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The article is based on practical requirements from the reason of unequally removed material during
the turning of the wood plastic composite (WPC). This results in geometrical deviations of the WPC bar di-
ameter. WPC represents a relatively new group of materials that has been at the market for almost 30
years. In 1983 Lear Corporation in Wisconsine, USA made for the first time the interior panels of cars from
composite materials — PP matrix with organic filler — 50 % wood flour. WPCs displace traditional materials
such as wood, steel and cement materials in the marina industry. Designers are not limited technology of
production from construction aspect, because different shapes and profiles can be produced by injection
(resp. process of extrusion), but in the process of machining were monitored problems with tolerances.
Mixed colors can be achieved by using of different pigments and one feels that this is real wood. Technolo-
gists begin to use convention technologies — drilling, milling and turning, as tendency of application of
WPC increased. Knowledges about machining of WPC are not elaborate as deep as machining of metals or
plastics. And this is a reason for orientation in this direction too.

Commercial wood plastic composite MEGAWOOD (70 % wood flour, 30 % HDPE) was a sample mate-
rial in current investigation of roundness after turning of WPC. HSS EN ISO HS6-5-2 cutting tool was
used. The geometry of the cutting tool was yo = 20°, ao = 8°, k» = 45°, r. = 0,5 mm, & = 90°. Cutting condi-
tions during turning were as follows: cutting speed n = 900 m/min (constant), feed f = 0,1 to 0,61 mm),
depth of cut ap = 0,5 mm for turning of final diameter d = 36 mm. It was dry turning. Round-
ness/cylindricity measuring system RA — 120 was used for measuring of roundness deviation.

It was found that the roundness deviation increases with feed increasing. Popped heat was not used
during the turning to final diameter — 36 mm. Using of popped heat results in decreasing of roundness de-
viation. Waviness was not possible to measure within the range of +£1 000 pm on the sample No. 4
(f= 0,41 mm) and sample No. 5 (f = 0,6 mm). Tip of the measuring systems could not filtrate parameter of
roughness (surface after turning — low value of tool nose radius r. = 0,5 mm and high feed caused distinc-
tive toolmark). Inaccuracy of macrogeometry (including roundness) could have caused state of machine,
tool and fixture too.

Keywords: wood plastic composite, machining, roundness, roughness, measurement.

Nomenclature:

dp depth of cut PVC polyvinyl chloride

f feed WPC wood plastic composite
HDPE  high density polyethylene 00 tool orthogonal clearance

LDPE  low density polyethylene Yo tool orthogonal rake
MAPP  maleated polypropylene & tool included angle
PE polyethylene Kr tool cutting edge angle
PP polypropylene

1. INTRODUCTION

Wood Plastic Composite is a material made up of
wood, plastic and additives: lubricants (external — pro-
mote slip between a barrel and melting, no sticking
between melting and function parts of the extruder and
decrease the process temperature, internal — to reduce
the shear strength and viscosity of matrix) biocides

(protect the organic components against insect attack
and fungal fungi), pigments (mainly used for aesthetic

reasons (create a character of the surface), coupling
agents (used to improve the compatibility of compo-
nents), flame retardants (are used to reduce a risk of
ignition of the product). Natural fibers modifies
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properties of final material — such as flexural and
tensile stiffness (low — cost reinforcement). Matrix is
created from platics (in virgin or recycled form),
primary selection of plastics i1s made following
a temperature of processing (Tmax = 200 °C, or some
literatures show data — 190 °C). PE (polyethylen) is
mainly used in different forms (HDPE — High Density
PE, MDPE — Medium Density PE, LDPE - Light
Density PE), on the other hand, PVC (polyvinilchlorid)
and PP (polypropylene) can be used too. Plastics in
final product increased weatherability, decay, water
resistance and dimensional stability. Additives improve
mechanical properties, chemical stability and more
easily process (mixing of components). WPC materials
represent budged priced of plastics. Traditional
materials are displacemented from market, before WPC
has perfect isolation properties and can be used in
building industry. Plastics composite can replace
masonry, stone or wood in wallfacing. Application of
WPC product in industries are specified in Table 1
[1-5].

