous sand abrasive, T= 22°C

Effects of the yield stress of polymer materials on the abrasive wear behaviour
of plastic gears.

Abrasive wear of polymers and its yield stress (MPa)

12
PA66
0 POM-C y=0,0304x + 4,0926 GF30
= R?=0,7877

8 —PETP-Tx
N PA6-Mg
E -
E 6
~ + PA6-Na
s

4

2

0 T T T

60 100 140 180

Yield stress, (MPa)

Figure.10. Wear in mass (%) of polymer gears in the function of the yield stress
of polymer materials (Re) t=60 minutes, n= 1330 1/min, M= 6.1 Nm,
siliceous sand abrasive, T=22°C

Regarding the yield stress of materials and the measured wear similar
behaviour to hardness can be stated. Increasing yield stress slightly increased the
wear, too. POM-C is also exception and not comparable directly with the other
homo-polymers. (fig.10.). It is important to emphasize the range of yield stress
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in our case because very low stress values result no real abrasion resistance
(common plastics like PVC, PP) proved by engineering practice.

The ,,K=(Re x HR) / (E x A)” factor of polymer materials on the abrasive wear
behaviour of plastic gears.

Among the possible combinations of material properties the "K" material factor
of polymers with no dimension can be expressed. The experienced abrasive wear
can be evaluated with K values, too. (fig.11.)

[Yield stress(MPa)|-[Hardness, HR M |

K= 2)
[Modulus of elasticiy,E (MPa)]' [Elongation at break,A]

Results of the tested system indicate (Fig. //.) that, with regard to the
described abrasion of polymer-steel pairs of gears, the wear of polymer gears is
in linear correlation with the "K" factor calculated form the specifications of the
material in question and showing relatively good R?. Higher "K" factors cause
slight increase in the abrasion wear on polymers. POM-C was found to be
exception, which could not be treated as other polyamides (PA) or polyethylene-
therephtalate (PETP), as indicated by the previous figures as well. Despite its
relatively low "K" factor, POM-C caused unfavourable abrasion wear.

Abrasive wear of polymers and its "K" factor

12

PAG6
POM-C y=7,8117x+5,5261 GF30
10 |} 2 *
R?=0,772
e 8 PETP-Tx
. * PAG-Mg
£
€ 6
5 ¢ PAG-Na
2
4
2
0 T T T T T
0 0,1 0,2 0,3 0,4 0,5 0,6

"K" (Re*HR)/(E*A)

Figure.11. Abrasive wear in mass (%) of polymer gears in the function of
"K=(Re*HR)/(E*A)" material factor t=60 minutes, n= 1330 1/min,
M= 6.1 Nm, siliceous sand abrasive, T=22°C

Wear evaluation from the point of H/E ratio of polymers
H/E ratio expresses the opposite trend to “K” factor H/E is often used features
in tribology to evaluate the wear or friction. Linear regression with negative
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gradient is shown in fig./2. Increasing H/E ratio decreases the abrasive wear.
POM-C is exception again.

H/E ratio of polymers and abrasive wear
12

PA66
" GF30 y=-299,57x + 15,156
1 POM-C
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@
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<

2 4
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Figure.12. Abrasive wear in mass (%) of polymer gears in the function of H/E ratio
t=60 minutes, n= 1330 1/min, M= 6.1 Nm, siliceous sand abrasive, T= 22°C

Concerning the brief summary in table 4. we can see that some of the material
properties showed connection (linear regression) with the measured wear. In
each case the POM-C was not comparable as co-polymer to the behaviour of
homo-polymers. Ranking the correlations to the wear the yield stress was found
the best (table 4).

Table 4. Evaluation of correlations

Correlation to: Abrasive wear of polymer gears

Elongation at break of polymers 1

Modulus of elasticity of polymers

Yield stress of polymers
"K=(Re*HR)/(E*A)" material factor
H/E ratio 2

0: no clear correlation found, 1: weak connection, difficult to state a function,

2
Hardness of polymer 2
3
3

2: acceptable correlation, 3: Clear trend, easy to describe the connection

Results of abrasive wear tests with different soils

Figures 13 to 16 show the measured wear loss of the polymer gear teeth mass under
different soil abrasive materials. The columns show the difference after 1 and 2 hour
operation. Additional engineering polymers were involved at this stage of the project
into the measurements to study the role of the reinforcing materials, as follows:
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— PA 6 GOL.: cast polyamide 6, oil filled composite version
PETP: natural PETP

— PA 66E: extruded natural PA 66

— PA 6 Mo: cast polyamide 6, filled with MoS,

Therefore the effect of o1l and MoS, in cast PA 6 and the effect of PTFE in
PETP base can be studied.
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PA6 PA6G- PAG66-E PA6-Mo PA66- PETP PETP- POM-C
GOL Mg GF30 Tx

Abrasive wear of polymer gear
h, m/i

polymers

Figure 13. Abrasive wear of polymer gear teeth in mass%, with loamy sand
(AH) abrasive material, after 1 h and 2 h operation
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Figure.14. Abrasive wear of polymer gear teeth in mass%, with loamy
(AV) abrasive material, after 1 h and 2 h running
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Figure 15. Abrasive wear of polymer gear teeth in mass%, with sand with small
pebbles (KH), after 1 h and 2 h running
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Figure 16. Abrasive wear of polymer gear teeth in mass%, with loam (A)
abrasive material, after 1 h and 2 h running

Table 5. shows the worn surfaces after 2 hours running in case of loamy
abrasive material(AV)

Table 5. The worn gear teeth surfaces with loamy abrasive material

PETP TX PA 6G Mo PA 6 GO PETP

wear in mass = 3,15% wear in mass = 3,25%  wear in mass = 7,71% wear in mass = 1,19%

PA 66 GF30 PA 6-Mg PA 66E
wear in mass = 3,29% wear in mass =4,51%  wear in mass = 3,08%

4. Conclusions

The abrasive role of soil particles can establish a new maintenance strategy due
to specific wear-resistance ranking of structural materials in the function of
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dominant soil types. The local soil features can be taken into account for
material selection during machine repair. At present research the sand (H) and
loam (A) caused very high wear values (10 — 12% ) with certain polymers, but
regarding an average behaviour loamy sand (VH) and small pebble sand resulted
high wear. Among the polymers extreme wear values (low and high wear loss,
2% and 12%) were found with sand (H) and loam (A). The most even wear was
experienced with loamy (AV) media. The magnesium catalytic cast polyamide 6
(PA 6 G Mg) as strategic engineering polymer for agricultural machines
performed quite well comparing to the composites and PETP versions. The low
wear volumes of PA 6-Mg highlights the role of mechanical properties of
engineering polymers especially toughness and strain ability of the materials
have to be examined in the future.

— Laboratory testing with siliceous sand gives rough estimation of abrasive
wear resistance comparing to the rank with a certain soil type.

— The real abrasive wear resistance in a geographical region can be
determined according to the soil type (abrasive media).

— Polyamide 6 materials provided large spread according to the reinforcing
materials. Comparing to the natural version the composites with internal oil
and MoS, resulted weaker wear resistance. The internal oil lubrication
version of polyamides was found the worst.

— Regarding PETP and PETP/PTFE composite material, the natural PETP
performed better. The PTFE particles in the base material matrix reduced
the abrasion resistance.

— Comparing the natural and glass fibre reinforced PA 66 it can be stated that the
glass fibre content strongly reduced the abrasion resistance of the material.

— Natural polyamide 6 is better in abrasive systems than POM C, which is
preferred material in clean environments and for machining purposes.

Finally the experienced abrasive wear resistance ranking put into the table 6.
Ranking is shown in lines for a certain polymer material against different
abrasive media. The lowest value ,,1” means the first position having lowest
wear with a certain abrasive media. The highest ranking value ,,8” means the top
wear with a certain abrasive media. The last column of table 6 expresses the
average ranking for a given polymer taking the 8 abrasive media into account.

The statements of this article are based on a normal and moderate overload
running of gear pairs as it was shown in ,,2.2. Test system and conditions”. It is
important to note that in case of gear drives running under the risk of stochastic
overload, guidelines of material selection may change. The behaviour of
materials under overload can be mapped out with experiments conducted on test
bench. As far as safety is concerned, it is important to know whether a polymer
gear will be deformed with higher wear, will be smeared or will break rigidly
under overload.

Also important to highlight that the functions between material properties and the
experienced abrasive wear are valid within the testing range of our selected
engineering polymer properties and can not be converted directly to the commodity
plastics family having totally different material properties and structures.
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Table 6: relative ranking of wear resistance

Soil types (symbol)
g Small
Polymers Sllslsggus v | AH pebble, | Sand | Loamy LSO;?;Y Loam A: Ce g?eg ¢

sand H) (AV) (VH) (A)

(KH)
PA6-Na 1 - - - - - - -
PETP - 1 4 3 4 1 1 3 2
PETP TX 2 8 5 5 5 3 2 1 4,14
PA6-Mg 3 5 2 2 6 6 3 4 4
PA6 GOL - 6 6 4 7 8 5 8 6,28
PA6 Mo - 4 8 8 3 4 7 7 5,8
PA 66E - 3 1 1 2 2 4 2 2,14
PA 66
GF30 4 7 7 7 8 5 8 5 6,71
POM-C 5 2 3 6 1 7 6 6 4,42

1: lowest abrasive wear of polymer gear (best wear resistance)
8: highest abrasive wear of polymer gear (worst wear resistance)
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Analysis of the make-up and break-out behaviour of API
line pipe threaded connections
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Abstract

In this study a series finite element analyses on API Line Pipe conical threaded
pipe connections is carried out to quantify the influence of connection’s
geometry and contact properties on the stress distribution resulting from make-
up and the load distribution over the threads when an external load is applied. In
the assembled pipes, small sliding of the thread contact surfaces is still possible
due to elastic deformation under external loads. To validate the results of the
finite element analyses and to obtain a value for the coefficient of friction for the
thread surfaces, experimental make-up and break-out tests were carried out. In
an additional fatigue test, the sliding of the threads caused fretting fatigue
damage.

Keywords

threaded connection, finite element analysis, coefficient of friction, experimental
testing

1. Introduction

Threaded pipe connections are used in the oil and gas industry as an easy-to-
assemble alternative for welding and in applications were pipes should be
frequently coupled and uncoupled. They consist of a male and a female part
called respectively ‘pin’ and ‘box’. To maintain a sealed and secure connection
while being subjected to external variable loads, threaded connections are
commonly preloaded. To be able to introduce the preload, conical threaded
connections are being used. The assembly of the connections is referred to as
‘make-up’ and disassembling as ‘break-out’. The applied make-up torque is an
important parameter and should be controlled accurately to obtain a good
connection. However even with the same make-up torque, the connection’s
behaviour changes with varying surface properties of the threads and the global
geometry of the connection. The combination of the make-up torque together
with external loads and the geometry of the threads results in a complex stress
distribution over the connection. Local stress concentrations at the thread roots
can initiate fatigue cracks, in time causing the connection to fail. According to
Griffin et al (2004) the highest stress concentration under axial load can be
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expected at the last engaged thread (LET) of the pin. Newport and Glinka (1991)
showed that this is because the load is distributed unevenly over the threads of
the connection and the thread carrying the highest load is the LET of the pin. In
order to improve the strength of a threaded connection, these stress
concentrations and the load distribution over the threads should be studied. Both
global and local connection parameters can have an influence on the load and
stress distribution over the connection. It is known from Newport and Glinka
(1991) that the thread type has an influence on the stress concentration factor in
the root of the threads since a thread acts like a notch and has a stress raising
effect on the local stress. Assanelli et al (1997) showed that the load distribution
over the threads can be changed by altering the taper angle of the pin or box,
creating a small mismatch.

Despite the make-up torque, small sliding of the thread contact surfaces is still
possible due to elastic deformation under external loads. This means, the contact
zones of the threads will change under load, which complicates the analysis of
the couplings. In the present study it was found that the contact behaviour of the
mating surfaces of the connection and in particular the coefficient of friction
(COF), has a significant influence on this sliding. A series of finite element
analyses was carried out on a model of an API Line Pipe connection to quantify
the influence of the coefficient of friction and the number of make-up turns. To
validate the presented results make-up tests and a fatigue test were carried out.

2. Numerical modelling

Finite element model

In the present study 2D axisymmetric finite element analyses (FEA) were carried
out using the software package ABAQUS". Using 2D axisymmetric models for
the analysis of threaded connections is common practice, since they produce
accurate results with a reduced calculation time (Zhong, 2007). The model
consists of an API Line Pipe threaded connection with a nominal size of 4”
according to API 5B (1996). The pipe body has an outside diameter of 114.3
mm and wall thickness of 6 mm, the box has a length of 114.3 mm and an
outside diameter 132.1 mm. An elastic-plastic material model for API Grade B
steel is used, which has a minimum yield strength of 241 MPa and minimum
tensile strength of 413 MPa according to the API 5L specifications (2000). In the
elastic region a Young’s modulus of 208 GPa and Poisson coefficient of 0.3 is
used.

Part of the model of the API Line Pipe connection is shown in Fig. 1. The
model consists of a section of the pin and a section of a half box. The body of
the pin extends over a length of 100 mm to the left to exclude boundary effects
(not shown in the figure). Fig. 1. also shows the resulting von Mises stresses
from an analysis of the standard API Line Pipe connection. The analysis is
carried out in two steps. During the first step, the make-up is modelled by
applying an initial overlap between the male and female part of the connection
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and then bringing them into contact. The size of the overlap corresponds to the
specified number of make-up turns. In the pin the make-up causes a compressive
hoop stress which can be very high and even exceed the material’s yield
strength. Once the make-up step is completed, an additional external axial tensile
stress is applied at the left end of the pin. The pull-out strength of this type of
connection is 373 kN (Clinedinst, 1976), which corresponds to a uniform axial
tensile stress of 183 MPa in the pipe body. Since the modelling of thread pull-
out is not of interest and usage factor of 0.72 is common practice for pipelines
(Bay, 2003), a maximum applied tensile stress of 150 MPa was chosen. This is
higher than the normal maximum service stress of 132 MPa, but lower than the
pull-out stress.

As can be seen in Fig. 1 the highest stress appears in the LET of the pin as can
be expected from Griffin et al (2004). This will also be the region where a
fatigue crack is most likely to initiate.

S, Mises

(Avg: 75%)
+4.2 +02
+3.000e+02
+2.751e+02
+2.502e+02
+2.252e+02
+32 3e+02
+1.7 +02
+1. e+02
+1.256e+02
+1 +02
+7.573e+01
+5.081e+01
+2.589%e+01
+9 01

—
150 MPa

—

Figure 1. Von Mises stress distribution a) at make-up;
b) with an external axial tensile stress of 150 MPa

Influence of the coefficient of friction

Once a certain external tensile stress is exceeded, the threads will start to slide
over each other creating an opening between the threads. This means the gas or
liquid inside the pipes will find their way out through the helical path created by
the thread opening. It is obvious that such a leak is undesirable. From Fig 2 it
can be seen that the opening is highly dependent on the coefficient of friction u
between the threads. The opening is defined as the perpendicular distance
between the thread flanks, and varies between 0.03 mm when 4 = 0.16 and
0.41 mm for the frictionless situation, at an external tensile stress of 150 MPa.
The opening increases slowly from 0 to a value of approximately 0.025 mm, and
when a certain limit stress Sy, is reached, the threads start to slide and the opening
increases significantly. It can be seen from the graph that the limit stress
increases with increasing COF and that paths of the opening during sliding are
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parallel for the different COF’s. Based on the simulations, an empirical
correlation was found for the limit stress S; and the opening O:

S, =124+ u - 169 [MPa] (1)

0=0.014(S—S;)+0.025 [mm]forS>S, 2)

With S the externally applied tensile stress in the pin body. If during fatigue
loading, the maximum cyclic stress exceeds the limit stress, there is a possibility
for fretting fatigue cracks to initiate from the threads contact surface. It can be
concluded that accurate knowledge of the coefficient of friction is necessary to
perform correct finite element analysis. Since values of the coefficient of friction
between 0.06 and 0.15 can be found in literature, more precise values should be
obtained experimentally. Further values for the coefficient of friction were
obtained through experimental make-up tests.
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Figure 2. Influence of the coefficient of friction
on the thread opening
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Figure 3. Load distribution over the threads as a
percentage of the total load.
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Load distribution over the threads

When the threads start to slide, the contacting surface between the threads will
decrease, increasing the resulting contact pressure. The load distribution over the
threads, however, is not affected by this pressure change and is the same for the
different COF’s. The load distributions for an external tensile stress of 100 MPa
and 150 MPa as a percentage of the total load is given in Fig. 3. Thread nr. 1
corresponds to the LET of the pin. Note that at an external stress of 100 MPa the
LET carries 47% of the total load. With a higher external stress applied, the LET
will start to bend, transmitting part of its load to the other threads. This way the
tooth load decreases to 36% at a tensile stress of 150 MPa.

Number of make-up turns

According to the API 5B specifications (1996), the connection should be made
up in such a way that the end of the box recess (unthreaded part at the left side of
the box in Fig. 1) coincides with the plane of the vanishing point of the thread
runout of the pin. Depending on the tolerances this corresponds to between 1 and
3 make-up turns. As will be shown further in this paper, the number of make-up
turns to be used in the models should be lower than the specified number since a
certain rotation is necessary to settle the connection. For this reason the number
of make-up turns was varied from 0.25 to 3 (see Fig 4). The tooth load at the
LET of the pin with an external stress of 150 MPa does not change significantly
with the number of make-up turns. For an external tensile stress of 100 MPa, the
tooth load at the LET of the pin increases linearly from 47% to 53% for 1 to 3
make-up turns, but for a lower number of make-up turns the tooth load moves to
the values obtained for the higher stress of 150 MPa. The thread opening
decreases with increasing number of make-up turns, but saturates for 1.75 make-
up turns or more. This is because the engaged body of the pin yields completely
and plastic deformation appears for 1.75 make-up turns or more.
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Figure 4. Influence of make up turns on thread opening and relative tooth load
on the LET of the pin (¢ = 0.12)
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3. Experimental validation

To validate the modelling of the make-up and to obtain a value for the COF
between the threads the make-up of the connection was performed on a torque
machine. Additionally a fatigue test was carried out on a four-point bending
fatigue test setup using a coupled pipeline segment with a total length of 3 m.

Make-up tests

During the make-up it is necessary to accurately control the rotation and to
measure the resulting torque. In order to do this, a setup was made by modifying
an old torque machine. The new setup is presented in Fig. 5a. The test specimen
(1), consisting of a pin and box, is mounted in the torque machine by the use of
flanges that are welded to pin and box. Drive wheel (2) rotates a worm which
drives the gear (3). This causes the pin of the test specimen (1) to rotate with
respect to the stationary box. The resulting torque is transmitted to the lever arm
(5) which is connected to the loadcell (4). The measured load multiplied by the
length of the lever arm (1.00 m) equals the acting torque. To allow an axial
motion during make-up, a linear guiding system (6) is present. The torque
machine has a capacity of 2500 Nm, and the maximum test specimen length is
400 mm. Two torque tests were performed, the resulting torque-turn graph of
one of the tests is shown in Fig.6. The number of rotations was put to zero at the
point where the torque started to increase, the so-called ‘hand-tight’ situation.
The total number of make-up turns is 1.09 which lays within the area of the
specified 1 to 3 make-up turns according to API 5B (1996). The measured make-
up torque was 1401 Nm, which conforms API 5C3 (1989), that specifies the
make-up torque should be between 850 Nm and 1430 Nm. From the torque-turn
data, a coefficient of friction 4 can be calculated. This is done by finding the
best fit between the experimental data and the analytically calculated torque T’
given by equation (3).

