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1. INTRODUCTION AND AIMS OF THE DOCTORAL DISSERTATI ON

1.1. The significance of the research

We called the lubrication method minimal lubricatifor cutting when the hourly lubricant
a use is not over the 50 milligrams generally,¢h®eay be even less in some cases.

The label Minimal MengeSchmierung” is from an acronym that created of thitals of
a german expression, so MMS, in turn in Engligtalted M inimum Quantity ofL ubricant” so it's
MQL in short. In case of the MMS-lubrication defthin the above ones not the cooling-greaser the
phisical, chemical and thermodynamical charactessdf the substance set of a liquid dominate,
but the locaimolecular behaviour of the given substance.

The objective of my doctoral dissertation (PhD) #Hueurate definition of concepts, the
exploration of the mode of action of the MMS-lulation were useful on the cutting speciality and
for the efficiency of the chipping with modifyingshincrease, the substances for a molecular and
effect quantum behaviour.

In the topic onto 1990 so much knowledge accumdl#tat the draughting of an actual
development concept, to which the 1. figure dematest his essence, turned into possible one. |
dealt with thetransitional (AB) section's examination in the course of my research work.
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Fig.1. The change of the cutting temperature in the fanctif the cutting velocity, steel workpiece
and hard metal in case of a tool

| do not try to observe the reality with a complerh mathematical model in the course of
my researches - what is impossible yet today 4 latitempt to understand the process with the use

of the physical laws, looking for those interventiopportunities, with which the intake reducible,
beside the correction of the quality of the cutting
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1.2. The aims of the research

The ENERGY CONVERSION ensuing in the course of $i¢VER DETACHMENT PROCESS
with a new view (1. table 4-5-6 pictures) in thansitional section of interpreting him as some
THEORETICAL QUESTIONS of his, the wet one and dmaging the exploration of opportunities,
that:
- THE ENERGY NEEDS OF THE SLIVER DETACHMENT ARE REDWED
- CGL (COOLING-GREASER LIQUID) USE IT IS NEARED TO THZERO
- FROM THE MAKING OF THE EMULSIONS — HIS FIRM ALLEY REATMENT -
THE CUTTING FIRMS ARE EXEMPTED FROM HIS STORAGE ANCHIS
DISMOLITION
- THE SURFACE QUALITY OF THE PRODUCT, HIS SIZE KEEPGNARE INSURED
EXCELLENTLY, THE SURFACE NEARLY IN LAYERS THOUGH CRSTALLITE
MODIFICATIONS OPTIMISES.

Table 1.Sliver detachment the physical interpretation ef$trength energy process
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effect of incdent light-ray
(induced emission)

) regardless whether light
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IMacrophysics Microphysics

The transitional section's examination on the serfaith the analysis of processes taking
place it's possible, the tribological thinking affean exceptionally good basis for this. Namelgt th
energy conversion happens in the course of thadnigrocess. The work of which use was made
for the sliver detachment turns into energy, whéchased on a microphysics phenomenon, through
the row of the friction.

But if it is strength — work — energy process | lgsa it (1. table), the interpretation of a
transformation process presented on the 4., 56apittures then the knowledge of the single parts
of the quantum physics may be necessary. This liysigal negotiation of the sliver detachment
may not be some other way, but the problem immeljiadissoluble, if we analyse the energy
conversion with a solid-state and quantum physiecewkedge with a microphysics view that
presented on the 4. picture.



2. MATHERIAL AND METHOD

Figure 2. Demonstrates research program.
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Fig. 2. The experimental program

Pilot data Technological data

Normal climate DIN50014 and 1SO554-1970 - step overf (h) = 0,25 mm
Tool: HC/TiN, a DIN/ISO 513, CNMG 1204 08 RF - step overf (h) = 0,067 mm
4015 - stepoverf (h) =1 mm

Workpiece: 42CrMo4 (1.7225)
The machine-toolC11A —single- spindle
System of minimal lubrication: Cobra 2000

— step deptha(b) =1 mm
— measured spindle speed= 1730
min*

The measuring sets and places (Fig.3.)

400 ~
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1 2 3.
500 ~

Fig. 3. The measuring places
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Measuring instruments

Measured data

traditional micrometer (measuring range: 5
75mm and 75-100mm)
traditional caliper (1/20 — 150mm)

DThe measuring places signed by ‘1',’2’, and ‘3"

Dy [mm], Dz[mm], Ds[mm],

metal microscope (Zeits Axi imager 1M, and

Axiovision 4.7)
WA33 (TYP PRLTA13) scale (accuracy: 0,00
for measuring of the insert mass

inductive odometer for measuring cutting fo

(type: TR102)

revolution counter for measuring revolution (o

construction)

measuring-data collector (spider8 control)
IGA 300 infra thermometer

Mitutoyo SJ 201P diamond headed surface
filmeter.

instruments generating photon electrons: ph
emission with visible light, laser cooling (lasérn;

mW, A= 630-680 nm): either the Doppler-cooli
or side-strip cooling

Calculated data

Ra[Hm], R[um], Re[pm], R[pm],

n [min™], FJN], T[°C]

19)

rce

wn

pro-

oto-

Ds;[mm], v.[m/min],

s[m], V;{[mm¥s], VB[mm], P.[kW]

| took into consideration the shaping period of thel from the start to the end of the step and the
average value was calculated by the mathematicatifin of the Excel 2003 program. | fixed the

result received so in the table. We prepared

tHewing functions based on these table data then

Ra — Vf (the average surface roughness — quantity of dethsliver), VB — s (the measure of back

abrasion — length of tool path), VB — {the mea
We determined the stability of the diameters
forces which are drawn in diagrams, as well

sure of back abrasion - quantity of detddiver).
ared gpecific cutting force from measured cutting
. | exaah the different effects in MQL lubrication

circumstances of 50 g/h and 30 g/h of oil use.dneixed the effect of the viscosity, the molecular
structure and the dopes of the oils in manipulatedi not manipulated molecular circumstances.

| present the construction of the gau

ge circletan4. figure. | made a rack to the knife

holder of the machine tool, to which | fixed theization elements.
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Fig.4. The sketch

of the measurements
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The next activation and cooling actions were applie

Spontaneous emissiana given atom can get in a lower energy stateowitkexterior rea-
sons. Cooling happening with spontaneous emissiop:kind of devices was not needed in this
case, since this cooling method is present alwagshig.5. shows a measurement like this.

& 7l $
Fig.5. Spontaneous emission Fig. 6.Induced emission

Refrigeration happening to induced emissior: in this case a device with a parallel beam
(LED lamp) and | used the laser, which one | fixedn a rack on the knife holder of the lathe. The
6. figure presents this.

Doppler-cooling: energy distraction accomplished on an atomic lewdth lasers
(refrigeration). The temperature rises steadilyirdurthe friction, with what the moving atoms
amplitude is growing, this effect regulate the taseme that the laser brakes the oncoming moving
atoms.

The regulated state until the stability can bedgased. The Doppler refrigeration | installed
a laser as the 7. figure shows this onto the rixekdfonto the knife holder.

The laser (P <1 mW) = 630 — 680 nms), what | used yet not destroyasgi (so onto a
cut incongruent), that supplied two functions oe time hand induced activation, on the other hand
the so-called Doppler refrigeration.

! Onev frequency due to a photon a double with a charnatitejust like that a photon is produced,
while the atom is theE, with taller energy theE; with lower energy gets into a state from a state.
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sampling point

Fig.8. The samplling point

| # . i e
Fig. 7. Doppler-cooling
The examination of a crystallit modification onigbkd

It is necessary to establish the place of thegieste in such a way that it should be typical
of the product to be examined, all combination,imlkterms of a fabric. The manner of the test
purchase until all of them depends:

— because of the shape of the piece
— beacause of his greatness, his situation
- because of the aim of the examination.