The Finnish pavilion KIRNU was introduced in
exposition EXPO 2010 Shangai in China (the construc-
tion materials and methods chosen for the construction
are eco- friendly (Fig. 1).

Teemu Kurkela designed it and pavilion has
introduced Finnish town in miniature. UPM ProFi —
WPC composite material was used for facing and
produced from recyctable material (paper and plastic).

-

Figure 1 - KIRNU shingle close-up [10]

Table 1 — Application of WPC in industry [6]

25 000 injection molded marble white scaly shingles
was used for wrapping the outer facade (3700 m2). This
material find application in common criteria of house-
hold. It is possible to find in rooms with water steam
(countertops in bathrooms, worktops in kitchens). Ter-
race coverings, railing systems, balcony panels, clad-
dings profiles are available from WPC products in the
Slovakia. Table tops, window boards are imported into
Slovak Republic by German company WERZALIT
GmbH + Co. KG [7-8].

Requirement to increase the lifespan of standard
materials from renewable sources is existing. In a proc-
ess of WPC production wood flour has been used to ob-
tain as by-product in a furniture production eventually
recycled plastics. There is no waste generating during
the production of profiles, so there is no need to use
formaldehyde or some volatiles. Supposition exists that
WPC can be machined just like a wood or MDF (con-
ventional woodworking tools). The uniform density of
the products even makes processing easier than with
traditional wood products and the net shapes extrusion
means that many normal processes are not needed [9].

2. MAIN PART

2.1. Material, cutting tool, preparation of sam-
ples, cutting conditions

To investigate roundness after machining of WPC,
commercial wood plastic composite MEGAWOOD (70 %
wood flour, 30 % HDPE) was used. Basic information
about material are indicated in Table 2.

In the cutting process a tool from HSS EN ISO
HS6-5-2 was used from the reason of availability of the
tool in the future. Geometry of the cutting tool:
yo = 20° ao = 8°, kr = 45° r. = 0,6 mm, & = 90°.
Cutting conditions during turning: speed of rotation
n =900 m/min (constant), feed f = 0,1 to 0,61 mm (sam-
ple No. 1 — f = 0,1 mm, sample No. 2 — f = 0,2 mm,
sample No. 3 — f= 0,3 mm, sample No. 4 — f= 0,41 mm,
sample No. 5 — f = 0,61 mm), depth of cut dp = 0,5 mm
(for turning of final diameter d = 36 mm). Cutting
environment — dry cutting.

Building and Construction | window and door frames, claddings, panels for balconies
Industrial industrial and outdoor flooring, railing, bulkheads, pallets
Automotive interior panels of car, track floor, roof headliners
Exterior decking, fencing, playground equipments, benches
. office, bathroom and kitchen furniture, flooring, window boards, equipments
Interior .
for saunies

Table 2 — Information from dealer (technical data)

Characteritics MEGAWOOD

Density 12 g/em?

Breaking strength® >3400 N

Friction coefficient >0,43

Thermal flexural behaviour <10 mm

Behaviour under alterating load <20%

Thermal expansion coefficient 15,6x104 K

Swelling after water storage (volume/ lengthwise/ width/ thickness) <7,0%;<0,3%;<0,7%;<4,0%

Values are informative.
* This value applies to single flooarboard upon centre distance between support points of 500 mm
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As the material is extruded (profile) it was very dif-
ficult to find a profile with circle cross-section. Dimen-
sions of extruded profile were 60x40x3600 mm. Steps of
preparation of samples:

— cutting by hack saw machine — pieces with 100
mm in length;

— milling — samples with square cross-section (prior
to turning).

Turning to 37 mm in diameter (the popped heat and
carrying pike was used) and then to 36 mm in final
diameter

2.2. Measuring parameters

Roundness/Cylindricity Measuring System RA —
120 was used for measuring of roundness deviation
(filter: 2CRPC — 75, CUT — OFF value 15 — 500, Meas-
uring range + 1000 pm, possibilities of measuring pa-
rameters: peak height P, valley depth V, mean round-
ness). Measuring systems used (Least Square Circle)
LSC method — it is a circle, which separates the round-
ness profile of an object by separating the sum of total
areas of the inside and outside it in equal amounts. The
roundness error then can be estimated as the difference
between the maximum and minimum distance from
this reference circle (Fig. 2) [11].

