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VEKONYRETEGTECHNIKA AZ EPULETENERGETIKABAN
THIN LAYER TECHNOLOGY IN BUILDINGENERGETICS

ABRAHAM Gyorgy DSc, SZTRANCSIK Zsolt

Budapesti Miiszaki és Gazdasdagtudomanyi Egyetem Mechatronika, Optika és Gépészeti
Informatika Tanszék

abra@mogi.hu

Abstract: Results of the thin layer technology in optics was applied in the design of the windows films are presented in this article. The
results show that the generally used TSER and SHGC parameters and the laboratory spectral measurements may suggest different
characteristics that we have achieved by the in-situ measurement.

Kivonat: Az optikiban hasznalatos vékonyréteg technologia alkalmazhato a hévedo folidk tervezésekor is. Ezek eredmeényeit mutatjuk
be. A laboratoriumi (spektrdlis) mérések és az elfogadott mindségi mutatok szerinti dsszehasonlitds az in-situ meresi eredmeényektol
elterd sorvendet eredményezett.

1. A feladatrol

BME kollégiumai sorra megujultak, az tizemeltetok nyaron is szeretnék kiadni a szépen felijitott kolkgiumi
szobakat, 35 °C-os szobahomérsékletekkel azonban ez szinte lehetetlen. Az tizemeltetok felkérték a BME
MOCGI tanszeket, segitsen kivalasztani a megfeleld foliat az altaluk kivalasztott termékek korébdl, igy
megvizsgaltuk, hogy melyik folia az, amelyik kimutathat6an leginkabb betolti az armyekolokkal kapcsolatos
kivanalmakat:

1. Lathatd fényt atereszti, a legkevésb¢ sotétit, ezzel nem hozza el6rébb a belsd vilagitas
felkapcsolasanak iddpontjat.

2. Kintrél érkezd hdsugarakat visszaveri, ezzel csokkenti a szoba felmelegedését.

3. Téli napokon csokkenti a szoba Iehtilését, visszatartja a hot.

A Fold felszinig eljutd napsugarzas spektruma az ultraibolyatol a kdz€p infravordsig, azaz 300 nmtdl 2500
nm-ig terjed. Ezen beliil kiilondsen érdekes az UV B (280-315 nm), UV A (315400 nm), lathato (400-780
nm), s a kozeli nfravoros (780-2500 nm) tartomany.

Egy j6 h6-védo folia visszaveri a spektrumbdl a lathatot (400-780 nm) kivéve, az Gsszes tobbit, a kozeli UV-
tol kezdve az nfravords tartomanyig. Az ilyen folidval bevont ablakok mogotti helységbe beesd sugarzas
egésze kisebb lesz, igy a felmelegedés is csokken. Tehat a spektrum egy savjat nem kell visszaverni, a tobbit
meg igen, ami elvileg megoldhatd, mivel az anyagoknak igen ¢les elnyelési savjai lehetnek, néhany nmen
beliil drasztikusan csokkenhet az dteresztett elektromagneses energia.

A folidk mindsitésére két mérdszamot hasznalnak: TSER (Total Solar Energy Rejected azaz Teljes
Napenergia Reflexio) ¢s az SHGC (Solar Heat Gain Coefficient azaz Szolaris Hogyarapodasi Tényez0).
Mindketté szazalékban adja meg teljes szolaris energia visszavert, illetve atengedett rész&t, igy
TSER+SHGC=100%.

Ablak folia esetén nagy TSER ¢és kicsiny SHGC a kivanatos, de ezek a mér6szamok, nem adnak informacict
a lathat6 fény tartomanybeli viselkedésiikre.

A fontosabb gyartok megadjak folidjukra az elébbi mérdszamokat, ennek ellenére nem art nagyobb
beruhazas elott egy vizsgalat.

1.1. Laboratoriumi méres
Laboratoriumi  koriilmények kozott vizsgaltuk az amyékold folidkat kiilonds tekintettel a lathato
tartomanyban valo fényatereszté képességeikre és vizsgaltuk néhany hullaimhosszon az infravoros
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tartomanybeli, és egy-egy hullimhosszon az UV-A és UV-B tartomanybeli viselkedésiket. Az UV
tartomanyokban Iényeges eltérések nem voltak, azonban két foliat kivéve, amelyik jol sziirt infravords
tartomanyban az sajnos jol sztirt a lathato tarttomanyban is.

Fontos hangsulyozni, hogy a spektrum egyes tartomanyaira elvégzett mérések, vagy a gyartok altal megadott
értékek a teljes hohatds szempontjabdl nem relevansak, tehat példaul egy infravirds visszaverés mutatoszam
nem ad redlis képet a termék hé-védelmérol.

El6fordul, hogy a folia a laborban tokeéletes eredményeket ad, de a szoba hdmérsékletét mégsem csokkenti az
elvart mértékben, s6t rosszabb eredményt mutat, mint a laborban gyengébben szereplo.

Sok oka lehet ennek, akar a felszerelés technikdja, a munkavégzeés mindsége és legfoképpen az, hogy az
egész spektrumra nem mér senki.
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1. dbra J6 mindségli folia a lathato fényt atereszt, mas hullamhosszakat visszaver

2. Homérséklet mérés szobakban

2.1. A mérés kivitelezése

A vizsgalat masodik részében a kollégium egyes kijelolt szobdiban felszerelték az ajanlkozd cégek a
folidjukat, és mértiik hogyan alakul a tokéletesen egyforma szobdkban a hdmérséklet. Természetesen
mértlink egy Gigynevezett kontrol szobaban is, ahol nem keriilt az ablakokra semmilyen arnyékolo folia. A
szobak lakatlanok voltak a mérés leszerelésének iddpontjaig.

Ko6zpontositott mérést épitettiink ki, ami biztositotta az egyidejii mérést ¢s mérésadat rogzitést. A mérési
eredményeket 5 perces idokozonként rogzitettik. A mérés kiépités¢hez a kollégiumi szamitogépes
halozaténak szabad érparjait €s végzodéseit hasznaltuk. A hdmérdk digitalisan kommunikaltak a mérési
kozponttal, ennek kovetkeztében, a kabelezésbdl adodo (hosszbol és ellenallasbol) kiilonbségek nem
befolyasoltak a mérés hitelességét. A hdméroket a szobakban, tgy helyeztiik el, hogy a hdmérdket sohanem
¢érhette kozvetlen napsiités. Az amyekold fliggdonydket minden hdmérdvel felszerelt szobaban széthuztuk,
elkertilendd ezek mindségbeli kiilonbségeibol eredd, Gsszehasonlitd mérést eltéritd hatast.

A szobak butorozottak voltak, minden olyan felszerelési targy megtalalhatd volt az dsszes szobaban, ami a
késObbiekben is a szobakban lesz, és ami hdkapacitasaval befolyasolhatja a napi homérséklet lefutast. HO
leado, (szamitdgép, lampa, hajszaritd) nem mikodott a mérés folyaman. A szobdk lakatlanok voltak, a
homérseéklet adatokbol lathatd, hanyszor nyitottak be.

A mérésbe bevont szobdk, azonos emeleten és folyoson vannak. Ablak méretiik napsugarzasnak kitett
feliileteik mérete teljesen azonos. A mérési helyeket és eredményeket is szobaszamokhoz rendeltiik, nem
kivantuk megnevezni, de még tudni sem melyik szobdban milyen folia keriilt felhelyezésre, Gsszerendekst
csak az utan vettikk eld, hogy a laboratorumi méréseket Osszevetetettik a szobakban tapasztaltakkal.
Szamszerti 6sszehasonlitashoz az aug, 15-t61 aug. 28.-ig terjedd id6szakot hasznaltuk. Ebben az idészakban
volt felhds és igen napsiitéses nap is.
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2.2. Ertékelési szempontok

2.2.1. Napi maximumok alapjan felallitott sorrend

Minden napra kikerestiik a legmagasabb hdmérséklet értéket. Kiszamitottuk ezen maximumok atlagat. Ezaz
értek az Osszehasonlitas alapja. A legjobb a legkisebb napi maximalis értéket elérd szoba, 8 pontot,
legrosszabb a legnagyobb maximalis értéket elérd, 1 pontot kapott.

2.2.2. Napi atlaghdmérséklet alapjan felallitott sorrend
Legjobb a legkisebb atlaghomérsékletli szoba 8 ponttal, a legrosszabb a legmagasabb atlaghdmeérsékletii
szoba 1 ponttal.

2. dbra Napi atlag hdmérsékletek [°C]

2.2.3. Napi ingadozas mértéke alapjan felallitott sorrend

Legjobb a legkisebb homérsékletingadozast mutatd szoba. Minden nap megkerestiik a legmagasabb ¢és
legalacsonyabb homérsekletet a szobakban, és a két érték kiilonbsége a napi ingadozés értéke. Legkisebb
ingadozasi értékre 8 pont legnagyobb napi ingadozasi értékre 1 pont jart.

Az atlag homérsékletben kellemesnek tiind helységeknél (folyosd) eléfordulhat, hogy nagy sz€Is6 értékek
kozott produkalnak kellemes atlag hdmérsékleteket. Ezért kiszamoltuk a napi hdmérséklet ingadozasok
értéke. (3. abra). Képeztiik egy hetes iddszakra ezen értékek atlagat is. Az értekek alapjan az 537-s szoba
kiegyenlitettebb homérséklet értékeket mutat, a folyosoén latszik, hogy ugyan atlaghdmérsékletben
kellemesnek mutatkozott, de ezt nagy hdmérsékletingadozasok kozben érte el.

5.0

4,5 A
4.0 /\ - N Folyoso A
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3. dbra Napi hémérsékletingadozasok [°C

2.2.4. Homérséklet emelkedés sebessége alapjan felallitott sorrend
A napi hdmérséklet emelkedés sebességének atlaga alapjan eldallitott sorrendhez a legalacsonyabb
homérsékletndvekedésii szoba 8 pontot, a legmagasabb 1 pontot kapott.
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4. abra Melegedési sebességek atlaga [°C /6ra]

Minden szobaban a legdinamikusabb hdmérsékletemelkedés reggel 6 és 13 ora kozott kovetkezett be. Ekkor
biztosan a napsugarzas miatt kovetkezik be a hdmérsékletnovekedes. A folyoso és az amyekold nélkiili5S33-s
szoba hdmérsekletndvekedési sebessége a legnagyobb(4. dbra), a tobbi szoba kozti sebesség kiilonbségek

minimalisak. A folyosdé hdmérséklet novekedését nem a kdzvetlen napsugarzas okozta, hanem a komyezeti
homeérséklet valtozasa.
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5. abra Egy felhOs nyéri nap hdmérseklet lefutésa a szobakban

Erdekes eredményt adott egy felhés nap hémérséklet diagramia. Ekkor igen kicsi 1°C volt a napi hémérséklet
ingadozas.

3. Végeredmény
Végeredményt az egyes szempontok alapjan a kapott pontok 0sszege hatarozzameg.
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6. abra Szobak Gsszesitett pontszamai
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A pontozasi eredménybdl latszik (2. abra), hogy a leggyengébben teljesitd amyekolo is, hdromszor annyi
pontot kapott, mint az arnyékold nélkiili 533-s szoba, ami minden szempont szerint rosszabb volt barmelyik
amyekolt szobanal.

A husz pont feletti szobak arnyékoloi szerintiink megfelelok. Laboratoriumi mérések alapjan 537-s szobéra
felkertilt folia a legjobb, azonban felszerelve mar nem teljesitett annyira jol, volt nla jobb is.

A pontozas finomsaga nem tiikrozi igazan jol, hogy néhol az eredményekben csak tizedfokokban volt
kiilonbség.

Meg kell azonban jegyezni, hogy a legmelegebb és a leghidegebb szoba kozotti napi atlag hdmérsékletek
eltérése minden iddszakban alig haladta meg 3°C-t. Ez a 3°C ugy alakult, hogy csak erre a néhany mért
szobara kertilt amyékolo, ezek sem egyforma mindségiiek voltak. Amikor minden ablak, arnyékolot kap, az
éptilet egészének hdmérséklete is csokken, Ez még ugyan 4-6 °C-el magasabb, egy klimatizalt szobaban
szokasos homérsékletnél, de jelentdsen jobb, mint az &rnyékolok nélkiili épiiletek belsé homérseklete.

4. OSSZEFOGLALAS

Mind a laboratdriumi mérés, mind a hdmérséklet viszonyokra vonatkozd mérés fontos a megfeleld termék
kivalasztasa érdekében. A szobdkban alkalmazott mérések az egész végeél Osszefoglaldo kontrolja, mig a
laboratorumi mérések a gyartd altal megadott mérési eredmények kontroljat jelentik. Ezzel a mérési
sorozattal a megfeleld beruhazoi dontés kivantuk segiteni, biztosak vagyunk benne, hogy egy ilyen
méréssorozat eredményeinek figyelembevétele esetén nem keriil sor értelmetlen beruhazasra.
Mindségorientalt, dsszehangolt oktatasi és K+F+H stratégia, valamint mitkddési modell kidolgozasa a
Miiegyetemen” c. projekt szakmai célkitiizéseinek megvalositisihoz. A projekt megvalositasat az Uj
Széchenyi Terv TAMOP-4.2.1/B-09/1/KMR-2010-0002 programija timogatja.
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TITAN HABOK GYARTASI TECHNOLOGIAJANAK
ATTEKINTESE
MANUFACTURING TECHNOLOGIES OF TITANIUM FOAM
REVIEW

BALOGH Gdbor, TOTH Ldszlé DSc, MANKOVITS Tamds PhD, MANO Séindor
Debreceni Egyetem
balogh.gabor@eng.unideb.hu

Kivonat: Napjaink fontos miiszaki kihivasaihoz tartozik a kiilonbozd rendeltetésii szerkezetek témegenek
csokkentesi lehetdsegeit kiakndzni ugy, hogy ezzel parhuzamban a mechanikai stabilitas és a szilardagi
paraméterek értékeit optimumon tudjuk tartani. Ennek a piaci igénynek kiszolgaldasara sziilettek kiilonbozo un.
habositott anyagok, melyek az alapanyag gyartasi és alakado eljardsait kivanjuk dsszefoglalni cikkiinkben
Kulcsszavak: Titan hab, Gyartasi technologiak, Bioimplantatumok

1. Titanhabok gyartasi technologiainak attekintése

1.1. Bevezetés

Napjaink fontos miiszaki kihivdsaihoz tartozik a kiilonb6zé rendeltetési szerkezetek
tomegeének csokkentési lehetdségeit kiaknazni Ggy, hogy ezzel parhuzamban a mechanikai
stabilitas és a szilardagi paraméterek értékeit optimumon tudjuk tartani. Ennek a piaci
igénynek kiszolgéalasara sziilettek kiilonbdzd tn. habositott anyagok, melyeknél az alapanyag
gyartasi ¢és alakadd eljarasait kivanjuk Osszefoglalni jelen Kozleménylinkben. Az elsd
irodalmak az aluminium habositdsarol adtak hirt. Az igy késziilt szerkezeti elemek tobbsége
megfelelt ugyan a veliik szemben tdmasztott kdvetelményeknek, tobb esetben azonban uj
iparagak is kifejlodtek alkalmazasuk révén — példaul a repiilésben hasznalatos habositott
aluminium elemek gyartdsa — de a bio-kompatibilitds kérdéskorében hianyossagok
mutatkoztak az anyag alap6tvozdje miatt. Ennek kovetkeztében 0j alapotvozot kellett taldlni,
mely megfelelden beépiil az emberi szervezetbe. Az elsé elektronmikroszkopos vizsgalatok
utan az orvostarsadalom nagy része nem tamogatta a titan human implantatumként térténd
alkalmazasat, azonban az osseointegraciés modszerek segitségével meg tudtédk jeleniteni a
beépitett implantatum kézé — kémiailag is kapcsolodva — beépiilt csontszovetet. Napjaink
témaval kapcsolatos publikdcidiban is megjelenik ez a kémiai kapcsolédds a titan
implantatumok és az emberi csontszovet kozott.

1.2. Human implantatumok dttekintése [1]

Az els6 implantatumok mar a Maya civilizacio idején megjelentek (Krisztus elétt 2000 - 250)
céljuk a fogazat modositasa volt (1/a. abra'’), napjainkban a fogazat potlasara alkalmazunk
Ti-6tvozetbdl késziilt técsavarokat (1/b. dbra™).