T=[u-pr-dd 3)

With p the local contact pressure between pin and box, » the pin radius at the
interface (at the pitch line of the threads) and A the contact surface. For the two
torque tests a value of p = 0.11 and p = 0.15 was found. As can be seen in Fig.
6, the torque increases first to a value of about 50 Nm and stays constant for
about 0.35 rotations. This is because all connections have some geometrical
deviations and the connection needs to settle before the threads of pin and box
are completely in contact with each other. Once the threads are fully contacting,
the torque builds up, following the path of the linear fit. The linear fit becomes
zero at a value of 0.42 rotations, so from this point of view, the number of final
make-up turns is only 1.09 — 0.42 = 0.67. This shifted value should be used as
input for the finite element models since there is a perfect match between the
geometry of pin and box in the models. In a previous study of Assanelli et al
(1997) an analogue shift was observed for an API 8-round threaded connection.
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Figure 5. a) Schematic view of the torque machine;
b) instrumented test specimen mounted in the setup

In Fig. 5b it can be seen that strain gauges were attached to the test specimens
to measure strains during make-up. They were attached at different locations
over the outside wall of the box and the inside wall of the pin. The measured
strain values at the final torque of 1401 Nm were compared to the modelled
strains. As input for the finite element model, a COF of 0.13, 0.67 make-up turns
and the measured value for the taper difference was used. The results are shown
in Fig.7a for axial strain E,, and in Fig. 7b for hoop strain E... The distance is
measured along the pipe axis, starting from the vanishing point of the thread
runout of the pin. The RMS deviation between the measured and simulated
values was 117 pe. When the number of make-up turns was changed to 0.60, the
RMS deviation even decreased to 80 pe. This situation would correspond to an
experimental number of make-up turns of 1.02 and a torque of 1200 Nm. These
values are still within the API specifications.

14

Measured Torque P
----Analytical Model /
1.0 A .

1.2 4

0.8 /

0.6 2

Torque [KNm]

0.4 A /

0.2 4 ’
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00 01 02 03 04 05 06 07 08 09 10 11
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Figure 6. Torque vs. number of turns
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Figure 7. a) Axial strain E,,: calculated (lines) vs. measured by strain gauges

SG (points) b) Hoop strain E_: calculated (lines) vs. measured by
strain gauges SG (points)

Fatigue Test

On a four-point bending setup, a fatigue test was carried out on coupled pipeline
segments with a 4” API Line Pipe connection and a total length of 3 m. The
applied stress amplitude at the outside wall of the pin was 75 MPa with an R-
factor of 0.1 (S,..= 167 MPa, S,,;, = 17 MPa) and was fluctuated at a frequency
of 1 Hz. From the analysis of the measured data it was found that a crack started
to grow from the last engaged thread of the pin (indicated by the arrow in Fig.
8a) after 18620 cycles. At 20350 cycles, the test was stopped and the connection
uncoupled. The grease that was used during assembly had turned black, which is
an indication of fretting corrosion. Fretting corrosion could be expected since the
maximum applied stress of 167 MPa exceeds the limit stress S, = 146 MPa
which is found by substituting the value of 4 = 0.13 in equation (1). Detailed
examination of the fracture surface showed that the crack initiated in the root of
the LET of the pin (see detail in Fig. 8b), which is the location with the highest
stress concentration in the finite element model.
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Figure 8. a) Fatigue crack emanating from LET pin,
b) detail of the root of the LET of the pin.

4, Conclusions

A 2D axisymmetric finite element model of an API Line Pipe threaded
connection has been presented. It was used to simulate and analyse the
behaviour of this coupling type. Complementary experimental tests have been
carried out as a validation. Following conclusions can be made:

— Both the make-up of the connection as the behaviour of the connection

under load is influenced by the coefficient of friction between the threads.
A value for the coefficient of friction was determined based on make-up
experiments. Strains measured during the make-up tests were in good
agreement with the values obtained with the model.

Small sliding of the thread contact surfaces appears under external loads,
the magnitude of this sliding depends significantly on the coefficient of
friction and the number of make-up turns. Under fatigue loads, this sliding
can cause fretting fatigue.

The number of make-up turns given in the API specifications should not be
used as such for input in finite element models.

During the fatigue test a crack emanated from the root of the LET of the
pin, which is the region with the highest stress in the finite element model.

5. Nomenclature

- E., E.. axial and hoop strain -
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Strength analysis of the frame of filter machine
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Abstract

Manufacturing of a new type of filter machine is started in Hungary last year.
Functional design was done before so main data are available. But strength
analysis is also required to design a new filter machine construction. Strength
analysis contains analysis of rack and loaded elements. Analysis of main frame
elements is showed in this work. Procedure covers from determination of loads
to evaluation of results.

Keywords

filtering, strength analysis, rack and loaded element

1. Introduction

Result of designing data for strength analysis is available. Frame of filter
machine is important part of complex. First loads have to be calculated from
weight data.

Data for calculation:

Applied material in all cases: S355 C

Yield strength: 355 N/mm2

Young modulus: 210.000 N/mm2

Shear modulus: 80.000 N/mm?2

Quality of welding: 1st class specification of manufacturer

Reduction factor of welding: 0.9

Minimal safety factor at critical points: 1.2

Calculated mass data:

Head plate: 3300 kg
End plate: 3100 kg
Press plate: 2900 kg
Side beam: 1250 kg/pc
Filter sheets: 900 kg
Hydraulic cylinder: 1250 kg/pc
Container: 2500 kg

Electric system: 1500 kg
Hydraulic supply: 500 kg
Valves, pipes: 1200 kg
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Container: 300 kg
Other equipments: 2000 kg

2. Strength analysis

Loads of frame
Fourth corner of frame are legs as constraints. End plate loads A45 area head
plate loads A50 area can be seen fig. 1.

Bigger beams are 400x150x6.3 closed cross sections. Smaller beams are
140x140x6.3 closed cross sections. On geometric model shells are in the middle
of walls.

Figure 1. Geometric model of frame

Load on end plate is sum of next loads:
weight of end plate: 30411N

half weight of press plate: 14224,5N
half weight of side beam: 6131,25N
20% of filter weight: 1765,8N

weight of hydraulic cylinders: 24525N

F,.q =30411+14224,5+6131,25+1765,8 + 24525 =77057,55N (1)

221



Strength analysis of the frame of filter machine

ﬁ TRANS-TRIO SCIENCES
-y

Load on head plate is sum of next loads:
weight of head plate: 32373N

half weight of press plate: 14224,5N
half weight of side beam: 6131,25N
80% of filter weight: 7063,2N
weight of pipes: 11772N

Fieaa =32373+14224,5+6131,25+7063,2+11772 = 71563,95N  (2)

FEM model of frame

Frame made of closed cross sections. FEM model is built of SHELL elements in
order to calculate all stresses and critical point. In case of design for allowable
stress equivalent stress is below yield strength so material model is linear elastic.

Figure 2. FEM mesh of frame

Results for frame
Equivalent stresses (von Mises) from FEM modelling are can be seen on Fig. 3.

S H1E 96.018 — i
45000 B0 l44.0z6

Figure 3. Equivalent stress on frame (MPa unit)
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Maximal equivalent stress is 144MPa in critical point.
Safety factor in this point:

355

Nn=———=246 (3)
144.026

Factor is higher than 1.2 so frame is adequate.

Reaction forces in supports: 52561N, 47441N, 23367N, 23079N.

Loads of leg

Loads of four legs are different. Maximal loads in critical leg:
— Maximal force from frame: 52561N

25% of container weight: 6131.25N

25% of electric system: 3678.75N

25% of another container: 735.75N

25% of other equipments: 4905N

F., =52561+6131.25+3678.75+ 735.75+ 4905 = 68011.75N  (4)

leg

Vertical part of leg is made of 150x150x10 horizontal part of leg is made of
180x140x8 closed cross section. FEM model of legs are SHELL elements in
centre plane of plates. Geometric model can be seen in Fig. 4.

Figure 4. Geometric model of leg

FEM model of leg

Frame made of closed cross sections. FEM model is built of SHELL elements in
order to calculate all stresses and critical point. In case of design for allowable
stress equivalent stress is below yield strength so material model is linear elastic.
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Figure 5. FEM mesh of leg Figure 6. FEM esh of critical part of leg

Load of leg acts on underside supports act on horizontal areas. Effect of front
leg is modelled on A19 area as symmetry condition. (Fig. 4.)

Results for leg
Calculated equivalent stresses can be seen on Fig. 7. and 8.

027428 19.287 38.508 57.746 T6.985
9.647 25.5886 45.126 67,365 S6.605

Figure 7. Equivalent stresses in leg (MPa unit)
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Figure 8. Equivalent stresses in critical part (MPa unit)

Maximal equivalent stress in critical point is 86.6MPa. This point is in welded
area so Yield stress has to be reduced with 0.9 factor.
Safety factor in critical point:
e 355-0.9 369

=== " _ 5
86.605 ©)

Factor is higher than 1.2 so frame is adequate. This factor is valid to
horizontal position of container. That has to be taken into consideration when
legs positions are adjusted.

3. Summary

Frame of filter machine suits the requirements. Filter machine is safe. Other
loaded elements of machine have to be analyzed but safe of machine isn’t
reduced by fault of these elements. It is required only for good working. After
manufactured of filter machine a loading analysis is required
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Abstract

The surface quality manufactured by punching is influenced by a series of
factories from which a major importance has the clearance between the punch
and the active plate. The clearance magnitude and its departure from the
optimum determine high variations of the dimensional and form precision and
also of punched surface roughness. The paper approaches theoretical and
experimental aspects concerning the relation between the punch clearance and
the punched surface quality.

Keywords

punching, clearance, surface quality

1. Introduction

The principal factors that influence the punched surface quality are:

— size of punch-active plate clearance;

— wear state of cutting edges: punch and active plate;

— punch and active plate processed precision;

— stamp engineering;

— type and state of press that activates the stamp;

— punch — active plate friction level;

— punched material structure, proprieties and thickness.

Of these, the most important factor is the clearance that influences the
roughness as the stamped surface precision. The designing, engineering and
assembling of stamp pursue the reach of an optimum clearance. The optimum
clearance is the bilateral clearance between the active elements. Its size depends
just of:

— mechanical characteristics of punched material;

— the g thickness of metal sheet - semi-product.

The clearance determination is from the table or by calculation with the
following relations:

j, =2(g-h, ) tge,; (1)
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or

j0=K192+K2g, (2

where «, is the angle of fissure propagation, K,,K, are the coefficients
depending of quality and mechanical proprieties of material.

The smooth zone size hy from the stamped surface and also the smooth zone
percentage (ratio h¢/g) represent two indicators of punched surface quality —
figure 1.

o

2tgar,

— K1 . gz — K2
2tga, 2tge,

hf:g_ 3)

f =

-1|-9. 4)

D

Figure 1. The stamped surface: 1 — the elastic tensions zone; 2 — the plastic tensions zone
(smooth zone); 3 — the shearing zone; S.T. — theoretical surface; S.R. real surface.

2. Clearance influence on the stamped surface quality

jm2 in<o |

ho

90° 909
a) b) c) d) €)

Figure 2. Clearance value influence on the stamped surface: a) high clearance; b) optimum
clearance; ¢) low clearance; d) null clearance; e) negative clearance.
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The repercussions of clearance deviation from the optimum clearance on the
stamped surface are present in figure 2.

The a, b, ¢ cases represent the ordinary punching and the d, e cases represent
the high precision punching.

The high clearances make metallic addition, high roughness surface, where
the smooth zone percentage is low and the perpendicular deviation is high.

The optimum or the next optimum clearance conduces to a common
propagation surface of fissures o, improves the cutting condition, reduces the
medium roughness, enlarges the smooth zone percentage and reduces the
perpendicular deviation. The medium roughness surface obtained is R,=
3,2...1,6 um thru the ordinary punching and R,= 0,8...0,2 pm thru the high
precision punching.

A lower clearance as the optimum can extend the smooth zone h¢ but on cut

surface appear frequently superposed of material sheets.

The null and negative clearances from the high precision punching correlate
with adequate active element geometry and stamp engineering improve the cut
surface quality and its perpendicularity. The plastic zone extends almost on the
whole section.

The stamp clearance deviation is produced by a wrong design, an imprecise
execution or by the cutting edge wearing of active elements. The deviation
worsens the stamped surface. For example, for a steel piece with thrust
resistance R, < 500 N/mmz, thickness 10 mm, with an optimum clearance joy=
1,5 mm, and a deviation of effective clearance —40 % to 40 %, the results are

represented in table 1 and the variation chart h, =h, (Aj), in figure 3.

Table 1.
Soft steel R<500
N/mm?
Thickness g[mm] 10 10 10 10 10 10 10 10 10
Optimum clearance | | 5| |5 | |5 1.5 1.5 1.5 1.5 1.5 1.5
j[mm}
Effective clearance
deviation Aj[%] -40 -30 -20 -10 0 10 20 30 40
Effective clearance | 5 | 1 o5 | 12 135 | 1.5 165 | 1.8 195 | 2.1
Jj[mm]
Optimum plastic 2857 | 2857 | 2857 | 28.57 | 28.57 | 28.57 | 2857 | 2857 | 28.57
zone hfo/g[%]
Effective plastic zone 18E-
hf/e[%)] 57.14 | 50 42.85 35.71 28.57 | 2143 14.28 7.14 15
Plastic zone variation
Aht/g[%] 28.57 | 21.43 | 14.28 7.14 0 7.14 -14.28 -21.42 | -28.57
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We can see, a continue linear decrease of the stamped surface quality hy [mm]
simultaneous with growing of clearance deviation from the optimum.

 earaca dev axion [%]

Figure 3. The clearance variation theoretical influence on smooth zone percentage hf/g[%].

The higher clearances as the optimum with 10% worse the surface quality and
reduce the smooth zone with about 7%.

Lower clearances as the optimum with about 5-10% produce superposed of
material sheets.

3. Experimental researches of the clearance influence on the stamped
surface quality.

The experimental researches were made in S.C. Matrix S.A. Baia Mare using a
stamp for metallic sheet with g = 10 mm — figure 4. There were executed six
punches with different dimensions that gave different clearances, higher and
lower as the optimum j,p = 1,5 mm.

Figure 4. The stamped piece surface: a) j > jopis b) j = jopts €) J <Jopts ) J <<Jjopss
e) un-uniform clearance; f)superposed of material sheets la j < jop.
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For each experiment, the active elements had un-wear edges cleaned as the
semi-product with technical alcohol.

It was measured the smooth zone hr with the meter ZKM 05-250D.

The results are presented in table 2 and the clearance variation influence on
smooth zone percentage hy/g [%] in figure 5.

Table 2.
Thickness | Effective clearance | Optimum clearance Clearance variation Plastic zone
g[mm] j[mm] jo[mm] joe Aj[mm] hf/g[%]
10 2.12 1.5 0.62 12.27
10 1.90 1.5 0.40 19.55
10 1.72 1.5 0.22 24.47
10 1.50 15 0.00 27.63
10 1.32 1.5 -0.18 37.12
10 1.10 1.5 -0.40 40.88

In optimum clearance stamping, the smooth zone percentage hy/g is 27,63 %
next to the theoretic value 28,57%.

4, Conclusions

The clearance deviation from the optimum produces a quality surface variation
next to the theoretical. So, lower clearances with 0,4 mm extend the smooth
zone to about 40% from stamped surface. Higher clearances with 0,62 mm
reduce the smooth

-0.40 -0.18 0.00 0.22 0.40 0.62

Smooth zone percentage hf/g[%)]

Clearance deviation Ajjmm]

Figure 5. The clearance variation experimental influence on smooth zone percentage hf/g[%)].

zone to 12%. But the lower clearances produce superposed of sheet material;
appear important deviations of smoothness and material wrenches. In the high
clearance, the stamped surface has a pronounced frustum configuration.
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Abstract

Further improving the previous models describing the operation of planetary
ball mills the study determines the impact energy transmitted towards the
material during the milling and the milling power. It points out relationship
between the ratio between the angular velocity of the sun disk and the vials, and
the geometrical parameters of the mill. By exploring the relationship between
the model created for the milling process taking place in the planetary ball mill
and the milling parameters depending on the mill, and using the calculations
executed, data more authentic than previous ones can be obtained on the energy
transferred to the mill product during the milling process, and on the efficiency
of milling. This information provide a more plannable mechanical milling for
researchers decomposing materials in planetary mills, and for specialists dealing
with the improvement and application of these technologies.

Keywords
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1. Introduction

Nowadays, there are several possible solutions for producing nano-structure
materials using conventional and/or newly developed technologies of material
science. During these processes the size, structure, composition, and
morphological characteristics of ,,grains” and/or “phases” can be altered with the
aimed selection of technological parameters. Possible ways of production
include mechanical milling having been applied for decades in the production of
powder materials. The improvement results of different type mills (e.g. the
possibility of higher energy input) have made it possible by now to produce
nano-crystalline powders by mechanical milling. However, it is inevitable to
have adjustability more accurate then before, for purposive milling and the
quality insurance of products intended to be produced by milling.

During the milling process carried out in the planetary mill, the impact
velocity and the angle of impact has a significant effect on the energy transferred
to the powder particles to be milled by the flying ball. Consequently, the
movement and impact of the balls are important factors, on the inspection of
which thorough mathematical studies have been carried out.
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According to Lii and Lai the greater the angular velocity of the sun disk, the
greater the increase in the impact velocity as the detachment velocity of the balls
increases and the flying time shortens. This impact velocity is an important
parameter, which determines what energy acts upon the powder particles during
the mechanical milling.

Besides and before Lii and Lai, several authors and studies had already dealt
with determining the energy transferred by the balls to the material to be milled.

The study of Burgio et al. has been considered initial basis for many when
determining the impact velocity of the ball and the energy transferred to the
powder. Analyzing the above studies it can be stated that when determining the
detachment angle and the detachment velocity they do not take into
consideration forces resulting from relative movements (e.g. Coriolis force).
Impact energy is described as the difference between the kinetic energy
calculated for the moment of detachment of the ball and the velocityof the ball
after the impact. No information is given on determining the location of the
impact. Although, they give data of exact (measured) speed and detachment
angle for a certain setup of mill type Pulverisette P5 and different ball sizes, but
they provide no calculated impact energy.

P. Le Brun et al. published another relationship on determining the detachment
angle of the milling ball, and they highlight the importance of the of the speed rate
(ratio) between the sun disk and the vial, which influences the trajectory of the
balls, and even the amplitude and ratio of the impact and friction energy which can
be transferred to the material to be milled. In their study, Abdellaoui and Gaffet
present the change in impact energy and power related to the angular velocity of
the sun disk primarily in connection with planetary mills types G5 and G7 (but
also for other milling devices), however, they do not give their calculation
relationships. In another study relying upon the work of the above mentioned
Burgio et al. they present calculation correlations for determining the impact
energy, but no information is found on the location of the impact, furthermore,
they do not take forces resulting from relative movements into consideration either
in their calculations. Magini et al. give a simplified correlation for determining
impact energy in their study, and they focus on inspecting the collision between
the ball and the material to be milled. lasonna and co. Magini in one of their
studies examined energy transfer and power consumption during the milling
process. They measured electric and mechanical power consumption on a Fritsch
PS5 milling device. During milling Fe-Zr powder they examined the influence of
the number and size of balls, and that of the quantity of powder filled-in on the
power consumption. Rojac et al. prepared the so-called milling map of a NaNbO;
ceramic-oxide system. Every point of the milling map indicates a certain state of
the mechanochemical reaction. From the milling map the experimental states, e.g.
milling parameters can be determined in order to achieve the intended end-
product. For the calculation of impact energy values used for the milling maps, the
equations of Burgio were used with minor alterations.

Several researchers have already dealt with modelling processes taking place
in the planetary ball mill (Fritsch P4) used during our work, however, literature
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dealing with the relationship between the milling parameters regulating the
process and the energy transferred to the material to be milled is incomplete.
Taking this fact into consideration, it is reasonable to further clarify processes
taking place in the planetary ball mill, and a more accurate exploration of the
influence of milling parameters.

