Szent Istvan University

MICROTOPOGRAPHIC CHARACTERISICS OF ENGINEERING
PLASTICS’ SURFACES TURNED

Thesis of the doctoral (Ph.D) dissertation

Gabriella Farkas

Gaodollb
2010



Doctoral school:

name:

field of science:

head of school:

Supervisor:

Co- supervisor:

Doctoral School of Engineering
Agricultural engineering

Prof. Dr. Istvan Farkas
professor, DSc

Institute for Environmental Systems
Faculty of Mechanical Engineering
Szent Istvan University

Godolb

Prof. habil. Gabor Kalacska

professor, CSc

Faculty of Mechanical Engineering

Institute for Mechanical Engineering Technology
Szent Istvan University

Godolb

Dr. Béla Paléasti Kovacs

professor, CSc

Institute of Material Science and Manufacturing Eegring
Donat Banki Faculty of Mechanical Engineering aed\8ity
Technology

Obuda University

Budapest

Approved by head of school Approved by supervisor



CONTENTS

CONTENTS
1. INTRODUCTION AND AIMS OF THE DOCTORAL DISSERTATIN ......ccciiiiiiiiiiieeiieee e 4
1.1. The significance of the reSEAICH ........ceeer i 4
1.2. The aims Of the reSEAICH ......... e 4
2. MATERIAL AND METHOD ....uitiiiiiiitiite ettt bt e sne e e e e nnneee s 6
b I = g o o= Y=Y T o o N o To )Y/ 0 0= 6
2.2. Engineering plastics machining BY CUtHING weweveveee i 6
2.3. The CUttiNg EXPEIIMENT ... .t e s aaaaaaeas 7
2.3.1. The machine-to0l aPPlEd............cummemnrrmmmmmmrmneii e 7
2.3.2. The parameters selected fOr tUMING ceeeeevoie i 7
b2 T T I o T (1] o 1T o i (o o £SO 7
2.4. Conditions of surface roughness MeasuremMEeNL..........cceeeviiiiiiiirirreeereiiiereeee e sereneees 8
G = S U I S SRS 9
3.1. Examining the theoretical roughness at enging@lastics turned..............ccccvvvvi e 9
3.2. Factorial experimental-plan concerning theafbf cutting parameters on the direction of
height characteristics of the surface roughNESS .cc......viviieii i 10
3.3. The results of cutting experiment carriedtputool with increased nose radius............. 12
3.4. Connection between the average roughness aecdldamical properties of engineering
01 F2 ] (T8RP 13
3.5. NeW SCIENTIFIC FESUILS .........eeiiiii ettt e e e e e e e e e e e e e e e e e aans 14
4. CONCLUSIONS AND SUGGESTIONS........ottiimmmmreeeeateetessitieeeesiire e sseneeessineeessneeeeees 16
5. SUMMARY L.ttt ettt ettt ettt e e ekt ee e ettt e e e e R te e e e entee e e neeeeeaaneaeeeanaee e e e nneeaeann 17
6. PUBLICATIONS IN CONNECTION WITH THE THEME OF DOCTORAL
DISSERTATION. ...ttt et rh e e s rnbe e e s bbbt e e s beeeeea 18




INTRODUCTION, AIMS

1. INTRODUCTION AND AIMS OF THE DOCTORAL DISSERTATI ON
1.1. The significance of the research

The surface quality is influenced by numerous fectavhich can be approached from the
manufacturing and from the utilization sides. Theface formed during machining has an effect on
the operational characteristics of machine-parts, tleir tribological behaviour. Roughness
measuring numbers are used to characterize thacsuduality in the technical practice which can
be 2D, so called microgeometric parameters andd3€&aBed microtopographic characteristics. The
surface microgeometric measuring and characteriamgmostly standardized so it is suitable to
compare certain types of surfaces. Wide-rangingob@arameters is available to characterize the
surface texture, the industrial practice uses &iB measuring characteristics. The computing
technique development made it possible to intakatgnumber of data in comparatively short time,
and so introducing the 3D-al surface evaluatiow,. fbhe favoured interest of scientific life to
surface topography is caused by making possiblesiggficantly more reliable characterizing of
the surface. Stout and his fellows put down thenflation of the 3D-al evaluation technique when
in their publication explained the 3D-al surfaceigbness and they defined the 3D-al measuring
characteristics, too. Wide-ranging attention ishia field of technical sciences now days to develop
various plastics. During the century old historyptdistics such extensive developments happened
those nowdays they already don’t pass for substitoaterial but they pass for very important
constructional material in the industry almost wemy field. They often surpass the traditional
materials in their properties, by changing theimposition (for example: adding softening material,
fibre reinforcement) they can be formed onto cotecepplication field. The lower density the high
strength, the corrosion resistance the chemicdiliéya the electric resistance capability are
advantages comparing to the metals but their dasatdgeous properties as the low heat-resistance
from time to time the high moisture absorption b to be taken into consideration during their
use. ,The engineering plastics are such polymeiistwiiave got excellent mechanical properties in
wide ranging temperature”. These plastics are grediun more forms, which depend on basically
their further processing methods. They can be powdgranule products, semi-finished products
(bars, pipes, plates etc.) finished product re$pelgt One important group of engineering plastics
in the general type engineering plastics, amongithéave carried out cutting experiments with
cast polyamide 6, with poly(oxymethylene) co-polymand with poly(ethylene-terefthalate)
materials. Among the high-performance engineerilagtits | have selected the poly(etherether-
ketone) plastic as high heat resistance, high-gthengood dimensional stability and rigidity
characterizes it, its use is extremely widespreade&ample: aviation engineering, vehicle
engineering, chemical and electric industry etc.