INTERNATIONAL SCIENTIFIC CONFERENCE ON

ADVANCES IN MECHANICAL ENGINEERING
PROCEEDINGS

Korona

Fogtd
Implantatum

Csont

1/a. abra Modositott Maya fogazat [1] 1/b. abra Mai fogimplantatum [1]

Napjainkban az implantdtumokkal szemben tdmasztott alapkovetelmény a csontszovet lehetd
legjobb beépiilése, ezaltal az implantditum maximalis integracidja a szervezetbe. Ennek
vizsgalata az osseointegracioval ¢és a modern elektronmikroszképos — megfeleld
meélységélességli - vizsgalati technikak alkalmazasaval megvalosithato. A 2. dbran lathato
csontszovet metszetek egy mai, modern titanhabbol késziilt implantatum beépiilését
illusztraljak.

CB
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2. abra Titanhabbdl késziilt implantatum beépiilése a csontszovetbe—elektronmikroszkdpos
keép

—
0.5 mm

1.3. Titanhab gyartas technologiai megoldasai

A titan implantatumok kivald tomeg ¢€s szilardsagi aranyukkal a legversenyképesebb
megoldasok a human implantatumok teriiletén. Azonban a csontszovet megfeleld kotddéséhez
sziikség van a feliileti oxidrétegre. Ezért a habositott Titdn implantatumok gyartasakor ezt
figyelembe kell venni.

1.3.1. Bevonatolasi eljarasok [2]

Az els6 megkozelités a csatlakoz¢ feliiletek bevonasa hidroxiapatit-al, mely a f6 &svanyi
OsszetevOje a csontoknak €s a fogazatnak. Léteznek kiilonbozd technologiai megoldasok is,
mint a plazmaszoras, a szol-gél eljaras, az elektroforetikus lerakodas, és a hab novekedése
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kozben beadagolt hidroxiapatit. A hidroxiapatit bevonatos haboknal azonban kimutattak a
hatarrétegben kialakuld talzott mértékli mechanikai marado-fesziiltséget, szemben a bevonat
nélkil eldallitott habok feliileti rétegeivel. A kordbban kifejlesztett anyagok pl.
OrganoApatitek (OA) mely 2-3 %-ban Lizint tartalmaz, mely lemasolja a biogén asvanyok
viselkedését a szervezetben, ezaltal szabalyozza a kristalyracs épiilését, igy hasonlo
szerkezetet épitve ki, mint a majdan beépiild csontszdvet. Fontos azonban hogy a kiépiild
kornyezd szovet ezekbdl az asvanyi alkotokbol is felhaszndl. Egy kutatoi team (Erik D.
Spoerke, Naomi G. Murray, Huanlong Li, L. Catherine Brinson, David C. Dunand, Samuel 1.
Stupp) munkdjaval kifejlesztett 0j eljaras 1ényege, hogy a novelt OA tartalmu feliileti réteget
novesztik, azzal az elvarassal, hogy 0j csontszovet ndvekedését serkentse az implantdtum
kornyezetében. A titan feliiletén kialakult természetes oxidrétegre integralt poli-aminosavak
adjak ezt a hajtoerdt. Utdlagosan is felhordhat6 ez a ,,bioaktiv” réteg, a plazmaszoras €s aszol-
gél eljarasok, valamint az elektroferézis alkalmazasaval.

1.3.2. Szemcseszoras

A masodik megkozelités az, hogy fokozzuk az eldallitott implantatum feliileti fesziiltségét,
akar plazmaszoréassal, akar feliileti szintereléssel. Ezen modszerek segitségével egy
viszonylag sekély, de kellden porozus feliiletet tudunk létrehozni az implantatumon, ahova a
csontszovet beépiilése megvalosulhat. Ez a moddszer lehetdvé teszi a csonthoz a lehetd
legnagyobb feliileten torténd kotddést. Ez azonban csokkenti a habositott anyagli implantatum
szilardsagat. Ennek azonban van pozitiv vonzata is, nevezetesen a protézis kilazulasanak
veszélye redukalodik.

1.3.3. Freeze Casting [3]

Az Un. freeze-casting egy kovetkez6 eljarasi mod, melynek segitségével magas porozitadsu hab
struktira Aallithatdé el6 a szinterezhetd anyagokbol. Elsé 1épésként szubmikronos
szemcseméretll keramia porbol és fémpor kolloid oldatdbdl melynek hordozoja tobbnyire viz,
fagyasztanak egy strukturalt vazat. Lemasolva ezzel a természetes dendrites strukturak
szerkezetét. Ennek szinterezésekor a hordozo szublimal, és a visszamaradt habszerkezet lesz a
tényleges implantatum. Az eljaras azonban még nem kiforrott, rengeteg problémat okoz a
poritott titdn nagymértékii reaktivitasa a kornyezeti oxigénnel. Jelenleg kisérleti stddiumban
van ezen eljaras. Tovabba a mechanikai stabilitdsa ezen implantatumoknak még nem érte el a
csontszerkezet szintjét.

o e

3. abra Titan por SEM felvételei [3]
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ds irdnya

Hoelvon

4. abra A kialakult természetes dendrites strukttra [3]

1.3.4. Porkohaszati eljarasok [4]

A kovetkez6 technologia a porkohészati eljarasokhoz sorolhatd. A gyartas az 5. dbran lathato
Iépések szerint halad. Els6 1épésben homogén eloszlast hozunk Iétre a titdn por és a beadagolt
0tvozok, valamint a hordozdanyagok kozott. A homogenizalt porallagh anyagunkat
Osszepréseljilk egy megfeleld szerszamban, 50-200 MPa nyomassal. Az illusztralt gyartasi
folyamat terméke egy mechanikai vizsgalatokhoz sziikséges probatest. A hdkezelési folyamat

két 1épcsdben zajlik, 200C°-on 5 oran keresztiil, majd 1200C°-on 2 6ran keresztiil torténd
1zzitassal.

Titan por

2808, il

-I-.*

Hokezelések

Alapanyagok 1. A hordozé eltivolitisa
2. ATitan hab szinterezése

Kotdanyag

L]
oe 4 s
everés oo
A Préselés
seses
sesass

Ti hab

5. abra Ti-hab gyartas sematikus abraja [4]
1.4. Az elkésziilt habok mindsitése, anyagvizsgalata

Mivel a Titan-habok gyartdsanal a habstruktira porozitdsa mikronos mérettartomanyban
mozog, ezért szinte minden esetben sziikség van nagy felbontasu képelemzd eszkdzok
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Scanning Elektron Mikroszkop (SEM), illetve Transzmisszios Elektron Mikroszkop (TEM)
alkalmazasara. A porozitas egyértelmi identifikdlasa utan kovetkezhet a mechanikai stabilitas
vizsgalata. Ez tobbnyire roncsoldsos anyagvizsgalati eljarasokkal, szakito-, ¢és
nyomovizsgalatokkal, farasztod vizsgalatokkal.

2. Osszefoglalas

Napjaink egyik legvitatottabb teriilete a Ti-habok human implantatumként torténd
alkalmazasa. Az ebben rejlé hatalmas lehetdségek, €s az életmindség javitdsara vald torekvés
a hajtoereje a teriileten zajlo kutatdsoknak. Az implantatumok anyaganak megfeleld és
leggazdasagosabb technologidja még nem forrott ki, igy minden publikiciot nagy érdeklédés
ovez a témaban. A kutatdsok eredményeképpen létrejove implantatumok, és egyéb célra
felhasznalt eszk6zok jovobeni alkalmazasa nem kérdéses. A 6. abran lathatéd kép illusztralja a
humén implantatumok fejlédésének folyamatat.

6. abra Implantatumok fejlodése [1]
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FUZZY-RENDSZER EPITESI FELADATOKRA
INTRODUCTION OF A FUZZY-BASED EXPERT SYSTEM
FOR SELECTION OF MATERIALS HANDLING
MACHINERY AT CONSTRUCTION SITES
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Andrds, ROZSA Zoltin
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Kivonat: Az épitesi folyamatokat a legtébb esetben tobbféle gép alkalmazasa kézott valaszthatunk. A helyes
gépesitési technologia megvalasztasa az optimalis folyamatok kialakithatosaganak elengedhetetlen feltétele.
Cikkiink ezzel a problémakérrel foglalkozik. El6szor a szakirodalomban talalhato hasznos modszerek dttekintése
tortenik. Ezutan az dltalunk kifejlesztett fuzzy kévetkeztetd rendszert mutatjuk be ket példan keresztiil: az elsd egy
foldmunkagép teriiletre vonatkozo szallitoberendezes kivalasztasi feladat, a masodik pedig egy kézépmagas
épiilet épitesehez segit kivalasztani a sziikséges darukat.

Kulcesszavak: Foldmunkagép, Daru, Fuzzy, Epitdipari logisztika

Abstract: Building processes can be implemented in most cases using various equipment. Proper choice from
them is a basic aspect for the planning of optimal processes. This paper is devoted to this problem. First it
surveys some useful methods for the equipment choice for the literature. Then it presents the developed fuzzy
inference system via two examples: first presents choice of earthmoving machinery for a soil transport task,
second presents choice from multiple cranes for the material handling task of a middle-high house building.
Keywords: Earthmoving machines, Cranes, Fuzzy, Construction logistics

1. Introduction

Construction is one of the most important industries in the world. It creates valuable
establishments using expensive machinery. As building processes are complex, each project
can be regarded as a unique one. In the planning phase the optimal choice of equipment is a
decisive factor. This is a mainly heuristic task, which requires diversified expert knowledge.
In order to support and automate the process expert systems can be used. In this paper we
survey used methods in the literature, and work out a fuzzy inference based system, which
helps choice of the optimal equipment. The elaborated methods is a part of our research
project (KTIAAIK-12-1-2013-0009) financed by the National Development Agency of
Hungary, total financial support is HUF 419 904 851) which aims to improve logistics
processes in the building industry.

2. Survey of selected decision-making problems

Next a survey of related decision-making problems follows. Selection of equipment from the
available set of machines is important for the evaluation of the whole construction process.
Ghaleb [1] in her work gives an extensive overview of the problematic of the construction
equipment's selection. The author sets the focus mainly on the investment phase, which is less
relevant to our logistical approach, because we examine single construction projects and not
the machines as a long term investment.

13



INTERNATIONAL SCIENTIFIC CONFERENCE ON

) ADVANCES IN MECHANICAL ENGINEERING A I
D PROCEEDINGS g{;

Hanna et. al. [2] describes a fuzzy logic approach for the selection of cranes. This paper
focuses on suitability parameters on the machines, therefore this work means a suitable
foundation for our research objective. It presents a fuzzy logic approach to select the best
crane type in a construction project from mobile, tower and derrick cranes. Each factor of the
project is classified as being dynamic or static according to whether the factor does or does
not depend on the particular project. Linguistic information about the suitability of each crane
type with respect to each factor of the project is translated into either fuzzy sets for static
factors or fuzzy if-then rules for dynamic factors. In the summation each factors have
different relative importance. The rules are then fired using the max—min extension principle,
and the resulting efficiencies are aggregated with their importance weights. The process
identifies the best crane as the one with the highest expected overall efficiency [2].

e N
Operation Type j ‘What type(s) of operations will you carry out?
— —— Please input the number of operations you will carry out (Max. is 2). ]
; 0 General bulk excavation (cuttings etc.) O Fill for trenches
Haul Distance _) a ing at face O Excavating pits
— o ing ions, etc. 0O Clearing stock pil
Haul Road Condition ) O Fill for foundations o Handlil:;gsbu]k el
a ing slopes Q Clearing construction sites and debris
H i O Trimming slopes Q Maintes of haul road:
On/Across Highways or Public Roads ) | © Tinades i i ok
O Excavating trenches
O Clearing pilot roads through mountains and rocky terrain
Rolling and Grade Resistances j O Clearing pilot roads through bush and soft ground
0 Clearing floors of borrow or quarry pits
_"'.r raction and Rimpull ) L O Shallow cutting with wide slopes (V-shaped ditches etc.) J
Height-Depth-Reach Requirements ) SR N R RS
Height, Width,Weight and Speed
Limitations on Jobsite or Haul Road (
Alfitud ) ‘What is the average haul distance?
Availability of Machines )
| Within 100 metres ' IBclween 200 metres and 2 kilomeu'es]
Sizes of Machines or Buckets )
‘ ’ Between 100 and 200 metres I L Over 2 kilometres |
Haul Distance )
Data Base
Sulcl.iauon Quantity ) L )
Production. T -
Dot Rolling and Grade Resistance ) (NN NN DGO )
the Number E I "
of Machines Progr Type of Soil ) - s
‘ R lmg;ml[ ng Um;_g' ] Please input the information about clay (natural bed).
clurming. Maneuvering Times If the default values inappropriate, input your own values.
' Job Efficiency | i ]
Operator Skill ) in O loose cubicmetres ~ or O bank cubic metres
Calculation [ ] =
of Costs. Data Base Other Factors ] Unitweight 02020 [ ] (kgflem) 03400 [ ] (kg/bem)
m on Coefficient of bulking: 0 026 ]
: Bucket fill factor: Y
W ¢ oo n ial Coots _) ucket fill factor: oo [
Machines Extemal = ~
Program Operating Costs )

Figure 1.Expert systems’s decision tree for earthworks and software screenshots [3]

Xie in his thesis [3] presents methodics for the selection and estimation for earthmoving
machines. The paper focuses on technical aspects such as road conditions including resistance
and travel distances of the road network. The author implemented a complex decision support
system with multiple steps and explicit representation of knowledge using empirical equations
and decision trees. Figure 1. shows the complex process of decision making. Such templates
are very helpful in order not to forget important factors of the decision problem.

Our paper focuses on the logistic aspects of the above selection problems, however we outline
that there are other decision making problems, which are close related the mentioned one,
however it is not necessary to discuss here. For example there are expert systems for the exact
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location selection of both mobile and tower cranes. There are several methods applied, for
example a genetic algorithm based model can be used for selection of the optimal location of
a single tower crane at a construction site. Next chapter presents the developed fuzzy decision
support, where results of [2] and [3] were closely applied.

3. Application examples for the proposed fuzzy systems

The proposed fuzzy system is presented via two examples. First one is an example of a
construction project, of a 15x40m ground size building, where the first two stages stocks
already exist. The elaborated fuzzy rule set helps to find the appropriate crane for the task.
First we defined the decisive linguistic variables and the corresponding fuzzy sets. Afterwards
actual membership function values are calculated from the fuzzy membership functions.
Figure 2. shows results of these steps for our example.

Membership Ground condtions Membership Site accesability Membership Operating clearance Membership Building height
1

[

Figure 2.Input fuzzy sets for the crane selection problem

Ground conditions — as seen in Fig. 2 top left corner — are deemed almost perfect (0,9). The
construction site’s accessibility is judged to be moderate (0,6). Operating clearence for the
crane is less then moderate (0,3) because of the close standing buildings. As it is a four storey
building, the height variable is 0,5. The project’s duration is planned longer than 1,5 years.
Because the construction work is not very intensive the lifting frequency of various loads is
expected to be about 2 hourly. During the construction there will be simple and difficult loads
as well, therefore for the lifted load’s parameter 0,5 is chosen. Load size (weight) is light
(approx. 5 t) compared to the common load capacities of cranes.