2. Kinetic modelling of a planetary ball mill

The description of forces acting on the milling ball in the planetary ball mill is
based on the study of Lu and Lai written in 1998. After a verification the
calculation mentioned can be used as an initial point for the model intended to
be established. A part of this description should be outlayed in point 2.1. in order
to understand the whole model. From chapter 2.2. the further construction details
of the model introduced by Lii and Lai will be described. The kinetic modelling
of the mechanical milling process of the planetary ball mill was started with the
following statements and simplifying assumptions:
a) the milling ball can detach from the wall of the vial, when the force acting
upon it, pointing towards the radius of the vial is zero,
b) the new junction point of the ball and the vial acts as a point of impact,
disregarding the elastic impact of the ball,
¢) there is no relative movement (sliding) between the ball and the wall of the
vial before the point of detachment,
d) the resistance of the medium within the vial is neglected,
e) gravitation acting on the ball ( perpendicular to the plain inspected ) is
disregarded,
f) any rotation of the ball is disregarded,
g) only ball-wall collisions are taken into consideration, ball-ball collisions are
not.
Modelling steps are as follows:
— Description of motion and force conditions
— Determining the detachment angle
Determining the detachment velocity
Determining the impact point
— Determining the impact velocity
Determining the impact energy and power
Recording planetary ball mill working curves.

Planetary ball mill motion and force conditions

The vial within a ball mill carries out planetary motion. The two (or in some
cases four) vials with radius 7, are located on the sun disk at a constant distance
of r, from point O, around which they rotate with an angle velocity w,, as it is
shown on Figure 1. The centre point of the vials is point O,, and they rotate with
an angular velocity w, around their own axes, in the opposite direction against
rotation w,. In the mathematical equation below, the expressions “absolute” and
Hrelative” relate to the parameters, which were determined according to the
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XOY absolute and xO,y relative co-ordinate systems. Consequently, the motion
of the ball with a mass m,, along the wall of the vial can be presented as follows.

Y A

sun disk

0

v vial

<Y

Figure 1. Force and motion conditions in a planetary ball mill

Forces acting upon the ball in the vial are the transporting force, relative
force, which act from the centre of the sun disk and from the centre of the vial,
marked Fg, and F,. Constraining forces are N and F;, normal and friction force,
which result from the interaction of the ball and the vial, and the force F,
resulting from the Coriolis effect, and the force of gravity. Applying the
D’Alembert principle the balls can be described using statical equilibrium
equations, if the accelerations are taken into calculation as inertia forces, which
are equal to the product of the mass of the ball and the acceleration values.
Consequently, the force acting outwards from O is transporting force, the force
acting outwards from O; is relative force, and the Coriolis force acting towards
O, can be stated as follows:

- -
Fsz = _mb cdsz (21)
- -
F, =-m, -a.; (2.2)
- -
F,=-m, -a. (2.3)

where m, is the mass of the ball, ay,, @, and a. are the transportation acceleration
from O, relative acceleration from O;, and the Coriolis acceleration.
Acceleration values can be stated as follows:
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a, =WpXV, 2.4)
— r, +71, - COS
a, =0A-w) = Mwﬁ (2.5)
cosf

- - -
ar =XV, (2.6)
a =r, -0 (2.7)

and

- - -

ac =20pXV
v 2.8)
a,=2-0,-0, -1, (2.9)

The resultant of forces within the system can be stated according to Figure 1:

ZF:mb(asz+ar+ac) (2 10)
N=F —F, -F, -cos(n—0) (2.11)

where N is the normal force acting upon the surface of the vial, which is the
inertia force resulting from the acceleration of the ball.
Using equations 2.5, 2.7, and 2.9 the forces can be stated as:

E,-cos(n—0)=m, -a_ -cos(n—0) =
=m, o, -%-COS(TE—@) (2.12)
F=m, 1, -0 (2.13)
FF=2m, 0 o, (2.14)

Determining the detachment angle of the milling ball
Let’s suppose that when N=0 the ball detaches from the surface of the vial wall.
This crucial condition can be stated as follows:
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N=0 (2.15)

I, T, - C0s g,

T O cosf3

cos(m—0)+2-m, -1, -0, -0, =

=m, T, 0. (2.16)
where ¢, is the angle of detachment of the ball from the wall of the vial, Figure 1.

Let the relationship (ratio) between the angular velocity of the vial and the sun
disk will be as follows:

j=—x (2.17)

Settling equation 2.16 and after carrying out the appropriate modifications,
and using equation 2.17 the angle of detachment of the ball from the wall of the
vial can be determined.

If the sun disk rotates anticlockwise while the vial rotates clockwise, the angle
of detachment will be as below:

¢4 = arccos(—

2
M) (2.18)
r

p

The influence of the ratio (i) on the angle of detachment and on the ball
trajectory

The detachment and impact positions depend on the size of the vial (7,), the
position of the vial on the sun disk (7,), and the rate of the angular velocity, that
is the ratio (7). When r, and r, are fixed, detachment depends on only i, therefore
it seems to be reasonable to determine those ratio values, under, between, and
above which the milling ball runs on a different trajectory.

The determination of the limits of the ratio was started from relationship 2.18.
Inspecting the relationship it can easily be understood that the angle of
detachment can only be interpreted between +1 and -1, that is the solution of the
inequations

N i e (2.19)
rp
and
~h1-i) <1 (2.20)
T
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provide the values of iy, and i by fixed geometrical parameters (7, 7,).
Inequation 2.20 is valid in case of any arbitrarily chosen speed ratio and

r
geometrical characteristics due to the negative sign before the fraction —-.
r
p
Results of the inequation 2.19 provide the limit values of the ratio, which will

be as follows without the steps of deduction:

rp .
r_ = lkritikus (221)

v

Dimir =

From relationships 2.17 and 2.21 it can be stated that in case of using the
construction of a given mill (r,) and a given vial (r,), the rotary speed of the sun
disk (®,) and the vials (w,) should be set in a way that the condition 2.21 is met,
in order to achieve the greatest possible impact energy and the best possible
milling power, as the ball detaches from the wall of the vial at this point. If this
condition is met, that is ij; < [ < iciica » then milling will be implemented
according to the impact and friction method, when the kinetic energy transmitted
by the milling balls to the powder is the greatest possible.

As a function of ij;,;; and i, the trajectory of the balls determines three
operational modes, the existence of which has already been verified by
experiments of Brun et al. [P.Le Brun, et al. 1993.]:

— chaotic mode (if i <y, )

— impact and friction mode (if iy < i < icrisicar)

— pure friction mode (ifi > iz isicar ).

Impact and friction mode

In this mode, as indicated by Figure 2, the trajectory of the ball is described very
well by the principles of dynamics. Energy can be divided into two components
at the moment of the impact. Namely, to the normal component, which results in
the increase of the effective impact energy transferred to the powder particles,
and to the tangential component, which may occur as friction energy.

Detachment

Figure 2. Movement of the ball after detachment, when iy < 1 < igisicar
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The above described behaviour of the milling balls is the most advantageous
for carrying out effective milling, therefore it is reasonable to inspect, what set
rotary speed values is the condition iy, < i < igiic Mmet with the given
geometrical parameters.

Determining the detachment velocity (vq)
In order to be able to determine the energy released during the impact of the ball
after the detachment, it is necessary to know the speed and direction of the ball.
After determining the angle of detachment (2.18), the absolute point 4’ (Xg4,Y4)
of detachment, and the two components of the detachment velocity, v4 and vy,
can be determined in directions X and Y, on suppositon that the ball and the vial
move together at the moment of detachment.

Detachment velocity (v,) at point ‘4’ is given by the sum of the peripheral
velocity of the sun disk (v,4,) and the peripheral velocity of the vial (va).

AY \
\\\\ ,//, (OV
v \OJ (Pd
dp / RN S
G
Vapy
\%
d
/’/V = VX A
S Tdpx e~ Y 'V
dv dvy
/B
Q, 2(
(0]
N YO

Figure 3. Interpretation of the detachment velocity

Based on the indications of Figure 3, the peripheral velocity resulting from the
rotation of the vial and its X and Y direction components are:

(2.22)

Vdv :rv : (Dv
Vi = Vay ~cos(g—((pd —Qd)ﬂ:—[rV JON -sin((pd —Qd)] (2.23)
((Pd _Qd)jj| :_[rv ’ O‘)v 'COS((pd _Qd)] (224)

. (m
Vi =~ Ve, - SIN 5”
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Similarly, the X and Y direction components resulting from the peripheral
velocity of the sun disk can be stated:

vy, =0A @, (2.25)

where OA is the distance between the centre of the sun disk and the detachment
point "A’:

ﬁ:\/rpz+rf—2-rp-rv-cos(n—(pd) (2.26)
Vipx = —|:Vdp -cos[g - (Qd —B)H = —[O_A JON -sin(Qd - [3)] (2.27)

Vapy = Vap 'Sin[g -(Q, - B)j =0A- o, -cos(Q, —B) (2.28)

Based on the above the detachment velocity and its X and Y direction
projections can be stated as:

de = Vdvx + Vdpx (229)

Vg =T -cov-sin((pd—Qd)—O_A-oap-sin(Qd—B) (2.30)

X v

Viy = Vayy T Vapy (2.31)

vy, =T, -, -cos(q, —Qd)+&-wp -cos(Q, —B) (2.32)

y v

Based on the relations (2.30. and 2.32.) the detachment velocity can be
determined:
Vg =y Vi + Vi (2.33)

3. Kinetic energy of the milling ball at the moment of impact
From this step on (including detachment velocity determined above) the modell

has been further built using our own algorithm. The works of others in known
and available literature sources could not be followed as:
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— they do not provide calculations concerning the determination of the impact
point, despite the fact that this is one of the most difficult and most
definitive steps of the model,

— in models related to planetary ball mills the size of the ball is neglected, i.e.
it is considered to be point-like. This simplification is not acceptable.
Figure 5 shows that the angle ¢.belonging to the real impact point (B) may
even be a multiple of the value, which would be determined in case of a
point-like ball (point B, angle ¢.”).

The calculation steps of the location of impact is given in details in this

chapter in a way that even the dimensions of the ball are taken into account.

In order to determine the useful kinetic energy of the ball, the absolute
velocity of the point of impact should be known. The difference between the
velocity calculated in the impact point and the detachment velocity gives the
relative velocity of the ball and the vial, i.e. the actual impact velocity. The
projection of this velocity on the radius direction of the vial will be the velocity
component, which is useful from the aspect of milling, so it should be taken into
account when determining kinetic enery.

As the wall detaches from the wall of the vial, it is supposed that it will move
straight and even with its detachment velocity. Gravitational acceleration is
perpendicular to the inspected movement plain, so only the resistance of medium
influences the movement velocity of the ball, however, this influence is
neglected. Kinetics of rigid bodies will be applied for the description of the free
motion of the ball, until it meets the vial again. Figure 4 demonstrates the motion
of the ball from the detachment to the impact, where points 4’ and ’B’ indicate
the location of detachment and impact.

impact position detachment position
2y
X B
o, %
\\‘\(Pc rv
o,
WV
\\(X
rp
\\P X
[ 0 o
\-/O)P

Figure 4. Motion of the ball from the detachment
to the impact
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Exact knowledge of point ‘B’, that is the point of impact is essential in order
to determine absolute velocity values there. For this, it needs to be determined,
by what vial angle position (£2,) and related to the vial by what angle value (¢.)
does the ball impact by fixed sun disk (w,) — and vial (w,) rotary speed, and in
case of the already known detachment velocity.

The absolute velocity of the impact point is determined in an indirect way,
which is to be introduced below.

Determining the parameters of the impact point

In order to determine the point of impact from the principles of the ball and vial
motion, and the geometrical characteristics of the construction were used
initially. Take a look at Figure 5, which demonstrates the geometrical conditions
of the ball impact.

From the aspect of the point of impact it is true concerning the relationship
between the motion of the ball and the motion of the vial that during the time the
ball reaches the point of impact starting with the detachment velocity (v,) from
the moment of detachment, the vial carries out Q.-Q, rotation with angular
velocity w, around point “O”. As a relationship:

CICZ — QC _Qd (3 1)
\ o,
impact position detachment position
5 5 AY
®, \ Q)
(pc > \ (Dv
0
™ O,
v 2~ ; C;g 0, P
rv ﬂ:‘(Pc AN (X \ rv rb
“o v
d
C1
Q0,8 Q B, ‘
"o \ ‘ Q Y X
\ 0 1 >
7o,

Figure 5. Geometrical conditions of the impact of the ball

Since distance C;C, and angle Q. are both unknown, above this the
knowledge of angle ¢, is also necessary, further relationships are to be found.
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Based on Figure 5 the geometrical principles concerning the triangle OC,0; are
as follows:

sina, r, =T,
. _ (3.2)
sin(p, —a,) I,
OC22 =rp2 +(r, —rb)2 —2~rp (r, —1,)-cos(m—o,) (3.3)

Also based on Figure 5, the following relationships are true in case of
triangleOC;C5:

sin(m—y—-(Q, +a,))  OC,
sin(Q, -Q, ta, +B,) C,C,

(3.4)

C,C, =0C, +0C, -2-0C, -0C, -cos(Q, -Q, ta, +B,) (3.5)

Despite the fact that these are basic mathematical and physical relationships,
the relationships (3.1-3.5) together form a non-linear system of equations with
five unkowns, in which the unknown parameters are the angle of impact (¢.), the
angle position of the vial at the moment of impact (£2.), the distance of the ball
centre from the axis of rotation of the sun disk (OC;) and from the point of
detachment (C,;C,), and the angle (a;) included between OC; and OO,. The
determination of parameters ’¢.’ and ’Q.’ are directly, while the above
mentioned other parameters are only indirectly necessary for determining the
absolute velocity of the point of impact. Finding the solution for the problem is
further aggravated by the fact that if the point of impact is to the right or to the
left from OO, , then a; will have a negative or positive sign in the equations.

Further attention is necessary during the solution for the fact that variables
may take up values in different intervals in identical phases of the motion.
Knowing the geometrical parameters of a given mill, calculations were
carried out between limit values determined by designing (see later,
chapter 4). The above system of equations can be solved numerically
(using gradient method).

Determining the velocity of the impact point (v)

After determining the position (£2.) and angle (¢.) of impact in the previous
point, the two components of the absolute velocity of the point, v, and v;,, can
be calculated in the impact point ‘B’, within the X — Y co-ordinate system. The
velocity of the impact point (vy) at point ‘B’ is given by the sum of the
peripheral velocity of the sun disk (vs,) and the peripheral velocity of the vial
(va)'
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AY

O
\_/wp

Figure 6. Interpreting the velocity of the point of impact

Based on the indications in Figure 6, the peripheral velocity resulting from the
rotation of the vial, and its X- and Y-direction components are:

Vi, =TI, - ® (3.6)

\ v v

vax = va ’ COS[% - (Qc _(pc) = rv ’ (DV ’ Sin(Qc - (pc) (37)

vay = _|:va ’ Sin(g_ (Qc - (pc )j = _[rv ’ (’Ov ’ COS(QC _(pc )] (38)

Similarly, X- and Y-direction components resulting from the peripheral
velocity of the sun disk can also be stated:

v, =OB-o (3.9)

p

where, OB is the distance between the centre of the sun disk and the point of
impact ‘B’:

@:\/r]f+rvz—2-rp-rv-cos(n—(pc) (3.10)
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Vo =_{pr .cos((gc — a)—gj =—[@-wp sin(Q, —a)] G.11)

Vbpy :{pr 'Sin[(gc —Oﬂ)—g }=@-mp cos(Q, —a) (3.12)

The sign of vy (3.11) is negative in all cases. However, the sign of vy, (3.12)
is positive if the point of impact falls to the right from the Y-axis of the absolute
co-ordinate system, and it is negative, if it falls to the left.

Based on these the X- and Y-direction projections of the velocity of the
impact point can be stated:

Vbx = vax +prx (313)
Vv, =T, -0, -sin(Q, —(pc)—@-oap -sin(Q, —a) (3.14)
Viy = Vi T Vipy (3.15)

Vi =T, O, -cos(Qc —(pc)+@-cop -cos(Qc —a) (3.16)
The velocity components vi, and v, of the absolute impact velocity are the
difference between the detachment velocity (2.30, 2.32) and the corresponding

velocity components of the impact point (3.14, 3.16):

Vix :de _Vbx (317)
Vi =Vay — Viy (3.18)
V=V vy (3.19)

Determining the impact energy (Ep) and the milling power(P)

In order to determine the kinetic energy of the ball, i.e. the impact energy, the
normal direction component of the absolute impact velocity needs to be
determined. The angle, where the impact of the ball is on the wall of the vial
(p.), determines the amount of energy that can be transferred to the powder
particles on the wall of the vial by the ball. The effective impact velocity
generating the impact energy is the normal direction component of the impact
velocity, broken up into the radius direction of the vial. With the marks used in
Figure 7 the normal direction component can be calculated using the relationship
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Vi =V;, "COSA+ Vv, -SinA, (3.20)

m
and the tangent direction velocity component with the relationship

Vi ==V, -Sink+ v, - CcosA (3.21)

it

where 4 is the angle demonstrated on Figure 7.

]

O

Figure 7. Interpretation of the normal and tangential direction components
of the absolute impact velocity

After determining the above, the effective impact energy released at one
single collision during the mechanical milling process can be calculated as
follows:

(3.22)

where my: is the mass of the milling ball [kg]
vin: 18 the effective impact velocity [m/s]
Ey: is the impact energy released at the collision [J].
The energy determined using the relationship 3.22. is transferred from the
milling balls to the powder particles as many times as the balls hit the wall of the
vial. The impact frequency is the number of times the ball hits the vial in one
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second. Knowing the total period of time the time passing between the first and
the second detachment should be known in order to calculate the frequency of
the impacts. Each cycle can be broken down to two periods: 7} is the period of
time during which the ball gets from the first detachment point to the first
impact, and 7, is the period of time from the first impact until the second
detachment. 7; can be calculated from (3.1), and 7, can be determined based on
the following relationship:

T, = 24 =% (3.23)
Q)]

\4

Since the period time of the cycle is the sum of 7; and T3, the impact
frequency f, can be calculated. The impact frequency actually in this case means
the number of impacts per second.

f, = (3.24)

This impact frequency corresponds with the impact of the single ball in the
vial. Taking the fact into consideration that in practice milling is not carried out
using one ball, that is taking the number of balls in the vial into consideration,
the effective impact frequency f.; can be determined. However, it is supposed
that there are few balls in the vial to hinder the movement of each other.

fo.=f N, (3.25)

where N,: is the number of balls in the vial.
Knowing the energy released by the impact (E;) and the effective impact
frequency (fc4), the power of the milling process (P) can be determined.

P =f, E, (3.26)

The above described power may be suitable for comparing millings carried
out using different impact energies. Greater power means that shorter milling
time is necessary for the milling process.

Based on the calculation method introduced in this chapter, the impact energy
of the ball and the impact frequency of the ball can be calculated, and it is
apparent that these can be regulated independent from each other if the milling
parameters are correctly configured. By changing the number of balls the ball
impact frequency (f.;) can be changed, while the impact energy of the ball (E})
does not change. On the other hand, by changing the diameter (d,) and density
(pp) of the ball, the impact energy of the ball can be changed without changing
the impact frequency of the ball.
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Let us note again that the model described is true and valid only if i), < i <
ieriticar 18 true on the rate of the rotary speeds of the sun disk and the vial (that is
on the ratio (7)).

4. Application of the model and calculation results

Using the calculation method described in chapters 3.1. and 3.2. the milling
energy values of FRITSCH P4 planetary ball mill applicable for milling
experiments were determined by different configuration parameters. Different
sun disk rotary speed values and ratios were taken into consideration by the
calculations and at the same time the inspection of the full rotary speed range of
the mill was aimed at, together with the path of motion of the balls to comply
with the impact and friction method, that is ij,; < i < i, In the model set
up, the breaking effect on the balls of the mill product moving together with the
balls was not taken into account.