The cutting process, within this using turning acmining plastic for nowadays has got great
importance and is mainly sole in repair technoldggspite this the technical literature gives the
characteristic cutting parameters for certain pladtetween very wide limits which first of all gtn
towards deformation caused by temperature to avpidossible softening, serving respectively the
economical production in the technical practice.e Tepreading of engineering plastics cut
compelled the tool manufacturers to develop toeiteble machining plastics, too.

1.2. The aims of the research

During my research work the modelling of grindingpgess carried out in circulating ball grinder
and the machining circumstances and data in thamgyirocess has to be selected such way that the
work piece machined should be suitable to the aoguto gage, to the geometrical trueness as well
as to the surface quality given by the designevef researchers dealt with the machining of
metals by cutting as well as with the examinatibfaotors characterizing the given process (in case
of turning for example: feeding, nose radius, ogttime, cutting speed, edge geometry etc.) having
effect on the surface roughness.
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INTRODUCTION, AIMS

The primary goal of my research work is to evaluatg to analyse the parameters of surface
roughness of engineering plastics machined by rigtnfurther important task is to work out the

requirements of suitable surface planning of exg@dperational behaviour of surfaces produced
during machining plastic parts. The most importaietvpoint was that the experiments’ results

should be useful for engineering practice, too. Thenection between the surface microgeometry
and the technological data at cutting of enginegplastics now days are not yet revealed properly.
I have selected some thermoplastics types amongrigmeering plastics as test material which
fulfil decisive role in engineering application.

>

>

>

Examining the interaction between the tool-edgeemieined geometrically (various tip
geometries, technological parameters) and the crfaachined. The applied turning
parameters during the first two test phases: @ipeedy, = 200; 250; 315; 400 m/min,
the feeding during roughing phades 0,2 ; 0,25; 0,315; 0,4 mm/rev., the feeding wigri
finishing phasef = 0,05 ; 0,08; 0,12; 0,16 mm/rev., the depth df a= 0,5 mm (keeping
on constant value). The cutting speed during thel thhase of testy, = 400 m/min
(keeping on constant value), the feedifg:0,08; 0,125; 0,2; 0,315 mm/rev., the depth of
cut:a=1,0 mm ané = 2,0 mm.

Examining the characteristics of surface pictureshy electron microscope (SEM) and of
information-content in case of PEEK engineeringiita

To discover function-relations with empirical rétetts taking into account the effect of

must influencing factors, too. | examine thR=C, LV [T *function-relation with

experiment planning method, in which the paramesetscted ifRa (average roughness)
and theRz(unevenness height), the set out factors areutimg speedy) and the feeding

(®.

Ramifying technical literature belong to the thementioned above, because of this | limit the
survey of technical literature to the most impotthteratures considering the theme and | review
these is the next chapter.




MATERIAL AND METHOD

2. MATERIAL AND METHOD

2.1. Engineering polymers

Plastics are such organogenous giant molecularriaatéo be produced and workable by technical
processes which are produced by transforming stiotbe natural giant molecules. The plastics are
total value structural materials since decades hwvlaie applied by the engineering practice in
several areas. The technological processes congetdi produce and to work plastics — by
continuous increase of their application — devétop great extent from day to day. The plastics can
be put basically into two groups concerning theihdviour against heat, they can be thermoplastics
and non-softening plastics. The technical litemalistinguishes further two groups too:

» General type engineering plastics the polyamidey),(Ehe poly-oxymethylenes (POM),
the polyethyleneterefthaletes (PET) as well asptiigethylenes with ultra-high molecular
weight (UHMW-PE) belong to here.

» High-performance engineering plastics among theronige the polyetheretherketone
(PEEK) the polyphenylsulfide (PPS), polyvinyldemftide (PVDF), the polyimide (PI) etc.

| have selected from the wide-ranging assortmergngfineering plastics four crystalline structure
thermoplastic polymers for research work: cast awiigle 6 (PA6), poly(oxy-methylene) (POMC),
poly (ethylene-terefthalate) (PET), poly(ether-etketone) (PEEK).