In order to determine the most effective crane a rule set must be created. In our case this
expert knowledge is given in a table form (see Figure 3.), which contains judgement for the
effective usage of the cranes in different cases. For example the upper right label ,,good”
(encircled) means that in case of poor ground conditions a tower crane can be used with good
efficiency.
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Self Fast-
Input Truck Mobile |loading |Crawler |erecting |Tower

fuzzy set |crane  |crane  |truck crane  |crane stane "+,

Ground poor poor poor poor mod. poor_"+.lggod, ... s
fiti moderatemod poor poor good poor good
good good good good good good good
Site poor good good good poor good good
bility mod. good good good mod good good
good good good good good good good
Operating poor poor poor poor poor good good
clearance mod. mod mod mod mod good good
good good good good good good good
R low good good good good good poor
;eight = mod good poor poor good mod mod
high poor poor poor good poor good
Project short good good good poor poor poor
duration moderate)mod mod mod good good good
long poor poor poor good good good
- low good good good mod mod mod
:_[oald hm:g mod mod mod mod mod mod mod
high poor poor poor poor mod mod
Par standard |good good good good good good
of the load mixed |mod mod mod good good good
difficult |poor poor poor mod mod mod
Lifted light poor poor poor poor good good
1 g size medium |mod mod mod mod good good
heavy good good good good good good

Figure 3.Fuzzy rule set for the crane selection problem

Output of the fuzzy inference system can be calculated by summing the areas which are
determined by the actual membership function values from the input fuzzy sets. These areas
are summed for each different crane types on the output fuzzy set ,Efficiency”. The crane
which has the center of gravity at the highest position regarding the efficiency is the best
solution. Figure 4. shows the ,,winner”, which is in our case the tower crane with the
efficiency of 0,525. The second best solution is the truck crane (0,393).

Il Ground conditions
Membership 0utput fuzzy set I Site accesability
1 1 %+ 1 Operatinc clearance
0,95%1 0,95 Building height
0,9 I Project duration
7.0l Load lifting frequency
0,8 0,85~ < 08
0,75 ) 0,75 —&—Ground conditions - Param.eters of the load
07 == Site accesability
Poor Moderate Good

0,6 ——Operating clearance
0,5 0,5i——l 0,5 +  Building height
0.4 == Project duration

Load lifting frequency
0,3

Parameters of the load
0,2

Load size
0,1

0 E i N
0 0,2 0‘4Efficiency0'6 0,8 1

Figure 4.Efficiency calculation using for the crane selection problem

Second example presents decision problem for the selection of earthmoving equipment is
presented via an example. In the example an excavator digs a cutting, the extracted soil is
transported to another site, where the material is built in by a compacting machine into a fill.
Building of the fill is slower then extraction of the material. For the balance of the two
processes a storage area is created as well where the material, which cannot be built in
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immediately is transported. Distances between the areas are over 1000 m. This example has
been presented as a simulation example in [4].

First we defined the decisive linguistic variables and the corresponding fuzzy sets. Afterwards
actual membership function values are calculated from the fuzzy membership functions.
Figure 5. shows results of these steps for our example.

Location

Inside of worksite

Membership

3
Smooth
09
0,8
0,7 3

0,6
0,5
0,4
0,3
0,2
0,1

Terrain

e Location 9 Terrain
1

0,4

0,6

0,8

Layout type (road/railway)

Green field Incity

Material

Membership Rock

0,8 09
0,7 08
0,6 07
0,5 06
0,4 05
0,3 04
0,2 03

0,1 & 02
0o o

0,4 0,6 0,05
o 4 Layout type
1

Distance

Distance [m]

Figure 5.Input fuzzy sets for the earthmoving equipment selection problem

The construction site includes no public road therefore it can be considered as a worksite.
Because of the presence of the possible non-constructional vehicles a value of 0,8 is given.
The construction site has roads of good quality, therefore the terrain has a value of 0,3. The
material is much more soil-like than rock-like. The construction yard is almost a green field
project (0,05), and the distance is 1000 meter. In order to determine the most effective
transport vehicle a rule set must be created. In our case this expert knowledge is given in a
table form (see Figure 6.), which contains judgement for the effective usage of the earthwork
machines in different cases. This table is similar to the fuzzy rule set for cranes. Output of the
fuzzy inference system can be calculated by summing the areas which are determined by the
actual membership function values from the input fuzzy sets. These areas are summed for
each different earthmoving machine types on the output fuzzy set ,,Efficiency”. The machine
which has the center of gravity at the highest position regarding the efficiency is the best
solution. Figure 7. shows the ,,winner”, which is in our case the Highway truck with the
efficiency of 0,464. The second best solution is the Articulated dump truck (0,45).
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skid Track Articulat| OFf |
Backhoe-| Wheel Type ) Highway
POV Barrow steer |Excavator Screper |ed Dump | Highway
|oader loader | Loader | Tractor Truck truck Truck
(Dozer)
Dynamic factors (site dependence too)
Location inside of worksite Good Good Good Good Good Good Good Good Good Mod
outside Poor Poor Poor Poor Poor Poor Mod Mad Poor Good
Terrain Rugged Good Good Good Good Good Good Good Good Poor Mod
smooth Good Good Good Good Good Good Good Good Good Good
Material Soil Good Good Good Good Good Good Good Good Good Good
blew / mined rock Good Good Good Mod Good Good Poor Good Good Good
0-5m Good Mod Good Mod Good Poor Poor Poor Poor Poor
5-10m Good Mod Mod Good Good Poor Poor Poor Poor Poor
Distance 10-50m Mod Good Poor Good Good Good Poor Poor Poor Poor
50-100m Poor Mod Poor Good Mod Good Poor Poor Poor Poor
100-500m Poor Mod Poor Mod Mod Maod Good Maod Mod Maod
1000 m or mare Poor Poor Poor Poor Poor Poor Mod Good Good Good
Building construction "green field" Good Mod Good Good Good Good Good Mod Mod Mod
Layout |Building construction "in city" Good Good Good Good Good Mod Poor Poor Poor Good
type  |Road/railway construction GF Mod Mod Good Mod Good Good Good Good Good Good
Road/railway construction city Mod Mod Good Good Good Mod Poor Poor Poor Good

Figure 6. Fuzzy rule set for the earthmoving equipment selection problem

I Location (inside)

Membarship Output fuzzy set I Location (outside)
i \ rt Il Terrain (rugged)
0,95 #0,95 | Material (soil)
0.9 0.9 09 .ol Distance (over 1000 m)
[ Layout (green field)
0.3 p o %8 | Layout (in city)
o /

=t=—Location {inside)

=f=Location (outsda}

=@=Terrain
Material

~Distance

0.5 \ )(
0.4
0.3 - / 03
0.2 02 \ 0.2
0,1

0.0 0,05

[

o 0.2 o & 0.8

4 . @
Efficiency

=—=Layout type {GF}
TE

——Layout type {in city}

Figure 7.Efficiency calculation for the the earthmoving equipment selection problem

4. Summary
Results from the fuzzy rule set coincide with the expectations from the practice, therefore we
find such fuzzy methods well usable for further applications.
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The object of this research is to develop a new class of engineering materials: particles
stabilized liquid metallic emulsions and upon of their solidification particles stabilized
monotectic alloys. This new class of materials is defined at particles stabilized oil/water
emulsions.

At the present there are two mixing methods together with two mixers to produce metallic
emulsions. First mixing system (fig 1. left side) contains a crucible with a mixer, allowing
breakage of liquid metals into dispersed droplets. In the first system, the rotational speed
cannot increase much above 1,000 1/min, as the centrifugal forces lead to the loss of the
liquid metal from the crucible. Second mixing system (fig 1. right side) is called as emulsifier
allows increased rotational speed. In this system, the energy of the mixer is used mostly for
emulsification and less for the acceleration of the liquid phases. The second design of the
mixer allows higher rotational speed of around 10,000 1/min.

Figure 1. Old mixer (crucable and mixer) and new high rotate mixer
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CHATTER VIBRATION AND IMAGE PROCESSING WITH
ARTIFICIAL NEURAL NETWORKS AND SUPPORT VECTOR
MACHINES

Krisztian DEAK, Imre KOCSIS PhD
Faculty of Engineering, University of Debrecen
deak.krisztian@eng.unideb. hu

Abstract: Chatter vibration generally occurs during cutting procesess. Chatter corresponds to the relative
movement between the workpiece and the cutting tool. Vibrations resulted in waves on the machined surface.
This affects typical machining processes, such as turning, milling, drilling and grinding as well. It results
roughness on the surface and enhances the wear of the edge of the tool. The surface can be examined by CCD
cameras where images are taken to further analysis. Image filters are described in this paper and the edge of the
tool was examined. Artificial neural networks (ANN) is widely used in image processing. Common patterns can
be recognized and it ensures feedback in the machining process. Matlab Image Processing Toolbox consist of
useful built-in algorithms to make manipulations easier. Support Vector Machine (SVM) is a relatively new way
to detect patterns in machining as it is a powerful statistical methods. It is also suitable to estimate tool wear
besides. The aim of this article to overview the chatter, tool wear estimation possibilities, ANN, SVM techniques
examined by researchers in the last few years.

Keywords: chatter, vibration, tool, ccv camera, filtering, neural network, matlab image processing, svm

1. Introduction

Machine chatter vibration has been examined for nearly 100 years when Taylor [18]
perceived that the tool chatter is the “most obscure and delicate of all problems facing the
machinist”. Later several researches emphasized the phenomen so-called regenerative effect
has become the most commonly accepted explanation for machine tool chatter [15] The
chatter is caused by the cutting force difference derived from the wavy surface that came into
being in the previous work piece revolution. Delay-differential equations so-called DDEs are
useful to describe the process of chattering.

Chatter is a kind of self-excited vibration common in the metal-cutting. In the precision
machining process, the effective suppression of cutting chatter is of great significance for
processing accuracy, surface finish and tool life. In addition, appropriate control strategy may
be designed to avoid the emergence of cutting chatter based on controllable stiffness, which
relies on the on-line detection of cutting condition.

Prevention of chatter is a primary problem for the machinist so it is very important to hinder
chatter during cutting process. Periodically varying stiffness was suggested to suppress chatter
in turning. They investigated the resulting DDE with time periodic coefficients by the
harmonic balance method, and found some stability improvements.

On-line chatter detection and identification is very necessary in order that effective method
for chatter suppression can be applied in time. For chatter detection, several sensors may be
used for data acquisition, such as accelerometers [10], dynamometers [19] microphones [2]
ammeters [14] ormulti-sensor approaches [9].

No matter which sensors are chosen, the signal processing technique is much more important,
namely appropriate feature vectors should be defined for detection. In the past several years,
either time series modelling [12] or spectral analysis [8] was used to detect chatter.
Furthermore, wavelet transform and s-transform [17] as time—frequency analysis methods,
were also adopted for chatter detection. Several smart algorithms were introduced so far, such
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as artificial neural network (ANN) [10] fuzzy logic [1] hidden Markov model (HMM) [11]
and support vectors machine (SVM) [18]. Among these algorithms, ANNs usually suffer from
the problem of multiple local minima and over-fitting, while SVMs can overcome these
deficiencies [3]. In addition, SVMs have a simple geometric interpretation and give a sparse
solution. Therefore, SVMs have been widely considered as a new effective method providing
efficient and powerful classification algorithms. The chatter detection methods proposed
above mostly can only detect chatter if it is already in an almost fully developed stage. It is
necessary to detect the onset of chatter in such an early stage that no chatter marks are yet
made on the workpiece [4].

Furthermore, appropriate chatter suppression method, such as the time-varying method based
on magneto-rheological fluid proposed by [11] may be applied and suppress chatter in time.
However, to this day it is still a big challenge for chatter detection in this stage, which
requires a fast detection.

O -
Q(ﬂ) Vool L T
workpiece W

Figure 1. Chatter vibration and tool position [15]

2. Vibration during machining

During machining vibration occurs that can ruin the surface of the material as well. The inner
force derives from the difference between static and motion friction. This force depends on
the stiffness of the system, friction factor and velocity. Pimary and secondary inner forces can
be distinguished. Secondary ones derives from the effect of primary ones.

2.1 Primary self-excited forces

As Figure 2. shows cutting forces are equal to deformation so the cutting edge of the tool is in
constant distance from the axis. If the balance changes because of inhomogenity of the piece
or enviromental vibration relative displacement occurs in axis y which could be the inital
point of self-excited forces. If damping is too low self-exicted vibration is produced.

Figure 2. Effect of the vibration to the velocity of the shiver [6]
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2.2 Secondary self-excited forces

Figure 3. Thickness of the layer with (a) and without (b) phase difference [6]

Figure 5. shows the thickness of the cutted layer with and without time-delay. Analysing of
the primary vibrations it is assumpted that the machined surface is smooth. However the
machined surface is wavy and uneven because of the tool vibration. Vibration is added to the
movement of cutting edge. If there is delay between the rotates the thickness of the shiver
changes, periodic force is produced that is independent from the primary forces. That is why
called secondary excited force and they enhance the effect of primary ones.

2.3 Detection and signal processing of chatter vibration
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Figure 4. Thickness of the layer with (a) and without (b) phase difference [17]

Based on the experimental setup for chatter detection signals are recorded during the
machining process. Amplitude figure shows the transfer from stable cutting to chatter in the
time domain. It can be seen that the amplitude increases sharply when chatter occurs. In the
process of transformation from stable state to chatter state, there is a period when the
vibration amplitude has not increased markedly while chatter is in its infancy clandestinely,
which is called transition state. On the purpose of effective recognition of chatter, the
premonition of chatter needs to be detected exactly in this period.
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FFT processing results of vibration signals before and after chatter are shown in Figure 4. It
demonstrates the trend in the frequency domain in the development process of chatter, which
transfers from high frequency to low frequency and from broadband to narrowband.

3. Quality of the machined surface

It is crucial that the surfaces of the machined material satisfy the requirements. It could
influence the abrasion resistance and enhance the mechanical parameters of the material.
Micotopography, images (Figure 5.) has significant role in abrasion and thermal movements
as well.

Figure 5. Microtopography of the machined surface [1]

4. CCD camera measurements

CCD cameras can be used to detect surface roughnesses. It is capable of recording high
resolution photos to be analysed by image processing methods. The purpose is to develop a
way that could be used in real condition in manufacturing.

Normally it can give information about the wear of the tool, the actual geometric size of the
material, surface parameteres etc.

The system consist of the CCD camera, PC unit and a light source. If the edge of the tool is
measured it should be fixed then to be lighted from the perfect angle, as Figure 6. shows.
Several photos can be made about the edge of the tool before and of the manufacturing
process.

4.1 Image filters

un

Figure 7. Detectintgﬁrche tool edge after filtering [22]

23



o INTERNATIONAL SCIENTIFIC CONFERENCE ON
‘;g ADVANCES IN MECHANICAL ENGINEERING

PROCEEDINGS

Prewitt filter Sobel filter
‘1 1 1y (1 2 1)
0 0 0 o 0 0
-1 -1 -1 {-1 -2 -1

(1)

After adjusting the filter its size should be adjusted. The larger part is selected the less quality
1s given so it is important to chose the as small part as possible.
The filter remove the noise from the picture and measure the distances. G-language is used.
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Figure 8. Filtering definition of the tool edge in G-language_[22]
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Figure 7. and 8. show the program panel. Gauss filtering give good result but the program
could mistake by finding the edge when the picture is blurr. Gradiens filter make the picture
distorted however it was filtered previously so this operator can not be used.

Laplace filter enhanced the quality of the picture but the edge is just a white line, picture is a
bit blurr so it does not provide adequate method. Prewit and Sobel filters (1) give good results
because the shape of the edge can be detected. Especially Prewit is suitable for processing the
image. [22]

5. Neural networks (ANN) in image processing

Wear of the cutting tool is an inevitable result of the metal cutting process. [13] Since
undesirable effects of tool wear include: a loss in dimensional accuracy of the finished
product; and possible damage to the workpiece, the on-line estimation of cutting tool wear
becomes crucial in the principle shown Figure 9. There has been some research on tool wear
estimation including analytical and empirical models. However, most of them can not be
accurately applied in practice. Thus, some research applied artificial neural networks (ANNs)
in the area of tool wear estimation recently. Tansell [17] developed two ANN systems to
represent cutting dynamics. The ANN systems are usable at any cutting speed in the 50- 105
m/min range. Adaptive Resonance Theory (ART2) was used for detection of tool breakage in
milling operations. It provided a 97.2% success rate.

In this component, ANNs are employed to recognize the features corresponding to different
amounts of tool wear. The inputs of the network, both time series and frequency features, are
from the above feature extraction algorithms. Thus, if the number of features is n, then the
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number of input nodes is also n. The number of outputs, which is the amount of tool wear, is
one. A single hidden layer is employed. The feedforward network with the EBP learning
algorithm is applied to recognize the features extracted from the above section, feature
extraction. Due to slow training speed of the EBP learning algorithm, three fuzzy decision
tables are employed to dynamically adjust three training parameters (training rate, momentum
and steepness of activation function).