Figure 2 — Least Square Circle — LSC method

2.3. Result and discussion

The roudness deviation increased with increased
feed (Fig. 3). Popped heat was not used during the
turning to final diameter — 36 mm (in step 3: turning to
37 mm in diameter — the popped heat and carrying
pike was used). Using of popped heat — roundness
deviation should be decreased.
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Figure 3 — Transformation of roundness deviation
with change of feeds
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Figure 4 — Sample No. 1 (feed = 0,1 mm),
distance between the places — 1 mm

» surface after turning to final diameter (36 mm)
# do not filtrate the roughness parameter
#» distinctive toolmark

Figure 5 — Sample No. 4 (feed = 0,41 mm)

Figure 6 — Process of the filtration [12]

Waviness was not possible to measure in range
+1 000 pm on the sample No. 4 (Fig.5) and sample
No. 5. Tip of the measuring systems can not to filtrate
parameter of roughness (surface after the turning — low
value of tool nose radius re = 0,5 mm and high feed
caused distinctive toolmark). Process of filtration is
illustrated in Fig. 6.

3. CONCLUSION

The value of roundness deviation increased with in-
creased feed. Distinctive surface after the turning (to
final diameter) on the samples No. 4 and No. 5 proba-
bly caused disability of measuring system for measur-
ing of roundness deviation (surface similar to thread).
Inaccuracy of macrogeometry (include roundness) could
have caused state of machine, tool and fixture too.
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N3smepeHne KpyriioCTH IIOC/IE€ TOKAPHOM 00PA0OTKY KOMIIO3UTHBIX
MATEPHAJIOB C HATY PAJIbHBIMY BOJIOKHAMU

JI. Muranb, . Baan?, @. Borko?d, M. 'arana?, 3. Muramnosa®, C. Paguenko®, B. Usarnos?

D, 2),3), 9.5). 6) Texnuueckuil yrnusepcumem 2. Kowuue, yn. Baeposa, 1, 08001, 2. I[Ipewos, Cnosaxus;
7 Cymcruil 2ocyoapemeenmniii yrusepcumem, yai. Pumckoeo-Kopcarosa, 2, 40007, 2. Cymot, Yepauna

CraThsa OCHOBaHA HA MPAKTUYECKUX TPEOOBAHUSAX M0 MPUYMHE HEOJAMHAKOBO yIAJEHHOTO MATEpUAsa B
mporecce MEXaHUYECKON 00paboTKU PEeBECHO-ILIIACTHKOBOI0 KOMIIO3UTA, B PE3yJIbTATE Yero OHU IOJIyUNIIN
reoMeTpPUYECKre OTKJIOHEHUs! nuamerpa. JpeBecHO-IIaCTUKOBBIA KOMIIO3UT IIPEJICTABJISIOT COOOM OTHOCH-
TeJIbHO HOBYIO T'PYIIIy MaTepHasOB, IIOSBUBIINXCSI Ha PBIHKe B TedeHume nociequux 30 jer. B 1983 rony
rommauus Lear Corporation B mrare Buckomcun, CIIIA, BuepBrle M3roToBMIIa BHYTPEHHNE IIAHEHM ABTO-
MOOHMJIEN M3 KOMIIO3UTHBIX MaTepualioB — PP-marpuiisr ¢ opranmyecknm HamosauTeseM — 50 % apeBecHOR
MyKu. JlpeBecHO-IUIACTUKOBEIE KOMIIO3UTHI BBITECHSIOT TPAMUIMOHHBIE MATEPUAJbl, TAaKHE KAK IePeBo,
CTaJIb U [IEMEHTHEBIE MATePHUAJIBl B MOPCKOM IIPOMBIILIEHHOCTH. 1IpOeKTUPOBIIMKY HE OrPaHUYMBAIOTCS TEX-
HOJIOTHEH IIPOM3BOJICTBA M3 CTPOUTEJILHOTO ACIIEKTA, TAK KaK pasjnmdyHble (POpMBl U IPOUIM MOTYT OBITH
HM3TOTOBJIEHBI METOOM HMHIKEKITHH (IIPOIleCC IKCTPY3UM), HO B Iporecce 00paboTKM KOHTPOJIUPOBAJIUCE IIPO-
6siemsr ¢ gorryckamu. CMelnaHHEBIE I[BeTa MOTYT OBITH JOCTUTHYTHI IIyT€M KCIIOJIb30BAHUS PA3JIMYHBIX IIHT-
MEHTOB, 4TO 00ecIedrBaeT OIIyIeHre HATypPAJIbHOro JepeBa. TeXHOIOrn HAYMHAIOT KCII0JIb30BaTh U3BECT-
HBIe TEXHOJIOTMH — CBepJieHue, hpe3epoBaHre, TOKAPHYI 00paboTKy, II0OTOMY YTO YBEJIMYUJIACH TEHIEHIIUS
IPUMEHEHUs JPEeBECHO-IIJIACTUKOBBIX KOMIIO3UTOB. JHAHUS O [PEBECHO-ILUIACTHKOBBIX KOMIIO3UTAX HE TaK
dyHIaMeHTaNBHBI, KAK 3HAHUS 0 IIPOIecce pe3aHus MeTasuIoB (uiau miaactMace). Y aTo ompemessier akry-
aJILHOCTD HAIIPABJIEHUS UCCIICHOBAHUS.