The description of the examinational method:
Step 1. The cutting of the sample from the workpigéth metallographic rapid chopping under
water cooling (Fig.8.)
Step 2. The embedding of the piece (with warm emimggl into a substance having bakelite basis—
3 min, 160°C -)
Step 3. Preparation

- polishing (wet polishing with SiC basis mixturéhkwvater cooling)

- polishing with diamond suspensioru(8, 3um and Jum)

- in the end with colloid silica of 0,(#n
Step 4. Etching (with alcoholic nitric acid —NITALhaving concentration of 3-5 %)
Step 5. Microscopic examination (with an objectivith own magnification of 20x, 50x and 100x).



3. RESULTS

It is necessary to point out that fact which canpetgone round before the processing of
the experimental results, that the results onlg ismaller part can be interpreted the makrofizikai
with knowledge, oh -gyobb their part microphysigagntum physics) knowledge is claimed.

| compiled the experimental program in such a whsgt tthe different lubricants,
technological one are typical and how the valutghefback abrasion changes in the function of the
done road in case of a molecule manipulation. Imé®ad how the measure of the back abrasion
develops under the average surface roughness artanth unit detached in the function of a sliver
guantity.

From the wrought substance | prepared segmentsiar ¢o be able to value it the surface
nearly krisztallit taking shape in his layer-beimgdified and the development of the translation in

T ax Plane. All repeated in the case of a measurenrebnnection with the reproducible the

results they are in + 5 % intervals.

The shaping technologies of the metals the substdeformation often onto a relatively
narrow lane gets localized where the temperatwesradiabatically near due to the deformation
work. Into this the shaping one ensuing dueléformation in the narrow zoneit is necessary to
count it with thermal-soft beside hardening. It contrary effects on a sigid leo thermoplastic
instability simultaneously.

Withdrawing the dry cutting with the big cutting leeity executed under the 120C
degrees — our today's knowledge — the cooling greas reduce it with the application of liquids or
we minimize the instability of the sliver detachrhen

The classic shaping the refrigeration took shapk lahrication we may keep clear of it
very well beside technologies you are acceptabied®mn borders we may keep it the shaping one
hardening, but the system cooling the chipping gnereeds may be growing. It the essence of
MMS-lubrication on this dot can be taken, namelyhia shearing plane the thermo plasticity can be
maximized, but the shaping one hardening let hisuerbefore slipping beginning on the end face
after the chipping only, i mean let an elementiaksibe produced.

3.1. Energy needs and distribution the chipping teerature the basis of his
greatness and his distribution

| wanted to obtain certainty before the processifithe experimental results, between the
cutting features calculated on the theoretical asid the features received in the course of the
experiment.

The experimental results it here relevant they egaal to any theories, | found their
correctness necessary at the same time — withdbeofithe secondary features measured in the
course of the examinations — to prove. | summaribedesults in the 2. table.

The largest difference it (with experimental codenber M1-32) refrigeration happening
to induced emission is 50 g/h lubricant use (- 3)9 The smallest difference it (with experimental
code number M3-2) Doppler refrigeration where 30tk lubricant use (- 0,662 %). The weighted
a positive result considering averages in 3 casele Wreceived negative one in 12 cases.
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Table 2. The specific energy-intake (W)

Tole-
Experi- — Lubricant Measured data Calculated data rance
Lubrication ;
mental methods quantity

code [g/h] Wspl kc Wspl kc A\Nspl

[Ws/mm? | [N'mm? | [Ws/mm?] | [N/mm?] [%]

dry | SPontaneous - 3,196 3196 3,08 3080 -3,63
emission

dry induced - 3,376 3376 3,30 3300 -2,25
emission

dry Doppler- - 3,252 3252 3,25 3250| -0,061
cooling

E2-A | SPONANEOUS . ing 2,645 2645 256 2560| -3,21
emission

M1-32 | SPontaneous 50 3,628 3628 3,65 3650| + 0,606
emission

M1-32 induced 50 3,124 3124 2,84 2840| -9,09
emission

M1-32 induced 30 3,292 3292 3,19 3190| -3,098
emission

M1-32 | Doppler- 50 3,668 3668 3.47 3470| -539
cooling

M1-32 | Doppler- 30 3.240 3240 3,34 3340| + 3,086
cooling

M2-2 induced 50 3,260 3260 3,47 3470 +6,44
emission

M2-2 induced 30 2,508 2508 2,47 2470| -1,51
emission

M2-2 Doppler- 50 3,160 3160 3,02 3020( - 4,43
cooling

M2-2 Doppler- 30 2,540 2540 2,52 2520| -0,78
cooling

M3-2 | SPontaneous 50 2,548 2548 2,40 2400| -5,808
emission

M3-2 Doppler- 30 2,416 2416 2,40 2400| - 0,662
cooling

The done analysis proves that the correlation éegtionally strong between the measured
one and the results calculated theoretically ungothisly, the triboldgiai in pilot systems as a timi
value granted r > 0,9 (DIN 50322). My examinatiorns 0,95, exceptionally favourable value. The
done experiment justified the correctness of tleith series and reversely, so the theory justified
the correctness of the experiment.

The smallest one which can be set on the experahéthe h = 0,067 mm with a value
each single experiment | made a controlling measarg. Extrapolated scattering belonging to a
value was specific cutting strength in + 5 % petiéenintervals, from which can be rendered
probable, that in case of more parallel measuresnenthe researches acceptable — 3% of his
percentages the results would be in the scattértegval.

The dry-cooling beside the applied cutting paranse@b)=1 mm,f(h)=1 mm) | made an
pre-experiment onto the measurement of cuttingngthe There was need for this in order that
myself am able to measure the reference straight The rev of the machine tool decreased
continuously beside parameters like this however etxperiment did not give an appreciable result
because of this.
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The part assessment of the experimental results

The 9. figure exemplifies the temperature valuethefso-called experiments made in case

of dry-refrigeration without the lubricant.
aa0
a0o
440
400
350
300
250
200
150
100
a0
a T :
initial termperature average temperature final temperature

temperature, t['C]

dry lubrication

B spontaneous emission O indudec emission E Doppler-cooling

Fig.9. Dry refrigeration the temperature of the chippioge

Based on the 9. figure can be related, that tha&linremperature in case of spontaneous
emission is 450C degrees the highest one, the average one iS@@@grees that mean growing,
the final temperature is 51% degrees. In the Ig h — Ig koordinate system the specific cutting
force is reduced with 10 % percentages that menifigiantly reduced.

The temperatures decreased significantly in cdsaduced emission (initial: 350C,
average: 400C, final: 470°C). The specific cutting strength decreased by jpe¥6entages.

In case of Doppler-cooling the temperature decikaggificantly (initial: 360°C, average: 396C,
final: 420°C). The specific cutting strength with 10 % peregpets so significantly reduced.

The tool wear:

spontaneous emission: because of beginning growirks~ 740 m
induced emission: metal transfer a:=420 m,>s~ 600 m
Doppler-cooling: metal transfer a:=700 m,2s~ 900 m

The average surface roughness (Ra) the spontaneoussion and the Doppler
refrigeration steadily improving, while in case miduced emission is improving until theg,
following this declining.

From the tool abrasion can be related, that witthuged emission and the Doppler
refrigeration the abrasion process can be delayed.

The 10. figure exemplifies the temperature valdeh® experiments made in the course of
the refrigeration with the 5 V% volume percentagauksions.