Wy

Xi—= 1

Ny — 5
2 ol @"—’ 4 =ﬁ-“
Xy

X

Figure 9. Artificial Neural Network input/ output [13]

6. Matlab Image Processing

Image Processing Toolbox capable of producing a comprehensive set of reference-standard
algorithms and graphical tools for image processing, analysis, visualization, and algorithm
development. Image enhancement, image deblurring, feature detection, noise reduction,
image segmentation, geometric transformations, and image registration can be done in the
program. Many toolbox functions are multithreaded to take advantage of multicore and
multiprocessor computers.

Image Processing Toolbox has graphical tools, image manipulation can be done examine a
region of pixels, adjust the contrast, create contours or histograms, and manipulate regions of
interest (ROIs). With toolbox algorithms degraded images can be destroyed, detect and
measure features, analyze shapes and textures, and adjust color balance so it is capable of
analyzing the tool edge during machining.

Main Features

¢ Filtering and deblurring images

Segmentation, morphology, feature extraction and general analysis
Spatial transformations

FFT, DCT, Radon-transforms

Modular interactive tools, including ROI selections, histograms
Advanced image processing

7. Support Vector Machines (SVM) for pattern recognition

There are some algorithms for analysing images, kernel methods (KMs) are the typical
applications. So called SVM Support Vector Machines is widely used to renkings, clastering,
maipulating vectors. They are capable of operating with Gaussian processes, canonical
correlation analysis, Fisher’s linear analysis besides.

Classification problem can be solved by Least Square Support Vector Machine (LS-SVM).
SVMs have been recognized as powerful statistical learning theory, with good performance
for classification and regress, especially for small amount of training vectors [21]. Despite its
good performance, an original SVM might not suit for practical application, due to its time
consumption during the computation
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Least square SVM (LS-SVM) was developed [16] for solving pattern recognition and non-
linear function estimation problems. LS-SVM offers most of the properties of the original
SVM, and its faster computational time is a key requirement for on-line chatter identification.
A Radial Basis Function (RBF) kernel was selected for classification. In order to distinguish
the three states, a LS-SVM is required to solve a multi-class categorization problem, which is
usually reformulated into a set of binary classification problems. Among the four common
coding methods (one-versus-one coding, one-versus-all coding, minimum output coding, error
correcting output coding), error correcting output coding is considered to be one of the best
performance for the SVM with a RBF kernel [20]. Then, in order to classify the three
patterns, a SVM was constructed using a MATLAB LS-SVM toolbox.

8. Summary and future works

Wavelet transform has an integrated description in both time domain and frequency domain.
The standard deviation of wavelet transform and the wavelet packet energy ratio in the
chatter-emerging frequency band based on machining vibration acceleration signal have a fine
reflection of chatter key features. The design and test of the intelligent recognition system for
cutting chatter identification are performed by combining the wavelet transforms feature
extraction capability and the SVMs pattern classification capability. The system, through
training, has an accuracy rate of about 95% for machining state recognition. When chatter
transition state is monitored by the system, the chatter can be suppressed in its infancy stage
by the variable stiffness chatter suppression method or some other methods. For future work,
although the feature vector based on wavelet transform mentioned above has a good
performance, this vector might not be the optimal choice. How to choose and estimate the
feature vector is still a challenge work for pattern recognition. Therefore, the investigation on
the comparison and optimization of the feature vector is our next-step research work. The
rules and methods for comparison of the feature vector will be studied. Smart algorithms for
optimization of the vector will be another interesting work. FPGA researches is planed to be
used in image processing and in DSP (Digital Signal Processing.)
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Abstract: This paper is concerned to analyse the vibration of chain saw during operation and the attenuation of
anti-vibration glove Portwest A790. However standards 1SO 10819:1996 focuses to measure with M and H
spectrums but it does not take into consideration of real conditions where protective tools show different
attenuation from the theoritical values. For the measurements Soundbook noise and vibraton measurement
system was used with special analyzing software. Methods written here might be useful to measure and analyse
similar hand tools, hand-transmitted vibrations and anti-vibration gloves.

Keywords: vibration, chain saw, anti-vibration glove, attenuation

1. Introduction

Enviromental is under remarkable vibration that could influence all factors of machine and
human. Standard ISO 10819:1996 can not be generally used as machines have different and
unique vibration spectrum. This standard defines only special machine vibration spectrums
that differ from the real ones. Researches confirmed that the attenuation factor of the anti-
vibration gloves is largely depends on the vibration charateristics of the machine and tools.
[1] [2] [16] If an anti-vibration glove satisfy the needs as standards say it does not mean to
protect against vibration effectively.

Time analysis was done to revive the intervals during operation that result remarkable
vibration stress. It was measured in proportional rate and calculated in percentage.

Vibration analysis was made during real work conditions that mostly occur with using chain
saws.

To measurements Soundbook noise-and vibration system was applied with Sinus Samurai
software. 5 chainsaws were analysed with 10 machine elements, chains, chain-wheels in
different conditions. Portwest A 790 anti-vibration glove was also measured how it damped
vibration and calculate its real attenuation. This anti-vibration glove is largely used in
industrial applications.

Results of measurements could be generalized to other machines and anti-vibration gloves
with considering their unique parametres.

2. Researches

Several researches determined that the vibration caused by chainsaws could ruin the human
health [4] [7] [10] because its rms vibration is approx. 10 ms-2 or more. [6] [13] [14].
Vibration peaks was measured mostly between 100-125 Hz [7][14][17]. 125 Hz is equal to
the resonant frequency of fingers accurate value depends on the antropometric parameters of
the human. [3][6] Between 31,5-100 Hz higher vibration accelaration rms values were
measured in spectral analysis. The dominant frequencies of other tools is between 50-125 Hz.
Figure 1. shows that the real vibration spectrum of tools is largely differ from the ISO
standard M and H spectrums.
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Figure 1. FFT vibration spectrum of tools and standard M, H, R spectrums [11]

Hand-Arm Vibration Syndrome (HAVS) causes damage of nerves and vessels in the hand
resulting pins and needles, losing perception that could be irreversible so protection is very
important.

Anti-vibration gloves is a special glove containing damping load and held the hand dry and
warm during operation with tools. Cold and wet circumstances enhances the effect of HAVS.
Due to the different size and weight of the anti-vibration gloves they produce different
attenuation. Below 150 Hz anti-vibration gloves could not attenuate vibration effectively. [2]
[6] [11] [15] Mostly in higher frequencies it can lower vibration velocity and accelaration but
these frequencies are not so harmful regarding to HAVS. According to ISO 10819:1996
standard anti-vibration gloves must satisfy the regulations of the standard to be sold in the
market. [ISO 10819:1996 predicts to use M and H spectrums to certify anti-vibration gloves.
Handle with 40 mm length and 110 mm diameter is used with pre-defined forces (30 N + 5N)
and (50 N £8N).
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Figure 2. M and H spectrums as ISO 10819:1996 standard defined [11]

3. Methods
The following assumptations were done.

- More using time of the chainsaw and the wear level of the chain and chainwheels enhance
vibration.

- Working conditions, rpm of the machine influence hand-vibration.

- Effectiveness of anti-vibration gloves is lower in real conditions than in analysing them
with standard M and H spectrums.
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The aim of the time-analysis to explore distribution of work movements: idling, maximum
revolution and cutting with maximum rpm. Time: 3600 s. 10 persons were measured.

Measurement were executed with STIHL 171 chainsaw. At first measurement was made with
new chain and chain-wheel. Then it was repeated with weared one between 100 to 2000
hours. Figure 6. shows Portwest A 790 anti-vibration glove. Idling rpm was 2800 1/min,
maximum rpm was 13500 1/min that lowered to 10000-11000 1/min during cutting depends
on cutting force. Angle position of the chainsaw: 90°. Type of wood: borovifenypinus-
sylvestris [20].

Figure 3. Stihl 171 chainsaw (left) és Soundbook noise-and vibration system (right)

Figure 4. shows position of the chainsaw and accelerometer sensors during measurement.
Axis x is parallel with the fingers axis y is vertical to the fingers axis z is vertical to the palm.

Figure 5. New and weared chains and chain-wheels
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Figure 6. shows the position of the accelerometer sensor.

To measurement Soundbook noise and vibration system was used [18] Figure 3. using
piezoelectric sensor. Firstly its accurancy was checked called calibration with pistofon that
produces 1000 Hz signal at level of 94 dB.

4. Results

Wheather conditions during measurement: temperature 12°, humidity: 55 %, wind speed: 1,8
m/s.

Table 1. shows the distribution of work phases.

Table 1. Machine hours analysis

Type of usage Time %0 Person
Idling 2347 63,2 1.-10. No.
Maximum rpm 468 13 Persons
Cutting 783 21,8

As Table 1. shows maximum rpm and cutting have remarkable part of the whole process so it
1s important to analyse them.

Avarage antropometric parameters of 10 persons in measurement: height 173 cm, age 42,
hand-size M.

There was no significiant different between 5 chainsaws analyzed. Figure 6. shows rms
accelaration values that were measured on the rear handle.
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Table 2. Vibration in idling (left) and at maximum rpm (right)
MACHINE VIBRATION TOTAL | | MACHINE VIBRATION TOTAL
X ¥ z (R) X ¥ z (R)

Chainsaw_1 | 0,17 0.2 24 241 Chainsaw_1 | 152 | 243 231 | 2327
Chainsaw_2 | 0,14 0.18 22 221 Chainsaw_2 | 134 2,21 219 | 22,05
Chainsaw 3 | 0,21 0.24 2.6 2.62 Chainsaw_3 | 1.81 265 248 | 2501
Chainsaw_4 0,2 0,25 25 2,52 Chainsaw_4 1,75 2.4 233 23,48
Chainsaw_5 | 0,23 0.29 28 2,82 Chainsaw_3 2.1 3,38 208 | 30.06
Average 0,19 0.23 25 251 Average 1.7 261 | 2438 | 2477
SD. Dev. 0.035 | 0043 | 0223 | 0228 | |SD.Dev. 0.20 045 3.00 313

There was dispersion value of 0,228 between chainsaws that is 9% of the average 2,51 m/s2.
At higher rpm there was more dispersion value of 3,13 that is 12,63% of the average 24,77
m/s2. (Table 3.) The reason could be that in idling cutting force is zero.

In the following the measurement of chainsaw Ist is represented. Figure 7. shows vibration
spectrum of the chainsaw with new machine elements in the axis z. At 53 Hz there is a peak
vertical to the palm that is similar to the moving way of the piston of the engine. Rpm value
can be detected being dependant from the actual adjustment of the engine now it is approx.
3180 1/ min. Harmonic frewquencies were not detected.

07
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01

0 A,

600 800 1000

Figure 7. Spectrum in idling with new chain and chain-wheel without anti-vibration gloves in
axis z

Figure 8. shows spectrum with new machine elements at maximum rpm by using ant-
vibration glove. Peak values were measured at 225 Hz that means 13500 1/min engine rpm.
Second harmonic frequency is at 450 Hz third at 675 Hz. Its intensity is roughly 10 times
higher that is absolutely remarkable regarding to HAVS.

mis2

- — .

200 400

Hz 600 800
Figure 8. Spectrum in maximum rpm with new chain and chain-wheel without anti-vibration
gloves in axis z

o i A

1000

Figure 9. shows the spectrum during cutting with new chain and chain-wheels in the axis z. At
190 Hz peak value was measured that could refer to rpm under load approx. 11400 1/min. It
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depends on several factors like cutting force, wood type etc. At 660 Hz higher values can be
detected that might derive from the interaction between tha chain and the wood during
cutting, blunt spectrum become.

z
=
@

| m

| | M
0 N

200 Hz 400 600 800 1000

Figure 9. Spectrum during cutting with new chain and chain-wheel without anti-vibration
gloves in axis z

Figure 10 shows the spectrum with weared chain and chain-wheels without anti-vibration
glove in axis z.

l |
0 b,

200 Hz 400 600 800 1000

Figure 10. Spectrum during cutting with weared chain and chain-wheel without anti-
vibration gloves in axis z

Between 600 and 1000 Hz higher vibration values can be measured.

Comparing to Figure 9. there is no significant increase in 170-190 Hz. Increase due to wear of
chain and chain wheel mostly in higher frequencies occur.

Figure 11. shows the vibration spectrum with weared machine elements with anti-vibration
glove in axis z. I found the answer how effectie attenuation is produced by the anit vibration
glove. If Figure 11 is compared to Figure 10 it is seen that the vibration is reduced in 500-
1000 Hz. However 50-150 Hz is responsible to HAVS more than 500-1000 Hz so the
effectiveness of the glove doubtful.

0 X —

200 Hz 400 600 800 1000

Figure 11. Spectrum during cutting with weared chain and chain-wheel with anti-vibration
gloves in axis z
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Figure 12. Regression curve 3rd order Sperman correlation 0,89 between machine hours and
vibration level

Figure 12. shows the statistic result of vibration in time referring to 10 pieces different
machine elements (chains and chain-wheels) Spearman correlation was 0,89 between machine
time and vibration level.

Further research focus to measure attenuation against sinus force between 45 and 1000 Hz. In
50-400 Hz the glove showed powerful attenuation than analysing it with real chainsaw
frequencies. Additional measurement are to execute to analyse Brinell-Morath hardness,
density that correlate with moisture of the wood. The aim of these measurements was to make
the it repeatable.

Matlab Signal Processing Toolbox™ provides industry-standard algorithms for analog and
digital signal processing (DSP). You can use the toolbox to visualize signals in time and
frequency domains, compute FFTs for spectralanalysis, design FIR and IIR filters, and
implement convolution, modulation, resampling, and other signal processing techniques.
Algorithms in the toolbox can be used as a basis for developing custom algorithms for audio
and speech processing, instrumentation, and baseband wireless communications.

Matlab Signal Processing Toolbox™ keyfeatures are linear system models, Signal transforms,
including fast Fourier transform (FFT), discrete Fourier transform (DFT), and short-time,
Fourier transform (STFT), Waveform and pulse generation functions, including sine, square,
sawtooth, and Gaussian pulse, Transition metrics, pulse metrics, and state-level estimation
functions for bilevel waveforms, Statistical signal measurements and data windowing
functions, Digital FIR and IIR filter design, analysis, and implementation methods, Analog
filter design methods, including Butterworth, Chebyshev, and Bessel, Linear prediction and
parametric time-series modeling.

5. Summary

Vibration level is occured mostly in 400-1000 Hz. Peaks in 50, 190, 225 Hz detectable.
Spearman correlation is 0,89 between machine hours and vibration accelaration level. More
hours in machine tools higher vibration levels were measured 3rd form regression polinom
describes the connection. Anti-vibration glove attenuate in 50-250 Hz sinificiantly.
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Anti-vibration glove useful against higher frequencies in 500-1000 Hz. Other researches
confirm the measurements. [1] [2] [6] [15] [16]

Both ISO 10819:1996 and ISO 5349:2001 were overviewed that valid to anti-vibration
gloves and hand tools as well.

M and H spectrums show sinificant difference from the spectrums of chainsaws. Attenuation
of the anti-vibration gloves is sometimes under or over-estimated. It is suggested to analyse
the attenuation of the gloves with real vibration spectrums because it could show a real
picture about the efficiency of the glove.

Standards should define the spectrums of real machines and tools widely used in practice like
chainsaws, chip hammers etc.
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DYNAMICAL TRANSIENT ANALYSIS OF CHIP FORMATION
IN ORTHOGONAL METAL CUTTING
FORGACSKEPZODES DIMANIKAI SZIMULACIOJA FEMEK
ORTOGONALIS FORGACSOLASA SORAN

DEZSO Gergely PhD, SZIGETI Ferenc CSc

Nyiregyhazi Foiskola, Miiszaki és Agrartudomanyi Intézet, Miiszaki Alapozo, Fizika és
Gépgyartastechnologiai Tanszék

dezsog@nyf.hu , szigetiflwnyf.hu

Kivonat: A forgdcsképzddeés osszetett fizikai jelenség, amelynek a gyakorlati jelentdsége igen nagy a
gyartastechnologiaban, kiilondsen a kornyezettudatos technologiak fejlesztese terén. Kétdimenzios merdleges
forgacsolas dinamikai tranziens vizsgalatat végeztiik el. Ebben a kézleményben az analizis modszereirdl és elsé
eredményeirdl szamolunk be.