Jlnsa wmccmenoBaHUS KPYTJIOCTU IIOCTE 00PAO0OTKM JIPEBECHO-ILJIACTUKOBBIX KOMIIO3UTOB HCIIOJIB30BAJICS
rommepuecknit matepuasi MEGAWOOD (70 % npesecuoit myru, 30 % HDPE). B mpouecce pesammst uc-
OJIb30BAJIA UHCTPYMEHT U3 OricTpopexkyiein cramu: EN ISO HS6-5-2, reomerpus peskyIero mHCTpyMeHTa:
yo = 20° ao = 8°, Kr = 45° r. = 0,5 MM, & = 90°. VciaoBus pe3aHus IpU TOYEHUU: CKOPOCTH BPAIIEHUS
n = 900 m/MuH (nocrosuHas), nonada [ = 0,1 qo 0,61 mwm), TuyOuna pesanus ap, = 0,5 MM (114 ToYeHUS 10
mmamerpa d = 36 mm). Pesxymmit cpema — 0e3 oxuaskmenus. Roundness/Cylindricity Measuring System
RA-120 ncmosip3oBanu A1t ©3MepeHusi OTKIJIOHEHUs 0T kpyrioctu. OTKIIOHEHHE OT KPYTJIOCTH BO3PACTAET C
yBeJImueHHEeM monaur. BosiHHCTOCTE He yrnasoch mamepuTh B guamasoHe +1 000 MM Ha obpasme No 4
(f = 0,41 mm) u obpasie Ne 5 (f = 0,6 mm). MamepurenbHas cucreMa He MOXKET WISHTAQUIIMPOBATE ITapa-
MeTp IIepOXOBATOCTH (IIOBEPXHOCTH IIOCJIe OOpPabOTKM TOUEHWEM — HU3KOe 3HAYEHWEe DaJuyca pPeRyIei
KpOMKH pesna r: = 0,5 MM ¥ BBICOKAs I0Ja4a BHI3BAJIM OTJIMYMTENIHLHBIE CJIEIBI pedlia Ha 00pabaTeiBaeMoi
noBepxHocTH). HeTouHoCTs MakporeoMeTpuu (BKJIIOUAS KPYTJIOCTH) MOTJIA BHI3BATH COCTOSHUSI CTAHKA, pe-
SKYIIEro MHCTPYMEHTA ¥ IIPUCIIOCOOICHUS.

Knrouessie ciioBa: peBeCHO-TLUIACTUKOBBIM KOMIIO3UT, MEXaHUYECKask 00paboTKa, OKPYIJIOCTh, TOKApPHAS
00paboTKa, N3MepeHue.

BumiproBanusa KpyriiocTi niciasi TOKApHOTro 00POOIEeHHS KOMIO3UTHUX
MarepiasiB i3 HaTypaJIbHUMH BOJIOKHAMHU

JI. MitanD, . Baan?, @©. Borko?d, M. I'atamna?, 3. Mitamnosa?®, C. Paguenko®, B. Isaros?