On the 10. figure there is visible, that the ai@hitemperature in case of spontaneous
emission is 360 degrees, the average one is 36@eakego did not change, the final temperature
rose onto 418 degrees. In the coordinate systerspibeific cutting force with 26 % percentages so
significantly reduced..

The tool wear:

spontaneous emission: |  metal transfer | a=1100mzs~1210m |

12



The average surface roughness) (R case of the spontaneous emission uatilis

improving, following this is declining.
550
500
450
400
350
300
250
200
150
100
50
O T T

intial temperature average temperature final temperature

temperature, t [°C]

emulsive lubrication 5 v%

Fig.10.The temperature of the cutting zone by refrigeratidgth the 5 V% volume percentage
emulsions

At the time of the application of the spontaneonmssion which can be measured with the
dry refrigeration in the cutting zone the tempematapproximately 510FC degrees so with
approximately 100C degrees more, than in case of emulsive refrigerat

Analysing the dry refrigeration longer however dam declared, that with the applied
refrigeration manners (induced emission, Dopplextiog) the temperature in the zone decreased
compared to the spontaneous emission examinatitnapproximately 100 degrees.

The 9. and it emerges from the comparison of thefijdre, that the dry refrigeration,
when | used the Doppler refrigeration manner, tthen cutting zone and his end temperature is
equal to the end temperature of the emulsive rfaigon.

The 11. figure exemplifies the temperature valuéghe experiments made with the
lubricant with a complex additive which can be mothe trade flow.

550
500 +—
450 1+—
400 +—
350 +— —
300 +— —
250 +— —
200 +— —
1580 +— —
100 +— —
50 +— —
D T T
iniialtermperature average temperature finaltemperature

base oibfatty alcohoHEP addition ISOVG 32 (M1-32)

temperature, t [DC]

m Al gh B50 g/h Dopplercoaling O30 gh Doppler-caoling
@50 gthinduced emission O30 g/hinduced emission

Fig.11. The best product which can be received in the teadleat of MMS lubrication the
temperature of the cutting zone

13



Based on the 11. figure can be declared, thatitialitemperature in case of spontaneous
emission (50 g/h lubricant quantity) 5PC degrees the highest one, the average one°622
degrees so growing, the final temperature 82%legrees. In the Ig h — Ig koordinate system the
specific one cuttin force with approximately 1 % gentage so not significantly increased.

The temperatures decreased significantly in casmadifced emission (30 g/h lubricant
guantity), compared to the spontaneous emissiaigeeétion (initial: 336°C, average: 353C,
final: 360°C). The specific cutting force with 8 % percentagesignificantly reduced. (12. figure)

6000 4 Material : 42CrMo4
5000 4+

------- reference

lg ke N/imm?

40004 0 =TT [Kienzle 195-'75 Victor 1969

........ e P

/ _____________ e r,e\=1mm2

M1-32 tA=1mm?
induced emission 30 g/h

3000—

2000

1000 -

0.1 0,25
o 0,067 g i 08

Fig.12.M1-32 induced emission, 30g/h

In case of induced emission (50 g/h of lubricanamgity) the temperatures decreased
compared to the spontaneous emission refrigeratigmificantly (initial: 331°C, average: 357C,
final: 367°C). The specific cutting strength ~12 % with a petage, so decreased significantly.

In case of Doppler-cooling (30 g/h of lubricant gtity) the temperature decreased significantly,
compared to the spontaneous emission refrigerétidral: 335°C, average: 357C, final: 387°C).
The specific cutting force ~10 % with a percentagedecreased significantly.

In case of Doppler-cooling (50 g/h of lubricantaqtity) the temperature decreased
significantly to the spontaneous emission refriera(initial: 335°C, average: 357C, final: 396
°C). The specific cutting strength ~2 % increasea Ipgrcentage nonsignificantly.

The tool wear:

spontaneous emission (50 g/h) because of begimmmging | ¥>s~510m
induced emission (30 g/h): metal transfer a:=400 m,Xs~ 655 m
induced emission (50 g/h): because of beginningvim® | >s~ 530 m
Doppler-cooling (30 g/h): because of beginning gngw | s~ 480 m
Doppler-cooling (50 g/h): metal transfer a8.=660 m,Xs~ 680 m

The average surface roughness) (Re spontaneous emission, induced emission (80 g/
and 50 g/h) and Doppler (30 g/h) refrigeration digaimproving, while in case of Doppler
refrigeration is improving untg,, following this declining.

Based on the results can be declared, that theetatupe decreased compared to the
spontaneous emission examinations significantlythi@ chipping zone, when you are induced
emission one Doppler- refrigeration | applied masne

Watching the quantity of the lubricant used for éxperiments can be related, that the four
molecule manipulation experiment series you aredifference between the temperatures hardly
altogether cannot be manifested. From the figuris iklegible, that when | applied an induced
emission refrigeration manner, the temperature ondylittle measure elmelkedett (approx°&).

14



On the 13. figure with a model liquid (experimartate: M2-2) the temperature results of
an executed experiment series visible.

In case of induced emission (30 g/h of lubricardrtity) the temperatures were growing in
the trade flow with an available complex additivaighed lubricant compared to experiments
(initial: 392 °C, average: 443C, final: 477°C). The specific cutting force with ~29% percentgge
so decreased significantly.

In case of induced emission (50 g/h of lubricanargity) the temperatures decreased
significantly compared to an experiment with a 8@eg/h lubricant use (initial: 32%C, average:
335 °C, final: 343 °C). The specific cutting strength with ~9% percgets so decreased
significantly.

In case of Doppler-cooling (30 g/h of lubricantagtity) the temperature values grew up
significantly (initial: 466°C highest, average: 498, final: 517°C). The specific cutting force with
~29 % percentages, so decreased significantly.

In case of Doppler-cooling (50 g/h of lubricant gtiey) the temperature decreased significantly
compared to an experiment with a the 30 g/h lubticese (initial: 332C, average: 347C, final:
361°C). The specific cutting force with ~12 % percer®gso significantly reduced.

o | | — 7=
el =N =Ny =
Fi=\E =I\E =I\§ =

init al termperature average temperature finaltermperature
C14 n-paraffin ISOVG 2{M2-2)

O30 gh Dopplercooling ® 50 gfh Doppler-cooling O 50 gfhinduced emission B 30 ghinduced emission

Fig.13.The temperature of the cutting zone at the timiefapplication of an experimental MMS
lubricant (M2-2)

The tool wear:

induced emission (30 g/h): metal transfer 8:=660 m,>s~ 900 m
induced emission (50 g/h): metal transfer 8:=1100 mZs~ 1450 m
Doppler-cooling (30 g/h): because of beginning grmw | s~ 760 m
Doppler-cooling (50 g/h): because of beginning grgw | s~ 780 m

The average surface roughnesg (% the induced emission (30 g/h and 50 g/h) aog
ler refrigeration (30 g/h and 50 g/h) steadilyrigproving. From the tool abrasion with the induced
emission refrigeration can be delayed.

It is visible based on results that | received bedter results when | used the 50 g/h
lubricant quantity at this lubricant. If we compairéhis lubricant quantity the Doppler refrigexati
and the induced emission, then can be related, theatrefrigeration happening to the induced
emission the temperature difference (final tempeeat- initial temperature) smaller, than the
Doppler refrigeration.