Kulcsszavak: forgacsképzodes, forgacsolas, szimulacio, dinamikai, kérnyezettudatos technologiak

Abstract: Chip formation is a complex physical phenomenon, which has high significance in engineering
practice, especially indeveloping environmentally conscious technologies. In our work dynamical transient
analysis of the two dimensional orthogonal metal cutting is analyzed. In this paper methods and results are
demonstrated.

Keywords: chip formation, cutting, simulation, dynamical, environmentally conscious technologies

1. Introduction

Environmentally conscious metal cutting technologies are hot topics of research [1] because
of their economical, technical and environmental importance. Decreasing of volume of
coolants and lubricants raises quiestions on heat generation, surface quality, power demand,
tool wear [2,3]. Most question on metal cutting sooner or later leads to mechanism of chip
formation.

Chip formation is a highly complex phenomenon because

generally it is a high speed process which makes it difficult to observe,

high deformation rates occur which influence behaviour of material,

usually large amount of heat is generated in a small volume in a short time,

high temperature may lead to melting or chemical changes,

high temperature changes material features and friction.

Nowadays effective and sophisticated simulation tools are available [4,5,6]. Those are
applicable to transient dynamical processes like chip formation.

Main challenges in simulation of such processes are

¢ handling contact problem and material flow

e a good capture of material properties as functions of temperature, strain and strain rate

e direct integration of equation of motion

In this paper we focus on direct integration and demonstrate a pilot calculation and its results.

2. The dynamical transient problem

The aim of transient dynamical analysis is to solve an initial-boundary problem. For linear
systems modal superposition method can be applied, but nonlinear systems can be solved only
by one of direct integration methods. In an initial value problem an operator plays a key role
which predicts the state of the system at a certain (,,next”) time step from previously known
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state or states. There are several types of direct integration operators, each of them have its
own special features. Mostly used operators are Newmark-beta, Houbolt, and Generalized-
Alpha operators.

Let us first introduce notations for a survey of them. The kinematical state of the system is
described by generalized displacement, velocity and acceleration vectors, each of them are
function of time: wu(t), v(t), a(t). In the followings, vectors are denoted by bold letters,
matrices are denoted by capitals. After discretization of time interval, time instants are
indexed from O to N. At time instant t, value of vectors introduced before are noted as u”, v",
a" respectively. The time step is defined as At=t,.-t,, this may be constant during the whole
integration prcedure, but often it is changed adaptively according to a special algorithm.
Equation of motion of a structural system reads as follows:

Ma+Cv+Ku=F (1)

where M is the mass matrix, C is the damping matrix, K is the stiffness matrix and f is force
vector. Direct integration operators are used for numerical integration of equations to obtain
response of the structural system.

The Newmark-beta operator is one of the most frequently used operator in transient
dynamical finite element analysis. This operator is defined by formulas below:

u"=ut AtV'H(1/2-B) At*a™+ At*a™! )
v l=yv"+(1-y) Ata"+yAta™! (3)

Parameters 3 and y can be choosen by the user, f=1/4, y=1/2 corresponds to trapezoidal rule.
Houbolt operator is defined by equations

1 (11 1
Vr1+l :_(_unﬂ _3un +§un—l __un—2] (4)
At\ 6 2 3
an+l :ﬁ(zunﬂ _Sun +4un—l _un—Z) (5)
t

This operator has strong numerical damping characteristic, this makes the method very stable
for nonlinear problems. This makes solution smooth, but at the same time inaccurate for large
time steps. Additionally this method requires special starting procedure because of appearance
of (n-1)th and (n-2)th states in formulas. The single step Houbolt operator eliminates this
drawback.

u™'=u"t Atv+B Aa™+B! At'a™! (6)
v =y Ata™+y Ata™! (7)

It can be shown that =y and B'=y+y' , so only y and y' are to be set by the user. This operator
is recommended for implicit nonlinear transient dynamical analysis.

Houbolt and Single step Houbolt operators have goood stability, but the cost of it is strong
damping which can lead to inaccuracy. The Generalized-Alpha operator gives a solution for
user-controllable numerical dissipation.

In our work Single Step Houbolt operator was applied with y= -1/2 and y'=3/2, which is to
minimize velocity error.
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2.1 Calculations

A commercial software was applied for our calculations. The MSC Mentat was used for pre-
processing and post processing, and MSC Marc was used for solving the model[. A two-
dimensional model of planing was built up (Fig. 1). The specimen had dimensions of
200mmx40mm and 10mm thickness. The material of it was C45; its properties were read out
from the software’s database. This involves thermal change of material properties as well.
The tool material was carbide without coating.

Five contact bodies were defined in the model. The workpiece was deformable body, and the
tool was rigid body with heat conduction. Contact properties of them were highly important in
the model, because these determined the time evolution of physical quantities. For frictional
coefficient we set 0.2 and Coulomb friction law with arctangent model was applied. This
value represents dry or near-dry machining, because we interested in environmentally
conscious machining.

Figure 1. Finite element discretization of tool and specimen

We had to suppose certain values, as 100mJ/mm’ for contact heat transfer coefficient,
50mJ/mm? for heat transfer coefficient near the contact and 20mJ/mm?® for distance dependent
heat transfer coefficient. Deformable body were built up from 4-node isoparametric
quadrilateral plane strain elements associated with 4-node heat transfer planar element for
modeling thermal processes. The other three contact bodies were rigid bodies and represented
boundary conditions. The contact body feed represented the body of the tool, and the speed
was prescribed for it. The support prevented the specimen from moving horizontally. The
base was a symmetric body for representing a mirror plane, so it was necessary to model only
the 20mm high upper part of the specimen. This contact body prevented the modeled part of
the specimen from leaving it. The cutting speed was 120 m/min = 2000 mm/s.

Metal cutting is a process in which deformation of material is very fast, strain rate can fall in
magnitude of 1000 or more. In case of high speed deformation, yield stress is not constant, it
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changes with deformation speed and temparature Most frequently it is described by Johnson-
Cook formula:

Y = (A+ng)(1 +01ns]’;)(1 —Tﬁ“)

(®)

. * . . .
where Y is yield stress, ¢, is equivalent plastic deformation, ¢, is speed of equivalent plastic

deformation, Ty is homolog temperature, T, is room temperature set as reference, Ty, is
melting point of the material.In our study constants had following values:

A= 286 MPa,
B=500 MPa,
C=0.017,
n=0.228,

m= 0.917,

T, =20 °C,
Tm = 1536 °C.

A great amount of heat is generated mainly in the shear zones as well as the tool-chip contact
zone in the cutting process. Increased temperature of cutting tool and workpiece has great
influence on tool wear and the cutting process itself too. As cutting temperature is an
important factor of the mechanism of cutting, that is why calculations were done for
determination the temperature of the tool, chips, and the workpiece. A research illustrated that
the cutting temperature and tool wear increase with the increasing of cutting speed.

Exact modelling of machining process, including the temperature of cutting as well, requires
the tasks of modelling of cutting tool and chip formation. Friction and material behavior
under special conditions of cutting have to be taken into account.

Figure 2. shows von Mises equivalent stress distribution in the specimen. Shear zone can be
observed, and high stress in the root of chip. In the area under the tool formation of residual
stress state appears.

Figure 3. demonstrates temperature distribution in the tool and specimen. It is important that
there are two maxima of temperature along the edge of the tool. Place of these maxima
coincides strongest wears usually observable in technical practice.
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Figure 2. Mises stress in the area of plastic deformation

Ine: sos7

2 .47 5e-00%,

.010=+00%
.T83a+002
.4z7=+002
.0S0e+002
.7S53a+002
.417=+002
.0B0=+002
.T43a+002
.407=+002
_070=+002
_723=4002
.257=+002
.O80a+002
_7z3e=+002
.387=+002
.0S0=+002
_71l3=+002
.377=+002
.040=+002
.70Za+002
_a87=+002
_020=+002
. 633=+002
.257=+002
_oz0=+002

. 683 =+002

.247=+002

_0l0=+002
.723=4001
.287e+001
.000=+000

Figure 3. Temperature distribution in the tool and specimen
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3. Conclusion

In this paper results of simulation is presented on two-dimensional orthogonal metal cutting at
a usually applied cutting speed, 120 m/min. Von Mises stress state, cutting temperature and
temperature as function of time was studied. Simulations give good qualitative agreement
with experiences. Stress state shows thermal stresses mainly after chip formation, high stress
area in shear zone and chip root, and in the chip there are also significant stresses. Thermal
state shows two maximum of temperature around the edge, and these places are those where
strongest wear is used to occur. heat flux sources were also studied, and heat from
deformation work and friction are shown out.

Results proves that model and finite element technique used for solving it is applicable for
simulation of cutting process and provides qualitatively good results. Using the Finite
Element Simulation of orthogonal metal cutting is useful in order to design better the process
for machining parts with improved performance.
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Kivonat: A hideg féemporszorasi technologia szélsoséges tizemi alkalmazasi teriileteihez kivalasztottam hdarom
jellemzé pordtvizetet, melyek karakteresen jellemezheték a kémiai dsszetételiikkel. Vizsgalva a szort porozus
rétegek kendolajleado képessége legnagyobb a normal szorasi (180 mm) tavolsag esetén, a szorasi tavolsag
valtoztatasa drasztikusan lecsokkenti az olajleado kepességet. Méréssel igazoltuk, hogy az olajleado képesség
novekszik a feliileti energia polaris komponensének névekedésével és a diszperziv komponens csékkenésével.
Kulcsszavak: termikus szoras, porozitas, olajfelvevd képesseg, feliileti energia

1. Bevezetés, anyag és modszer

A porozus, szort rétegek egyik legfontosabb alkalmazasi eldnye lehet, hogy surl6do tizemi
rendszerekben kendanyaggal telithetOk a porusok. A hideg fémporszorassal létrehozott
feliiletek értékelését elvégeztik a kendanyag felvevd ¢és leadd képesség alapjan is.
PELLENYI (1997) tézisszerlien megfogalmazta elméletét, és kidolgozta modszerét annak,
hogyan kell értelmezni és mérni pordzus, azaz nedvszivd képességgel rendelkezd anyagok
kendanyagleadé képességét. PELLENYI (1997) gyakorlati tapasztalatai és a laboratoriumi
vizsgalatai is egyértelmiien igazoltdk, hogy a facsapagyak esetén a varhato élettartama
alapvetden a csapagy kendanyag leadd képességével fligg Gssze.

A facsapagyak kendanyag-leado képességére -k-, a kdvetkezd 0sszefliggést vezette be:

K :Z’d-loo[%] (1)

E
ahol: My - a kifolyt kendanyag tomege [g]; Mg - az eredeti vizsgalt csapagyanyag tomege [g];

Ez a jellemz6 jol mérhetd, a mérési eredmények matematikai statisztikai modszerekkel
feldolgozhatok.

Ezt az alapelvet kovetve végeztiik el a szort probatest mintakkal a kisérleteket.

A kisérletekhez alkalmazott porok alapvetden eltérd porcsoportot képviseld pordtvozetek,
mely a hidegen szort alkatrészek legszélsOségesebb alkalmazasi koriilményeire ajanlottak €s
siklofeliiletként is funkcionalnak.:

e HardTec 19400 - kemény bevonat, abrazids hatasok elleni védelem (meghatarozé: Fe 78,1
%, Cr 15,8 %, Ni 1,08 %), tovabbiakban ,,HardTec dsszetétel”.

o LubroTec 19985 .- kiemelt siklasi kovetelmények (meghatarozo: Ni 74,7%, Cr
15,42%, Fe 8,35 %), tovabbiakban ,,LubroTec dsszetétel”.

o DuroTec 19910 - szivos €s kemény bevonat a dinamikus terhelhetdség kihasznalasa
(meghatarozo: Ni 84,61 %, Cr 9,35 %, Si 4,8 %, Fe 2,05 %, B 1,1 %), tovabbiakban
,,DuroTec dsszetétel”.
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2. Vizsgalat menete

A kisérletekhez 15MnCr5-6s anyagmindségbdl készitett I35/26x45-es vastagfali csovet
szortunk fel 1-1,5 mm rétegvastagsaggal. A felszoras utdn minden probatest szort rétegének a
térfogatat kiszdmoltuk a megmért dimenziok alapjan. Ez azért sziikséges, mert az
Osszehasonlithatosag miatt, a felvett ¢€s leadott kendolaj mennyiséget egységnyi szort réteg
térfogatra hataroztuk meg.

e SzOras utan minden egyes probatest tomegét meghataroztuk, 0.0001 g
pontossaggal.

o A szort rétegeket nem koszoriiltiik, hanem szoras utan a probatesteket 4h
hosszat 80°C-os olajban — 15W40 — aztattuk. A felfiités sebessége 20°C-r61
80°C-ra 2h idStartamot tett ki. Az aztatas (telités) utan a meleg probatesteket
szérazra toroltiikk, majd a tomegliket megmeértiik.

o A tomegkiilonbségekbdl meghataroztuk az egyes probatestek abszolut
olajfelvételét, majd a felszort réteg térfogatanak ismeretében a fajlagos
olajfelvételt, azaz: olaj tomege ,,gramm”-ban mérve és 1 mm’ pordzus szort
réteg térfogategységre vonatkoztatva (g/cm’).

enbanyag felvevd

(

képesség

e Ezutan a probatesteket 4h alatt, levegdn visszahiitottiik 20 °C-ra, majd 2h
pihentetés utan szarazra toroltiik oket.

e Ezt kovetden a mintdk tomegét ismeét megmértiik, majd a csokkenésekbdl
kiszamoltuk a leadott olaj abszolut értékét, valamint a réteg térfogatara
szamitott fajlagos értékét (mg/cm’).

e Meghataroztuk az egyes bevonatokra kapott, felvett- €s leadott fajlagos
olajmennyiségek kozotti szazalékos eltérést.

endanyag leadd

<

képesség

A leirt folyamatot 180 mm idealisnak tartott, valamint 100- és 260 mm szélsOséges szorasi
tavolsaggal készitett mintdk esetén is elvégeztiik. Minden egyes értékelési pont felvételehez
hét felszort probatesten végeztiik el az olajtelités és leadas kisérleteket.

2.1 A felszort réteg tomaorség (porozitas) vizsgalata

A felszort probatestek csiszolatainak 500x-os nagyitast képei, €s a porozitas atlagos értékei
digitalis képfeldolgozéssal késziiltek

Csiszolatok harom eltérd mélységben, egymastol 15 pm tavolsagra késziiltek, minden
értékelési  feltételhez harom probatestet vizsgalva. Igy kilenc kép (3x3) digitalis
feldolgozasabodl kapott porozitasi értékek atlaga szerepel a 1., 2. és 3. tablazatokban, egy-egy
mintakép bemutatasaval

Az 1. tablazat alapjan megallapithato, hogy:

a) 180 mm szorasi tavolsag felett a porozitas jelentdsen csokken, ami tobb tényezd egyiittes
hatasa:

o a hosszabb gdzlang Uton is még a gyorsulasi fazisban lehetnek a szemcsék, nagyobb
sebességre gyorsulva, igy a szemcse deformacidja nagyobb lehet

o a langban toltott gyorsuldsi 1d6 a szemcsék magasabb hdmérsékletét eredményezi, igy a
szemcsek képlékenyebbek lehetnek a becsapddas pillanatdban

b) 180 mm szdras és az alatti tadvolsdgok esetén nagyméretii poérusok megjelenése jellemzo,
sz¢€lsdségesen kis szorasi tavolsag esetén a porozitas atlagos értéke csokken.
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1. tablazat DuroTec 19910 porozitasi értékei

Szorasi tavolsag
100 mm 140 mm

180 mm 220 mm 260 mm

5
i P
L5 8 {
4, " ’ — 2
! 3 3 g
a7 ! A

Atlagos

Atlagos Atlagos Atlagos

Atlago
porozitas porozitas porozitas porozitas porozitas
12% 26 % 23 % 8 % 7 %

2. tablazat HardTec 19400 porozitasi értékei
Szorasi tavolsag
100 mm 140 mm 180 mm

&

o7

Atlagos Atlagos Atlagos Atlagos Atlagos
porozitas porozitas porozitas porozitas porozitas
4% 6 % 8 % 10 % 14 %

A 2. tablazat alapjan megallapithato, hogy:

A HardTec 19400 bevonat esetén a porozitas a szorasi tavolsaggal folyamatosan nd. (A 8%-os
porozitas eredményezte a késébbiekben a legjobb olajfelvételt.) Ehhez képest nagyobb szérasi
tavolsagnal a porusok mérete megnd, kisebb szorasi tavolsagnal csokken. Ez arra enged
kovetkeztetni, hogy a becsapodas szemcsestirisége a meghatarozo, a deformacio és esetleges
lagyulas nem jatszik fontos szerepet.