D, 2),3),9.5), 6) Texniunuti ynigepcumem m. Kowuue, 8yn. Baeposa, 1, 08001, m. IIpewos, Cnosauuuna;
7 Cymcevkuti Oepoicasruil yrisepcumem, 8ya. Pumcvrozo-Kopcarosa, 2, 40007, m. Cymu, Yrpaina

CraTTs 'pyHTYEThCS HA MPAKTHYHUX BUMOTaX MO0 HEOJHAKOBO BHUIAJIEHOIO MaTepiayy B Iporeci Me-
XAHIYHOTrO 0OPOOIIEHHS TePEeBHO-TIIIACTUKOBOTO KOMIIO3UTA, B PE3yJIbTATl IIHOT0 OJIEPKAU MeOMETPUYHI BiJl-
XUJIeHHA JiamMeTpa. J[epeBHO-TLIACTUKOBUI KOMIIO3UT SIBJIsiE CO00 BIHOCHO HOBY T'PyIly MaTepialis, IO
3’ssBusucst Ha puHKY 3a ocramHi 30 pokiB. ¥ 1983 pomi kommania Lear Corporation y mrrati Bickomcus,
CIITA, Buepire BUTOTOBMIIA BHYTPIIIHI [TaHE I aBTOMOOLIIIB 13 KOMIO3UTHUX MaTtepianis — PP-maTpurii 3 op-
rasiyHrM HanoBHOBauyeM — 50 % mepeBHoro GopoirHa. JlepeBHO-IIIACTHKOBI KOMIIO3UTY BUTICHSIIOTH TPAJIU-
IIfHI MaTepiaJiv, TaKl IK JepeBo, CTAJb 1 IeMEeHTHI MaTepiaJii B MOPCHKIN ITpoMucyioBocTi. [IpoekTyBasin-
HUKH He 00MesKyIOThCS TEeXHOJIOTIEI BUTOTOBJIEHHS 3 OYIIBEJILHOIO aCIEeKTY, OCKLIBKY PisHi DOpMU Ta IIpo-
i MOKyTEH OyTH BHIOTOBJIEHI METOIOM IHIKEKINI (IIpoIlec eKCTpyaii), aje y mporieci 00pobIeHHsT KOHTPO-
JIIOBAJIACS TIPOOJIEMH 3 JOIyCKaMU. 3MINIaH] KOJIBOPH MOYKYTH OYyTH JOCATHEHI IIJISXOM BHUKOPHUCTAHHS Pia-
HUX IICMEHTIB, 10 3a0e3neuye BIAIYTTS HATYPAJIHHOL JepeBUHU. TeXHOJIOrH MOYNHAITH BUKOPUCTOBYBATH
BIZIOMI TEXHOJIOTII — CBEPIJIIHHS, (hpe3epyBaHHs, TOKApHe 00pOOJIeHHs, OCKIIBKY 30LIIBIMMIIACA TEeHISHITIT
3aCTOCYBAHHS JEPEBHO-TIACTUKOBUX KOMIIO3UTIB. SHAHHS PO JEePEBHO-IJIACTUKOBI KOMIIO3UTH He Taki dy-
HIAMEHTAJIbHI, Ik 3HAHHS IIPO IIPOIeC pidaHHs MeTasie (abo miuactMac). I e Bu3Hauae akTyabHICTH HA-
OPSAMKY JTOCITIISKEeHHS.

Jlnsa mocsmimpxeHHST KPYTJIOCTI Iic/st 0OpOOIeHHS JePeBHO-IIJIACTUKOBAX KOMIIO3UTIB BUKOPUCTOBYBABCS
romepiiitamit matepiaar MEGAWOOD (70 % mepesnoro 6opomnaa, 30 % HDPE). V nporeci pisanus 3acro-
COByBasIM 1HCTpPyMeHT i3 mBuakopizanbuoi crami: EN ISO HS6-5-2, reomerpis pisajbHOTO iHCTPYMEHTY:
yo = 20° ao = 8°, xr = 45° r. = 0,5 MM, & = 90°. YMoBM pi3aHHS HPU TOUIHHI: IIBUAKICTH PI3AHHS
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n =900 w/xB (mocriitHa), mogada f = 0,1 go 0,61 MM, riaubuHa pisaHHS ap = 0,5 MM (118 TOUIHHA 10 JiaMerpa

d = 36 wmwm). Pizanasa 0e3 0XOJOIKEHHSI.