The temperature results of the experiment seriescuit®d with a model liquid
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(experimantel code: M3-2) on the 14. figure aréolés
| case of spontaneous emission the initial tempezds 406°C degrees, the average one is
450 °C degrees so growing, the final temperature is 47@legrees. In the Igh — Igkoordinate
system the specific cutting force with ~28% perages, so decreased significantly.
In case of Doppler-cooling (30 g/h lubricant quintithe temperatures were growing
(initial: 415 °C, average: 454C, final: 526°C) in a little measure. The specific cutting fomith
~32 % percentages, so decreased significantly figlie)
550
500
450
400
350
200
250
200
150
100
50
0 T T

initial temperature average temperature final temperature
92 v% C14 n-paraffin + B v % lauryl alcohol [M3-2)

temperature, t [°C]

050 gh spontaneous emission B 30 g/h Doppler-cooling

Fig.14.The temperature of the cutting zoaethe time of the application of an experimentadi$
(M3-2) lubricant

The tool wear:

spontaneous emission (50 g/h) metal transfer a.=660 m,2s~ 880 m
Doppler-cooling (30 g/h): metal transfer 8:=650 m,>s~ 870 m
NE Material : 42CrMo4
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Fig.15.M3-2 Doppler cooling, 30g/h

The average surface roughness) (R case of the spontaneous emission and Doppler
refrigeration is improving t@, , following this declining.
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It can be related about the tool abrasion, thaettperiments with an applied model liquid
and refrigeration manners the abrasion procesbeatelayed.

There is visible at the time of the usage of thg®0lubricant quantity, that onto the end of
the shaping the temperature grew better, compariéhd experimental codes M1-32 and M2
lubricants.

On the 16. figure there is visible, that the sligpbegan on the end face during the cutting
already, so the exterior friction appeared in taise beside the inner friction.

\
~
\\
ial: 42CrMo4
12600 = \-I Material
' WE-32
| spontaneous emission 50 g/h
i
] |
~
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3000 = : reference b T e
T : [Kienzle 1957 és Victor 1969] e A=1mm 2
T ; | e
20004 i I |
1 : | |
1 i | |
4 : l |
1000 = i i
1 I i |
1 l l |
1 i ! |
i | ! |
0 | : ' |
0 0,066 0,1 0,25 08 1

Ig h, mm

Fig.16.M8-32 spontaneous emission, 50 g/h

This case is manifested in the fact that a rivimesiwas produced instead of the elemental
sliver. The specific cutting force increased wiphpeoximately 100% percentages, which a sliver
slipping on the surface of the tool with a zeradhangle ¢ = 0) overwhelmingly brings about. The
figure justifies the theory. With he smaller thar ©,001 mm of feeding values shaping did not
belong to the topic of my dissertation tightly, thavhy I did not deal with this interval more righ

3.2. The role of lubricants in MMS lubrication

The lubricants complex disperse systems, that lésacteristics, among other things the
viscosity, defines by the diameter of the big males and his difference for the medium open road
length of their motion, so the viscosity is thedtion of the space, the temperature and the stnengt
between the molecules.

The collisional energy grows with the activity dfet molecules, for which the molecule
construction stores his predominant part. The siolial energy can infiltrate into the molecule
construction on the two undermentioned manners:

- the mobile (little) molecules turn into Super stuwres, they form into an aggregate
- The molecules adapt to the extorted systems aatic$ with optimal symmetry (phase
transitions), limiting the molecular mobility. Irmse of the full hindrance of the motion, the
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energy arouses a vibration, which leads to theofijpandages between the molecules

exceeding the activity doorstep.

To deduce the construction of the fatty acids Sketems consisting of different particles, may
be from their inner filling distribution, which islectromagnetic radiation, may orient himself onto
his effect or may shift:

- The direction is the consequence (oriental polaosa of the spatial vectorial summation
of the single dipoles, that is possible to expiasslow frequency alternate space with the
dielectric constantd))

- if the dipoles can't already change their directi@mtause of the increased frequency of the
changing space, then comes to dipol changes aloagbandages, which yields shift
polarisation.

The fatty acids are asymmetric molecules, with @evamt dipolcircumstance. The dipol
molecules create an adsorption layer oriented aretal surface with positive filling. If the fatty
acid is attached into a saturated straight chaidrdoarbon, then the so-called amphipéthic
molecule arises.

It the extraordinary benefit of amphipathic molexyjlthat the metal surface is attached to
them with adsorption, on the other side they aterirso there is no electromagnetic filling. Onto
the first layer covering the surface already thertinydrocarbon orientates - on the manner which
can be seen on the 17. figure - and creates loaséalge with secondary valency. The fatty acids
create van der Waals bandage on the metal’'s surface

fatty acid

H stearic acid
. . | chain length
pelargonic acid H—C—H n=18
minimum chain length | I I I I l I l I |carbonhydride
n=9 H—C—-H H—C—H 17
o wen e s [T
| I
1 1
0”7 0”7
OH OH

metal
base

a.) b.)
Fig.17.The adsorption of liquids on the surface of metals
a.) the adsorption of fatty acids b.) oriented moliecular construction

The sort of Lorentz-Lorenz eqgaution defines theapphbility. We may calculate the
molecular refraction (R), the refraction like theustural unit of light optics watch from the
refractive index, the molecular wheight and thesityn

The refractive indeX shows a direct context between the character efsthuctural
substance and the lubrication to be realized.definable with the ASTM D 1218, D 1747 standard
examination methods.

Generally the hydrocarbon basis the refractive »xndé lubricants measured on an
atmospheric pressure is 1,51. If we feed the hytmmn oil with fatty acid then his volume
decreases slightly so devorces to thicker. We makenthe most of this in the lubrication process,
cuase by the minimal-lubrication the well surfaceistening liquids give the best lubrication
technique results. It is the very important featofehe feasibility of MMS lubrication because of
this since the refractive index is exceptionallystve to the combination of the lubricant. The
lubricant’s moistening ability defines by the profan of adhesion and the cohesive forces.

% Colloid-chemical term
% the refractive index is the quotient of the velpaif a light with a given wavelength measured in
air and his velocity measured in the examined oil
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Lying of liquids on the surface of the firm surface

We characterize the lying of liquids with the gresss of the affecting angle)(of the drop
on the firm surface (3. table).

Little affecting angle> better moistening big affecting angle> worse moistening If
the alpha is bigger than 9@egrees, the liquid drop starts @oz€ on the surface, see it 3. table 2.
pictures. The oozed oil is rolling on the surfas® does not supply a lubrication function (in macro
sizes there is very well can be seen this procg$®trolling the aluminium wide band).

The sort of Young formula establishes a contextvbeh the greatness of the tangent angle,
the surface tension of the firm body and the serfaed border surface tenseness of the

The dopped lubricant with the fatty acids makesititup lying better, than that of the
mineral oils, succession his affecting angle islEmnarhe size of the oil drop, which we may define
with the decrease of the affecting angle, incredgesiuse of the changes ensuing due to the heat.
The surfaces becoming wet depends on the propastiadhe oils polar and dispersive parts.

Table 3.Lying of liquids on firm surfaces

Wetting . .

ability Wetting Non-wetting

Cause adhesion force >> cohesion force adhesion fo< cohesion force

Effect spreanding the liquid on the firm of thefage the liquid blobby of contraction

Picture 1. Picture 2.
gaseous state(1) gaseous state (1)
Block-
scheme fluid (2) fluid (2)
X
T3 0,608 Qo3 rigid (3) rigid (3)

Equation Young's formula:g,, COSa = 0153~ 053
Bounding Osasg gsasn

Since the the bond tendency is strong betweenhtheitoportion of firm bodies’ and the
liquids’ energy, opposite this the synthetic estsspredominant apolars, so in them the dispersive
energy proportion is the bigger. The experiencevshty that if the disperie part of the firm body i
the bigger, the firm body’s wetting improves thery decrease.