Since calculations were carried out on a given mill type, certain initial
parameters were given. These were mainly the features of the device:

— distance between the sun disk and the vial: r,=0,125m

— sun disk rotary speed range for test: n, = 50— 400 min’

Selection of further initial values determined by us was carried out based on
the equipment available for the mill:

— inner radius of the vial (80 ml): r,=0,0325m
— radius of the milling ball: r, = 0,005 m
— density of the milling ball (stainless steel): p» = 7800 kg/m’

Knowing the above determined geometrical parameters (r, r,), with the
relationship 2.21. even the extreme values (iji, icruica) Of the ratio (i) can be
determined, which indirectly influence even the rotary speed of the vials
together with the rotary speed of the sun disk, concerning the inspected range.
Extreme values of the ratio (7) are:

— bottom limit: Limic = 0,96

— upper limit: Teritical = 2,96

Calculations using the model set up in point 3. were carried using values i = 1;
1,5;2;2,5; 2,96.

In the first part of the calculations, that is by the determination of the
detachment angle and the detachment velocity it was found that in case of fixed
geometrical conditions (r,, r,, ) and ratio (i) identical detachment angle values
belong to an increasing sun disk rotary speed, while the value of the detachment
velocity increases in ratio with the rotary speed of the sun disk.

After calculating the impact angle and velocity, the theoretical impact energy
values belonging to the different sun disk rotary speed values were determined
using the relationships of the previous subsection, for a single ball. The
calculation results are shown on Figure 8.

It can be seen in Figure 8 that by increasing the rotary speed of the sun disk,
the value of the impact energy increases squared up to a certain ratio. It can be
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seen that by i=2,96 speed ratio the curve of the impact energy is between the
curves i=1,5 and i=2. This results in that probably there is an optimal value
between the values i=2 and i=2,96, where the impact energy is the greatest
possible. This assumption is verified by the set of curves shown on Figure 9. The
curves indicate the change of the impact energy by increasing the ratio,
belonging to different rotary speed values of the sun disk. Looking at the
diagram it can be found that by given geometrical conditions and configured
parameters, the greatest impact energy can be achieved by approximately i=2,5.
If the impact frequency of the balls can also be taken into account, which is
mainly the function of the detachment and impact angles, then using the
relationship 3.25. the power of the milling process can be determined.

35

—&—i=1
-&-i=15
—A—i=2
—-e—i=25
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[&)] o ol o
I I I I
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Impact energy (Eb) [mJ]

————%3
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Angular velocity of sun disc (np) [rpm]

Figure 8. Change of the impact energy (E,) as a function of the sun
disk rotary speed (n,) and the ratio (i)
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Figure 9. Changes of the impact energy (E,) as a function (Ey(i)) of increasing
the ratio (i) by different rotary speeds values (n,,)
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When inspecting theoretical power values belonging to different sun disk
rotary speed values and velocity rates (Figure 10), it can be found that greater
and greater power values belong to increasing rotary speed values. The curves
calculated are cubic ones.

1800
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1000 +
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Milling power (P) [mW]

400 -

200

0 100 200 300 400
Angular velocity of sun disk (np) [rpm]

Figure 10. Changes of the milling power (P) as a function (P(n,)) of
the sun disk rotary speed (n,) and the ratio (i)

In opposition to the changes of the impact energy shown in Figure 8, it can be
observed on Figure 10 that the values of the curve belonging to i=2.5 are lower
than those belonging to i=2 and i=2,96. The result is surprising as lower power
belongs to a velocity ratio causing the greatest impact energy. This can be
explained by the fact that in the case of this ratio (i=2,5) the impact frequency is
lower, that is the balls spend more time on the wall of the vial.
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Figure 11. Changes of the milling power (P) as a function (P(i)) of increasing the ratio (i) at
different sun disk rotary speed values (n,)
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If the milling power is represented as a function of the ratio, at different sun
disk rotary speed values (Figure 11), then the optimum velocity rate from the
aspect of milling power can be determined. On Figure 11 this is around the value
i=2,96.

Using Figures 9 and 11 such an optimum range of ratio can be highlighted,
which is maximal from the aspect of both the impact energy, and the milling
power. This range, by the above determined geometrical parameters, is without
doubt between i=2-2,5.

The calculation results (charts) of the model we have established were
determined for given initial parameters, demonstrating the applicability of the
method, it is still suitable in case of arbitrarily selected other configuration and
geometrical parameters for characterizing the milling process in a planetary ball
mill. Of courese, it is essential that the selected geometrical parameters should
be like that the condition i, < i < i 18 always fulfilled for the speed rate
range.

Effects of the size changes of the milling ball and the vial, and the number of
balls

The above described results were determined by fixed ball and vial sizes. In
order to inspect the effect of the size changes of the milling set (ball, vial) on the
impact energy and power, further calculations were carried out.

First only the size changes of the vial were inspected by the same ball size,
then the size of the ball was increased, and the size of the vial remained
unchanged, and finally, both the ball size and the vial size were doubled. The
main initial parameters of the calculations are summarized in Table 1.

Table 1. Initial parameters of the calculations inspecting the effect of
the changes of the ball size and the vial size

Configured parameters
Studied events n, .
i i il | nfm] | ]
simple vial and ball size 400 2 0,125 0,0325 0,01
double ball size 400 2 0,125 0,0325 0,02
double vial size 400 2 0,125 0,065 0,01
double vial and ball size 400 2 0,125 0,065 0,02

The diagram showing the changes of the impact energy are illustrated in
Figure 12.

It can be seen in the figure that the calculation results well demonstrate and
reflect the immpact energy increase expected. The results show that the increase
in the vial size does not have such an effect on the increase of the impact energy,
as the change of the ball size. By increasing the size of the milling set (ball, vial)
together results in the greatest impact energy.
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Figure 12. Development of the impact energy due to the changes
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The change of the milling power has a slightly smaller increase (Figure 13).
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Figure 13. Development of the milling power due to the changes
of the ball and the vial

Table 2. Results of the calculations inspecting the effects of ball and vial size

simple vial and double vial double ball size d(::lzlzzlllal

ball size size size
Impact energy [mJ] 24 76 236 332
Impact energy increase in 100 315 978 1375
per cent [%]
Milling power [mW] 1494 1943 5626 6760
Milling power increase in 100 130 377 452
per cent [%]
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Studying Figure 13 it can be stated that increasing the dimensions of the
milling set undoubtedly results in the increase of the milling power, however,
this change is not of such degree as in case of increasing the impact energy. This
is even proved by Table 2. comparing the calculation results.

5. Summary

A calculation method was introduced above on determining the performance of a
planetary ball mill.

In chapter 2 the calculations of Lii and Lai were used as a starting point. In
chapter 3, starting from determining the impact location of the balls we have
departed from the original (Lii and Lai) model, and using our own calculations
the impact location and velocity of the milling ball was determined, and from
these the milling energy and power were found out. From the calculated data and
diagrams, in case of a given milling task the optimal milling parameters can be
highlighted, which make effective work possible. Although, calculation results
described in chapter 4 were determined and shown on a certain type of mill
(Fritsch Pulverisette 4) and given geometrical conditions, but the model can be
used for any planetary ball mill, observing the marginal conditions we have also
indicated.

As a summary, it can be stated on the effect of the sizes of the milling ball and
the vial on the impact energy and power, that if further milling sets are available,
then using those may help gain further energy from our planetary ball mill (by
the same sun disk rotary speed and ratio), increasing the efficiency of milling
and decreasing the time of milling.

Based on the calculation results and the charts (Figures 9 and 11) an optimal
mill configuration can be defined, which provides for the most effective work
from the aspect of the milling task. In this way, for example in case of milling
certain materials, smaller impact energy can also make fast work possible,
saving the milling set and the loading the mill less.
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Abstract

Forage harvesters are achieving ever great performance and throughputs. The
type of material transportation means that these machines have very high friction
loss levels. The product flow in the forage harvester must be analysed in order to
reduce these losses. The friction coefficients of chopped grass and maize must
first be determined. To obtain a precise measurement of the coefficients of
friction, a test stand is constructed on which different tests can be carried out
using various settings.

Keywords

forage, chopping, cut, friction

1. Introduction

The forage harvester is one of the most important machines in forage harvesting.
It is used to chop grass and maize to ensure better preservation. The material is
picked up by an appropriate front attachment and conveyed to the chopping
drum by the compression rollers. The drum cuts the product to the preset length
of cut, accelerates it and conveys it onward using kinetic energy.

A modern forage harvester has a throughput of over 400 t/h and an engine
performance of over 800 hp. In order to process this higher throughput, the
product must be conveyed through the forage harvester at speeds of over 40 m/s.
At this high performance level the losses in the product flow, e.g. friction, flow,
acceleration and impact losses may be especially high and substantially increase
the fuel consumption.

The aim of this project is to determine the friction losses in a forage harvester.
Some improvements will then be suggested which may reduce these losses.

A test stand needs to be built to be able to determine the coefficient of friction
of chopped materials. Some data is available from previous testing, though this
was measured at lower speeds and loadings.

Wieneke measured friction coefficients of between 0.2 and 1.4 for grass. The
big difference results from the variations in roughness of the surfaces.

Lobotka carried out tests on chopped maize. He measured friction coefficients
of 0.5 - 0.6.
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2. Test stand

Measuring the friction coefficient of chopped materials is a major challenge.

Because of the material structure, precise values for grass or maize are not
possible, as they depend on several parameters. Variables include the moisture
content of the material, the relative speed, the loading, length of cut and
roughness of the surface. The most important parameter, however, is the
material pairing. Substantial differences arise from the material sliding over
different materials. By using the test stand, friction coefficients of chopped
materials can be determined by with different material pairings and at different
settings. The first stage of developing a test stand is drawing up a list of
requirements. It should be possible to infinitely measure relative speeds up to 40
m/s and standard pressures up to 1 bar.

The test stand operates on a similar functional principle to that of a disc brake.
The basic rotating disc can be fitted with various surfaces. The chopped
materials in the material holder are pressed against the rotating disc from below
by a pneumatic cylinder (see Fig. 1).

Versuchsscheibe g
testplate

Guthalter
material holder

hydrostatischer
Antrieb
hydrostatic drive

Figure 1. Test rig

The advantages of this principle are the even loading and the low speed
differences between the inner and outer radius.

The coefficient of friction is determined by measuring the friction force
tangentially to the surface and the normal force perpendicular to the surface. The
material holder is attached to bars fitted with wire strain gauges (WSQ),
arranged to suit the relevant loadings.
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iston
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Zylinder
pneumatic
cylinder

==—Kraftsensoren
force sensors

Figure 2. Material keeper

Three bars keep the material holder vertical and one governs its tangential
orientation. There are two additional bars to stabilise the material holder in
relation to the frame. During the test, the reaction forces are captured by the
WSGs. The advantage of this solution is the ability to measure the coefficients
of friction precisely, even at high speeds. The disc is driven by a hydrostatic
drive, so that the relative speed between product and test surface can be set
infinitely and precisely. The speed of the rotating disc is determined by a sensor
and converted to an average speed over the whole radius. The pressure loading
can also be infinitely adjusted by means of a special pneumatic pressure relief
valve. The measurement time is adjusted by a delay valve, which returns all
valves to the home position on completion of the measurement.

This also moves the material holder back to the home position.

Key technical data:

— Disc diameter 500 mm
Width of the test surface 50 mm
Thickness of the test disc 5 mm
— Relative speed 5-40 m/s
Pressure 0.05-1 bar
Measuring period 0.2-3 sec

The measurements are taken with different lengths of cut and moisture
content for the same chopped material sample.

The chopped material is dried naturally to ensure that the structure of the
grass remains unchanged. When measuring, only one parameter is changed at a
time, in order to determine the effect of that parameter. First, the loading is kept
the same and the speed changed, then the speed is kept constant and the loading
varied. The test is repeated three times for each setting. The coefficient of
friction is determined as an average of the data obtained.

3. Results

The material being tested is freshly chopped grass with a length of cut of 17 mm.
In order to determine the effect of the moisture content of the material the
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material was dried over a period of 4 days and a friction test carried out daily.
The duration of all measurements was limited to 1 second, in order to obtain
results that are as real as possible. One problematic aspect is that the product
heats up substantially from the friction at high speeds and loadings. This also
changes the coefficient of friction.

As stated above, during the tests the reaction forces are measured tangentially
(friction force) and perpendicular to the surface (normal force) using wire strain
gauges. The coefficient of friction is calculated in accordance with Coulomb's
friction law.

F friction force

" F

normal force

Fig. 3 shows an example of the coefficient of friction trend.

09 -

08

Reibbeiwert
friction coeffitient

0 0.1 02 03 0.4 0.5 06 07 0.8 09 1

Zeit [s]
time [s]

Figure 3. Trend of coefficient of friction

At the start of the measurement, the coefficient rises steeply and reaches the
actual value at constant loading with a low level of fluctuation. To enable the
comparison of friction coefficients from different tests a standard must be
defined to govern how the measurement is read off. The coefficient of friction is
read off as soon as the preset value for the normal force is reached. This is
particularly important at high speeds and heavy loading, as the structure of the
material changes quickly due to the heat, which means that a delayed reading
will lead to incorrect results. This solution ensures that the measurement results
can be compared precisely.

Fig. 4 shows the coefficient of friction trend for different lengths of cut.
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Figure 4. Friction coefficient by different lenght of cut

It can be seen clearly that the effect of the length of cut is very low on grass.
This is an interesting result, as with smaller lengths of cut, more particles come
into contact with the surface. These additional contacts and the resultant
adhesive power only have a very slight effect on the coefficient of friction.

4, Conclusion

In order to be able to determine the friction losses in a forage harvester, the
friction coefficients of grass and maize must first be determined. To do this, a
test stand is constructed, with which the coefficient of friction between chopped
green forage and various surfaces can be measured. Previous tests have shown
that the friction coefficient of grass is very high. It is above 0.7 and therefore
increases the power requirement of the forage harvester.

Further tests must be carried out to determine the friction coefficient of
chopped maize. Other tests will be undertaken at a later stage with different
surfaces (roughness, profile, material). On the basis of these tests, solutions can
be found for reducing the friction losses of the forage harvester.
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Abstract

The metal surfaces quality resulted after cutting with laser beam have an
important role in estimating the benefits with this type of processing. This paper
tries to present some aspects of surfaces quality resulted after cutting with laser
beam especially roughness and some parameters which influence the measured
results and the roughness values calculation.
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1. Introduction

Surface quality resulting after laser cutting process can be interpreted and
characterized in terms of the roughness size results, the general appearance of
the surface through the existence or absence dross (burr) and crater that can
appear on the resulted surface after laser cutting process. Cutting applications in
industry are used by processes cutting with oxygas, plasma and laser. Using
laser cutting method makes possible the cutting of ferrous or nonferrous metals
of different qualities and thicknesses, each method is applicable to certain types
of metals having in view the price-quality operations.

2. Aspects of the laser cutting process

Laser cutting: it is the technological operation through which is a made partial or
total detachment of part of a material, with purpose in order to process it. Laser
cutting is a process based on thermal effects of radiation without generating chip
that performs the removal of material particles from a solid object without
mechanical action.

Symbols under Standard ISO 9013:2002 (E)

Laser cutting is attained by movement of the laser beam along a contour of a
landmark which could be cut. Ray laser is a “cutting tool” used to make very
small cuts width between 0.1 .... 0.2 mm.

The cutting process setting is done according to the required precision of cut
pieces, material hardness, quality and the energy consumption of the process.
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Figure 1. Laser Cutting [adapted by M. Radovanovici] (a — cut thickness,
Aa — thickness reduction, g — bottom kerf width, # — burr on the cut base surface,
f— distance between the two points of a drag line, » — melting of top edge,
Rz — mean height of the profile)

Cutting operation should provide:

a low roughness of the separated surface;

— high accuracy of the volume or of the length part;

achieve some semi-finished products with a greater length than the cross

section;

— deviations of the geometric shape of the part which must be within the
limits of tolerance provided by the documentation specified.

3. Quality surface cutting with laser technology

Laser cutting advantages:

— there is no physical contact with the piece of work, internal tensions, strains
and wear parts being reduced or eliminated;

— due to the very low duration of the completion of processing, the heat
affected zone, adjacent to the cutting zone is minimal;

— maximum efficiency in cutting metal sheets and pipes, resulting little loss
of material;

— the possibility of processing a wide range of metallic and non-metallic
materials;

— minimum costs by minimizing training / discharge time;

— complete automation of the entire process;

— can be cutting pieces with high complexity form with a high degree of
accuracy;

— the reduction of the finishing operation on the part resulted after this laser
cutting process;

— increasing the efficiency of mass production

— high surface quality resulting from laser cutting, regarding roughness and
their geometrical accuracy.
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Aspects of quality surface resulting after laser cutting process:
In accordance with ISO 9013:2002, surface quality resulted after cutting with
this thermal processing, shall be assessed according to the following :
— Perpendicular or angularity tolerance, u;,
Mean height of the profile, Rz,
Drag n;
— Melting of top edge, 7,
Possibly occurrence of dross or melting drops on the lower edge of the cut, 4,
(see fig. 1. and fig. 2.):

Influencing elements of the laser cutting surface quality Heat
affected Zone —HAZ
Because of during the laser cutting process, it is being actuated with a great
amount of energy which can produce modification of the steel property and
microstructure on a narrow area adjacent to the cutting laser. These changes are
generally harmful for corrosion resistance of steel.

Thermal deformation is an unwanted effect caused by heat acting on the
material, subject to cutting, which tend to distort.

4. Analysis and roughnes interpretation after cutting with laser beam

The surface resulting after the cutting with laser is mostly characterized by
multiple grooves which define roughness. These grooves are parallel with a very
small distance between them and they have an incline (they form a curve with
the reference line) to their root towards the reference line contrary to sense of
advance of cutting with laser beam. The cut surface can reveal two zones: the
upper one in the area of the laser beam entrance side (zone I) and the lower one
in the area of the laser beam exit side (zone II), see figure 2.

4 Non focused laser beam

—

S Lens

. % Assist gas

- Fovused laser beam

l Distance of nozzle

Position of focus A zona |

zona if

| \\|'|.|l{ | ’.. .'... .". \ .1 IR "-. I'.=\ I". li,l :".
/ ; i \ ' — M n

Molien material particles

Figure 2. Principle of cutting laser process
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Also due to failure or change of some parameters of cutting process, on the
resulted surface can appear: crates (missing material), or dross or melting drops
on the lower edge of the cut. These are considered error type appear on the
surface.

The equipment used for quality inspection of the parts resulting from laser
cutting process is calibre, oprice microscopes and roughness tester. Inspection
methodology is described in ISO 9013:2002 which provides for the
measurement for roughness in cutting technology typically takes place at a
distance of 2/3 of the cut thicknesses from upper cut edge, for laser cutting in the
upper third from the upper cut edge.

Experimental results

To emphasize the speed parameter influence in the technological process of laser
cutting, I made an experiment on the cutting machine TRUMPF L4003, I cut on
the laser machine a part of sheet steel, St 37, g = 6mm. The setting parameters
for this experiment are:

Laser cutting with CO, CW-Standard

— Focus between: 0 ....+ 0.3 mm,

Cutting speed ranged between 1.6 .... 1.9 m / min

Cutting gas Oxygen, pressure: the value of 0.6 bar.

Table 1. Experiment data representation

Nr. Processing Photograph of microscopic Observations:

/ Change parameter surface

1 According Good surface quality
[Book Machine Trumpf, 2000]
Cutting Speed 1,7 m/min

Cutting gas pressure 0,6 bar

Low values of roughness
measurement.

Cut surface with two
zones

Deviation of the
roughness.