3. tablazat LubroTec 19985 porozitasi értékei

Szorasi tavolsag
,, 140 mm 10mm 22 260 mm

Atgos '. Atlagos Atlagos Atlags Atlagos
porozitas porozitas porozitas porozitas porozitas
28 % 27 % 21 % 20 % 8 %

A 3. tablazat alapjan megallapithat6, hogy:

A LubroTec 19985 bevonat esetén, ellentétben a HardTec-kel, a szorasi tavolsag novelésével
a porozitas fokozatosan csokken, ami a novekvo képlékenység és mozgasi energia eredménye.
Rovid szorasi tavolsadg esetén a porusok mérete novekszik. (A késdbbiekben a 20-21%-0s
porozitas adta a legkedvezdbb olajfelvételt és leadast.)

45



INTERNATIONAL SCIENTIFIC CONFERENCE ON

ADVANCES IN MECHANICAL ENGINEERING
PROCEEDINGS

2.2 A kendanyag felvevo- és leado képesség

Az 1. édbra a 180, 100 ¢és 260 mm-rdl szort probatestek olajfelvételi €s leaddsi eredményeit
szemlélteti. Az oszlopokon feltlintetett hibasavok a +2c mérettartomanyt, azaz 95%-os
el6forduldsi mérettartomanyt jelolik. 180 mme-es szoras esetén a Lubrotec 19985 bevonat
kapcsan megallapithato, hogy kimagasloan nagy mennyiségii olajat volt képes felvenni 1 mm®
bevonati térfogatra vonatkoztatva, és ennek 12,5%-4t tudta leadni, ami végeredményben a
legnagyobb leadott olajmennyiség a harom bevonat 6sszehasonlitidsaban. A Hardtec 19400 és
Durotec 19910 anyagu bevonatok kevesebb olajat vettek fel, mint a LubroTec 19985. A
HardTec 19400 olajleadasa %-osan, a felvett mennyiséghez képest, szamottevonek mindsiilt a
masik két bevonathoz képest, de végeredményben nem éri el a LubroTec 19985 éltal leadott
mennyiséget.

A novelt és csokkentett szorasi tavolsaggal 1étrehozott pordzus bevonatok esetén is igaz az,
hogy oOnkend képesség csak akkor varhato el a feliilettdl, ha folyamatos kopas van a
tribologiai rendszerben, ami a felvett kendolajat folyamatosan felszabaditja. Ez az
alkalmazhatdsagukat jelentdsen korlatozza.

‘o fakage colafelvitel 45 leadas flagos ola [RIvwtal Ssleadas 100mm-s s20rd s
ZE%a ol
= &0 leasl & =
% _ 2,30 o
= S0 T patar [
=] = a
H 5 40 1 I:
EE Dieatal = E p—
E = Bl 54 A
- = 32N - Z= Bkt
2 20 e alar w2
- = : =
o ’ . 0 .
Dok iEEin Lubro k ol Es Had kol 400 Duktec Ll Harcte:

180 mmadl czbrt porok 100 m m+3l szértporck

fiagos olaffelvekles leadas, 260 mm-5s s zora sl
tivoliag
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30 o kadott
20 Wkt

10
o

[ o [ 'y p—

talancs olal marrdse,
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0 mm4GI1 s 25rtporok

1. dbra Kendolaj felvétel és leadas eltérd szorasi tavolsdgoknal

3. A kendolaj felvétel- és leadas valamint a porozitas kapcsolata, 6sszegzés

Az olajfelvevo ¢és leado képességek magyarazatara célszerli megvizsgélni a porozitast, majd a
feliileti energia viszonyokat, hiszen az olajbejutast a porozus rétegszerkezetbe alapvetden
befolyasolja a tényleges szerkezet és a feliilet osszetétele.

A szort réteg metszetében késziilt csiszolat alapjan, a porozitds %-os értékelésére kitértiink a a
tomorseégi vizsgalatok kapcsan. Statisztikai szoftver segitségével 6sszehasonlitottuk az egyes
szorasi tavolsdgokhoz tartozo porozitasi értékeket €s a kendanyag felvevo- leadd képességet.
Ez alapjan megfogalmazhatd, hogy a réteg belsd szerkezetét jellemzd porozitasra alkalmazott
digitalis képfeldolgozasi eredménynek és az olajfelvétel- leadds kozott nincs kozvetlen

46



INTERNATIONAL SCIENTIFIC CONFERENCE ON

) ADVANCES IN MECHANICAL ENGINEERING A I
D PROCEEDINGS g{;

korrelaci6. Ezek a tapasztalatok egyértelmiien ravilagitanak a valos feliilet meghatdrozé
szerepére, ezért a feliilet tulajdonsagait — energia viszonyok, 6sszetétel — kell a tovabbiakban
kutatni, hogy a kendolajleadd ¢és felvevd képesség mérési eredményeire magyardzatot
lehessen adni.

Ismert az anyagtudomanybol, hogy a tombi anyagszerkezet szinte mindig eltér a feliilettdl. A
feliileti réteg kémiai Osszetétele és energetikai elemzése, a kettd kozotti kapcsolat feltarasa
tovabbi magyarazattal szolgalhat a kendolajfelvevo és leadd képességre.
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METALLURGIAI KUTATOLABOR A MISKOLCI
EGYETEMEN
METALLURGICAL RESEARCHER LABORATORY AT
UNIVERSITY OF MISKOLC

HARCSIK Béla PhD, FERENCZI Tibor
Miskolci Egyetem
harcsik.bela@uni-miskolc.hu

Kivonat: A Miskolci Egyetem Metallurgiai és Ontészeti Intézetében kialakitott kemence és elemzé késziilékpark
hazankban egyediildallo lehetéséget ad femétvozetek kisérleti eldallitasara. A berendezések segitségével tobb
sikeres kisérlet tortént ércek kohositasara, jarmiiipari vasotvozetek eléallitasara, illetve mezdgazdasagi hulladéek
porkdlesére. A Miskolci Egyetemen rendelkezésre allo késziilekek alkalmasak dtvozetek eldallitasara és
alakitasara, ami fontos lehetdség miiszaki fejlesztések részére.

Kulcsszavak: Kohaszat, metallurgia, alapanyag gyartas, fejlesztes

Abstract:. The induction furnaces and analyzing equipments at Metallurgy and Foundry Engineering Institute of
University of Miskolc are able to develop of alloys. There were some successful experiments for smelting of ore,
making of automotive alloys, torrefaction of the wheat straw with these equipments. The instruments are able to
make, analyze and form of alloys what good chance for engineering develop.

Keywords: Metallurgy, production of alloy, development

1. Bevezetés

Mara az 4llamilag finanszirozott 6nalldo miiszaki kutatdintézetek szdma radikalisan csdkkent,
igy az akadémiai és az egyetemi kutatasok felértékelodtek. A miiszaki jellegli fejlesztésekhez
szorosan kapcsolddnak 0 anyagok fejlesztése, ami sajnos mara jelentdsen megneheziilt, mivel
a fémiparhoz kapcsolddo alapanyaggyartas kozpontilag szervezett kutatds nélkiil maradt. A
fémesanyagok (vas-, aluminium ¢és rézalapt 6tvozetek) fejlesztésére €s eldallitasara alapitott a
kutatointézetek (Vasipari kutatdintézet — VASKUT, illetve a Fémipari Kutatointézet -
FEMKUT), illetve az ipari vallatok altal erre a célra alapitott laboratoriumai a
rendszervaltozas utdn sajnos tilnyomorészt megszintek. Az akadémia és az egyetemek
mellett néhany vallalat (pl. ISD Dunaferr Dunai Vasmii Zrt.) miikddtet sajat kutatointézetet,
de ezek elsdsorban — magas szinvonali —miszerezettségiiknek koszonhetden —
anyagvizsgalatokkal foglalkoznak. Mara nem maradt Magyarorszagon olyan 06nallo
kutatohely, amely rendelkezik — a magasszintli tudomdnyos hattér mellett — vas- €s
fémkohaszati szakteriileten olvasztasi, illetve pormetallurgiai kutatasi kisérletekre alkalmas
infrastrukturaval. Vannak persze olyan iizemek, ahol rendelkezésre allnak olvasztokemencék,
de azok szdmdra sajnos — a méretlik miatt, vagy az elemzési lehetdségek korlatozottsaga miatt
— gazdasagtalan Uj anyagmindségek kikisérletezésében vald részvétel. Ezt a piaci rést
felismerve hataroztak el a szerzok, hogy a Metallurgiai és Ontészeti Intézetben rendelkezésre
allo késziilekek szabad kapacitasat felajanljak partnereik részére.

2. Technikai felszereltség

Az intézet kutatdlaboratoriuma a kisméretti olvasztokemencék széles palettajaval rendelkezik:
— 1indukcios kemencék: 20-100 kg acél, ontottvas €s rézdtvozetek olvasztasara,

— ellenallast kemencék 4-100 kg-nyi aluminium 6tvozetek ontésére,
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— vakuumindukciés kemence 1-4 kg-nyi vas-, réz-, aluminium alapt Otvozetek, illetve
barmilyen mas fémek megolvasztasara.

A vakuumindukcios kemence alkalmas egyéb nemfémes anyagok (pl. szalma, iiveg)
1égritkitott, illetve véddgéaz kornyezetben vald hevitésre és izzitasra.

Az Intézetben a kemencék kozvetlen kozelében rendelkezésre allnak — még tizemekben is
ritka — modern elemzdékésziilékek:

— GD OES elemzoékésziilek, amely plazma gerjesztésii spektrometriai eljarassal képes
nemcsak feliileti, hanem rétegvizsgalatra is,

— Gézelemz6 késziilék, amely 0,2-1,5 grammnyi mintdbol képes meghatarozni a fém
0sszoxigén €s -nitrogén tartalmat tized ppm-es pontossaggal,

— FElemanalizator kén- és karbontartalom mérésére,

— Termikus analizis.

A fémolvadék ledntése 3-25 kg-os adagokban homokformaba vagy vaskokillakba torténik. A
ledntott tuskok alakra torténd kovacsoldsa és hokezelése is megoldhatd az egyetem berkein
beliil.

3. Késziilékek jellemzoi

3.1. Hagyomadnyos indukcios kemencék

A megfeleld Osszetételi fém eldallitasa a legfontosabb feladat, aminek kulcskérdése a
homogén olvadék eldallitasa, erre a célra a legalkalmasabb az indukcidos kemence. A
laboratoriumban 1évé indukcids kemencék kozépfrekvencids tirisztoros vezérléssel
rendelkeznek, ami jol szabdlyozhaté homérsékletvezetést tesz lehetévé. A 100 kg-os
kemencék savas bélésiieck, ami persze nem csak Ontottvas €és bronz, hanem akar acél
atolvasztasara is alkalmas. Természetesen az acél olvasztasara szerencsésebbnek tartott — az
elérhetd nagyobb tisztasag miatt — bazikus bélésii kemencével is rendelkezik az Intézet, a 20
kg-os befogadoképességli kemence falazata MgO-os dongdletbdl késziilt. Gyartaskozi
elemzésre diszkpinmintat (lolipop sample) vétele torténik, ami a megfeleld atmérdjével és
feliiletével tokéletes megoldas spektrometriai vizsgalatra. Homérséklet mérésére pedig meriild
pirométer nyujt megoldast.

Abban az esetben, ha elég egyetlen elem koncentracidjat meghatarozni, kitlinden
alkalmazhaté a termikus analizis, amely képes a minta lehiilési gorbéjébodl gyors, és
kielégitden pontos informéciot adni az eldéallitott olvadék kémiai Osszetételének egy-egy
komponensének valtozasarol.

Mivel a fémolvadék hajlamos a gazfelvételre, oxidaciora, ezért feljitasra keriilt az Intézet
tulajdondban 1év6 vakuumindukcids kemence.

3.2. Vakuumindukcios kemence jellemzo6i

A vakuumindukcids kemence (1. dbra) szamos igen eldny0s tulajdonsaggal rendelkezik, amik
nemesfém olvasztasara, illetve nagyhomogenitast igényld etalongyartasra is alkalmassa
teszik. Lehetdség van:

- vakuum alatti

- Otvozésre,

- homérsékletmérésre,

- mintavételre,

- kezelésre.

- argonos véddgaz alkalmazasa

- olvasztas soran,
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- adaggyartas kdzben,
- ontéskor.

LS

1. abra Vakuumindukcios kemence

A kemencéhez két induktor tekercs tartozik, ezért lehetdség van a cserére €s igy acélolvasztasi
céllal az egyik magnezittel van kidongélve, a masikban pedig felvaltva haszndlhat6 keramia
¢és grafittégely. Az utobbinak koszonhetden ellendllast flitésti kemenceként is hasznalhato a
kemence, igy olvaszthatok, hevithetOk olyan anyagok is, amely egyébként nem olvad meg
indukcios hatésara.

4. Korabbi kisérletek

Uj tipusa vas- és egyéb fémotvozetek fejlesztése — laboratoriumi méretbeli olvasztasi és
elemzési lehetdségek hidnya miatt — hazdnkban sajnos teljesen hattérbe szorult, mivel az
acélmiivek (Dunatjvaros, Ozd) csak nagyméreti kemencével rendelkeznek, az
acélontodékben pedig nem lelhetd fel a sziikséges elemzd késziilékpark. Ezen okok miatt a
Miskolci Egyetem Metallurgiai és Ontészeti Intézetben fellelheté infrastruktrat ismerve
érkeztek megkeresések vasalapt Otvozetek gyartdsara, szinesfémércek (pl. kromérc)
feldolgozhatosaganak felmérésére, illetve egyéb kisérletekre.

Albaniabol szarmazod kromérc kohositasara folytatédtak kisérletek, ami soran ismert
Osszetételli acélolvadékba 5-10 mm-es frakcioji érc kertilt tobb részletben adagolasra. Az érc
redukcidja kokszporral, aluminiumdaraval tortént. A  kisérlet sordn 76,7 %-o0s
kromhasznosulést sikertilt elérni.

50 kg-nyi jarmiiipari acél gyartasara szolgald kisérlet sordn ismert Osszetételli betonacél
alapanyag (C ~ 0,10 %; Mn ~ 0,70 %; Si1~ 0,30 %) kertilt beolvasztasra. A mintavételt kovetd
salakképzés, salakeltavolitds, dezoxidalas, mikro6tvozés utdn lecsapolt készaceélbol ontott
tusko (C = 0,19 %; S1= 0,23 %; Mn = 0,86 %; V = 0,04 %; Al = 0,022 %) kovacsolas utan
atadasra keriilt a megrendeld részére tovabbi mechanikai vizsgalatokra.

Inertgézos atmoszféraban (argon) olvasztott atmeneti grafitos vasontvény rézzel vald 6tvozése
— tobb részletben torténd csapolads kozbeni mintavétellel — termikus analizis segitségével
pontos lekdvethetd volt. Az 6tvozés mértekeétdl fliggden a lehiilési gorbe valtozott, majd ezt a
valtozast Osszehasonlitva az irodalmi adatokkal kovetkeztetni lehetett az Ontdttvas aktualis
szézalékos Osszetételére. [1]

MezOgazdasagi hulladék (buzaszalma) inert kornyezetben (argon véddgaz) lefolytatott
porkdlése soran a szalma nedvességtartalma 57 %-kal csokkent, égésmelege 20 %-kal,
futoértéke 25 %-kal novekedett. [2]
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5. Osszefoglalas

A Miskolci Egyetem Metallurgiai és Ontészeti Intézetének tulajdonaban 1évé kemencék és
elemzOkésziilékek egyediilalloan széles lehetdséget kinalnak olvasztasi és madas hevitési
kisérletekre. A jarmiiipari €s egyéb gépgyartasi alapanyagok fejlesztésére kitlind lehetdséget
biztosit a vakuumindukciés kemence, mivel légritkitott, illetve inertgdzos kornyezetben
végezhetd nemcsak az olvasztas, hanem az Ontés, €s visszahiités is. Jelentdsen csokkenthetd
az oldott gaztartalom, elkeriilhetd az oxidacido és reoxidacio is hdla az oxigénmentes
légkornek.