In case of machine-parts produced from enginegaiastic semi-product by cutting that interest can
be observed that the quality and accuracy to gagieeosurface quality got can significantly differ
depending on the molecular structure in case oftidal cutting parameters, too. Because of this it
is reasonable by a means to examine and to resseqdrately the polymers with significant
different molecular structure it the interest opgimg cutting.

2.2. Engineering plastics machining by cutting

During developing up-to-data products it cannot lb& those structural materials out of
consideration which are evident from their streratidl thermal physical properties as well as low
density. Such materials are among others also l#stigs, by which spreading the designers must
reckon more and more. The plastics used in pranoticgt satisfy several requirements:

» they must be workable without damage,

» to be capable preserving their characteristicafiong time during use,

» their mechanical, thermal and other characteristizsild be formed according to demands
given.

The primary forming of plastics is the hot-formin@injection-moulding, extruding, etc.)
undoubtedly, however as a secondary process thiaggets also important role, especially at such
parts with accurate, complicated shape. Some mfer® cutting circumstances of various plastics
can be found in the technical literature. Studyitig literatures referred it can be established tha
every company producing or selling plastic semisfied product suggests cutting data in within
very wide range for cutting certain plastics. Thdlofving conditions influence the cutting of
plastics generally:

» The dimensional change of certain plastics caugetperature is ten times higher than
the metals.

» The plastic is a bad heat conductor comparing ttaindecause of this it has to be
protected from local heating up, in such case dumirachining cooling has to be applied.

» Its softening (meeting) temperature is by far lowemparing to metals. Although during
cutting plastics cutting lubricants are not usedegally but at adhering strict tolerance or
to reach minimal roughness emulsion made of nomatic oil is suitable. Fog-cooling or
compressed airs are usually used at chip-tool cbonténiversal cutting lubricant with
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MATERIAL AND METHOD

petroleum base can be used at several metals sadiaplastics, inasmuch improves the
chip formation (helps on certain plastics).
» The plastic is by far more elastic than generaily metals, because of this dimensional
stability (and adhering the tolerance) is also naiffecult.
» The built-up edge can be reduced and roughnessrfafce cut can be improved by using
tools with fine grinded back and with face lappgdstoning.
» The most suitable is using fine-grain tip for tungiwith using accordingly great relief
angle.
» The work piece supported accordingly restrictsttiw inclination.
Optimum result can be expected only by collectind proper choosing of champing, tool material,
edge geometry and of cutting data.

2.3. The cutting experiment
2.3.1. The machine-tool applied

| have carried out the cutting on NCT EUROTURN 1ZBIC control HSH-lathe, which was
bought by the Institute in 2004. The machine-toaswvell conformed to my experiments, its
condition can be still qualified excellent. | hafeg — reaching taken into account the experimental
character at writing the CNC-program, so after mgndifferent data combinations there was
always possibility to collect chips respectivelypievent sudden events (for example: chip stuck,
tool barbing, etc.)

2.3.2. The parameters selected for turning

I have selected the cutting data combinations dhiteexperimental settings as well as the turning
tools used taking into account the technical li@m@ suggestions. | have applied four cutting
speeds, and | have carried out the turning bytspito roughing and to finishing phases. The
experimental setups were the followings:
cutting speed: V. = 200; 250; 315; 400 m/min;
feeding during finishing phase: f=0,05; 0,08; 0,12; 0,16 mm/rev.;
feeding during roughing phase: f = 0,2; 0,25; 0,315; 0,4 mm/rev.;
depth of cut: a=0,5mm;
the dimensions of work pieces: dng= @ 40 mm;
Img= 80 mm;
» during machining | have not used cutting lubricant.

YVVYVVY

2.3.3. The turning tools

At selecting the turning tools | have taken intc@mt at the highest the technical literature
suggestions. Based on this | have selected theagpdied to cutting experiments among the
available tips from commerce suitable machiningrahium (Table 2.1.). | have used 4-4 pcs. from
each type of tips this | have used new tip duriatgicg each types of engineering plastics.

Table 2.1.Geometric characteristics of cutting tools

:iSpeometnc characteristics of A" tip B tip
nose anglez, () 35 55
relief angle:og () 5 7

nose radiust, (mm) 0,4 0,4
tip thicknesss (mm) 2,4 3,9

-7 —



MATERIAL AND METHOD

Before starting the experiments | have submittes tths to edge-condition check consisting of
checking the nose radius and edge roughness. Tde radius measured at ,A’-type tip showed
surprisingly high standard deviation, in the rouggs parameters of edge however nearly 50%
difference was shown. THea value took shape around 1,pfn, theRzvalue however was 6,43
um. The No.4 tip proved to be the best from viewpoinedge geometryRa= 1,16um, Rz= 5,47
um). During examining the previous edge radius atgeaoughness of ,B” tips | have experienced
that very small radius and accurate edge charaetethe tips — as a result of an expert edge gonin
— they had minimal roughness standard deviatioe. alerage roughness value viRes= 0,58um,
while the value of height unevenness was ardene 2,66 um with low standard deviation, thus
the tips with greater nose angle have got very gpadity.