Amint az ismeretes a szénhidrogén olajok krakkadad@bomlasa) 260C-on megindul
és mar 300C-on gazdasagos technoldgiak alakultak ki. Theiogatcarried up with the physical
carburation (PVD) have especially big significasagce the adhesion stability of the oils improves.
The spontaneous epilamization modifies the polaritthe firm body, may worzen and may repair
it. As soon as known the hydrocarbon oils cracKimeat decomposition) begins on 28D degrees
and economical technologies took shape on°8@egrees already.

In the shearing zone the temperatures 400 < 60fegrees it is attained, on which the heat
decomposition accelerates up in a measure like tiat the substance in the everyday sense stops
existing formally and quantitatively.

There are characteristic corrective and functipaimng additives, that his function
definitely temperature pendant. If the particleghefse substances depart soon, than that the semi-
ash burning of residues would ensue, harmful sealisnensue then (epilamization). It the thickness
of a newly formed substance 3 — 5 nanometers isgnto let the polar energy proportion of the
tool decrease.

By MMS lubrication where there is not a continudubricant supply - but only 5-6
seconds the lubricant drips on the surface ofdbeé-tthere is instrumental in the decrease deereas
of a polar energy proportion of the tool (the lghrit lying and his adhesion are declining).
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I changed the quantity of the lubricant beside tamtstechnological parameters in the
course of the experiments. It can be related bypawing the dry refrigeration, the MMS lubrication
(in case of a best product which can be receivethermarket — M1-32 -) and the 5 v% volume
percentages emulsive lubrication, that it is pdesib present better measurement results with the
dry refrigeration (in context of the average onegiiness, the back abrasion and the specific cutting
force)

By MMS lubrication, when | applied a best produdtieh can be received on the market in
50 g/h and in 30 g/h of quantity then the changihgpecific cutting force compared to the basis
diagram which can be found in the literature comisflle there was not difference.

By the other MMS lubrication, the lubricant was th&4 n-paraffin and i used likewise in
50 g/h and in 30 g/h of quantity. By 30 g/h of qiiigrthe specific cutting force decreased with e.g.
30 % percentages.

By the next MMS lubrication by using 92 v% volumergentages C14 n-paraffin + 8 v%
volume percentages laurilalcohol using first 50, ¢gilen 30 g/h quiantity of lubricant compared to a
reference which can be found in the literaturegpecific cutting force’s greatness reduces by 33 %
percentages.

This is verifiable, that beside the reduction of #uantity of the applied lubricants the
specific cutting force’s greatness is reducible dgiyen CGL, dosage greatness and electing
additional refrigeration manner (manipulation of lewule). This is reasonable , that setting out
from the wet shaping and reaching the stage ofltheshaping in a considerable measure the sliver
detachment’s energy need is reducible. So therstieéachment simultaneously the mass of the
used lubricant is reducible gradually 50 g/h 30 g/h— 20 g/h, etc.

This is proved done by the results of experimerits W2-2 model liquid, where the M2-2
induced emission in case of using 50 g/h of lulmtietfected 8,93 % percentile decreasing specific
cutting force, if leaving all other parameters inably the M2-2 induced emissions in case of use
the 30 g/h of lubricant effected already 29,94 %centile decreasing of specific cutting force.

Beside the considerable result (dercreasing ofifipewtting forcet) is very important to
establish that this tendency is a finder in theettgyment of the future. (Since we may get so to the
dry lubrication.)

The assessment of the applied refrigerating effect

| kept the technological parameters (feeding, detbut, rev) on a constant value inside
the single measurement in the course of the expatsnwhile | changed the type and the quantity
of the coolant-greaser liquid concerning the thexmea of the refrigeration. The standart types of
coolant-greaser liquids’ are the followings:

- dry lubrication
- emulsive lubrication
- MQL lubrication
The manners of refrigeration are the followings:
0 spontaneous emission
0 induced emission
o Doppler-cooling.

| present the used up lubricants in the followingke first four products are the best
products which can be received on the market (#gderimental codes: E1-A, E2-A, E3-S, M1-
32), while the other lubricants are stock solutionl/ (model-liquid), that were made on on Almas-
flzit6 in the MOL-LUB Ltd.’s laboratory. The examinationinutes of these lubricants originate
from here, in which | granted their technical antety features,.

Based on the received results molecule manipulatsms by me has a considerable effect
on the applied coolant-greaser liquids by the sldetachment. But | did not manage to manifest the
positive effect of this molecule manipulation ore tavailable on market (traditionally functional
additive coolant-greaser liquids) and the examicmalant-greaser liquids by me.
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3.3. The mechanism of tool abrasion

The lubricantcreates an elastic contact betweeffridt®onal machine parts, which there is
with influence onto the friction resistance and ihevelopment of the abrasfonThe classic

abrasion curve consists of three sections as thiglBe shows it.
From this the tool abrasion is generally differefihe tool and the contact between the

workpiece are exceptionally strong. The last stadpat means that the abrasion became more
intensive may be different from time to time.
'y

waer-out failure period

running-in period

flank wear, A(VB) [mm]

/
operating period

fo
-

time, t [min]
Fig.18.Classical abrasion curve

It is possible to characterize the measure of dloé @brasion- in case of modern tools -
with the back abrasion the best. | measured the wiathe blanks in the course of the experiments,
then | calculated the measure of the back abrdsiomthese data.

| depicted the values of the back abrasion in timetion of the detached sliver quantity and
the done road by cutting based on the domestidgraechational literature. The back abrasion of the
tools may be with three characteristic processiomase of the legatee and the newer modern tools.

First type of abrasion processipon the 19. figure this is visible, that very soon
promptly after the starting of the shaping the pesgive tool abrasion.

| received a result like this:

- dry lubrication, spontaneous emission
- M2-2 Doppler-cooling 30 g/h.

Second type of abrasion processitimat is visible on the 20. figure. The tool alwas
begins promptly after the starting of the shapsame that the initial section with a lineal chagact
then becomes progressive after a point.

| received a result like this:

- M1-32 induced emission 50 g/h

- M1-32 spontaneous emission 50 g/h
- M1-32 Doppler-cooling 30 g/h

- M2-2 Doppler-cooling 50 g/h.

* The DIN 50321 standard defines the abrasion. W gnant the measure of the abrasion with the
abrasion-characterizing numberaccording to the definition

— because of the complete strain and

— because of the construction of the tribologicatesys
consists

— onto forms of appearance of abrasion and

— onto the greatness of abrasion.
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Fig.19.Dry lubrication Fig.20.M1-32, Doppler-cooling, 30 g/h

Third type of abrasion procession.

By coated hardsteel tools, where an edge helmetmogfprm, the adhesion abrasion has it
started because of the beginning of the strairethbecause the coating constitutes a heat gate his
section only than a change, which we cadital transfer, comes into existence.

So the molecule goes over from the tool onto thekpiece and reversely (that's why not
possible to characterize the greatness of the imitigl abrasion with a surface abrasion trace, it
occurs often that fading is an abrasing trace,thatdeparture mass of the abrasing element is
growing).

The metal transfer in Europe figures in the mositgepted the sort of Csikds abrasion
taxonomy, but only some like changing. This meduag the size standing for taking action on the
technical level or mass's definition are not pdssiBut energy accumulates in the tool causeseof th
strain, which causes of the 3. body on a givenlJegadomly getting between the surfaces so-called
sort of Fridrik break ensues, the break picturevioith exceptionally characteristic.

After that the cold broken abrasion turns into msige, which is abrasion with fast
procession with a big direction tangent. The 24 2. figure shows the typical example of this.
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Fig.21.Dry lubrication, induced emission Fig.22.M2-2 induced emission 50 g/h

A break point &) ensuing randomly appears on the manner whictbeaseen on the 21.
figure, this kind of diagram | was able to plotat more experiments. The valuesagfdefined by
RoRmann (1999), like contant factor we can nottgtao the tool by cutting shaping.