Koszonetnyilvanitas
»A kutatbmunka a Miskolci Egyetem stratégiai kutatasi teriiletén mikodé Alkalmazott
Anyagtudomany és Nanotechnologia Kivalosagi Kozpont keretében valosult meg.”
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Abstract: This paper presents a method on the determination of tool profile for internal grinding of ball nut. The
solution is based on the so-called derivation theory, where the parameters of the tool (tilt angle, profile points,
approximated profile curve) are determined by numerical methods. The final approximating tool profile is an
ellipse-arc where the data points for the approximation are the intersection points of the surface intersection
curves.

Keywords: numerical methods, ball nut, tool profile

1. Introduction

Ballscrew mechanisms are widely used in machine tools and the demand for high-lead
ballscrews is increasing due to the high-speed manufacturing. The gothic arc is a symmetrical
combined curve of two arcs with equal radius and distance between their centres. These types
of ballscrews are manufactured by form grinding (Figure 1.), where the grinding tool has
corresponding profile [5], for high precision ballscrews lapping techniques are used as well
[4]. In case of long and high lead threaded ball nut the grinding wheel is not tilted at the lead
angle of the thread to avoid the collision between the quill and workpiece.

Figure 1. Profile grinding of ball nut on conventional machine

Due to these conditions the profile obtained is not gothic-arc, because the grinding wheel
tends to overcut the thread surface, this problem is well defined 1.e. worm and gear drives [1],
[2], [3]- In case of long threaded ball nut the setting of optimum tilt angle is not possible due
to the collision of quill and workpiece. This angle parameter has to be determined for the real
manufacturing process.
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2. Determination of quill tilt angle

Collision detection between cylindrical bodies is widely used in three dimensional mechanical
systems, for example machine tools, robots, different mechanisms. Detecting of collision
between cylindrical rigid bodies were developed using line geometry by Ketchel and
Larochelle [6]. Distance computation between cylinders has four different types according to
their three dimensional positions in space. Fast and accurate computation method was
developed by Vranek [10]. To determine the maximum tilt angle for the grinding the
minimum distance determination is required between the tilted quill axis and the edge of the
ball nut represented as a circle (Figure 2.).

2.1. Collision detection between cylindrical quill and ball nut
Determination of minimum distance between the quill and the ball nut is equivalent with the
computation of the distance between the quill axis and the circular edge of the ball nut.

Figure 2. Spatial position of tool-workpiece

Applying notations of Figure 2. the circle equation described by
P, :C+%(cos(¢)u+sin(¢)v) €))

where ¢€[0, 2x], P4 is point of the circle, C is centre of the circle, Dy, is diameter of the quill
and u and v are unit vectors in the plane containing the circle. The minimum distance between
the quill axis and the circular edge is

2
D, 2 Q-C
D=|—| +|C-P,| —D, -(C-P,), 2
where Py, is a point on the quill axis and Q is the projection of Py, on the circle plane.
Applying the expressions from [9] a nonlinear equation system can be formulated for the
unknown parameters. The equation for the minimum distance between the quill and the edge
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of the ball nut using the notations of Figure 2. is written by
1

2 2
%H)h{(%j +x +sin’ (7/,()t2+(Lm+Lk—cos(7/k)t)2—D3,/xf+sin2 (yk)f] =0, (3)

where b, is a safety gap between the quill and the ballnut, and y; is the tilt angle from the v
direction vector of the quill axis. Minimizing (2) a quartic equation can be formulated [9]

sin’ (yk )t4 —2(Lk +L, )cos(yk )sin2 (yk )t3 +

{cosz (7 )[(Lk bV 42 _[%)2 +2[%)2J—cos4 (7 )[(Lk i) +[%)2 Hr - (4)

(L, +L, )x>cos(y, )t +cos* (7, )(L, + L, ) x> =O0.
The roots of the nonlinear equation system from (3) and (4) are found by root finder algorithm

(for example Newton-Raphson or Broyden). Initial values are required for the two unknown
parameters on both methods.

3. Generation of tool profile points by surface intersection method

In this section a numerical method for the determination of tool profile of grinding tool is
described (Figure 3.). The surface intersection method is based on the solution of system of
ODEs.

Workpiece (ballnut)

/3{ half angle of J

- 2| contact domain

Generated surface
I

Generator surface

/
“+_ [inclination angle
. k .
of quill

Tool (grinding wheel)

Figure 3. Spatial position of tool-workpiece

The parametric equation of the surface of gothic arc ballnut is
Sb(u,v):h(u)+Rpr[b-sin(v)—n-cos(v)] (5)
where h(u) is the parametric equation of helical curve of swept surface, b is the binormal, n is

the normal vector of helical curve and R, is the radius of gothic arc. The parametric equation
of the tool plane is given by

S,(q.t)=0,+q-z,+1-Xx, (6)
The intersection curve of two surfaces is determined by
C(u,v,q,t):Sb(u,v)—S,(q,t)zo (7)

If a direction vector can be found such that is orthogonal to all gradients, than the intersection
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curve can be traced by following this direction. This orthogonal vector is determined by a
modified Jacobian determinant

P(uv,q.t)=det| " o C0 & (8)
27 b = e

oY q JC(uaVaQat)

where J(u,v,q,t) is the Jacobian of the intersection curve formed by equation (7). The above
formula determines an ODE-IVP system. The initial value vector is determined by fixing one
of the parameters and solving for the rest by Newton-Raphson method. After the appropriate
starting point found the ODE system is solved numerically by 4-5 order Runge-Kutta
algorithm (Figure 4.) [7].

[mm] : : ' : : : : | ©  Resuls of ODE4VPs

8 S NN NS NN W S U T -

e e e S e S
1 | 1 | | 1 1 | | |
-20 -19 -18 -17 -16 -15 -14 -13 -12 -11 -10 [mm]

Figure 4. Surface intersection points of Runge-Kutta algorithm

The number of surface intersections determines the number of ODEs to solve. Obtaining the
points of intersection curve an approximated ellipse-arc is determined by a numerically stable
non-iterative algorithm, described in the next section.

4. Approximation of tool profile curve

Starting and ending points and the intersection points of the ellipse-arcs are requested to
generate tool profile. Figure 5. shows the intersection points, the profile and noise points
transformed into xz plane of the tool. Ellipses are special cases of general conics which can be
described by an implicit second order polynomial

F(x,z)=ax2+bxz+cy2+dx+ez+f:0, 9
where a, b, ¢, d ,e f are coefficients of the conic and b”-4ac<0 is a further constraint for
ellipse. The algebraic distance F(x,z) rewritten in vector form

F(x)=x~a=0, (10)
The fitting of a general conic to a set of points (x;z); i = 1...n may be approached by
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minimizing the sum of squared algebraic distances of the points to the conic which is
represented by coefficients a:

rniann]:F(xi,zi)2 = rniniznl:(F(xi))2 = miannl:(F(xi .a))2 (11)

Equation (11) can be solved directly by the standard least squares algorithm, but the result is a
general conic. In specific ellipse case further constraint required to fit an ellipse to the filtered
profile points [8], [11].

r T T T T T T T
fom] ¢ 1 b ot potitn
3 uidniseziisad et b Lt pERR R R Y el @  Profile points
: : : H ¥ A X @ Noisy points
! : : : : ®  Points of undercuting
34 [-ogommommen] R e L Fessson Approximated tool profile

PEIBE SN SR U U SN S U S S —

e S e e S Eas e o
I 1 | | 1 1 | 1 1 |
20 19 -18 A7 -16 15 14 -13 12 -1 <10 [mm]

Figure 5. Points for profile approximation, d=50mm, p=30mm

There are two noise sections among these collected points which have to be filtered out. The
limiting point of undercutting is calculated by

[B(1).,,~F|+[B(r),,, ~F|-224=0 (12)

where B(?);.;; is the i-th cubic Bezier curve (t=0...1, i=1I...n , n the number of intersection
curves), F; and F, focus points of fitted ellipse on the intersection points of ellipse-arcs
between the minimum point of intersection points (Figure 4.) and ending point of tool profile
(this point calculated from ball nut parameters), a semi-major axis of the fitted ellipse-arc.
The solution of nonlinear equation (12) is determined by Newton-Raphson method. The final
approximated tool profile is generated by mirroring of the two approximating cubic Bezier
curve and ellipse-arc.

Summary

In this study we presented some numerical methods to obtain the tool profile curve and
manufacturing parameters for real ball nuts. The method is also capable not only for ball nuts,
but other different types of drives (i.e. worm and gear drives) analysis of these drives is
further future work
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Abstract: Caliper used in high-performance cars is usually made of aluminum casting or machining techniques.
The caliper deformation is not well researched area today, which is affect the brake performance (wear,
tribology properties, brake point). We measured the cast and machined caliper deformation under
load/pressure. When we assessed load-deformation results, then we took into consideration the weight of the
caliper, because it affects the vehicle's unsprung weight.
Keywords: brake disc, caliper, deformation, aluminium

1. Introduction

The braking system in a car is used to slow it down and to stop. The brake system is an
important equipment in a car, because it protects human life and properties. Mechanical
brakes convert the kinetic energy of the car into thermal energy, which is created by the
friction. [6] [7] The frictional and wear process depend the surface microtopography. [5]
Several materials are employed for frictional systems which are resistant to higher
temperatures. The brake pad includes ceramic particles which is contacts the brake disc. The
ceramic material is important if material rubbing each other like turned [8] Modern cars
usually use hydraulic drum or disc brakes [3], which are multi-round safety systems. Braking
is a complex process, where the driver of the vehicle and the brake system generate a braking
torque. The braking process is divided into several sections: reaction time, delay in operation,
effective braking time. The researches of braking system aim are decrease the operation delay
and increase the system efficiency, which creates reliable braking. The generally used system
in cars or trucks is the disc brake. Performance of this brake is independent of the direction
and it has a better cooling system than drum brakes, so the heat created by friction is drained
easily in disc brakes. [1] The coefficient of friction does not change despite the very high
local temperature.|[2]

The caliper is made of cast iron, aluminium alloy or magnesium alloy. Cast iron caliper is
usually found in public vehicles and aluminium and magnesium alloy caliper is used in race
cars because unsprung mass is important in race. If the unsprung mass is small the lifetime of
bearing and gear will increase. The little weight and adequate strength is the reason why
aluminium and magnesium alloy parts are used in industry. [4] Requirement of caliper is that
the strength can not be reduced in high temperature. In this study we investigated the caliper
deformation, which is a less studied area, but it may affect the wear and tribology properties.
In this investigation we measured the cast and machined caliper deformation and we
determined the differences.

2. Material and method

The caliper which is used in race cars has 2, 4, 6, 8 pistons. (Fig. 1.) If the number of pistons
is increased the size of caliper will be bigger. The larger calipers, larger rotors are also used,
which affects the characteristic of the internal dimensions of the caliper as well.
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Fig. 1. Different caliper which is used 2, 4, 6 pistons

If the weight is an important requirement aluminium alloy is used. Majority of aluminium
caliper is prepared by casting. The general use of aluminum calipers was a slow process,
because it was more expensive than cast iron calipers. The aluminium caliper was usually
used in high performance cars. We made a machined caliper where the weight and the
deformation was important. The reason we made a caliper by milling is that we want to
construct a caliper which is optimal for the car. The caliper we made was fit the brake disc
and gear geometry. We took into account the economies of the production, so we did not use
special machine in the manufacture. (Fig. 2.)

Fig. 2. Production of caliper

The material of caliper is A17075t6, which has got excellent strength properties. (Table 1)
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Table 1 Al7075t6 properties

Physical properties Al7075T6
Density 2,81 g/em’
Modulus of Elasticity 71,7 GPa
Poissons Ratio 0,33
Tensile Strength, Ultimate 572 MPa
Tensile Strength, Yield 503 MPa
Tensile Strength, Yield 11%

The other caliper we measured was a Brembo caliper, that consists of two parts, where bolts
fix the two parts to each other. This one like our caliper is 4 pistons caliper. The cast caliper
was used in Mitsubishi Lancer EVO, which is a high performance car. In this caliper we find
2x@40 mm and 2x(46 mm pistons.

We made a measurement system to investigate a deformation that consists of a hydraulic
cylinder, a hydraulic tube and a pressure gauge. In the measurement system we used DOT 5
brake fluids used in modern cars. The measurement system is in figure 3.

Hydraulic tube

Pressure gauge

Caliper

Hydraulic cylinder

Fig. 3. Measurement system

Measurement steps: bleeded the measurement system, system was in initial state, made
pressure, measured the caliper opening offload the system. We performed these steps three
times.

3. Results and Discussion

We measured the caliper deformation (opening) in 3 cross-section. We wanted to know the
greatness of opening near the brake pad, so we measured the cross-section at the edge of pad
and we measured the opening in the middle of caliper. (Fig. 4.)
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Fig. 4. Measured cross-section

The deformation of the caliper affects the brake performance. In working the distorted caliper
the contact surface between the pad and disc is not consisted, so the brake performance may
decrease. The uneven pressure distribution may affect the tribology properties and the wear
process. We investigated the affect of production technology to the opening. The machined
caliper opening- pressure function is in figure 5.
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Fig. 5. Machined caliper opening
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The figure 5 and 6 shows that the highest deformation was in the middle. The opening was
1,03 mm per 10 MPa. We did this measurement in the cast caliper, the cast caliper result is in
figure 6.
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Fig. 6. Cast caliper opening

The opening is linear in both cases. The cast caliper opening was 0,6 mm per 10 MPa. In both
cases the highest opening was in the middle of the caliper. The reason is that the two ends of
the caliper was fixed (supported), and pistons loaded the caliper in the middle (force). The
maximum deformation of cast and machined caliper is in figure 7.
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Fig. 7. Comparison of deformations

The figure 7. shows that the deformation of the machined caliper is bigger than the cast
caliper. This rigidity comes from the fact that the cast caliper has thicker walls, which results
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a greater mass. The cast caliper mass is larger than the machined caliper and its performance
is roughly the same. This larger unsprung mass is not allowed in race cars, so if the brake
performance is appropriate, lighter-weight construction will be used. Our construction’s
performance is less than the factory construction, but if it is necessary we will change the
geometry to optimize the caliper to the car geometry. If we make an optimized caliper by
machining technic it will be cheaper than using mold technology in unique cases.

4. Summary

In this study we measured the deformation (opening) on two calipers which were made by
different techniques. The opening of the caliper depends on the technique. The caliper which
was made by cast is bigger and the weight is about 35% higher like the machining caliper.
The opening of machining caliper is allowable. The difference between the opening of cast
caliper and machining caliper is 60%. The opening is bigger at the machining caliper, but
production is cheaper if we make an optimized caliper and the unsprung mass is less than cast
caliper.
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MODELING ESCAPEMENT PHASE OF PIANO ACTION
KIVALTAS MODELLEZESE ZONGORA MECHANIKABAN
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Kivonat: A cikk a zongora mechanika kivaltasi fazisanak analitikus vizsgalataval foglalkozik abbol a célbol,
hogy egyrészt igazolja azt a megfigyelést, miszerint a kivaltas kezdeten jelentésen megné a billentyii
lenyomasdhoz sziikséges erd, masrészt az erénovekedés miért kisebb meértékii, ha a billentyiit nagyobb
sebességgel mozgatiuk. A kapott ered-mények teljes dsszhangban vannak a tapasztalattal és vélhetden
hozzajarulnak egy olyan billentyiizet kifejlesztéséhez, mely képes reprodukalni egy akusztikus zongora
billentését.