2.4, Conditions of surface roughness measurement

| have submitted the work pieces cut to preliminaxgmination. | measured the surfaces with C3A
shop surface roughness tester. The instrumentpabba to indicate numerically thea, Rz, Rt
characteristics and is capable producing profikphr Its analogous output signal through A/D
converter is directly capable processing data bymder too. | have carried out the 2D-la and 3D-
al roughness examinations of surfaces machined Witthr Perthometer-Concept feeler type
instrument in the measuring technique laboratoryhefinstitute. The setup used at evaluation of
surfaces according to ISO 4288:1996 standard:

- evaluation lengtH,, = 4 mm;

- the prescribed filted; = 0,8 mm.

The profiles and parameters taking up during meagur

- raw (P) profile;

- filtered roughnessR) profile;

- 9 roughness parameteRa, Rmax, Rz, Rq, Rp, Rt, RSm, RSk; RKu

- 5 waviness parametef/t, Wa, WSm, WS, Wdq

- 6 raw parameter®t, Pa, PSm, PSk, PKu, Pdq

| have carried out the measurements with the MaHF R/50e and with the Mahr BFRW 750 —
type feeler perpendicular to the machining directtibhe feelers chosen were suitable to measure
the surface texture of the plastics applied in aede work, they did not cause scratch or other
defect. The 3D-al parameters were made from ther@xRsection of the surface examined. The
making of topographical pictures during measurinduring scanning of the sampling surface -
takes place by producing profile sections (in pnésase 501) to be determined distances from each
other, on the measuring length and with using pitesd filter) to be appropriate to the standard. |
have made the electron microscopically exposurdh tie JEOL JSM 5310 — type scanning
electron microscope from the surfaces turned offB&K engineering plastic in the laboratory of
the Institute of Material Science and Manufacturirgyineering.




RESULTS

3. RESULTS
3.1. Examining the theoretical roughness at engingeg plastics turned

The optimal cutting parameters are not yet detegthiexactly concerning the surface roughness at
certain types of plastics. My aim was with the ekstions to establish the effect of machining
parameters to the most characteristic parametaredurface profileRa, R that is | was seeking
connection atRa = Ra(yf) and atRz = Rz(yf). The diagram (Fig. 3.1.) presented show the
differences in % of the expected theoretical ro@gises - the Bauer-kind connecti®g(and the
Brammertz-kind formulaRes,) - from the real, measureR3).

In case of cast, polyamide 6 so determine the #tieat roughness the Brammetrz-formula can be
better applied. | have experienced 12 % or less this difference from the surface measured at
machining with ,A” tip having smaller nose angletlvithe results got at this formula, in the
0,12-0,4 mm/rev. feeding range and in the wholeedrgental speed range. It can be stated that at
evaluating the surface cut with ,B” tip the Baueénd theoretical roughness shows significantly
greater difference than the values got with thenBrertz-kind formulaRes, values in thé = 0,16-

0,2 mm/rev. feeding range approximate the Reafalue with great safety altogether around 5-12 %
difference.

In case of PET turning with ,A” tip at thie= 0,12-0,4 mm/rev. feeding the Bauer-formula can b
well applied, while af = 0,05 mm/rev. as well &= 0,315-0,4 mm/rev. feedings the theoretical
roughness calculated with Brammertz-formula stittér approximated thRz value measured. It

can be said at evaluating the surface cut with tjB; that atf = 0,12-0,25 mm/rev. feedings the

theoretical roughnesses calculated with the Brartmfermula approximate with great safety the
realRzvalue.

R.and R, % difference from Rz
Malerial: PET, Tip: "A" mark
100,00%
V.= 200 v.= 250 V=315 v.= 400
0,00% .||J.|.J. ||J LB NP
-100,00%
=
E HRe
£-200,00%
z W ReBr
&
a
-300,00%
-400,00%
-500,00%
LNOMNWANLLWE ST N0 MND MWD WL LN NWOANDLW ST NC0 N MWD W ST
OO_-—(HDNHGDOHHCNH OCHHDNHGDD‘—iHDNHD"
codo ofl odoo o oddo o Sdococ o™
(=) (=) (=) (=)
Feeding, f[mm/rev.] and cutting speed, v_[m/min]

Figure 3.1.The difference of theoretical roughneRe( Rg;) compared in % to the measufRdat
feedings and cutting speeds examined in case of PET
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RESULTS

In case of poly(oxy-methylene) at evaluating théase cut with ,B” tip the Bauer-kind theoretical
roughness shows a little greater difference than walues got with Brammertz-kind formula.
Because of we got here the best surface cut, threréie differences with smaller amount were also
here with the Bauer-formula. | have experienced%0or smaller than this difference at the
roughness measured at machining with ,A” tip inthe0,12-0,4 mm/rev. feeding range in case
200 m/min and/,= 400 m/min with the Brammertz-kind formula.

In case of PEEK at using both the ,A” and the ,BJstthe theoretical roughness values calculated
with the Brammertz-formula approximate with greafiesy the reaRzvalues.