The character which can be seen on the 20. figueeassessment of the experimental
results | observed it by the followings: (in a patesis is the appearance @& dreak point:

- dry lubrication, induced emission (390 m)
- Dry lubrication, Doppler-cooling (657 m)
- E2-A5 tf %-0s emulzi6é (1102 m)

- M1-32 Doppler-cooling 50 g/h (655 m)
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- M1-32 induced emission 30 g/h (400 m)

- M2-2 induced emission 50 g/h (1129 m)

- M2-2 induced emission 30 g/h (650 m)

- M3-2 spontaneous emission 50g/h (658 m)
- M3-2 Doppler-cooling 30 g/h (650 m).

The quantity of the used up lubricant does nougnfice in big size the randomly ensuing
break point, on the other hand those experimentsdrded the diagram which can be seen on the
20. figure, where | applied Doppler refrigeratiordanduced emission.

Is apparent from the listed results well, that banreached the best result with a model-
liquid and a suitable refrigeration manner. (§=4129 m). (Fig.22.)

So it is necessary to aim for it, thabjt= s at what let him be bigger, but abrasion which
can be defined on a technical level till then ®bd,changing only ensue. A theory that would grant i
until the start of the intensive abrasion uniforrdiyes not exist according to our today's knowledge
passed time out. Certain signs pointed out whad kif factors affect the start of the intensive
abrasion in the experiments.

Based on the results can be declared, that thecoielenanipulation has a strongest effect
on the tool abrasion (delays the formation of taekbabrasion).

3.4. Roughness and size keeping

| depicted the average surface roughness basedeoméasured data under the time unit
detached in the function of a sliver quantity. égnt the cases qualified by me as extreme in this
chapter.

It is possible to characterize the change of therage surface roughness with a tendency
of two kinds in the course of the experiments. T3 figure shows that the average surface
roughness improves by the applied refrigerationtinapusly. Onto the applied lubricant (that a
model liquid) the molecule manipulation is with @og effect.
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Fig.23.M2-2, Doppler-cooling 50 g/h

With a product which can be received on a market the same quantity and refrigeration
manner - the surface roughness improves likewier a point this is spoiling rapidly as the 24.
figure shows it.

But here a much bigger dispersion can be obseB@dan be related, that the roughness is
repairable with the molecule manipulation, and eerage suitable lubricant (Fig.22. data=RL.,24
p) that compared with the emenated refrigeratiop=(R,64 um). with 5 v% volume percentages
emulsion.
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Fig.24.M1-32, Doppler-cooling 50 g/h

It gives the difference between the two diagrarhst tby the measurement the knife
reached the maximum value of the back abrasionréefbe 3. measurement place. The
mathematical context of the change of the surfaoghness in all cases the successor:

f( )_ ax+b if A<100
X' ax+b,if A2100
where: ,A” is the distance of the 3. measuremeat@l(Fig.3.).

Based on the context this is visible from the daagrthat presented ont he 24. figure, that
the detached the average one makes it fall formoess in the function of sliver volume, an
improving one and a declining section of his exist.

This is emerges from a 25. figure, that can belreddén terms of the sliver detachment the
best result by my done experiments with the Cl4amaffin (M2-2) and with a molecule
manipulation (induced emission).
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—-=-- M8-32 spontaneous emission 50 gh

Fig.25.Aggregated diagram between the average surfacénesg and the detached sliver
volume

The development of the efficient cutting technolodpy contacting to the continually
intensifying requirements of size keeping and ef shrface quality, progresses into the direction of
the cutting velocity growing steadily and feeding.

The next assessment point concerned the size kgepithe products (workpieces). From
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measured diameters on the examination places Iteduan average, | established the upper and
lower differences compared to the average thererAlftat | defined it this from the standard, a what
kind of tolerance grade the received values betonigow. For the definition of diameter stability
(size keeping) | present axamplen the followings.

1. 92221533 2.9023 ;5 3.8833 1, 4. 8630724
+013 +006 The accuracy of the diameters suits for
> 844 o 0. 8239 005 the IT7 accuracy.

Of course beyond the example mentioned alreadyeihethe 1T4 accuracy class size keeping
appeared too. This result the next experimentsdived it:

- dry lubrication, Doppler- cooling

- M1-32 Doppler-cooling 50 g/h

- M1-32 induced emission 50 g/h

- M2-2 induced emission 50 g/h.
| received result in one case which can be assigitedin IT2 accuracy class:

- M1-32 Doppler-cooling 30 g/h.

Based on the analysis of the results can be degltrat the refrigeration manners applied by
me are with influence onto the size keeping of Wwkpieces, the size keeping of the ready
workpiece comes true so.

3.5. The assessment of Crystallite-modifications

The largest part of the chipping energy is neeagdte balancing of the exceptionally
complicated deformation and the tensile state sthaller part 3% is needed for the crystal modifi-
cation. From the prepared polished samples Iprébennodifications in the grain structure with the
application of the following method.

The patterns of the samples having measure qfrbGre presented in the following fig-
ures. A darker domains show the ground layerscléerer domains show the layer where the effect
of the shaping is observable.

Figure 26. shows the case when we applied emutsiério as lubrication and spontaneous
emission to cool the workpiece. The size of thaéngrés big, the grains at the transition are de-
formed, the translational plane is visible in snate.

In Figure 27. the workpiece was cooled with dryricéition and spontaneous emission.
The size of the grains is big, the grains at thadition are deformed, the translational plandss v
ble good.

In Figure 28. the sample of the experiment madé ity lubrication and with induced
emission can be seen. The size of the grains jshbigever high deformation at the transition can-
not be seen, the translational plane is not visible

In Figure 29 the sample of the experiment made dithlubrication and Doppler cooling
can be seen. The size of the grains is smallerithaas in the case of the induced emission, how-
ever the size of the grains at the transition ialEmand deformations are smaller, the translation
plane cannot be seen.

| used MQL lubrication with spontaneous emissiothie case of a market product which is
shown in Figure 30. The size of the grains is Higfprmation at the transition can not be seen, but
the translational plane can be seen well.

Figure 31. shows the sample of the experiment whereised MQL lubrication with the
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solution prepared by us, with induced emission. Gi$e of the lubricant was 50 g/h. The size of the
grains is smaller, high deformation can be obseatdtie transition. The translational plane is-visi
ble mildly. In terms of a friction and abrasion #teucture is favourable.

Figure 26, 27 and 30 the translation plane is lgsind the deformation of the grains is
considerable at the transition. But when we caroeat the molecule manipulation with induced
emission or Doppler-cooling (Figure 28, 29 and 3§ grain structure is smoother, the transla-
tional plane is not or only narrowly visiblend the deformation of the grains at the transit®n
small.

In cases like that, when the crytallite modifioatiis rough granular and is in the layer
under the surface — inax plane — dislocation comes into existence, ageing setting out from the
surface then — which form of appearance is thd shaped pitting — decreases.

In case of surface training, in as much it agréesttained a layer's depth with the maxi-
mum 7 plane of tenseness, then the surface ageingesated up, in certain cases even full surface
decay may ensue after some 10 clocks. The deletedfiects of the substance modifications are
avoidable in full whole one's beside optimal tedbgiral parameters with MMS lubrication.

The crystal modifications ensuing during the cgttimot unconditional harmful, with what
known, that it directed in case of a strain withvery good friction characteristic and fading
reducing a dendritic fabric at which an effect iayntake shape.