2 Change parameter
Cutting with high speed
(advance) 2,5 m/min Burr, (besprinkle small
area on the base material
resulting from laser
cutting.

The grooves bend away
from the direction of
cutting

Crater and increased
roughness.

3 Change parameter

Cutting with low speed
(advance) 1,2 m/min The grooves run almost
parallel to the laser

beam.
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After the experiments with laser cutting deliberate modification of the
parameter rate of cutting speed, a roughness measurements in accordance with
the requirements of ISO 9013:2002 and ISO 4288 the consultation of numerous
specialized works in this domain, I checked the experimental data obtained using

the formula (1). We also tried to observe the correlation between Ra and Rz
roughness described in formula (2).

S0.670
Ra = 2018W (1)
L
R =5.3985R, (2)

Roughness measurements and calculate values

In table 2 are the roughness measurements values with the Marsurf PS1
roughness tester and the cut-off length was set at 2.5 mm/division in the
roughness mode 1 (Range +80p).

Table 2. Roughness measurements values

Roughness measurements Surface 1 Surface 2 Surface 3
Ra [um] 4,870 5,423 6,983
Rz [pum] 29,8 31,43 35,32

In table 3 are the roughness calculate values for this three surface, with
formula (1),(2).

Table 3. Roughness calculate values

Roughness calculate Surface 1 Surface 2 Surface 3
Ra [um] calculate with formula (1) 5,187 4,565 5,811
Rz [um] calculate with formula (2) 28,2 24,644 31,370

5. Conclusions

After experiments and consultation of the specify literature I found that:
1. Laser cutting with high speed is diminishing the depth of penetration and
decreases the accuracy and quality of processing.
2. From this experiment it can be observed that, according to the specify
literature, that on a surface resulting from the laser cutting with low
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speed, the roughness are parallel to the laser beam and cutting with high-
speed, the roughness have a predisposition to the side of their reference
line “n” contrary the sense of advance of the cutting laser beam.

3. Comparison between the measurements values made with roughness
tester and the roughness values determined by relations (1) and (2). We
can see an approximation of the values
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Abstract

Cooling and heating device are important parts of stainless pressure vessels.
Stainless materials are expensive so low material cost is important. Hygiene
requirements also influence heat surfaces. Aim of researching is determining of
a heating surface according to strength and hygiene standards with low cost.
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1. Introduction

The German AD 2000 Merkblatt and the European EN 13445 standards gives
specifications for design of food industrial tanks with heater shell. Calculation
with these standards give thicker wall for heater shell than our products (safety
factors are too high in many cases). So the products designed and manufactured
by standards are more expensive because of higher cost of material, energy and
bigger machines.

Requirements for products are the next:

— Low material cost

— Low cost of human labour

— Simple machine tool requirement

— Wide range application.

The heater shell type is applicable to wide range using for manufacturing of
all type double walled heat exchanger and pressure vessel. Nowadays food and
chemical industrial products are customized so heater shell is applicable on
different products without increasing cost.

2. Comparing of heat exchanger types (domestic and international rewiev)

Now in food industry the heater shell type is the common system because this is
the most efficient heat exchanger. Developing of manufacturing technology is
necessary which keeps energy efficient, fast and flexible, not difficult. And it has
to be applicable posterior on existing products. Very important developing of a
modelling-design process which is verified experiments and practical experiences.
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3. Possibilities of developing heater-cooler surfaces, advantages,
disadvantages

Heat exchangers are built on food industrial tanks because of hygiene viewpoint.
Advantage of these is the next: inner structure of tank doesn’t change and stays
the same hygiene applicable. But strength properties change because additional
outer pressure loads the wall of tank.

Common types:

Heater pipe type:
Attributes:
— no additional outer pressure on tank
higher pressure (5-20 bar) in heater-cooler circle
low chance of failure
low heat efficiency (indirect heating)
difficult and expensive manufacturing.
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Figure 1. Heater pipe types
a) pipe with support element, b) welded pipe,
c) pipe with spacer
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Figure 2. Practical example of inner heater pipe with support element

Heater channel type:
Attributes:
— high heat efficiency (direct heating)
additional outer pressure on tank
difficult and expensive manufacturing,
welding cause much harmful stress (shrinking, warp, heat stress)
lower pressure (0-5 bar) in heater-cooler circle
high chance of failure
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Figure 3. Heater channel types
a,b) L section, ¢) T section, d) half pipe channel shoulder welding, e) half pipe channel
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Figure 4. Practical example of half pipe channel

Heater shell type:
Attributes:
— Medium level probability of failer
high heat efficiency (direct heating)
additional outer pressure on tank
welding cause less harmful stress
middling difficult and expensive manufacturing,
lower pressure (0-5 bar) in heater-cooler circle
— middling chance of failure

a) ' b)
Figure 5. Heater shell supports
a) pipe ring support, b) rimmed shell support, c) grid of supports
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4. Analysis, results of research

The European manufacturing of food industrial tanks was analysed in heat
exchanger aspect. Mainly authority tested equipments are manufactured with
heater channel using standard method of strength calculation. This type is suited
for pressure vessel and steam heating. But material and manufacturing costs are
high and require long production time. Application posterior on existing
products require exceptional care, manufacturing is difficult. Common food
industrial solution is laser welded point stiffed heater shell. This is a thinner and
a thicker sheet welded together and after assembled it is blowed up by high
pressure (20-60bar) liquid. Advantages: this method can be automatized easily,
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fast manufacturing. But preparation takes long time, needs difficult technology,
expensive machine tools.

Product authorization is simple because of uniform technology but it isn’t
applicable for exist equipment. Heater fluid is thin (max 2,5 mm) with low flow
capability so it needs more gates. Process is sensitive to fluid quality and clogging.
Our experiences show that lead time is long and it is economy only lot size.

Measuring results show that heat efficiencies of rimmed and laser welded
heater shell are same. But installation of rimmed heater shell is cheaper (less
valve, less pipe, less human labour).

Product authorization is difficult because customize manufacturing. AD 2000
Merkblatt and EN 13445 standards give specification to design but results of
these calculations give thicker wall than desirable.

5. Requirements of market, target audience, reasonableness

During our work we often meet demands for products which capable working
many technology process (storage, fermentation, cooling, heating, dissolving,
etc.), economy and no need technology compromise.

Common technology processes in food industry:

— Storage,

Fermentation,
Cooling

Warming

Heating

Storage at temperature

— Dissolving

The solution is using double walled vessel but food industry have special
hygienic requirements. Other specialities are expensive materials, manufacturing,
exist product and plant of user.

Examined advantages and disadvantages of heat exchanger types in our
opinion the heater shell type is the most suited for these purposes.

Aim of our present experiments is developed a rimmed shell technology with
the mentioned advantages. It has to be saved material and statically authorial for
pressure vessel.

Our experiments show that using present standard static calculation gives 25-
50% more material cost and 30-40% more energy cost than necessary.

6. Conclusion

— outer wall heater method is applicable because of hygienic requirements

— heater shell type is economical in manufacturing aspect

— rimmed shell technology will be examined because of better heat exchange
properties and flexible manufacturing
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Abstract

As the industrial utilization of the vegetable oils is enlarging as biofuel stock, in the
evaluation of the various oilkinds new requirements disappeared, traditionally not
important physical parameters come to the front. Basically the physical properties of
a vegetable oil are determined by the oil’s fatty acid composition. It is considerable
that whether the fatty acid compositions of the oilkinds —and so the physical
properties- differ significantly not only of the various races but of the sorts within
the races. In our work we measured the fatty acid compositions of 21 different
rapesorts’ oils with a gaschromatograph after transesterification. By the effect of the
fatty acid compositions on the physical properties (iodic value, oxidation stability,
low temperature flow properties) we ranked the rapesorts in the viewpoint of
motorical application and analyzed the differences between the rapesorts.

Keywords

fatty acid composition, iodic value, rapesort, gaschromatograph

1. Introduction

Considering environmental and enegrypolitical issues the incremental utilization of
renewable energy sources become a strategic aim of the European Union. Part of it
the EU ordered that 5.75% (on energy content basis) of fossil fuels will be replaced
by alternative fuels from renewable resources of the yearly consumption by 2010.

One of the potential methods of the large scale biofuel production and
utilization is the transesterification of the vegetable oils. Throgh the
transesterification with glycerine secession the vegetable oil’s triglycerid chains
are decomposing and altering into vegetable oil-methyl-ester which is similar to
the diesel oil in physical properties.

In Europe one potential feedstock plant of biodiesel production is rape. Just in
Hungary there were 85 sorts of rape in the National Sort Catalogue in 2007 and
this number is increasing year by year. The differences of the various rape sorts
was examined basically only by the aspect of agricultural utilization, but new
viewpoints of the evaluation have arisen with the industrial use.

From the references and by the earlier examinations it was proven that the
physical and chemical properties (iodic value, CFPP, lubrication) of the oils
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extracted from various rape sorts within the rape race show differences. Analyze
this differences the reason of them seems to be the variance of the fatty acid
composition of the oils.

Our further aim is to determine the most appropriate rape sort for biodiesel
stock in technical aspect. In this work we examined the fatty acid compositions
of 21 rape sorts’ oils in the viewpoint of important chemical and physical
properties (iodic value, oxidation stability, cold filter plugging point) in order to
explore the differences and to rank the sorts by these properties.

2. Experimental methods

Rapseed oil samples
21 different rapesorts’ seeds was pressed separately by a small scale compactor.
The rape sorts:
— RG section: Baldur, Bristol, Elektra, Eleonéra, Mohikan, Strauss, Triangle,
— RA section: Atrus, Dante, Rasamus, Tenno, Titan, Trabant, Viking;
— RS section: Gabriella, GK 704, GK 1103, Helena, Hybrid Star, Lilla, Saphir.
After the pressing the oils was filtered.

Analysis

The fatty acic composition of the 21 rapeseed oils was determined in the
Chemical Research Center of the Hungarian Academy of Sciences by gas
chromatograpy. The measuring instrument: Agilent 6890 GC-5973 MS, the used
solvent: dichlorine-methane, the esterification happened with methyl.

The iodic values was counted by the fatty acid compositions in accordance of
the MSZ EN 14214 hungarian standard appendix B.

The oxidation stability and the Cold Filter Plugging Point (CFPP) was
counted by the samples’ saturated and unsaturated fatty acid content according
to the method at Park et al.:

— oxidation stability: Y=117,9295/X+2,5905 (0<X<100), where X is the content

of the linoleic and linolenic acids (wt%) and Y is the oxidation stability (h),

— CFPP: Y =—2,7043*X +232,0036 (88 < X < 100), where X is the content

of the unsaturated fatty acid (wt%) and Y is the CFPP (°C).

3. Results and disussion

Table 1. shows the analysis data of the 21 rapeseed oils. All samples contain more
than 90% unstarurated fatty acids (Cl6:1, C 17:1, C18:1, C18:2, C18:3, C20:1,
C22:1, C24:1) and so less than 10 % saturated fatty acids (C14:0, C15:0, C16:0,
C17:0, C18:0, C20:0, C22:0, C24:0). These data differ only a little bit between the
certain rapeseed sorts as the variances of them are low. However the differences
between the rapesorts become remarkable regard to the iodic value where the grade
of the unsaturation (the number of the dual bondings between the C atoms: 1, 2, 3)
performs. In the viewpoint of iodic value all samples correspond to the hungarian
biodiesel standard (MSZ EN 14214) with the value less than 120; in ranking of the
rapseed sorts the lowest iodic value means the best quality, that is RAS- Trabant.
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Table 1. Chemical and physical properties of the 21 rapeseed oils

Saturated fatty Unsaturated fatty acids Iodic value [g | Ranking by iodic Oxidation Ranking by ox. CFPP [°C] Ranking by
acids [wt%)] [wt%)] 1,/100 g] vaue stability [h] stability CFPP

RGI 8,17 91,69 103,33 6,69 -15,96

RG2 9,20 90,80 100,56 7,03 -13,54

RG3 6,99 93,00 105,07 6,59 -19,49 2.
RG4 7,36 92,63 101,19 7,24 3. -18,49

RG5 8,76 91,23 100,70 7,09 -14,71

RG6 9,60 90,39 99,92 3. 7,09 -12,44

RG7 6,19 93,81 107,62 6,28 -21,70 1.
RAI 9,29 90,27 101,94 6,71 -12,12

RA2 8,81 91,11 101,33 6,97 -14,39

RA3 9,05 90,93 99,30 2. 7,34 2. -13,90

RA4 7,65 92,35 103,35 6,76 -17,73

RAS 9,36 90,62 98,62 1. 7,42 1. -13,06

RA6 7,99 92,01 102,70 6,83 -16,82

RA7 7,80 92,19 105,10 6,47 -17,30

RS1 7,27 92,75 103,61 6,79 -18,82

RS2 9,04 90,94 102,91 6,64 -13,92

RS3 8,67 91,33 102,92 6,67 -14,99

RS4 7,19 92,81 104,92 6,49 -18,97 3.
RS5 7,66 92,34 105,25 6,44 -17,71

RS6 8,57 91,34 102,59 6,72 -15,01

RS7 8,37 91,63 104,04 6,52 -15,78

Min. 6,19 90,27 98,62 6,28 -21,70

Max. 9,60 93,81 107,62 7,42 -12,12

Mean 8,24 91,72 102,71 6,80 -16,04

Variance 0,84 0,91 4,98 0,10 6,67
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In the oxidation stability there aren’t significant differences as the variance
shows, all samples correspond to the hungarian standard, again the Trabant has
the best value with the longest oxidation stability period.

One of the most important problem of the biodiesel is the low temerature
behaviour. It can be characterized with the cold filter plugging point (CFPP,
[°C]), the least temperature where the sample can be filtered in standardized
conditions. Within the 21 rapesorts the CFPP differs significantly, and only one
rapesort meets the requirements of the hungarian standard of -20 °C in winter
period. It must be remarked that this CFPP values are more favourable than it
can be found in references, so the calculation method needs further control.

The oxidation stability and the CFPP mean opposite requirements. As the
greater the unsaturated fatty acid content of the sample the lower its CFPP value,
and in contrast the lower the unsaturated content of the product the greater its
oxidation stability.

4. Conclusions

The 21 rape sorts’ oils differ only slightly in the saturated and unsaturaed fatty
acid content, but in iodic value and cold filter plugging point where these slight
differences are added the variance is significant.

Due to the iodoic value and the oxidation stability all samples correspond to
the standard’s requirements, but in the CFPP there is only one rapesort which is
sufficient in winter conditions. Accordingly there is only one rapesort —Triangle-
which is appropiate in the three parameters.
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Abstract

This study includes an experimental and numerical study of the large-scale
testing of fiber reinforced polymeric composite bearings. The kinematics of the
test setup is simulated with two-dimensional plane-strain model with finite
element method. Simulation results correspond closely to the experimental data,
and provide careful investigation of stresses distribution in the bearing.

Keywords

bearing, friction, large scale testing, finite elements

1. Introduction

The self-lubricating properties of some polymeric materials make them very
valuable in bearing applications. When these materials are reinforced with high
resistance fibers such as carbon fibers, glass fibers or polyester fibers, they are
able to operate under conditions which conventional bearings cannot. At present
there are few numerical studies about composite journal bearings for heavy
loadings, and the degradation mechanisms of these bearings are hardly
understood. In this article the mechanical behavior of a fiber reinforced
polymeric composite bearing is studied. To this purpose a new test apparatus is
designed and manufactured.

In conventional tribotesting, small-scale tests are mainly used because of their
cost effectiveness, time efficiency, and the easiness of handling of small samples.
However, because clearances and pressure distribution can not always be scaled
properly, conditions can strongly differ from the real application scale, and
extrapolating towards the real working conditions occasionally results in
significant errors. From this point of view, experimental setups in which full-scale
bearings can be tested statically and dynamically are very important. A test rig
should be able to measure the friction torque accurately between journal and
bearing. Usually, indirect methods are used in test rigs for journal bearings, and
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only few can measure friction torques by direct methods. In indirect methods the
measured torque includes the friction of both the test bearing and the shaft-
supporting bearings. These two elements cannot be separated in an easy way. The
developed test setup uses a direct method where the friction torque of only the test
bearing is measured without any interference of the shaft-supporting bearings.
Although the experimental method provides the required information to study
the magnitude of the forces on the bearing, it does not give detailed information
about the distribution of stresses in the contact area between the bearing and
shaft. Therefore in order to study the distribution of the shear stresses, the
normal stresses, and the effects of the allocated tolerances in the set-up,
numerical simulations are employed. In this article the kinematics of the test rig
is modeled as a simplified two-dimensional plane strain model by FEM method.

2. Experimental

The experimental studies are done with a new test rig which is designed to
determine the tribological behavior of large-scale journal bearings subjected to a
reciprocating angular movement. Figure 1 presents the test rig and its cross-
sectional view. This apparatus has been considered to test composite bearings
with inner diameter of 300 millimeters. The loading conditions, rotation speed,
and rotation angle can be changed by user at any time during the test. The
friction torque is determined by measuring the force acting on a lever arm
connected to the bushing. The tests are driven by a closed-loop servo-hydraulic
system. All measuring signals are registered continuously and digitally by means
of a data acquisition card. This apparatus provides measurement of the normal
and friction force between the bearing and shaft, bearing’s temperature during
the application, and wear rate of the bearing’s surface.

Figure 1. a) Large-scale test setup. b) Components of the test setup. ¢) Cross-sectional view
(1-Composite bearing, 2-Bushing, 3-Shaft, 4-Shaft support, 5-Drive piston, 6-Drive lever arm,
7-Bushing lever arm, 8-load-cell(friction torque), 9-Hydraulic actuator, 10-Load-cell (vertical

load), 11-Load transmission trolley, 12-Backing, 13-Shaft bushing)
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The test is started by applying the vertical force on the bushing component by
hydraulic actuator, and then the drive piston starts to reciprocate and makes the
rotational oscillation in the shaft.

Friction force plays a very important role in tribological analyses. Therefore
evaluation of the coefficient of friction (COF) of materials in tribosystems is a
key factor. In this study, the COF between the composite bearing and steel shaft
is calculated by using the measured signals.

Figure 2 depicts a schematic view of the loading and kinematics of the test
rig. The parameters of the figure are; Fp: loading actuator force, Fy: force on the
load-cell, Fy: friction force between the composite bearing and shaft, Fy: normal
force on composite bearing, Rg: shaft radius, Ry: bearing radius, Ry: distance
between the action points of Fp and Fy, and a: rolling angle.

a) b)
Figure 2. Schematics of the acting forces and kinematics of the setup.
a) Acting forces, b) Kinematics

During the test Fp is assumed to be constant, and although due to a very small
deviation of the hydraulic piston from its position, it is supposed to be vertical.
Since the displacement of the bushing remains small, the force in the load cell F
can also be considered vertical. According to the Coulomb law, coefficient of
friction is the ratio of the tangential and normal reaction force components:

p=-* (1)

Fr and Fy are derived from the following equilibrium equations:

R
F, :R—i.FL )
1
RY [
F, = (FP+FL)2—(FL.ITL] 3)
b
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With substituting the obtained equations for Fr and Fy from Equations 2 and 3
in equation 1, the COF becomes:

[=tan a= ; 4)
2 275
R, F,+F,
R )\ F
In the journal bearing application when the shaft starts to rotate, the bearing
will initially roll up to a certain angle of inclination and will then start to slip.
Therefore, if the shaft rotates continuously, after the first rolling step the process
reaches to the steady state sliding conditions. The tangent of the inclination
angle is the COF. If the elastic deformation of the load cell and the clearances of

its connections at both sides are ignored, the kinematics of the shaft rolling in
the bearing can be expressed as:

(22.48) J(do_do)_X “
dt dt dt dt R,
In this equation% , %‘tg ,and cfz’_i) describe respectively, rotating velocity of

the bushing, rotating velocity of the shaft center, and rotating velocity of the
shaft around its center. Since the lever arm prevents the rotation of the bushing,

Ci{—ﬂ =0, the eq.5 will be simplified into:
t
40 |(do_i0) K ©
dt dt dt R,
Solving the equation will result into:
R —-R

=== 7
¢ R (7

Once the angle 0 reaches to a, this relation is no longer valid because the shaft
starts to slide instead of rolling. In practice the static COF differs from the
dynamic COF. Therefore there are two rolling angles og and op, which
correspond to the static and dynamic coefficient of friction. Once the shaft starts
to rotate, it rolls up to 8 = ag, and then drops to 0 = ap and sliding occurs in the
contact.
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3. Finite element modeling

Although the experimental method provides a good estimate of the forces on the
bearing, it does not give detailed information about the contact stress distribution.
Therefore in order to study the stress distribution, numerical simulations are
employed. In this article the kinematics of the test rig is modeled by FEM method.