3.2. Factorial experimental-plan concerning the eéfct of cutting parameters on the direction
of height characteristics of the surface roughness

I have planned and carried out the examination thichexperiment-planning method which is often
used to examine the effects of cutting parametetzave modelled with two factorial power
functions the values measured of the directionhtaibaracteristicsRa, R of roughness profile at
the surfaces machined. Thus in the factorial expemtal-plan:
- the parameters:
- profile average difference: Ra[pm],
- the height of profile unevenness:  Rz[um],
- the factors:
- cutting speed, Ve [m/min],
- feeding, f [mm/rev.].

The two characteristics (parameters) of surfacghnass and the cutting data (factors) set can be
described with the following function:

R=C, DV [F ™ [um] (3.1)
| have completed the regression function examinatiand the evaluating the results with the
Minitab14 statistical software. | have determinbd toefficient of invidual models and exponents

(Cr, X1, X2), the standard deviatiors)(and the value of determinant coefficient showihg
correlation R?) with the help of program.

The regression functions (Table 3.1.) gotRaand Rz parameters describe the measuring results
with small standard deviatiors € 0,093-0,111) and with relatively high correlatiR> = 0,921-
0,971).

During machining with ,A” tip the cutting speed d&d smaller effect (-0,292x; < -0,316) to the
surface roughness at only PA 6 material, while tis be said as minimal in all other cases. The
feeding exponents took shape between<ly < 1,46 , thus it has got smaller effect onto the
measuring results as the Bauer-formula shows thatase of ,B” tip the speed effect can be
neglected, while the feeding shows 158 < 1,8 exponent-value, this suits better to the thigcal
formula applied at turning with regular edge geamet

According to the 3.1. Table onto the poly(ethyleersfthalate) plastic is altogether true that the
effect of speed in the range examined is very sf@JD08< x; < -0,105) (Figure 4.10.) to the
direction of height characteristics of surface. Téeding effect to the valudgaandRzat ,A” tip
resulted an exponent that is greater than one £)8% 1,6), while at ,,B” tipx, value approximate
better the two.

It cutting poly(oxy-methylene) — at both tips — tefect of speed in the range examined is very
small (-0,00X x; < -0,062), it does not influence significant effectto the surface characteristics
examined. The effect of feeding however has goatgrevalidity, it is following comparatively
regularly Bauer-kind formula determining expectedghness, th&ka, Rzvalue increases nearly
quadratic (1,54 x, < 2,1) withf value, to be noted that the function of ,B” tiprbealso gives
higher exponent (Fig. 3.2.).




RESULTS

Table 3.1.Results of regression function examination

Cast polyamide 6
A tip B tip
Function relation s R Function relation s R
_ 20,292 [ 146
Ra=1910V ;" 0F ™™ 4 111 | 0.94| Ra=93 [V00% [ 18 0,093 | 0,971
_ 20,316 ¢ 12
Rz=6310, " 0,106 | 0,921 | Rz=240v°*' [Of ** | 0,205 | 0,953
Poly(ethylene-terefthalate)
A tip B tip
Function relation s R Function relation s R
Ra=46W_*"® ¥ "° |o,1606 0,899 | Ra=1200V;°*" [ ** | 0,052 | 0,992
_ 0,026 ¢ 137
Rz=117Ly " LI 0,154 | 0.877| Rz=4900v,**® ¥ *"* | 0,074 | 098
Poly(oxy-methylene)
A tip .B” tip
Function relation s R Function relation s R
Ra=502%%F *® | 0,077| 0,977 Ra=1100y*®*[F > | 0,035 | 0,997
— -0,062 154
Rz=2340y; " Lf 0,076 | 0,974 | Rz=288W>%"°[F *** | 0,060 | 0,99
Poly(ether-etherketone)
A tip B tip
Function relation s R Function relation s R
Ra= 630V,°*8[f *® | 0,067 | 0,978 Ra=42V % [F *° 0110 | 0,95
— -0,089 136
Rz= 2750 LF ™21 0sa | 0.983| Rz=13500%2 (F 7 | 0.128 | 0923
POMC, Ra-f-v, POMC, Ra-f-v,
Atip Btip
.- B mymin V- i
20,0 20,0
18,0 18,0 |
’ /|
ot _ | /,/
— 120 — 120
£
¥ 2 | s
60 =l x P
i g 6,0 /r
40 // 40
20— — 20 :
0,0 S el

0,05 0,10 0,15 0,20

0,25

0,30 0,35

Feeding, f [mm/rev.]

0,

0,0

40

0,05 0,10 0,15 0,20

0,25

Feeding, f [mm/rev.]

0,30

0,35 040

Figure 3.2. TheRaformation at machining with ,A” and ,B” tips in s@ of POM C
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RESULTS

The measuring results in case of poly(ether-ettiene) were similarly formed as at the other
engineering plastics examined. The regression ilemetgot shows that these take up well form of
the measuring results: | have experienced compatatsmall standard deviatios € 0,054-0,128)
and very high correlatiorRf = 0,923-0,983).