My experiments justified that dislocation which da@ manifested if the layer under the
surface passes through a fine-grained modificatimes not come into existence.

indukalt i
Fig.28.Dry-lubrication (induced emission) Fig.29.Dry-lubrication (Doppler-cooling)
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Fig.31.MQL-lubrication (M2-2 induced emis-
sion, 50 g/h)

Fig.30.MQL-lubrication (50 g/h)

Conclusion (Sequitur)

| formulated the concept of the enlarged cuttihgping with a new view on the 1. figure.
After the processing of the experimental resuke lkomprehensive results | present it on the 32.
figure. The 32. figure is divisibles onto three lasdparable parts.

The first part presents the cutting happening eotthditional refrigeration procedure. We
use emulsion for the cutting at this section. Thiagipal feature of the emulsions developing
continuously, that let him be with an environmelgtdtiendly, high-performance, distinguished
long lifetime with colloid stability. In this inteal the max cutting velocity is 200 m/min.
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t heat stability g
of tool material
y . 200 200 600 | 8o0cutting speed mimin
Traditional emulsions ; R g sp
Caontinuously developed variationdlts characteristics:high power, rtubiisation:, : )
excellent calloid stability, biostable, long useful life, they guarantes| MQL- Mol | Theelectrons in the air move  dueto potential
ternporary protection in specfic and multipurpose v ariations. Fegion  |op-temet difference, an electric-wind is formed (for
= . example:Peltier- effect). The cooling effect of the electric-wind is
sighificant (~300 °C heat is drawn at 1000 °C). The cooling
The MOL-lubrication can be usad in this range. The lubricant is not the infensity is satisfactary in this range.
poor variation of the above guality product, because all functional additves
andthe basir il fuse and evaropate, too. Mot the functional characteristics de-
cides the suitabilityof the [ubricant used at MQL-lubrication but its molecular
attitude.

Fig.32.The concept of the cutting shaping with a new view

The next interval is the so-called transitional tiseg where we may apply MMS
lubrication already beside the emanated refrigematOn the other hand the MMS lubricant is not
the diminished quantity of the traditional productince some are a functional additive in this
interval, but even the basis oil melts and vapo8rsthe functional characteristic does not define
the suitability of the used lubricant by MMS lukaion, but his molecular behaviour. The interval
of the cutting speed is between 200, <wv00 m/min.

On the 33. figure this is visible, that how we ng®t on a what kind of road according to
the objective of the future to the dry shaping wiftke two refrigeration procedures applied beside
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each other. On the figure can be observed, thatcdase of MMS lubrication that we get into the C
point crossover the A point by regulated refrigemat applying emulsive lubrication strongly
cooling from B point we manage to get on a straligiat into the C point.

b

°C
—
3
g

~~1200

Cut temperature

600

200 400
Cutting speed, m/min
Fig.33.The effect of the refrigeration manner onto theingttemperature

As soon as it is well-known the relative metamo@®€) — of the values occurring at the
material testings — is multiple.

(0,035 <¢ < 1,0) material testings 1< 6| cutting interval (1 < < 6)

By thee = 1 value we grant the,k; specific cutting force, as this gets to a revievitie
1.1.2. chapter in detail. The contexts’ based fdamhich used for calculations:
ro=r1,&",
where:
- Ty - typical slide tenseness for each substances[MPa
- ¢ —relative deformation [-]
- m — substance pendant exponent [-], his value dwmbgtween 0,16 — 0,25, his avarage
value is 0,2.
So the theoretical specific cutting force indirgadiepends on the tensile strength of the substance
(1, =08[R,), on the ;" exponent and on the sliver thickness which infaieg the g” value

fundamentally, and depends on the cutting velduitthermore.

The processing of my research results — it gotrevieew in previous already — | depicted it
in the Igh — Igk coordinate system thk. values (that is a straight) and | consider thisoat
position. | granted it compared to this due to dhanging parameters resulting specific cutting
force. My done series examinations prove that itrésulting in an energy use changes
unambiguously into a context can be brought fohwfite surface energy level. But according to
Einstein’s statement the energy depends linearltherelectromagnetic frequenéy), the changes
are parallel though the functuin df”,1 and onto some metal surfaces are identical.

The visible light being restricted to the narrowduency interval, and the used not yet
damaging laser’s frequency is constant. It folldvesn this that the new viewed cutting shaping’s
energy level is the same by given conditions, godifferent metals’ value of change compared to
the k basis straight % percentile value is the same

Can be declared, th#te theory of the cutting shaping with an enlargechew view is
collective.

| did the majority of my experiments in this intahand the lubricant (that not the one with
traditional dosage, but so-called model liquid) teduction of his quantity (from 50 g/h to 30 g/h)
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continually | reached the third province betterthe third interval, it decreases already the odle
MMS lubrication, so his lubricant quantity of whicise was made through minimal one onto zero
reducible, so the dry shaping we may get into aipoe. | may say that these experiments may
contribute to thearadigm shift of the cutting.

3.6. New scientific results

1. Thesis. | laid the foundations for a new modifs@iver detachment theory with my experiments
and | complemented it with the analysis of the gne&onversion process.

1l.a.) | proved myself with the experiments, thathwelectromagnetic waves can be forged the
process of the energy conversion, this proveset rtieasured one and the exceptionally strong
correlation between the results calculated thewallyi (r > 0,95). The thermo plasticity and the
shaping one hardening is modifiable with the mdeauanipulation locally and from each other
independently.

1.b.) I proved on an experimental way that the gyneonversion in the cutting zone is adjustable in
case of using given, special coolant-greaser, ifcveate the induced emission with visible light

(A1=10"°m, 10" < f <10 Hz), or rather with a laser (P <ImW,= 630-680 nms) we realise
an energy distraction (refrigeration). On a thdoadtway it is provable, that with a smaller
wavelength ¢ =108 m) and with a bigger frequency (f = ¥(Hz) with the application of X-ray

radiation ¢-photon) the results yet can be increased. Thegadasliver detachment theory with a
new view is collective.

2. Thesis. | justified it unambiguously with expeants, that in case of the 42CrMo4 material (the
new procedures are extendible onto some materidishwcan be cutting) it is possible to reduce

h™  hib
context the single features changed between thentegta borders 230<F.<920N;
0,067<h<1mm; b<l1mm).

| established ont he basis of my cutting experimeekecuted with the different
technological features, that it is possible tomélthe following typical intervals in the decreasie
the specific cutting strength in the course ofdhting (34. figure):

k
significantly the specific cutting force Jkwith MMS lubrication, if in the kc(kc =S - Fe )

Ke lubrication viscosit lubricant
2. abatement methods lubricant [mmzls]y guantity
[%] [9/h]
2.a) 5.15 md_uc_ed mixed .based, _dopped 5.3 50
emission mineral oil

5v% emulsiorfthe
emulsol is the best| the viscosity

2.b.) 16 - 30 Spe?:it:;ggus product which can | of emulzol flooding
be received in the >28
trade flow)
Doppler- 92v% Cl4n-
2.c) 31-50 cooling paraffin + 8 v% 2-7 30
laurilalcohol
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Fig.34.The decreasin of the specific cutting force

3. Thesis. | analysed the energy level of the modieol coatings and | established that their polar
energy proportion is identical near, their changénty the lubricant soiling — chemical modificated

- being left over from an additive may modify it {§ spoiled generally). The profile completeness
factor of the surface is 96 % percentages, which means it, that the seifaABBOTT-sorted

oil contain ability is nearly zero. These adverseunstances lubricant with a quality, the setiirfig
technological parameters etc. it is necessary mapemsate for it. The compensation is necessary in
order that the effects which can be brought abguhb molecule manipulation assert themselves.