Roundness/Cylindricity Measuring System RA-120

BHKOPHCTOBYBAJIU JIJIsI BUMIDIOBAHHS BIIXWUJIEHHS BIJ KPYIJIocTi. BigxmieHHs Bix KpyriIocTi 30LIBLUIYETHCST
31 30LIBIIEHHSM TOJavl. XBUJIACTICTH He BIaJiocs BHUMIipaTH y miamasoni +1 000 MM Ha 3pasky Ne 4
(f = 0,41 mm) Ta 3pasky Ne 5 (f = 0,6 mm). BumipoBasibHa crucreMa He MOKe 1IeHTHU(IKYBATH IIapaMeTp
IIOPCTKOCT] (IIOBEPXHS IICJIA 00pOOIEHHA TOYIHHAM — HU3bKe 3HAUEHHS pajiyca pi3ajbHOI KPOMKH PI3Iisa
re = 0,6 MM 1 BHCOKA IT0Jja4a BUKJIMKAJIW ICTOTHI CJIAU pi3lig Ha 00poOsoBaHiil moBepxHi). Herounicts
MIKpOreoMeTpii (BKJIIOYAIOUM KPYTJICTh) MOIJIO CHPUYMHUTH CTAHW BEPCTATa, Pi3aJIbHOTO IHCTPYMEHTa Ta

BEPCTATHUX IIPUCTPOIB.

Knro4ogi cioBa: JepeBHO-IIJIACTUKOBUM KOMIIO3UT, MeXaHIuHe 00pO0JIeHHS, KPYTJICTh, TOKapHe 00po0IeH-

Hsl, BUMIPIOBAHHS.

REFERENCES

1. Fabiyi, J. S. — McDonald, A. G. — McIlroy, D. (2009). Wood
Modification Effects on Weathering of HDPE-Based Wood
Plastic Composite. Journal of Polymers and the Enviroment.
Vol. 17, No. 1, 34-48, DOI: 10.1007/s10924-009-0118-y.

2. Klyosov, A. A. (2007). Wood-plastic composites. Wiley-
Interscience, New-Jersey, ISBN 978-0-470-1489-4.

3. Pritchard, G. (2007). Oppornuties for additives in wood
plastics composites. In: 13th International Plastics Additives
and Compounding Conference: b5th-6th September 2007,
Farnkfurt, Germany: conference proceedings. iSmithers Rapra
Publishing, 1-12, ISBN 978-1-84735-0183.

4. Xanthos, M. (2005). Functional Fillers for plastics. Wiley-
VCH, ISBN 978-3-527-31054-8.

5. hitp://www.the-infoshop.com/press/fd9236 9 en.shtml,
10.3.2011.

6. http:/ /extrudedproffilesworld.com /wpc-proflle.html,
21.5.2011.

7. hitp://www.polymer.hacettepe.edu.tr/ weblymertechnology
lesson/WoodPlasticComposite.ppt, 3.03.2011.

8. http://www.werzalit.de/img/pdf_download/Fremdsprac
hen/England/Gesamt/GesamtbroschGesa_GB_2009_Adr.D.
pdf, 05.05.2011.

9. hittp:/ /www.tangram.co.uk/TI-Wood_Plastic_Composites_
Review.pdf, 26.05.2011.

10. http:/ /www.upmprofi.com/upm/internet/upM_profi.nsf/
images/Shingle_close_up.jpg/ $FILE/Shingle_close_up.jpg,
25.05.2011.

11. Smith, G. T. (2002). Industrial Metrology Surfaces and
Roundness. Springer-Verlag, p. 159, ISBN 9781852335076.
12. http:/ /web.tuke.sk/metrologia/navody/uloha9.pdf,
20.05.2011.

Al14

TexHosioria MamuHOOyyBAHHA, BEPCTATU TA IHCTPYMEHTH