Summing up it can be observed that the cutting s got small effect onto roughness
characteristics at the engineering plastics examifidis experience is inconsistent with those
measuring results, which we have experienced &hguteels in over experiments.

3.3. The results of cutting experiment carried ouby tool with increased nose radius

| have carried out cutting experiments with toolihg increased nose radius € 0,8 mm) in the
third phase of experiments. The cutting data-comatimns of individual experimental set were the
followings:

» cutting speed: Ve = 400 m/min (constant value);
» feeding: f=0,08; 0,125; 0,2; 0,315 mm/rev.;
> depth of cut: a=1,0 mm;
» depth of cut: a=2,0 mm;
» work piece dimensions: Ang= @ 40 mm;
[ma= 80 mm;

» 1 did not apply cooling during machining.

By increasing the feeding such changes happeneaHeirPEEK material structures which have
caused drastic deterioration of the surface qualltye electron microscope exposures prove
unambiguously that surface defects and tears irhimiag tracks happened which influenced the
surface quality in great extent (Fig. 3.3.). Th@atid not came off continuously from the surface,
but it was crumpling for some time, then was teesulting broken chip, but leaving on the surface
shell-like craters.

150x magnification

) 50x magnification

150x_magnification
S

v,= 400 m/min; V.= 400 m/min;

- V.= 400 m/min;
f= 0,125 mm/rev.; =02 mmirev,, f= 0,315 mm/rev.:
a=1mm a=1mm a=1mm

S0x magnification
E8 ¥
=

50x magnificaticn 50x magnification

.= 400 m/min; v.= 400 m/min; v.= 400 m/min;

f= 0,125 mm/frev.; f=0,2 mm/irev.; f= 0315 mm/frev.;
a=7?mm a=7?mm a=7?mm

Figure 3.3.SEM pictures of the PEEK plastic surface turned




RESULTS

It can be established from comparing the 2D-al @Bdal measuring numbers that among the
amplitude parameters tiaand theSacorrespond comparatively well in the range of $ifiesdding

(f = 0,05-0,125 mm/rev.). The difference between e parameters is significant in the roughing
phase where rough defects already characterizeuttfiece. In case ddqand theSqparameters the
results are similar (Fig. 3.4.). The sharpnesshefheight distributionRkuand Sky characterizes
well the unevennesses form and by this means tlseyrafer to the operational characteristics of
surfaces, the 2D-al and 3D-al parameters show gampdement. Significant difference can be
experienced in case BfskandSskmeasuring numbers. The 3D-al parameter referfaces wear
resistance and with good carrying characteristidjilavthe 2D-al characteristic shows in
consequence of the individual, ,planar” measurimat more cusps can be found on the surface.

PEEK, Ra and Sa, v, = 400 m/min PEEK, Rq and Sq, v, = 400 m/min
I I
20,0 —+—Ra (um) 20,0 § —*—Rq@Em)
—=—Sa (um) / —#—Sq (pm)
g / 15,0

/
) | // | 3 . z{ ye
J LA N

0 0,1 0,2 0,3 0.4 0 0.1 02 03 0.4

N

Rq, Sq (um)
5]
o

Ra, Sa (um)

Feeding, f (mm/rev.) Feeding, f (mm/rev.)

Figure 3.4.Comparing the 2D-al and 3D-al parameters at PEIEktip

3.4. Connection between the average roughness ancechanical properties of engineering
plastics

The goal of the tests were to determine that mechhiproperties (Yield point, elongation at
rupture, Young's modulus), specific impact ener@hdrpy) as well as hardness (ball-pressing,
Shore D) of engineering plastics applied in theegxpent how influence the average roughness
(Ra).

TheYield point values do not have significant effect onto theigalof measuredain case of ,A”
and ,B” edge-forming at constamt value. The changing the cutting edge-forming té ;Qype
already changes the independence: over 85 MPa Yt increasindRa was experienced. The
phenomenon can be considered exception as in ¢dbe PEEK material — it is a member of the
high-performance material group — ensued.

The Ravalues examined in the function @bngation at rupture and theYoung’'s modulus show
basically independence in case of ,A” and ,B” tiggge-forming in case of small, medium and great
feeding too (in same cases the PEEK is except@om)ing using ,C” —type tip the PEEK material
represents definitely exception in the result raigeshows higtiRavalues with increasing feeding.

It can be stated of tHiRavalues analyzed in the function @harpy specific impact energythat the
PEEK belonging among the high-performance engingglastics here can be also separated from
the general purpose engineering plastics. In cg&”@nd ,B” tip forming the difference is small,
while in case of ,C” tip increasing the feedingluatof = 0,315 mm/rev. unexpectedly great
difference happens ®a which can not be taken into account with linesgression.