4. Thesis. Manifold experiments and analyses pthaeit is a MMS lubricant ornately basis and
his additional requirements the traditional emuisiodiffer significantly and cuttingoils his
requirements. It is not necessary to count it #he-(6) s lifetime oils with the time-bound
characteristics.

4.a.) | established that for a MMS lubricant it e a very good lying, i mean very good wetting
capable ¢ < 3(°) has to be at his disposal and it must be withngftbandage to the surface of the
tool (c = 32 mN/m).

4.b.) | proved that those lubricants give bettauhes in case of MMS lubrication, that from a polar
head (-OH, -COOH, - NKetc.) and saturated, identical one with a coal bembeing attached to
him, lineal, apolar they consist of hydrocarbonttsgse are amphipathic molecules. The application
of a lubricant like this is built up on his case tre surface the most quickly and getting
injuredmentesen the necessary one oriented poleoiatdubricant layer.

4.c.) | established that the MMS lubrication is thest efficient, if in 4 -5 s by evaporation and
ionization way this departs from the surface with@sidual.

4.d.) It was provable unambiguously in the courfsep experiments that the largest significance of
the character of the curve of distillation is comeasl for the starting boiling point of the lubri¢an
We distinguish two standard makes:

- mineral standard oils és

- esteroils.
MMS oils need it with a stable refractive indexpt@vide, his greatness is n =1,51.

5. Thesis. My researches proved it, that the aaabrasion process which three sections can be
assigned on shaping tools — onto the machine peatsire - does not take shape. The shaping

30



procession of arising tool abrasion is parallethe horizontal axis and onto this so-calleakis
abrasion superpose ,in the function of the cutting velotitiye abrasions with a different mode of
action (like e.g.: adhesion, skinning and big agftvelocities diffusion, etc.). On coated hardsteel
tools the basis abrasion on a molecular level,dikeetal transfer appears and on 400 m/min cutting
velocities — if the tool and there is metallurgiaffinity between the workpiece — is diffusion. @th
additional abrasions do not take shape. Becomiimy shthe form of appearance of the abrasion. In
the tool - in case of a continuous usage — enecgyraulates, which is after a time, effected by the
Lthird body’s” initiating suddenly, brings brokemsion. It we may regard it as the edge duration
of the tool for shaping till now and based ont leenination of the typical ceramics’ lifetime we
nominate it with g (Fig. 35.).
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Fig.35.The a section's interpretation

VB, mm

The broken abrasion turns into exceptionally intemswhich leads to the decay of a surface quality
and the elevation of an energy level already, dfterfirst break point. The first break point ist no
parameter pendant, but with the energy level ofystesn feature, which there is in an inverse
proportion for the fruition of the sliver detachmen

6. Thesis. | proved experientially, that adequafetythe Hamiltoni-precept, the sliver detachment
happens on the minimal-energy-level. At this tinte tsurface nearly in layers fine-grained
crystallite-modifing comes into existence, takbga®e with the distinguished friction characteristic
and fading reducing so-called dendritic fabric &fcl an effect isT.x under the surface does not
come into existence in plane furthermore dislocatio
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4. SUMMARY

4.1. The summary of the research activity

There is a strong ambition in the lubrication tembgies to minimize the lubrication used.
These are widely used with well defined circumstartdowever the development of the lubrication
sets is very significant. In these days the corcepe not clear, neither in the practice nor in the
sciences. Some researchers make experiments withdcsystems, although the MQL would be
used better. In base of the references | draw dfiaitions of the widely used machining technolo-
gies. First | showed the demand of energy of thehiméng processes.

During my research work | draw the base of the rimiich in new point of view. In the
next | had to decrease the number of the experariarthe theoretical research program because of
the conditions. Beside this | tried to keep the imaxn measurements, which was possible.

| presented the technological and safety behaviotitee measured lubricant, the circum-
stances of the experiments, the tools and equipntm® measures (main cutting force, revolution
and temperature), the calibration and the repraaiuct

The third chapter contains the process of the nieasand the evaluation of results. At first
the demand and distribution of the energy in cotiorownith the value and distribution of the cut
temperature was established. | investigated theafithe lubricant in the MQL-system. In the next
chapter | studied the mechanism at the tool weastimated the results in base of the surface
roughness and the size keeping. Finally | estim#tedmodifications of the crystallites on their
photos.

In the last chapter | draw the new thesis, theltesind the conclusions. These are summed
up in the thesis booklet.

At finally | made some proposals for the utilizaisoof the results in the practice.

4.2. Practical adaptability of scientific results,conclusions, recommendations

The dissertation shows the results of the thresiplesdirections of the cutting shaping

New ,recycling” technology

The substance of the presented essence of theawtwnwalogy is that the, we insure the
emulsions stability by the forming of emulsion pider system without separate intervention.

By this the vulnerability of the emulsions decreadey the keeping of the even efficiency.
It is necessary to reinterpret the lifetime of #mulsions that is not going on from the fillingant
the machine to the taking out from the machine,dtntinuous.

So the production technology does not define fie¢ihe, the substance time of use which
can be calculated from balance. It makes possibleave the chemical dissolution till now sepa-
rately mainly applied - in many cases far from phece of application — and the recovery of water
like a valuable component that is 92-98% of the Ision, with the locally continuous, economic
realisation of water taking away.

The new technology makes it possible to the substacompared to the opportunities in
the firm circulate and let them not get out afterse from the firm's area. Let’s not organizenis t
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the water many times, but let us accomplish it$ dirculation with including the energy-saving
water-recovering environmentalist distilling equigm in a technological process.

Environment protection

It is necessary to ensure the placement of the ooengs. For example: the water. The
firms buy qualitative water to the emulsion makiitgis delivered, they make use of it, then the
emulsions are transported into the demolishingwhere it is disturbed with polluting acid tech-
nology, and the got water is set free from the Igedispersed oil and fat particles with an addiéibn
coagulation technology to suit for the 28/2004.(X8l) KvVm statute about the emission require-
ments of sewages and then it is let into a chafie.arising hydroxide mud'’s in the last operation
are exceptionally harmful and his disposal expeissehacking. In the country there is about
400000 tons/year of used up emulsion producedyépeatedly travel on the country's public roads,
meanwhile the qualitative change is checked coatisly and with increasingly more expensive
appliances, it is disturbed with costly and strgngplluting technology, there is introduced a spare
technology to the water can be allowed to get thtochannel. Setting out from this we drew it up
an energy saving distilling equipment which carekecuted on the place of the emulsion of appli-
cation, with which the used up emulsion locally ¢endistilled the water, like a treated component
is reusable to the emulsion production. With thes peocedure in the price of the components the
present one with 17% emulsion + service chargeddmbecrease to the tierce, about 6%.

Chipping with a new view

The worked out collective theory for the sliver atiment process can be enlarged onto
other substances, other frictional systems for gtamnto the coated ceramic disk braking systems,
engine valves, those elements of hydraulics, facisaulking they have a function and the poles
of the control elements may not fade.
Some new knowledge or the new sense of old knowledg soon as possible let him get into the
speciality higher education before and let thenplieinto the practice, for example: machine plan-
ning, lubricant development, etc.

The scientific results are attached to the pradtice higher measure, that immediately ac-
tual technologies can be worked. Like the following

— the definition of the quantity of the applied MQubkication

— the definition of optimal technological parameters

- the application of the molecular behaviour of arilcdnt

- transition from the wet lubrication into the aibhication

— the paradigm shift ensuing in the chipping techggloircumscribes his firing direc-

tion and adds actual knowledge to the technicaitwis.
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