The traditional method of analyzing these kinds of rolling and sliding contacts
is Lagrangian formulation. In the Lagrangian approach, the nodal points are
attached to material points, thus the motion of the material during the process is
followed. Hence, it is easy to follow the history of material deformation. The
Lagrangian analysis is computationally expensive since a transient analysis must
be performed and very fine meshing is required on the shaft surface.

Another possibility to simulate this problem is the Eulerian method in which
attention is focused on the motion of the material through a stationary control
volume. The advantage in this method is that Eulerian elements do not deform
with the material. Therefore, regardless of the magnitude of the deformation in
process, Eulerian elements retain their original shape.

The limitation of the Eulerian method is simulation of the free boundaries. In
this approach, it is harder to follow the material deformation history since the
mesh is fixed in space and is not distorted. However, the boundary of the
deformation region should be known a priori, because it can not be easily
updated during the deformation. Indeed, if in an Eulerian simulation the
boundaries of the model change, new control volumes have to be created, which
is difficult to deal with.

An alternative approach which combines the advantages of both Lagrangian
and Eulerian formulations is the Mixed Lagrangian-Eulerian method. In this
approach, the mesh can have a motion independent of material deformation.
Therefore, the motion of the mesh can be designed in accordance with the nature
of deformation, and thus mesh distortion is avoided on one hand and the
boundaries are updated on the other.

In this article two dimensional kinematics of the test setup is simulated as a
quasi static model by the Mixed Lagrangian-Eulerian method.

Figure 1 demonstrates that the geometry of the bearing and bushing consists
of uniformly extruded sections along the shaft’s axis. In addition, the hydraulic
piston applies a uniformly spread pressure on the bushing along the same axis.
Therefore, considering the width of the bearing (120 mm), which is long enough
to prevent the strain in the axial direction, a two-dimensional plane strain model
can provide careful investigation of the stress distribution on the bearing as well
as the kinematic modeling of the setup.

Figure 3 depicts the boundary conditions and meshing of the two-dimensional
plane strain model for the test rig. The model contains 16939 high accuracy
second order elements. This simplified assembly includes the bearing, bushing,
shaft, loading actuator (piston), load transmission trolley, load-cell, support,
hinge A (connection of load-cell and bushing), and hinge B (connection of load-
cell and support).
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Figure 3. 2D finite element model.

4. Friction and material modelling

In the numerical simulation it is assumed that the friction coefficient decays
exponentially from the static value to the dynamic value (see figure 4) according
to the formula:

p=p (g —p ) ®)

Where  p is the dynamic friction coefficient, 4 is the static friction

coefficient, d. is a user-defined decay coefficient, and 7eq is the slip rate.

Regarding the experimental data, parameters of the equation are defined and
then the friction coefficient will be calculated correlated to the slip rate.

— = pp + (s — pp)e?eiea

Figure 4. Relation between COF and slip rate.
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The test bearing is a composite of a phenolic resin, polyester reinforcing
fibers, and PTFE filling for internal lubrication (see figure 5). This bearing is an
orthotropic material with the engineering constants shown in the table /.

Figure 5. Composite bearing

Table 1. Engineering constants of the composite bearing, r: Radial coordinate, t: Tangential
coordinate, z: Axial coordinate

E, 2.75 GPa Gy 1.00 GPa vrt 0.165
Eq 10.00 GPa Gy, 4.00 GPa viz 0.250
E,, 10.00 GPa G,, 1.00 GPa viz 0.068
5. Results

The tests were performed on a composite bearing under the conditions shown in
table 2:

Table 2. Test conditions.

Bearing diameter: 300 (mm)
Bearing thickness 25 (mm)
Normal load by loading actuator 100 (kN)
Driving piston amplitude 5 (mm)
Driving piston frequency 0.5 (Hz)
Clearance between shaft and bearing 1.1 (mm)
Clearance between the load cell pins and correlated bushing | 0.1 (mm)

Figure 6 shows the experimental results for the coefficient of friction between
the composite bearing and the shaft.

Figure 7 compares the extracted friction force (Fg) from the experimental
measurements and numerical simulations. Due to the static coefficient of friction
at the start of each cycle the friction force graph shows a spike, and when sliding
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occurs, it decreases. It is obvious that when direction of the rotation changes, the
direction of the friction force also changes. These figures show that there is a
very good agreement between numerical and experimental results. At the start of
each cycle when rolling contact occurs between the shaft and bearing, the
friction force rises till 14.5 kN and then it decreases to 11.5 kN in the sliding
condition.
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Figure 6. Measured values of the drive piston’s displacement and
calculated values of the coefficient of friction between the
composite bearing and shaft.
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b) Numerical

Figure 7. Friction force between the composite bearing and shaft.
Fp: friction force, DISP: displacement of driving piston.
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The fluctuation in the friction force generates a relative variation in the
normal force between bearing and shaft. Once the direction of the friction force
changes, the normal force reduces. The normal force at the counterclockwise
rotation increases up to 101.2 kN, while it decreases to 96.7 kN in the clockwise
rotation of the shaft (see figure 8).
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b) Numerical

Figure 8. Normal force between the composite bearing and shaft.
Fx: normal force, DISP: displacement of driving piston,
Fp: applied load by loading piston.

Figure 9 shows that the simulation results of the horizontal displacement of
the bushing precisely correspond with the test results. At the moment that the
shaft motion tends to overcome the static friction force, the bearing sticks to the
shaft. At this moment the bushing system moves forward or backward
depending on the direction of rotation. Once the contact condition changes from
rolling to sliding, the bearing slides back and the shaft slides against the bearing

285



Numerical and experimental analysis of friction of large scale self lubricating radial bearings

E Q TRANS-TRIO SCIENCES
e

in a fixed position. The horizontal displacement of the bushing varies between
+0.1 and -0.1 mm.

Figure . 10 shows the four steps of the radial stress distribution in the
composite bearing. Step 1 shows the free bearing without any loading. After
applying 100 kN force, radial stress in the bearing is built up. In the second step
the stresses are symmetrically distributed along the loading axis, and the
maximum radial stress in the center of the contact line equals 8.5 MPa. After the
loading is completed and reaches 100 kN, the shaft starts to rotate in the
clockwise direction. By rotating the shaft, the stress contours starts to move to
the left and at the sliding point remain fixed (see step 3), and when the shaft
rotates in the counterclockwise direction, stress contours move to the right (see
step 4).
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b) Numerical

Figure 9. FEM results of the horizontal displacement of the bushing,
H. DISP: Horizontal displacement of bushing,
DISP: displacement of driving piston
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Step 1: Free bearing

Step 2: Applying the vertical load

Step 3: Clockwise rotation of shaft

Step 4: Counterclockwise rotation of the shaft
Figure. 10. Radial stress distribution on the composite bearing.

5. Conclusion

Although the experimental method provides a general view of the friction force
of the composite bearing, it does not give enough data to investigate the stress

287



E Q [m TRANS-TRIO SCIENCES Numerical and experimental analysis of friction of large scale self lubricating radial bearings

distribution in the bearing contact area. Numerical simulations do not only
include the correct kinematics of the large-scale loading set-up, but provide also
the frictional shear stresses and normal stress distribution along the contact line
of the bearing and shaft.

Considering the cost of the experimental methods in large scale testing, these
simulation results are very helpful tools to analyze and predict the effect of the
mechanical design parameters and material properties of the composite bearing
in the journal bearings application.
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dimensional case
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Abstract

The origin of this work is a new method for the detection of exact and
approximate reflective symmetries. The new algorithm is worked out for 2D
case based on the fact that the symmetry axes cross the gravity centre.
Accordingly the exact and approximate symmetry axes are selected from the set
of the lines crossing the gravity centre. The searching algorithm is based on the
definition of the so called symmetry-parameter which is a rate of the symmetry,
a number between 0 and 1 without a dimension and its value does not depend on
geometrical measures. The value of 1 corresponds to the exact symmetry and a
value close to 1 corresponds to an approximate symmetry. A so called
symmetry-diagram is determined from the symmetry-parameters computed for
various lines crossing the gravity centre. The symmetry-diagram is applicable to
find every exact and approximate symmetry axis. Beside this, the symmetry-
diagram shows an individual shape property of the 2D figures, independently
from geometrical measures and so it can be the base of pattern recognition
methods being independent from geometrical measures.

Keywords

2D symmetry, characterizing algorithm

1. Introduction

The problem of symmetry detection has been extensively studied in numerous
fields including visual perception, computer vision, robotics, computational
geometry and reverse engineering. Early methods concentrated on finding
perfect symmetries in 2D or 3D point sets. Since the restriction to exact
symmetries limits the use of these methods for real-world objects, a method was
introduced for computing approximate global symmetries in 3D point sets, but
the complexity of the algorithm makes it impractical for large data sets. The
notion of approximate symmetry was formalized by expressing symmetry as a
continuous feature. The examination of the correlation of the Gaussian image
was proposed to recover global reflective and rotational symmetries. A shape
descriptor was introduced that concisely encodes global reflective and rotational
symmetries. Different applications based on generalized complex moments,

289



E 4 [m TRANS-TRIO SCIENCES New algorithm for symmetry recognition in two-dimensional case

grouping feature points, isometric transforms, planar reflective symmetry
transform and generalized symmetry transform are used in image processing and
mesh processing for detecting exact local and global reflection-symmetry and
rotation- symmetry of 2D and 3D images.

The symmetries are often not exactly present, but only approximately
present, due to measurement errors in the scanning process, and approximation
and numerical errors in model reconstruction during reverse engineering.
Beside this, different CAD systems often use different tolerances, and what is
symmetric in one CAD system may be only approximately symmetric in
another. To solve these problems new algorithms based on the B-rep model
were developed to find approximate rotational and translational symmetries of
3D forms built from simple geometric units and complex 3D forms in reverse
engineering.

In the most prevalent methods of symmetry detection a number of pixels are
aligned to the contour. The perpendicular bisectors of various pixel pairs are
regarded as hypothetical symmetry axes. The exact and approximate symmetry
axes are searched from the set of the perpendicular bisectors e.g. using a
symmetry map created from the parameters of the perpendicular bisectors, or
optimizing the gradient orientations of pixel pairs. In this paper a new method is
shown for the detection of exact and approximate reflective symmetry. The new
method is worked out for 2D case based on the fact that the symmetry axes cross
the gravity centre. Accordingly the hypothetical symmetry axes are the lines
crossing the gravity centre and the exact and approximate symmetry axes are
selected from the set of these lines. The searching algorithm is based on the
definition of the so called symmetry-parameter which is a rate of the symmetry,
a number between 0 and 1 without a dimension and its value does not depend on
geometrical measures. A so called symmetry-diagram is determined from the
symmetry-parameters computed for various lines crossing the gravity centre.
The symmetry-diagram is applicable to find every exact and approximate
symmetry axis. Beside this the symmetry-diagram shows an individual property
of the 2D figures, it is independent from geometrical measures but it is
characteristic of the shape of the 2D figure.

2. The algorithm

The algorithm consists of several simple steps.

We have proceeded from the fact that the symmetry axes of a 2D figure cross
the gravity centre because a symmetry axis divides the figure to two coincident
parts therefore a symmetry axis is a median, too. A median has to cross the
gravity centre.

The algorithm scans the multitude of the lines crossing the gravity centre and
studies how favourable these lines as symmetry axes are. If there is no exact
symmetry axis crossing the gravity centre, a best approximate symmetry axis
crossing an area surrounding the gravity centre is searched with similar method.
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Namely, since an exact symmetry axis crosses the gravity centre, an approximate
symmetry axis has to cross an area surrounding the gravity centre.
In the followings we detail the steps of the algorithm.

Step 1: Collecting of the input data
The contour of the form is needed for the computation.

The input data set is defined as a set of points aligned to the contour. Such a
point set can be created by the use of different tools of electronic image
processing e.g. the MatLab. In order to decrease the measure of the point set file
and the run time of the algorithm, the point set can be optimized: the points can
be fixed rare or thickened depending on the complexity of the geometry. Fewer
points are needed at greater curvature and more points are needed at smaller
curvature, Figure 1. Such an optimization of the input point set is not required,
but if we perform it, it can speed the run of the computer codes. The original
contour is approximated with the stretches determined by these points. We name
these stretches as perimeter stretches.

The input of the algorithm is the table of the points. The points follow each
other in a clockwise direction. Such a table can be created manually and also
recorded digitally from a pixel set.

X
Figure 1. Collecting of points (P;) on the boundary.

Step 2: Determination of the gravity centre
We determine the gravity centre of the 2D figure with the method used in the
geographic information systems. In order to compute the area of the 2D figure
trapeziums are defined so that the points aligned to the contour are projected to
the horizontal axis of the coordinate system, Figure 2.

The area of the i" trapezium is:

Ai — (Xi+1 =X )'Z(yi+l + yl) (1)
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where (X; , yi) and (Xi+1 , Yi+1) are the end points of the i" perimeter stretch.

The points have to follow each other in a clockwise direction, in contrary case
a negative value is derived for the area. The coordinate system is defined so that
if the 2D figure is revolved around the gravity centre it always has to remain in
the first plane quarter.

The area of the 2D figure is the sum of the areas of the trapeziums:

A= i (Xi+1 — X )é(yi+l + yl) (2)

i=1

where n is the number of the trapeziums.

EMB
I R
X

Figure 2. Definition of trapeziums for the computation of the area
in the example of a hexagon.

The coordinates of the gravity centre are determined in general case by

xg-A:Ix-dA (3)

Yy-A=[y-dA (4)

In our case (because of the trapeziums) the integration reduces itself to a
simple summing up:

X = Z{(yi ~ i) b+ 30 )} (5)

6-A

Y, = Z{(Xm — X, ) (yi i Yiu— Y )} (6)

6-A
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Step 3: Scanning

The vertical line crossing the gravity centre is regarded as symmetry axis in the
case of an optional starting orientation of the 2D figure, Figure 2. The algorithm
analyses whether the 2D figure is symmetric for this hypothetical symmetry
axis. For this purpose the algorithm scans the figure with horizontal lines (so
called ‘measuring lines’) following each other with equal distances, Figure 3.
The hypothetical symmetry axis is vertical and the measuring lines
corresponding to the scanning levels are perpendicular to the axis namely they
are horizontal.

YTE‘“\Y_/EE_:-

x
Figure 3. The horizontal measuring lines

In the course of the scanning the so called measuring stretches are determined.
A measuring stretch is the distance between the vertical hypothetical symmetry
axis and the intersection of a measuring line and a perimeter stretch. In Figure 4
‘I’ and ‘r’ are the measuring stretches. In a horizontal scanning level there could
be more measuring stretches, as well.

The complete area of the 2D figure is scanned with measuring lines
proceeding from up to down, from the maximum (Y max) to the minimum (Y win)
vertical coordinate of the points aligned to the contour. The accuracy of the
method depends on the distance between the measuring lines: the shorter the
distance is the more accurate the result is, however it affects the running time of
the computer code as well.

U,

B

.4
Figure 4. Definition of the measuring stretches
in a simple case
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Step 4: Computing the symmetry parameter

The symmetry parameter Z shows the deviation from the perfect symmetry
numerically. This value between 0 and 1 can be a rate of the symmetry. In order
to define it we introduce first a Z, parameter for the K scanning level. In the
simplest case when there is one measuring stretch on the left and on the right
side of the hypothetical symmetry axis, Figure 4, Z, can be computed simple:

z,-1- abs(l-r) (7)

max

where:

"I’ is the measuring stretch on the link side of the symmetry axis,

1’ is the measuring stretch on the right side of the symmetry axis,

Lmax is the maximum of the measuring stretches in the course of the scanning.
Zy is defined so that:

— Z=1 if I=r when the k™ scanning level is symmetrical to the hypothetical

symmetry axis,

— Z=0 if 1=0 and r>0, or r=0 and I>0 when a measuring stretch does not
have a pair on the other side of the hypothetical symmetry axis which is the
worst case regarding the symmetry,

— 0<Z<1 when >0 and r>0 and the figure is not symmetrical to the

ypothetlcal symmetry axis, and the closer this value is to 1 the better the
k™ scanning level approximates the exact symmetry.

Since a ratio of lengths is used in (7) Z is a number without a dimension and
its value does not depend on the measures.

If there are more than 2 measuring stretches in a scanning level (Iy, I, ..., I, on
the left side and ry, 1y, ... , Iy On the right side of the hypothetical symmetry axis,
Figure 5) then |; and r; are ordered into pairs and Zy is defined according to (8).
Let us assume that there are more measuring stretches on the left side: n>m. In
this case the pairs have to be defined so that r;=0 for every I; i=m+1, m+2, ... , n
In general case Z is computed as the average of the expression defined by (7)
from the pairs:

1 : abs(l, —r,) (8)
n;[ Lmax j

where n is the number of the pairs in a scanning level.

The symmetry-parameter Z is defined as the average of Z,:

z=4 ©)
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where N is the number of the scanning levels (measuring lines) from Y max t0 Y in.
Since Z is defined with averages according to (7), (8) and (9), Z keeps the
original properties of Zy:
— the value of Z can change between 0 and 1,
— Z=1is the case of an exact symmetry,
— Z=0 is the worst case regarding the symmetry (e.g. the full figure is on the
left side of the axis),
— in the case of 0<Z<1 the closer the value is to 1 the better the figure
approximates the exact symmetry,
— Zis a number without a dimension, it does not depend on the measures, it
depends only on the shape.

| 5
1a LY

2 b)
!

Figure 5. Definition of Z, in general case

Step 5: Rotation of the geometry

After the determination of the symmetry-parameter for the starting orientation
the 2D figure is scanned by rotating the hypothetical symmetry axis, as well. The
computation is simpler if the hypothetical symmetry axis is fixed vertically and
the figure is rotated with small angles, step by step, Figure 6. The accuracy of
the computation depends on the steps (angles) of the rotation. After every step of
rotation the symmetry-parameter is computed.

.4
| \i“ B

Figure 6. Rotation of the 2D figure with small angles
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The method scans the entire 2D figure in such a way that it rotates the
examined figure by 180 degrees. Since the algorithm examines the figure both
above and below the gravity center, the rotation by 180 degrees means a
complete coverage.

Step 6: Evaluation of the results

The symmetry-parameter Z is computed for every rotational step. The values of
Z are saved together with the angles of rotation. After the full (180°) rotation a
diagram is drawn where the independent variable is the angle of rotation and the
dependent variable is Z. From this diagram the results can be evaluated. Let us
name it symmetry-diagram. Exact symmetry exists where Z=1 and the closer Z
is to 1 the better the figure approximates the exact symmetry at a given angle.

Yl

X o e w 135 W o !
Figure 7. The definition of the symmetry-diagram

The symmetry-diagram of a square can be seen in Figure 7. The lines signed
with numbers (1, 2, 3, 4) are the exact symmetry axes of the square and
accordingly these correspond to the angles of rotation where Z=1 (a=0° or 180°,
a=45°, a=90° and a=135").