In case of ,A” tip at theball-pressing hardnesswith increasing feeding it can not be drawn up
unambiguous connection or trend betwBaand hardness. In case of ,B” tip — the PEEK separa
favourably — at the general engineering plastistetbthe increasing ball-pressing hardness resulted
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increasedRa values. In case of ,C” tip the PEEK unexpectedifeds from the other materials at

which Raslightly increases with the increase of ball-pireg$ardness (Fig. 3.5.).
v.= 400 m/min; f=0,2 mm/rev.; a = 0,5 mm; V=400 m/min; f=0,2mm/rev.; a = 1 mm;
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Figure 3.5.a) Ravalues in case of ,B” tip in the function of baltessing hardness at medium

feeding b)Ravalues in case of ,C” tip in the function of ballessing hardness at medium feeding

Examining theRa in the function of Shore D-hardness in case of @#&id ,C” tip it can be
established that at the smallest feedig 0,08 mm/rev.) independence can be establishieba
the Shore D values arRla Increasing the feeding thiRa also increases with Shore-D increase. At

surfaces

3.5. New

cut with ,B” tip, in case of increasingdiing the increase of hardness caledecrease.

scientific results

1. Thesis: | have proved from the turning experiteesarried out with single-point toll having

2. Thesis

3. Thesis

4. Thesis

regular edge geometry that the height directionategeometric characteristicRé, R}

of the surface machined the 280v. < 400 m/min cutting speed influences only in
minimum way in the experimental range applied by. mbkis is contradictory with
experiences at cutting steels. The conclusion iid véor the four engineering
thermoplastics (PA 6, PET, POM C, PEEK) used inekigeriment.

. | have established with cutting experimseries that at the engineering plastics
examined with the applied types of tip (,A", ,B"@ with f = 0,05-0,16 mm/rev.
feedings with keeping the cutting speed betwggers 200-400 m/min the average
roughnesfa< 2pum.

. | have established that the theoreticainection applied to indicate in advance the
probable surface roughness at cutting steels (B&8rammertz-formula) can be used to
qualify the surfaces turned of engineering plagticdifferent data — range depending on
the properties of the engineering plastic.

. | have proved that the expected surfacghness Ra, Ry at turning engineering
plastics can be well modelled with fraction-expdien power functions

(Ra=C,, [V [F* ; 42< Cp,< 191; -0,00X x, < 0,04; 1,46< X, < 2,1; 0,035 s <
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5 Thesis:

6. Thesis:

7. Thesis:

8. Thesis:

0,16; ; 0,95< RF < 0,997 , andRz=C,, ¥} [ *; 117< Cg, < 631; -0,017< x; <
0,062; 1, x, < 1,95; 0,054 s< 0,154; ; 0,8% R’ < 0,99).

| have established that the values ofilerunevenness’ heighR@ measured on the
surface turned with ,A’-type and ,B"-type tips inhe& cutting range examined
significantly exceeded the calculated values of theoretical roughnessRé. The
Bauer-formula determining the theoretical roughndsscribes with great error the
expected roughness in this data-range becauseisfitshapplication is unsuited for
engineering plastics examined.

The Brammertz-formula by far better ragjpnated the values of the profile —
unevenness’ heighR@) measured on the surfaces turned with ,A” type gdtitype
tips at PA 6, PET, POM C, PEEK plastics than theeBdormula because of this it can
be well used to determine the expect roughnedsidata-range examined.

| have established that the tool wittréased nose radius (,C” tip) produced similar
roughness at the PA 6, PET, POM C general funatiogineering plastics with the
turning parameters useg. (= 400 m/min;f = 0,08-0,315 mm/reva = 1-2 mm). At
turning the PEEK high performance plastic withe 0,8 mm nose radius tool occurs a
phenomenon damaging the surface quality. During ofinoval takes place a tough and
brittle shear crack propagation alternating withsfmg character in the cutting system.
The visible result of this is the cut surface witaled character. This phenomenon
causes the deterioration of the surface quality.

Evaluating the measuring results ofrage roughnessR@ in the function of
mechanical properties of changing feeding and wiffe edge-forming (,A”, ,B”, ,C"-
type tip) | have established that:

a) There is such a cutting system when the meddResvalues on case of PEEK
belonging to the high performance material categmy be separated from the trends
experienced in case of general engineering plagtiasé, POM C, PET) examined. The
Ra trends estimated in the function of ball-presshragdness, Yield point, Young's
modulus in case of increasing feeding differentesfiygming (,A”, ,B” and ,C” tips)
can not be commonly evaluated in case of the tweriads group.

b) Analysing theRavalues in the function of Shore D hardness itlmarestablished that
the PEEK does not constitute exception among tinergé engineering plastics. In case
of all three edge-formings independence can bélksttad — at the smallest feedirfg=(
0,08 mm/rev.) — between the Shore D values RadBy increasing the feeding thRa
also increases with the Shore-D increase in cas@A’bfand ,C” edge-forming. At
surfaces cut with ,,B” tip in case of increasingdewy the increase of hardness cauRad
decrease.

¢) In case of general engineering plastics exatneithout PEEK — | have established
the following regularities:

- theRain the function of elongation at rupture of Yousghodulus as well as of Yield
point of individual materials can be consideredejpghdent — in case of increasing
feeding too — the incline of straight line of reggi®n is zero.

- theRatrends established at different feedings in thecfion of ball-pressing hardness
belonging to individual material depend on formiofgthe cutting tool. In case of ,A”
.B” and ,C” tip different trends can be established
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4. CONCLUSIONS AND SUGGESTIONS

Based on my research work presented in my disgmrtat sum up those connections in the
followings which can further widen our knowledgedaran help in case of practical application.
The roughness examinations of surfaces of engmgeplastics cut allow to conclude the
followings:

» | have drawn up a complex cutting plan applyindotar-type engineering plastics which gave a
possibility to examine the behaviour of the indiwadl materials during turning with peculiar
consideration to the microgeometry of surface textnd to chip formation. | have proved this
that the cutting speed has a slight effect onto sheface roughness examined in the
experimental range determined by me. This diffasidally from the experiences at cutting
steel.

» The experimental results show into that directimat the cutting data-combinations cab be still
made more exact relating to the surface roughretbe asemi-finished products of engineering
plastics examined.

» | have established at comparing the 2D-al and 3Dealghness characteristics that the
microgeometric parameters react more sensitivelthéorough unevennesses of the surface
because of this applying the microtopographic meagunumbers would be indispensable in
the engineering practice to determine the surfacality, but the high price of measuring
instruments and the long measuring process stilapstiop to spreading in the practice.

My suggestions are the followings concerning thiéhier experimental fields raised by the theme:

» The real roughness valuRZ got based on turning experiments can be well @etpwith the
Brammertz-formula. The limit of error maximum apgeahere disregarding from the
outstanding value does not exceed neither at tlaleshfeeding 50-60 %. All this cannot say
about the Bauer-formula. Based on this it woulétkeedient and desirable with experiments to
adapt theh,, = f(v., r,) connection occurring in the Brammertz-formula oetugineering
plastics which could probable make possible stdtenexact application of the formula.

» | have stipulated as a boundary condition at thiease roughness examination that | take into
account the parameters in the height directiorhefrbughness characteristics, as is the most
widespread in the engineering practice. It woulduoeth to examine further 2D-al and 3D-al
parameters as a future task.

» The cutting experimental plan drawn up by me referturning with single-point tool having
regular edge-geometry. It is suggested an expetahgtan worked out for other cutting
process as a future task by which knowing the hiebawf engineering plastics would be
possible.

» | haven't taken into account the time factor atiogtexperiments therefore it is justified by all
means to make the duration experiment during apgpeang the future tasks.
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5. SUMMARY

The demands against the surface quality of magbémts are going to be amore and more severe.
The characterization of surface roughness is regliz the engineering practice decisively with 2D-
al microgeometrical measuring numbers but sevarstarchers already deal with examining the
applicability of 3D-al micritopographic parametef$e appearance of engineering plastics among
constructional materials offers new possibilitiettbin the field of product development and in
production technology. | have dealt in my reseavohk with examination of surfaces cut and with
turning such engineering plastics, which can béuliser the engineering practice.

During surveying the technical literature | havadeéhundred domestic and international scientific
articles. |1 have summed up the factors determirtrgy surface quality furthermore the 2D-al
microgeometric and teh 3D-al microtopographic patams used to characterize the surface texture.
Ihave presents those typical measuring processshwdiie widespread in the surface roughness
theme, and the measuring process with feeler dsagélhave displayed the electron microscopy in
detail because | have applied them during my rebeaork.

| have presented the engineering plastics withiquaarr consideration to four types pf plastic used
in the research work: PA 6, PET, POM C, PEEK. Aftieis | have summed up the literature
concerning the cutting of plastic semi-finished qurats. | referred with critical character to the
shortcomings of the given domain then the taskseteolved in the end of chapter.

| have drawn up a complex cutting experimental ptawhich | selected the turning parameters (

f, @ as well as the turning tools applied based onstiggestions of technical literature. Valuable
experiences were got from the cutting experimentshe behaviour of plastics during turning.
Certain plastics — as an example the POM C andPHEEK — can be explicitly well cut chip, the
chip form developed is favourable which cause carthe small heat sensibility and the cristal
structure. During cutting the PA 6 and the PET #piint caused often trouble which during
machining wound to the material and influenced votmably the process. It can be established
from the results got during examining the surfameghness of plastics that the cutting speed does
not considerably effect to the formation of rougéme in the range examined — which differ from
the experiences at steels. During cutting plagtiesfeeding influenced decisively tlia value
determining the surface finish.

Based on my experiments | have drawn up my newnsfieresults which | have summed up in a
separate thesis paper too.

Finally | gave suggestions for practical exploitiofjthe results achieved and for setting further
experimental tasks.
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