The symmetry-diagram shows an individual property of the 2D figures
independently of the fact whether the 2D figures are symmetric (approximately
symmetric) or not. Since Z is independent of geometrical measures the
symmetry-diagram shows the nature of the shape of the 2D figures: it is the
same for similar 2D figures having different measures, but if there is a smallest
change on the shape of the 2D figure the symmetry-diagram changes, as well.

We show examples for the individuality of the symmetry-diagram in Figure 8.
Three variously modified squares can be seen and the symmetry-diagrams are
different, as well. In Figure 8a the corners of the square are cut, the number and
the place of the original symmetry axes have not changed but the minimum
values have increased from Z=0.58 to Z=0.65. In Figure 8b a part of the square
is cut out, only 1 symmetry axis has remained and a weakly approximate
symmetry axis signed with number 3 can be found at a local maximum of the
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diagram. The other two local maximums signed with number 2 and 4 correspond
to only very weakly approximate symmetry axes. In Figure 8c several small
parts are cut out from the square, the exact symmetry axes have not changed but
the curve between the maximums is basically other.

Y Y| 1 /|
i ) ] Yi

x X <
a b c

Figure 8. Symmetry-diagrams for modified squares

The algorithm does not have limits in 2D case. It is applicable even if the contour
consists of several closed loops. In Figure 9 a circle with two holes can be seen.

1
/ z41 2 1
2 : s 08 i \ 4
Q O —
_;( 0 “ o 15 180 O [°]

Figure 9. Example of a 2D figure having a contour with several closed loops

It is obvious that the symmetry-diagram is the constant 1 function in the case
of a circle because every line crossing the centre is an exact symmetry axis.
Since there are two holes on the circle in Figure 9 accordingly there are only two
exact symmetry axes signed with number 1 and 2 where Z=1.

There was an exact symmetry axis in every example shown above, i.e. Z=1
value(s) could be found in every symmetry-diagram computed for the lines
crossing the gravity centre.

297



E 4 [m TRANS-TRIO SCIENCES New algorithm for symmetry recognition in two-dimensional case

But in the case when there is no exact symmetry axis, it is not sure, that the
best approximate symmetry axis can be found in the lines crossing the gravity
centre. However we can assume that the best approximate symmetry axis has to
pass near by the gravity centre in the case of approximate symmetrical 2D
forms. In this case it is advisable to repeat the Steps 3-5 so that the symmetry-
diagram is created for the points surrounding the gravity centre, as well. For the
best approximate symmetry axis we have to search the symmetry-diagram where
the maximum Z value can be found.

3. Example in the human therapy

We emphasize the significance of the study of symmetry properties on an
example in the human therapy.

There are accidents when the skull is injured significantly. In the course of the
reparation a prosthesis is designed and manufactured before the operation.
During the design the 3D CAD model of the prosthesis is created using the
model of the part remained unhurt. The design process can not be performed
automatically because every injury is different. A unique design is needed where
the symmetry plane (or rather the approximate symmetry plane) needs to known.
Knowing the symmetry plane the prosthesis model can be created by a simple
reflection.

Since our algorithm works for 2D figures we show the symmetry detection on
a plane section of the skull in the following example.

Zfl 2 1;

|

we ]

Figure 11. The symmetry-diagram computed from an MR photograph of the skull

In Figure 11 the study of an MR photograph of the skull can be seen. We have
fixed 20 points along the external contour as input data of our algorithm. We
have computed the symmetry-diagram for 6x6 points as a grid around the
gravity centre as it can be seen in the enlarged detail in Figure 11. The best
approximate symmetry axis (the maximum value of Z) was found in the
symmetry-diagram computed for the gravity centre shown in Figure 11. In this
symmetry-diagram we have got the local maximum in two places. In the position
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denoted by number 1 Z=0.95, thus, it is close to 1. The corresponding
approximate symmetry axis is denoted by number 1. It is remarkable that even in
the position denoted by number Z=0.97 which is less considered to be
approximate symmetric.

4, Summary

The new algorithm gives a new possibility to detect exact and approximate
symmetry axes of 2D figures. Beside the known methods of symmetry detection
the new algorithm define the so called symmetry-parameter which can be a rate
for the symmetry using a parameter between 0 and 1.

The symmetry-diagram created from the values of the symmetry-parameter
computed for various lines crossing the gravity centre is independent from
geometrical measures and it shows an individual, characteristic shape property
of the 2D figures, which can be the base of a pattern recognition independent
from geometrical measures.
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Abstract

Further improving the previous models describing the operation of planetary
ball mills the study determines the impact energy transmitted towards the
material during the milling and the milling power. It points out relationship
between the ratio between the angular velocity of the sun disk and the vials, and
the geometrical parameters of the mill. By exploring the relationship between
the model created for the milling process taking place in the planetary ball mill
and the milling parameters depending on the mill, and using the calculations
executed, data more authentic than previous ones can be obtained on the energy
transferred to the mill product during the milling process, and on the efficiency
of milling. This information provides a more plan able mechanical milling for
researchers decomposing materials in planetary mills, and for specialists dealing
with the improvement and application of these technologies.

Keywords

high-energy planetary ball milling, energy transfer

1. Introduction

Nowadays, there are several possible solutions for producing nano-structure
materials using conventional and/or newly developed technologies of material
science. During these processes the size, structure, composition, and
morphological characteristics of “grains” and/or “phases” can be altered with the
aimed selection of technological parameters. Possible ways of production
include mechanical milling having been applied for decades in the production of
powder materials. The improvement results of different type mills (e.g. the
possibility of higher energy input) have made it possible by now to produce
nano-crystalline powders by mechanical milling. However, it is inevitable to
have adjustability more accurate then before, for purposive milling and the
quality insurance of products intended to be produced by milling.

During the milling process (fig. 1.) carried out in the planetary mill, the impact
velocity and the angle of impact has a significant effect on the energy transferred
to the powder particles to be milled by the flying ball. Consequently, the
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movement and impact of the balls are important factors, on the inspection of
which thorough mathematical studies have been carried out.

According to Lii and Lai the greater the angular velocity of the sun disk, the
greater the increase in the impact velocity as the detachment velocity of the balls
increases and the flying time shortens. This impact velocity is an important
parameter, which determines what energy acts upon the powder particles during
the mechanical milling.

Figure 1. Process parameters of the planetary ball mill
dy: the diameter of the balls, m,: the mass of the balls, Ny: the number of the balls,
1,: the distance between the rotational axes, r,: the radius of the vial,
m,,: the mass of the powder, ,: the rotational speed of the vial,
o,: the rotational speed of the sun disk

Besides and before Lii and Lai, several authors and studies had already dealt
with determining the energy transferred by the balls to the material to be milled.
The study of Burgio et al. has been considered initial basis for many when
determining the impact velocity of the ball and the energy transferred to the
powder. Analyzing the above studies it can be stated that when determining the
detachment angle and the detachment velocity they do not take into
consideration forces resulting from relative movements (e.g. Coriolis force).
Impact energy is described as the difference between the kinetic energy
calculated for the moment of detachment of the ball and the velocity of the ball
after the impact. No information is given on determining the location of the
impact. Although, they give data of exact (measured) speed and detachment
angle for a certain setup of mill type Pulverisette P5 and different ball sizes, but
they provide no calculated impact energy.

P. Le Brun et al. published another relationship on determining the
detachment angle of the milling ball, and they highlight the importance of the
speed rate (ratio) between the sun disk and the vial, which influences the
trajectory of the balls, and even the amplitude and ratio of the impact and
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friction energy, which can be transferred to the material to be milled. In their
study, Abdellaoui and Gaffet present the change in impact energy and power
related to the angular velocity of the sun disk primarily in connection with
planetary mills types G5 and G7 (but also for other milling devices) however,
they do not give their calculation relationships. In another study relying upon the
work of the above mentioned Burgio et al. they present calculation correlations
for determining the impact energy, but no information is found on the location of
the impact, furthermore, they do not take forces resulting from relative
movements into consideration either in their calculations. Magini et al. give a
simplified correlation for determining impact energy in their study, and they
focus on inspecting the collision between the ball and the material to be milled.
lasonna and co. Magini in one of their studies examined energy transfer and
power consumption during the milling process. They measured electric and
mechanical power consumption on a Fritsch P5 milling device. During milling
Fe-Zr powder they examined the influence of the number and size of balls, and
that of the quantity of powder filled-in on the power consumption.

Several researchers have already dealt with modelling processes taking place
in the planetary ball mill (Fritsch P4) used during our work, however, literature
dealing with the relationship between the milling parameters regulating the
process and the energy transferred to the material to be milled is incomplete.
Taking this fact into consideration, it is reasonable to further clarify processes
taking place in the planetary ball mill, and a more accurate exploration of the
influence of some important milling parameters.

2. Kinetic modelling of a planetary ball mill

The description of forces acting on the milling ball in the planetary ball mill is
based on the study of Lii and Lai. After a verification the calculation mentioned
can be used as an initial point for the model intended to be established.

Our contributions concerning the kinetic modelling of the mechanical milling
process of the planetary ball mill was started with the following statements and
simplifying assumptions:

a)the milling ball can detach from the wall of the vial, when the force acting

upon it, pointing towards the radius of the vial is zero,

b)the new junction point of the ball and the vial acts as a point of impact,

disregarding the elastic impact of the ball,

c)there is no relative movement (sliding) between the ball and the wall of the

vial before the point of detachment,

d)the resistance of the medium within the vial is neglected,

e)any rotation of the ball is disregarded.

Modelling steps are as follows:

— Description of motion and force conditions
— Determining the detachment angle
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Determining the detachment velocity
Determining the impact point

Determining the impact velocity

Determining the impact energy and power
Calculating planetary ball mill working curves.

3. Application of the model and calculation results

Using the calculation method the milling energy values of FRITSCH P4
planetary ball mill applicable for milling experiments were determined by
different configuration parameters. Different sun disk rotary speed values and
ratios were taken into consideration by the calculations and at the same time the
inspection of the full rotary speed range of the mill was aimed at, together with
the path of motion of the balls to comply with the impact and friction method,
that 1s ilimit <i < icritical-

Since calculations were carried out on a given mill type, certain initial
parameters were given. These were mainly the features of the device:

— distance between the sun disk and the vial: r,=0,125m

— sun disk rotary speed range for test: n, = 50— 400 rpm

Selection of further initial values determined by us was carried out based on
the equipment available for the mill:

inner radius of the vial (80 ml): r,=0,0325m
radius of the milling ball: r, = 0,005 m
density of the milling ball (stainless steel): p» = 7800 kg/m’

Knowing the above determined geometrical parameters (r,, r,), the extreme
values (ijimis icriicar) Of the ratio (i) can be determined, which indirectly influence
even the rotary speed of the vials together with the rotary speed of the sun disk,
concerning the inspected range. Extreme values of the ratio (7) are:

bottom limit: Limic = 0,96

upper limit: Ieritical = 2,96

Calculations using the model were carried out using values i = 1; 1,5; 2; 2,5; 2,96.
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Figure 2. Change of the impact energy (E,) as a function of the sun disk
rotational speed (n,,) and the ratio (i)
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In the first part of the calculations, that is by the determination of the
detachment angle and the detachment velocity it was found that in case of fixed
geometrical conditions (r,, r,, ) and ratio (i) identical detachment angle values
belong to an increasing sun disk rotational speed, while the value of the
detachment velocity increases in ratio with the rotational speed of the sun disk.
After calculating the impact angle and velocity, the theoretical impact energy
values belonging to the different sun disk rotational speed values were
determined using the relationships of the previous subsection, for a single ball.
The calculation results are shown on fig. 2.
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Figure 3. Changes of the impact energy (E,) as a function (Ey(i)) of increasing
the ratio (i) by different rotational speeds values (n,,)

It can be seen in fig. 2. that by increasing the rotational speed of the sun disk,
the value of the impact energy increases squared up to a certain ratio. It can be
seen that by i=2,96 speed ratio the curve of the impact energy is between the
curves i=1,5 and i=2. This results in that probably there is an optimal value
between the values i=2 and i=2,96, where the impact energy is the greatest
possible. This assumption is verified by the set of curves shown on fig. 3. The
curves indicate the change of the impact energy by increasing the ratio,
belonging to different rotary speed values of the sun disk. Looking at the
diagram it can be found that by given geometrical conditions and configured
parameters, the greatest impact energy can be achieved by approximately i=2,5.
If the impact frequency of the balls can also be taken into account, which is
mainly the function of the detachment and impact angles, then the power of the
milling process can be determined.

When inspecting theoretical power values belonging to different sun disk
rotational speed values and velocity rates (fig. 4.), it can be found that greater
and greater power values belong to increasing rotary speed values. The curves
calculated are cubic ones.

In opposition to the changes of the impact energy shown in fig. 2., it can be
observed on fig. 4. that the values of the curve belonging to i=2.5 are lower than
those belonging to i=2 and i=2,96. The result is surprising as lower power
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P——

belongs to a velocity ratio causing the greatest impact energy. This can be
explained by the fact that in the case of this ratio (i=2,5) the impact frequency is
lower, that is the balls spend more time on the wall of the vial.
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Figure 4. Changes of the milling power (P) as a function (P(n,)) of the sun
disk rotational speed (n,) and the ratio (i)
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Figure 5. Changes of the milling power (P) as a function (P(i))
of increasing the ratio (i) at different sun disk rotational
speed values (ny)

If the milling power is represented as a function of the ratio, at different sun
disk rotary speed values (fig. 5.), then the optimum velocity rate from the aspect
of milling power can be determined. On fig. 5. this is around the value i=2,96.

Using fig. 9. and fig. 5. such an optimum range of ratio can be highlighted,
which is maximal from the aspect of both the impact energy, and the milling
power. This range, by the above determined geometrical parameters, is without
doubt near i=2.

The calculation results of the model we have established were determined for
given initial parameters, demonstrating the applicability of the method, it is still
suitable in case of arbitrarily selected other configuration and geometrical
parameters for characterizing the milling process in a planetary ball mill.
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Effects of the size changes of the milling ball and the vial

The above described results were determined by fixed ball and vial sizes. In
order to inspect the effect of the size changes of the milling set (ball, vial) on the
impact energy and power, further calculations were carried out.

First only the size changes of the vial were inspected by the same ball size,
then the size of the ball was increased, and the size of the vial remained
unchanged, and finally, both the ball size and the vial size were doubled.

The calculation results well demonstrate and reflect the immpact energy
increase expected. The results show that the increase in the vial size does not
have such an effect on the increase of the impact energy, as the change of the
ball size. By increasing the size of the milling set (ball, vial) together results in
the greatest impact energy.

Increasing the dimensions of the milling set undoubtedly results in the
increase of the milling power, however, this change is not of such degree as in
case of increasing the impact energy. This is even proved by table 1. comparing
the calculation results.

Table 1. Results of the calculations inspecting the effects of ball and vial size

simple vial double vial double ball double vial
and ball size size size and ball size
Impact energy [mJ] 24 76 236 332
Impact energy increase
in per cent [%] 100 315 978 1375
Milling power [mW] 1494 1943 5626 6760
Mllhng powoer increase 100 130 377 450
in per cent [%]

4. Summary

A calculation method was introduced above on determining the performance of a
planetary ball mill. In chapter 2 the calculations of Lii and Lai were used as a
starting point. Calculation results described in chapter 3 were determined and
shown on a certain type of mill (Fritsch Pulverisette 4) and given geometrical
conditions, but the model can be used for any planetary ball mill, observing the
marginal conditions we have also indicated.

As a summary, it can be stated on the effect of the sizes of the milling ball and
the vial on the impact energy and power, that if further milling sets are available,
then using those may help gain further energy from our planetary ball mill (by
the same sun disk rotary speed and ratio), increasing the efficiency of milling
and decreasing the time of milling.

Based on the calculation results and the charts (fig. 3. and 5.) an optimal mill
configuration can be defined, which provides for the most effective work from
the aspect of the milling task. In this way, for example in case of milling certain
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materials, smaller impact energy can also make fast work possible, protecting
the milling set and the loading of the mill.
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Abstract

Engineering plastics are more often applied in industrial systems, where moving
parts are subjected to severe friction and wear processes, furthermore chemical-
and mechanical effects mean extra load. Compared to metals engineering
plastics are used because of their good mechanical, chemical and tribological
together with increased corrosion resistance and vibration damping ability.
There are many sorts of technical polymers available, of which machine
elements can be produced. To choose proper polymers for a given engineering
application is not a simple task owing to many different parameters influencing
the performance of a polymeric working element. We made some new re-
constructions enhancing the advantageous material properties for a given
applications. The new solutions apply machined parts made of semi-finished
engineering platics (rod, plates). At this article we show some interesting
solutions mainly done from cast polyamide 6.

Keywords

re-construction, engineering polymers, machined parts, cast polyamide 6

1. Solutions

Support pad of automotive crane jib, made of cast polyamide 6, replacement of bronze
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Mill for fruits. Milling drums and gears are made of cast polyamide 6.
Original parts were made of steel

Cast polyamide 6 bolts (male- female) for Cast polyamide 6 V-belt pulley for circular
fixing filtration textile saw. Earlier steel was used.

Spherical bushing made of cast polyamide 6.
Replacement of fast wearing POM C bushing.

311



E ﬁ TRANS-TRIO SCIENCES Re-constructions with engineering polymers

[mpr—————

Cast polyamide 6 rollers of moving gates. Originally steel was applied.

Polyamide 6 pulley for flat-belts. Cast iron and wood was applied formerly.

Airport transporting belt: support wear pad, made of UHMW-PE HD 1000.
Formerly steel and other polymer was applied.
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UHMW-PE HD 500 material, a part of bread slicer. Originally CrNi steel was applied.

Regulating rollers in wood processing machine, made of cast polyamide 6. Earlier steel was
applied.
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Wearing leg-support of food processing
machine, made of cast polyamide 6. Formerly
steel was used.
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Casting mould, frame, in milk processing.
Made of UHMW-PE HD 500. formerly CrNi
steel was used.
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Rajmund LEFANTI, Jézsef JANIK, Gabor KALACSKA

Szent Istvan University, Faculty of Mechanical Engineering

Abstract

A practical problem of the gear-leg support of a small airplane can occur often.
The complex premature failure of the bushing — mechanical fatigue and surface
wear phenomena - caused the breakdown. To establish the proper reconstruction
design we completed many data registering measurements with a real airplane in
landing- and take-off, as well as flying and taxi mode. Knowing the vibration
and displacement values we set the real modelling conditions. Beside the tri-
axial vibration acceleration measurements we designed a bench test model for
further laboratory modelling of the possible construction versions. Before the
laboratory bench testing FEM analyses supported the reconstructions, for which
we applied some new polymeric materials, too.

Keywords

acceleration measurement, tribology, reconstruction

1. Introduction

The engineering plastics gain ground on many areas of transportation. This
evolution also plays role in aerotechnics. The ,,ultra light structures” conception
is prevailing concerning not only the large aircrafts and rocket-propelled
fighters, but the small airplanes, too. With maximum concern of safety, the
renovation with reconstruction is evolving regarding the civil engaged small
airplane in case of the simple machine parts. First, main areas of this are the
rubber/steel combinations, sealings, mechanical damping elements. At this field
of that more Hungarian license was also born.

2. Plastic applications in the aviation engineering

Plastic machine elements are often used in the aviation engineering. A special
segment of the engineering activity at that field is the maintenance of single-
engines or small aircrafts having some critical elements. The figure 1. shows
new single-engine polymer aircraft, which is designed and built on different
composite polymers. The previous releases of such a kind of planes are
considered as transitions between the traditional metal-based constructions and
the new composite models. That means in the age between 20 — 30 years of a
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small aircraft we can already find some hardwearing, strongly loaded polymers
elements.

Figure 1. Polymer aircraft

Plastic machine elements in small plane
Based on the list of the elements produced in the 1960-70-years regarding the
commonly used CESSNA family, we can classify the plastic applications.

— Average contact pressure (10 — 50 MPa) applications (e.g. cable sheaves
coming from the civil and mechanical engineering). Mainly tough
polyamides are applied for that. (figure 2. aileron, side and depth rudder
plate moving rope disc)

— High contact pressure moving surfaces: typical the rolling or rolling/sliding
polymer surfaces mainly mating with steels.

— Pure sliding surfaces subjected to severe dynamic impacts (e.g. slide
bearings and linear supports of landing-gear leg silent block)

— Covers and housing elements (PP, PE). Typically they are not mechanically
loaded but light-weight is essential for them.

It is a fact that many of the small airplanes between 20 — 30 years are still in
use worldwide. Comparing the engineering materials built in those old aircrafts
to the new design versions shown in figure 1. we can find some typical
engineering places to be resolved or redesigned during the maintenance.

3. Landing-gear leg support

Studying the register of the maintenance activities a weak point can be found at
CESSNA 172 aircraft. As time goes by the reliability of the landing-gear leg
support (figure 2, 3, 4) becomes critical and after a certain number of friction
load the original support pad cracks and wears extremely fast. This part is
considered to be important aviation safety point, nowadays we have a good
engineering possibility to renew the old structure with better and higher
performance engineering polymers.
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Landing gear leg

Figure 2. Position of landing gear leg on Cessna 172 type aircraft

The figure 3. and figure 4. show the landing-gear leg support.

Figure 3. Landing-gear leg support in the aircraft

\

. Figure 4. The failed PUR component

4. Cases of landing-gear leg load

To examine the different load effects of the gear leg support and to follow the
time function of those loads some basic data needed that can be used for FEM
analyses, too. Knowing those conditions a dynamic alternating and so-called
macroscopic fretting test can be launched with a tribotester built at Szent Istvan
University, Institute for Mechanical Engineering Technology.
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There are four main condition categories of the operation of landing-gear
support. These cases origins from the normal use of aircraft:

— Stress during taxi mode (this load is applying with an even run on ground
surface of the aerodrome: bitumen, concrete, grass)

— Stress during flying mode (large “fretting”;)

— Stress during take-off (From standing to take-off momentum. Facing of the
soil. The craft would run on : bitumen, concrete, grass;)

— Stress during descent (from the first touching of ground to stop that would
be on: bitumen, concrete, grass.)

Measuring system
To register the vibration load — as a real mechanical effect of the operation — the
only legal solution was to mount a vibration sensor on the gear leg surface. |
applied the register of accelerations during vibration movements.

As it it is shown in fig. 5 and 6. tri-axial sensors were fixed on both legs of the
plane.

Figure 5. Loads of the unproved is tendencies

Figure 6. Acceleration sensors on the landing gear leg

The measuring system placed into the plane body during measurements
consists of the followings: (Figure 7.):
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— SPIDER A/D amplifier;

laptop;

— accumulators with 12V/100Ah;

— interface adapter with 12/220V.

tri-axial acceleration sensors on the landing gear leg.

12V / 220V

12
M converter

‘ Spider is a measuring system H Laptop H Output

Left acceleration sensors ‘ ‘ Right acceleration sensors ‘

‘ Inside acceleration sensors ‘

Figure 7. The schematic picture of the system

The measurements were carried out in different flying phases: during landing,
take-off, taxiing and flying. The data collection was repeated 15 times in each cases.

Results of measurements

Some typical measured data are shown in fig. 8 and 9. The right side leg tri-axial
sensors performed the graphs in “Z” direction. Fig 8. shows that the beginning of
the measurement was in the fying mode (approx. 10 seconds in the air). The
wheels were not in contact with the ground. After 10 seconds the touching of the
grassy runway can cause high mechanical load as vibration movements of the
gear leg. During the register of fig.8 graph the speed was about 30 m/s.

571_Z Right

13
11

g [mis’]

[ i R L A & )

Time [s]
Figure 8. Right side landing gear leg z direction vibrations: flaying-landing.
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In fig. 9. the landing process can be monitored. First moments of touching the
ground cause near “10xg” acceleration. As slowing down a damping effect of
the airplane body can be monitored. The basic waves of the acceleration function
are generated by the uneven surface of the soil/grass, but the decreasing
tendency of “g” values is due to the decreasing speed and mechanical damping.

SZ1_ZRight

13
11

Qi = Lo o
|

g [m/s]

W o= D =

Time [s]
Figure 9. Right side landing gear leg z direction vibrations: landing.

Modified bushing of gear leg

In fig. 10. the original leg support can be seen. The steel leg — as a tubular shaft
— is supported by a PUR bushing pressed in to the metal housing. The end of the
leg is fixed into the plane’s body by means of bolt joints without flexibe
element. The real movements (vibration) of the leg in the housing are more
radial than axial. Due to this effect the failure of PUR (fig.4.) is experienced
caused by fatigue and friction. Knowing the relatively high friction values of
PUR against steel, often there is no real surface friction in the contact area just
elastic deformation with high stresses and accelerated fatigue process. The final
result of those the fracture of the PUR bushing.

Hollow shaft

4 = =

(landing-gear leg) - ¥4 23

Figure 10. Section of the original underpinning
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Figure 11. Section of a modified underpinning

With the modified leg’s support shown in fig. 11. the high vibration stress
level is reduced. By means of an internal PET/PTFE composite bushing the
small oscillatory movements are guided into the real friction because of the low
PET/PTFE/Steel friction and wear rate. The PET/PTFE ring is bedded into a
flexible PUR ring. Those together are pressed into the steel housing. In that way
a complex material model works against the operating load.

To prove the applicability of the new construction a laboratory test project is
launched.

5. Tribology modelling of the constructions

Taking the vibration effects into account, we designed a laboratory modelling
system. That model (fig.12) performs oscillatory movements when the
acceleration, the normal load, the amplitude and frequency of the movements
can be adjusted.

Set of the test inputs:

The already shown acceleration extremes are discovered by the real operation
measurements and “10xg” acceleration is fixed as real top value. Also the
frequency range can be established from the graphs.

The mechanical load effects can be calculated and put into the FEM model
together with the material laws determined by measurements. The FEM model
of the constructions gave the real deformations as the possible values of the
amplitude of the movements.

The experimental setup of the reciprocating laboratory testrig can be seen in
fig.12. The reciprocating sliding friction is created by a standing pin material
sample, which has a relative motion against the reciprocating grinded steel plate
in conformal contact. The tested material sample (pin) is fixed to the specimen
holder. The oscillating motion of the steel plate (0 — 23 Hz) is provided by a
controlled variable speed electrical motor through an eccentrically power
transmission for the adjustment of the stroke. The tested steel plate is fixed to
the moving steel plate holder that is supported by a roller guide way. The friction
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force is measured during the movements. The testrig is equipped with a manual
loading system, which consists of the weights and the loading frame. The normal
displacement of the pin specimen towards the steel plate, as a result of the wear
and deformation, could be measured by a contactless sensor. The pin has a
diameter of 8 mm and length of 15 mm while the steel mating plate sizes is to
maximum 80 mm — 150 mm. The loading system provides different normal
loads: from 48 to 580 N. The possible maximum of acceleration can be set is

,A2xg.”

Loading frame

Slide with smooth guideway

Single point load cell

oving steel plate
ixture

Electrical motor

Figure 12. Upright cylinder on plate test rig

By means of the test system the different pin samples — three different PUR
versions, PETP/PTFE, and PETP/PTFE/PUR combination — can be tested under
the preliminary determined conditions (real airplane acceleration measurements

and FEM model).
The measurements are in progress now.
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Abstract

This article is about some environmental effects of cooling/lubricating materials and
suggests some potential development directions of the application technologies. The
construction of the emulsol is also introduced. The technology of the emulsion
demolition, with a special care about the emulsion demolition with inorganic acids
and inorganic salts is highlighted. Regarding cooling/lubricating materials, key
expressions are: the polluting and health damaging effect, storage and transport, too.
We present the developing directions of cooling lubricating technologies.

Keywords

cooling/lubricating, emulsol, environmental, application technology

1. Introduction

Cooling-oiling liquids (COL) are special subsidiary materials primarily used for
metal-working —chipping and forming. These are named subsidiary materials, as the
role of COL-s in working is indirect, therefore they can’t be found in the outcome.

In the case of several procedures cooling effects of machine-oil wasn’t
sufficient, for this reason a fluid needed to be found that still has satisfactory
oiling effect, but it also has a significantly better cooling effect than oil.

Among a lot of developing directions usage of water seemed to be the most
obvious solution (a cheap material), which has approximately four-times better
cooling effect than oils, however its direct oiling-effect is marginal and its
suitable temperature area is narrow. Only one solution remained: if you mix
water with oil, depending on mixing ratio you can have a compound having an
optimal oiling, cooling and cleaning effect.

Emulsion is qualified as a dangerous chemical material, so its usage and the
use of the out of used is ruled by the Chemical Safety Law (2000.year XXV.
law) a 44/2000 (X11.27.) EiiE-order, and the 98/2001. (VI. 15.) Government and
the 16/2001. (VIL. 18.) K6M order.

2. Emulsion dissolving

Emulsions become really dangerous waste, if they are handled according to our
national customs (without proper attention). The main groups of known
procedures are summarized in table 1.
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Table 1. Possible working methods of oily emulsions and oleaginous wastewater

Physical methods Chemical methods Physilcla;ltilcslgsmlcal l\fiztckz)(;gls)(zlii}iﬁ?t
mechanical with inorganic acids floated biological
thermal with inorganic salts electro-chemical floated firing

bio ultra filtration | with organic emulgator adsorption deposition

Among emulsion dissolving methods we introduce decomposing method with
inorganic salts and metallic salts, as these are widespread in Hungary and
simultaneously this method is the most dangerous one for the environment.

Emulsion dissolving with inorganic salts and metallic salts

Chemical methods neutralize charge developing on the edge surface of oil-water
influencing emulsions stability, as its result coagulation happens. In the simplest
case- in case of pH sensitive emulsions — working with acids, reaching a certain
pH value emulsion decomposes and phases divide. Aciding is often not enough
for dividing emulsions, so as a pre-division and pH setting is used, then actual
emulsion dissolving happens with feeding polyvalent metallic-salts. The II. and
III. value metals (Fe, Al) with their strong will cations the anionic emulgator
solar proton event ensues, neutralizing the two phases surface charge. The
arising acid wastewater needs to be neutralized afterwards. Neutralizing can
happen either with lime cream or with sodium hydrate.

Metal ions form large surface hydroxide flakes and on these large surfaces
they adsorb oil and grease coagulant to fine particles. This method is called
adsorb coagulation. Similar method is emulsion dissolving with iron chloride. In
terms of chemical costs this method can be considered economical, but because
of the increasing noxiousness costs of oleaginous hydroxide mud produced in
relatively high amount, this is becoming a more and more expensive one. The
oleaginous mud occurring in relatively high amount needs to be dewatered after
condensation. Dewatering can happen with filter process or cenrifugalization.
The remaining mud depending on its oil concentration is undamaged with firing
or deposition and with biological decomposition. Although you have to consider
the fact that some new big stability emulsions can’t always be dissolved with
this method. In case of mixed collected emulsions dissolution different
characters of emulsions can be used favourably as different types of emulgator
weaken stability of emulsions, which means that during storage big amount of
emulsion can separate out swimming up to the surface of emulsion.

Naturally this procedure depends on other factors, too: first of all the
proportion of insoluble and soluble pollution in the emulsion. You have to
consider developing depot storage and motive processes of emulsions; what’s
more you have to help emulsions dividing into water and emulsol. With
developing technical equipments, using coalescences separator (fig.1.) and
skimmer (fig.2.), as well as making use of gravitational force intensity of
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separating oil and water can be increased. When at least two major quality of
emulsion is not suitable for requirements it is considered to be incapacitated and
replaced. The replaced emulsion is stored, and then it is decomposed locally or
in a central decomposer.

light phase
| - . |
liquidlevel — _ | M D an F’_’P;_/:I separator
| 7
e e
separating - ‘ H |~ T lock plate
plate batch separation
NN n
L)
dispersion g " releasing of
flowing ’ 7E’ o / J —) o B 3 the dark phase

d

releasing of light phase through
a controllable skimmer

Figure 1. The coalescences separator

The operation of the coalescences separator:

Emulsion is installed into the separator where a guide vane changes the direction
of current of the material in the contrary direction with gravitation. The light part
of oil phase granulates significantly and it is led out through a controllable
skimmer. The dark phase is guided towards through a baffle, meanwhile
crushing of the roughen grains starts. Again two phases separates gradually: a
fine one and rough one. The fine phase can be guided towards with a skimmer
again, the darker and darker black phase flows towards through a baffle, and
then it leaves the system through a releaser. The emulsion collected this way,
which contains about 15-20% water, mixing with emulsol can be used for setting
in concentration, if it is clean enough and doesn’t contain foreign oil. This
equipment needs to be often cleaned, yet it is easy to fulfil as built-in elements
can be simply pulled out.

Working of the skimmer:

Skimmer is used for continuous removing of foreign oil or emulsion separating
from emulsion floating on the liquid surface. On one hand the skimmer’s effect
is based on oils and oleophilic materials, on the other hand different adhesion
power in water. Disk and ligamental skimmers are spread in practise. (fig.2.).
The material of disks and bands is oleophilic carrier, onto which oil grains lay on
during moving. From skimmer disk a pulling-down, from skimmer band two
pressing rollers send the stuck oil away before it dives into liquid again.
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Figure 2. Operation of skimmer

3. Environmental and health harm of emulsions

The 98/2001 (VI.15.) Governmental regulation and the 6/2001 (VIL.18.) KoM
order considers emulsions dangerous waste therefore they need special usage.
The problem is that firms specialized for carrying and destroying refuses oil
charges a very high price for this work. So we often have to face the fact that
used emulsion is poured into sewage system illegally as the stronger influence of
environmental protection an environmental technology has been started, with the
help of this the amount of generated dangerous waste can be decreased.

Workers’ skin working with machine tools gets into contact with COL to a
certain extent. COL doesn’t cause any rashes or illnesses on healthy uninjured
skin. Workers often clean their hands with cloth polluted by steel wool or
grinder dust, in these cases sharp metal particles harm cuticle of the skin where
COL can get under the skin (subcutaneous injection), where it causes
inflammation The way of contact and possible harmful effects of COL and
workers are introduced in the following. The way of contact can be:

— through air: in form of fog, mizzle, steam, and aerosol (harmful effect: eye

irritation, respiratory irritation, allergy, chemical lung cancer, illness of the
digestive system)
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— direct contact: With COL and/or solid surface covered with COL.
(harmful effect: eye irritation, skin irritation, skin illness e.g. allergenic
eczema, toxic degenerative contact eczema, skin-cancer, etc.)

Healthcare of workers connected to COL can be totally solved by hygienic
planning. In case of machine tools emulsion, as a two-phase disperse system,
softens paint covering, which blisters as a result. The blistered paint covering
becomes crackled, water phase penetrates through rifts and on the metal surface
it calls a very intensive corrosion layer into being. As volume of oxidised metal
is bigger sooner or later it forces the paint up. This phenomenon goes on still
total paint covering disappears.

In case of chip shaping —if not fog lubrication is applied- oil fog allowed
above the permitted level doesn’t develop. In such chipping workshops where
large amount of emulsion or diluted solution of COL is used you can count on
emulsion-fog development. It’s derived from the fact that heat of water
vaporization is more than ten times higher than oil’s and emulsions always
contain some dissolvers as instant additive or carried in with emulgator. We can
especially count on with large oil fog, if average temperature of emulsions
exceeds 60-Celsius degrees, where vaporization of water becomes more
intensive (development of secondary air polluting effect). Emulsion-fog is
vapour, mixture of light hydrocarbon components and dissolvers inhaling, which
can lead to mucous membrane injury, sickness and paint (chemical pneumonia).

Oil drips smaller than 0,5 um are less dangerous, as they aren’t able to stick to
throat and lung surface, namely at exhalation they get back to atmosphere. Oil
fog concentration of air MK is allowed to be (maximum work concentration) <5
mg/m’. (25/2000.(1X.30.) EiM-SZCSM order). Used emulsions are produced in
about 93 000 km” in the whole country, often they are made to travel several
times, therefore intensive soil pollution is inevitable. Because of water
component water emulsions can get into soil very deeply, where they can
accumulate.

4. Storage, transportation and demolition of emulsions

You have to take care of component storage. Let’s see e.g. water. Factories buy
quality water for producing emulsions, they transport it in, use it, then emulsions
are transported into a separator, where they are separated by some
environmental-polluting acid technology, the received water, with the help of an
adsorption coagulation technology, is freed from the finely dispersal oil and
grease particles to make is equal to 28/2004.(XI1.25.) KvVm order of
wastewater release demand then it’s poured into channels. Hydroxide mud
remaining in the last activity is extremely harmful and its undamaging cost is so
high that’s just unpayable.

In the country approximately 100000 tons of used emulsions are produced a
year, which are carried several times on the country road, during usage quality
changes are continuously checked with more and more expensive equipment, are
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separated by some expensive and environmental polluting technology, use some
extra technology to make water suitable to pour into drains.

Taking these facts as a starting point we have worked out energy-saving
distillatory equipment for water-regaining in the place of emulsion utilization,
with the help of which from used emulsion we can distil water locally, which as
a pre-treated component could be reused for emulsion making. With this
technology, 17% emulsion and handling costs of present component part price
would decrease with a third, to about 6%.

5. Developing directions of COL usage technology

,».Recycling” emulsion handling technology

The essence of new type emulsion handling technology (fig.4.) is, that with
developing an emulsion supply system we can ensure emulsion stability without
any special intervention. With this vulnerability of emulsion decreases yet
keeping steady productivity. We have to redefine lifespan of emulsions, which
isn’t from infusing them into machines to removing but continuous. So lifespan
isn’t to be determined by producing technology but usage time calculable from
material scales. This makes possible leaving the so far separately employed —in
many instances distant from utilization place — mainly chemical separation and
in the place with continuous, economical discharge of water expropriation we
can get back 92-98% water of emulsion, as a valuable component. New
technology ensures for materials not to go through the factory but circulate in it
considering to possibilities.
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Figure 3. ,,Recycling” technology conceptual picture
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Elements of ,,RECYCLING” technology:

accepting tank with 800-1000 pm and 100 pm sieve filter

— prehandling tank with coalescence separator

clean tank

serving daily tank, in which you have to ensure technical level identity of

emulsion for decomposition...

Quality requirements of emulsions for separation are the following ones:

— emulsion has to be unified, its mechanical pollution is 0,2 %

— air inclusion free (air inclusions spoil heat utilization)

— quantity of mechanical polluters is under 1 g/cm’® and their size is bigger
than 0,5 pm

— material composers and their components can’t be connected to water

— particles connected with secondary chemical bidings have more or less
continuous but decreasing repelling strength

— emulsion fed into the regainer to be an incoherent emulsion system, without
exudation of disperse phase on its heat-changing wall.

Development of new sliver separating technology

Among developing directions going on at present MQL lubrication is a direction
which introduction we can reach significant and instant results, but its real value
is given by the fact that it’s one of the factors of quantum leap change in
mechanical engineering technology we are facing in some year’s time. With
MQL lubrication minimizing lubricators besides saving lubricator prices, caring
time of work piece, implement, and machine tool can be decreased significantly.
Generally speaking we can say that MQL lubrication can be used successfully at
present, where producing technology can be optimized by ruled and local
cooling, besides increased profitability and decreased environmental burden.
Results of this new developing direction make creating new chipping
technologies necessary. Target programme of my in hand PhD dissertation is
getting up such chipping technology. The new chipping technology ensures
simultaneously efficiency of chipping and minimizes harmful environmental
effects. Tests are going on — Szent Istvan University, Mechanical Engineer
Faculty, Engineering Indusry Technological Institution -, where special attention
is given to MQL lubrication and reduction of environmental effects, which is
realizable with combining the well chosen MQL lubricator.
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