Kulcsszavak: zongora mechanika, billentées, kivaltas, haptic billentytizet

Abstract: This paper deals with analytical investigation of escapement phase of the piano action in order to
check the observation, that force needed to move the key increases significantly at the beginning of escapement
phase, and answer the question why and how does force decrease at higher key velocities? Results gained agree
well with experience and may contribute to development of a haptic keyboard capable to reproduce touch
sensation of a concert grand piano.

Keywords: piano action, touch, escapement, haptic keyboard

1. Introduction

Piano is one of the most popular music instruments and its construction is unaltered for
almost two centuries. The core of the piano is the action that plays the role of an interface
between finger of pianist and the sound generating strings. The pianist comes into direct
contact with keys that moves the hammer across levers, springs and damping elements

(Fig.1).

knuckle fall screw
repetition lever s —@=f—

regulator

R
I R—_

Fig. I Parts of the piano action

Being a complex system, the action responds to key movement with diverse dynamics, called
,touch”. Moving the key up and down pianist feels steadily or in some cases steeply varying
force feedback. This haptic effect was not deliberately designed but it is direct consequence of
operation of action. After all, in the last two centuries pianists are used to these haptic effects
and what is more they consciously apply them to make their performance more expressive
and effective. Touch sensation and auditory information attached to it are stored in the brain
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of pianist during decades of years practicing piano playing and helps pianist to use piano
optimally.

Grand acoustic pianos now reached their high stage of their evolution, but digital pianos are
under continuous development. Their sound generating methods become more and more
perfect thanks to the stored sound samples or modeling and emulating the full sound
generating system of acoustic pianos. Producing sound electronically does not demand
complicated keyboards, it requires only a double switch under each key that gives information
even about the sound volume. For this reason digital piano manufacturers didn’t pay enough
attention to develop keyboards so far, because pop music didn’t require it. Recently needs
emerged for reproducing touch sensation of acoustic pianos. This development makes build-
up more complicated and expensive of course, but it opens the door for interpreting classical
music, hereby extending the number of users.

One possible way of development may be replacing the original action by a simplified one,
partially retaining some haptic effects (weighted hammer action with partial escapement
function). The other way is emulation the force exerted by the action to the key by electronic
or magnetic actuators. Owing to the high number of sensors, actuators and complicated signal
processing unit this solution seems costly but promising one for the present [1,2,3]. Common
feature of mentioned solutions is that both ones assume the thorough knowledge of process
causing touch feedback [4,5]. The paper deals with modeling the most significant haptic
effect called ,,escapement” in order to find out quantitative relation between key motion and
haptic feedback.

2. Escapement

Pressing the key from rest, the whippen, jack and repetition lever form a rigid body and lifts
the hammer upwards with a nearly constant ratio. This ,,lift” process lasts until the distance
between hammer head and string decreases to 3-4 mm. Pushing further the key, upward
motion of hammer must be stopped in order to avoid its sticking to the string. This process is
called “escapement”. First the horizontal arm of jack makes contact with the regulator and
jack begins to rotate clockwise. At the same time the repetition lever makes also contact with
the fall screw and as a consequence, the roller contacts yet only with the jack. Slowly pushing
the key further, the hammer approaches the string to 2 mm and returns without striking the
string. If the speed of key and hammer is high enough, the contact between roller and jack
ceases and the hammer travels with free motion towards the string. Pianists experience that
force needed to move the key increases steeply during escapement phase, especially at slow
motion. This steep increase of force may be even threefold at slow key motion, but
interestingly, may be negligible at high speed.

2.1 Geometry of escapement phase

In order to derive analytical expressions a simplified model of escapement will be used. The
ham-mer roller (knuckle) and the jack are depicted in Fig.2 at the beginning and end of
escapement phase. The angle between whippen axis and horizontal is oy at the beginning of
escapement. After rotation of angle a* the escapement ends. Neglecting slip between jack and
regulator, point P may be regarded the instantaneous centre of rotation of jack. Edge point B
of jack moves around point P on the arch BB’B” of radius R4 with angle B* while whippen
and jack slide on each other. During contact the centre of roller K rotates around point C on
the arch KK’. As this displacement is very small, the arch can be replaced by the line KK’
that coincides approximately with line PK.
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Fig. 3.. Rotation angle of hammer vs. whippen angle

Angles o, and y are measured from starting point of escapement phase and following

assumptions are made: PK L CK, BB'~B'B"For small angles of rotation relations B=k;o
and y=k,3 exist. Hammer is rising with angle ymax from start of escapement until it reaches the
nearest distance to the string (Fig. 3), that is

| kk,o" ko
o )=—|R,+R, -R,cos——2" —R, cos— 1
Ymax( ) Rs{ 3 4 3 > 4 > ] @

Knowing three close points of curve y(a), y(0)=y(a*)=0 and y(a*/2)=ymax , it can be well
approximated by a parabola of second order, see equation (2).

Qo -a")? ]

2.2 Dynamics of action
In this study following assumptions are made: friction at pins is neglected, all bodies are rigid,
masses of all parts but hammer are neglected. As the dynamically significant part of action is
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the hammer itself, starting point of investigation is the free-body diagram of the hammer (Fig.
4). As between jack and knuckle relative motion occurs during escapement, force F; is located
in the circumference of friction cone.

| |
0 e

Fig.4. Free-body diagram of hammer

i

Force acting between hammer and jack can be expressed from the equation of motion of

hammer:

_ mgkg
f

)
F + TC “¥() )

where O is the second moment of inertia of hammer. In equation (3) one needs to know the
angular acceleration of hammer ¥y . First let us calculate the angular velocity:

dy _dy do_ 4Qo-a )y

= 4
dt do dt o *)
Deriving (4) once more by time, one obtains the angular acceleration of hammer:
2 2 2 2 *
8 ., 4Qa-— ..
d_zv:d_g.(d_a) 7 CL il S 5)
dt  do” \dt do dt a a
Inserting (5) into (3) the force F; can be determined:
k 420 —a'
F] — mgK g + ®C _ SYTax 'd2 _ ( a (*X )Ymax e , F] >0 (6)
f f o 2 o 2

Expression (6) is very complex, because it contains a constant term, a term proportional to the
square of velocity, a term proportional to the product of rotation angle and acceleration, as
well as a term proportional to the acceleration. Mainly the force acting just after beginning of
escapement has the most significant haptic effect, that can be calculated at condition a=0:

k ® 8 ) 4 .
F1(0+): mg G + C [_ Ymax '(1.2 + 'er;ax 'CX} ,F](0+)20 (7)

f f o2

Force calculated by (7) may result in negative value at especially high velocity, that
physically unrealistic. In this case hammer and jack split up at a=0. The force F;(0") is to be
compared to the force acting just before escapement, e.g. in the last point of lift phase. During
lift case the rotation angle of hammer vy is proportional to the rotation angle of whippen o.. The
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relation can be determined from the tangent of parabola at point a=0 (Fig.3):

4Y max
g = Hlma (8)
o
Inserting (8) and its derivatives into (6), the force prior to escapement is obtained:
ks O 4 ..
FI(O‘):%_,__C.Y_mfa ©9)
f f «

It can be seen, that change of force is proportional to the square of angular velocity of
whippen:

80
AR =R (07)~F(07) == cTm a2 (10)

*2
a

This result agrees well with observations, that the higher the speed is the less the increase of
force, including the negative sign. Now one has to find out only the reason for force growth.

2.3 Static considerations

regulator

Fig. 5. Forces acting on the whippen before and after escapement

The reason for steep increase of force F*—F** acting on whippen (and key) is the change of
constrains. When lift phase occurs, jack is attached to the whippen in two points, A and E. As
at point E compressive force acts between bodies, they can be regarded as a single rigid body.
Consequently, force F; loads directly the whippen, exerting Fih™ moment around point O,
acting force F* to the key (Fig. 4, left hand side). At beginning of escapement, the shorter arm
of jack gets in touch with the regulator and begins to rotate clockwise. In the same time
contact at point E ceases, so jack and whippen can not be regarded a single body any longer.
Now force F; loads only the jack, that is supported at points A and D. From equilibrium
conditions of three forces acting on the jack one can see that force Fa is much higher then
force F;. This higher force loads the whippen at point A, exerting Fah" moment around point
O, acting force F** >F* to the key (Fig. 4, right hand side). The increase of force acting on
the key may be F** = (2+3)F* at very low speed of key. This increase reduces at higher speed
according expression (10). At extreme high key speed no force increase can be seen. It is to be
noted, that in practice there is continuity in transition F* to F**. The reason for this is the
elasticity of knuckle and contacting surfaces at points E and D, that are covered by felt.
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3. Conclusions

Most significant haptic feedback occurs during escapement phase of piano touch. The paper
presented analytical investigation of this phase by means of a simplified model. The study
revealed, that the steep force increase at beginning of escapement phase can be attributed to
the changing constraints of jack. Steep force increase is reduced by a term proportional to the
square of angular velocity of whippen (and key). These results can help development of an
active keyboard for digital pianos to reproduce the touch sensation of acoustic pianos, but
further work is necessary to check results experimentally and investigate other phases of
touch.
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IZOPARAMETRIKUS VEGESELEMEK BEZARODASANAK
VIZSGALATA NAGY ALAKVALTOZAS ESETEN
NUMERICAL INVESTIGATIONS ON THE LOCKING
EFFECT OF AXI-SYMMETRIC ISOPARAMETRIC FINITE
ELEMENTS
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Debreceni Egyetem Miiszaki Kar Gépészmérnoki Tanszék
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Kivonat: Jelen cikk a Debreceni Egyetem Miiszaki Karan térténd gumirugok végeselemes analizise kdzben
felmeriilt problémat targyalja. A FEMAP 9.3-as végeselemes szoftverben végzett vizsgalatok soran
tengelyszimmetrikus elemeket haszndlva, az elemek viselkedésében fellépett egy karos jelenség a bezarodas. A
dolgozat ezt a jelenséget értelmezi és vizsgalja numerikus példan keresztiil, elsérendii hdromszog és
négyszogelemekbdl felépitett modellre. A dolgozat végén megallapitottuk, hogy gumi anyagok modellezése soran
melyik végeselem tipust érdemes valasztani.

Kulcsszavak: vegeselemek bezarodasa, gumirugo, dsszenyomhatatlan — anyagmodell,  izoparametrikus
végeselemek

Abstract: The locking effect of the isoparametric elements can cause numerical problems during finite element
analysis of rubber type materials. This paper investigates this phenomenon and tries to give answers of its
occurence. The FEMAP 9.3 is used for this analysis on axi-symmetric rubber specimen through first-order
triangular or quadrilateral elements.

Keywords: finite element locking, rubber spring, incompressible material model, isoparametric finite elements

1. Bevezetés

Kutatasunk f6 célja, hogy képesek legylink olyan végeselemes modellt felépiteni mely
alkalmas gumirugdk pontos tervezésére. A végeselemes vizsgalatok sordn a gumi nagy
alakvaltozasa, tovabba az 6sszenyomhatatlan anyagtulajdonsaga is feltétel a modellezés soran
[1]. Az, hogy egy bizonyos végeselem kod alkalmas-e Osszenyomhatatlan vagy kozel
0sszenyomhatatlan problémak analizisére, nagyban fligg az elem tipusatol és kialakitasatol. A
FEMAP altal tengelyszimmetrikus elemek esetén hasznalt FEA kodban megtalalhato
alacsonyabb rendli izoparametrikus elemek viselkedésében fellép egy karos jelenség a
bezarodas, emiatt Osszenyomhatatlan anyagok analizisekor, nem idedlis esetben meg kell
vizsgalnunk viselkedésiiket hasznalatuk el6tt.

2. Bezarddas vizsgalata

A bezarddas az elem tehetetlenségére utal, ami sziikos allapot, vagy aktiv szabadsagfok
hianyanak kovetkeztében alakul ki, tekintet nélkiil a hal6zas finomsagara, 6sszenyomhatatlan
anyagmodell esetén. A bezarodast Ugy vehetjiik észre, hogy bar kicsi az elmozdulés, a
fesziiltség értéke ennek ellenére nagy, ezért nagyon fontos része a végeselemes
diszkretizalasnak [2].

Numerikus példat oldottunk meg a 1. dbranak megfeleléen felépitett modellel elsérendi
harom ¢és négyszog elemekre. A bezdrodas kimutatasara kis alakvaltozasndl vizsgaltuk az
elemek fajlagos térfogatvaltozasanak (1) ¢és fesziiltségeloszlasanak értékeit. A dV,
térfogatelemre vonatkoztatott fajlagos térfogatvaltozas mértéke:
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0 _ 4dV _ av-av,
g0, = AW _ - (1)
ave ave

ahol a dV a pillanatnyi allapotban 1év0 deformalt térfogatelem, a dV,, az azonositd allapotban
1évo térfogatelem. Ezaltal leirtuk egy elem fajlagos térfogatvaltozasat, amelyet az analizissel
keépesek vagyunk kinyerni a szoftverbdl.

a) b)
1. abra A gumitest felépitett modellje a szoftverben
a) haromszog elemekbdl
b) négyszog elemekbdl

a) b)
2. dbra A hadromszog elemek bezarodasanak hatasa
a) a fajlagos térfogatvaltozasra
b) a fesziiltségeloszlasra
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3. abra Négyszogelem alakvaltozasakor fellépd
a) fajlagos térfogatvaltozas
b) fesziiltségeloszlas

s esetén

4. abra Fesziiltségeloszlas 8x8-as haloslirtiséggel, ngy alakvaltoza

A végeselemes vizsgalatok nagy fesziiltségértékeket mutattak haromszog elemek hasznalata
esetén, ami az elemek bezarodasara utal. A halozast siritve a 4. dbran alapjan megfigyelhetd,
hogy a fesziiltségértékek kiilonbsége mellett, a deformacio is eltér a két kiilonbozd elemmel
felépitett modell esetén. Hogy megértsiik miért hajlamosabbak bezarédasra a kevesebb
szabadsagfokkal rendelkezd elemek, vizsgdljuk meg a 5. abran lathatd modell linearis
haromszog elemeinek hajlamat bezarddasra [3].
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5. abra Elemek szabadsagfokainak vizsgalata

Annak ellendrzésére, hogy egy elem hajlamos-e bezarddasra, vizsgaljuk meg a
szabadsagfokkal rendelkezd és megfogott csomdpontjainak a szdmat, ami alapjan az 1-es €s
2-es haromszogeket kell tovabb vizsgalnunk. Az 1-es haromszdg térfogatvaltozas nélkiili
alakvaltozasa, a teriiletének

amg

T=—" (2)

alland6sagaval valosulhat meg. A peremfeltételek miatt a = dll, amib6l kovetkezik, hogy m,
értéke sem valtozhat. Ez pedig csak a jelolt csomdpont horizontélis elmozdulasaval valosulhat
meg, ami elére vetiti az elem veszélyét bezarodasra. A 2-es haromszog lathatdéan nem
rendelkezik horizontalis szabadsagfokkal igy a deformacidban csak térfogatvaltozéassal tud
részt venni.

3. Osszefoglalas

Vizsgalatainkbol kideriilt, hogy az elsérendii izoparametrikus haromszogelem mar kis
alakvaltozas esetén is bezarodik, ami miatt térfogata az 0sszenyomhatatlan anyag ellenére
megvaltozik magas fesziiltségértékeket eredményezve. A halosiirliség novelésével az elemek
valtozatlanul bezarddnak, aminek eredményeként nagy dsszenyomdasnal a valosagot nem fedd
elmozdulasallapotot kapunk. A felsorolt hibak csokkentése érdekében a tovabbiakban az
0sszenyomhatatlan anyagok analizisére a tobb szabadsagfokkal rendelkezd négyszogelemet
hasznaljuk.

Irodalomjegyzék

[1] Mankovits, T., Kocsis, I., Portik, T., Szabo, T., Paczelt, 1. (2013) Shape design of
rubber part using FEM, International Review of Applied Sciences and Engineering,
4(1): 85-94.

[2] MSC SOFTWARE (2010) Whitepaper - Nonlinear Finite Element Analysis of
Elastomers, (www.mscsoftware.com )

[3] Taylor, R.L. (2000) The Finite Element Method, Volume I: The Basis, 5th edition,
Butterworth-Heinemann.

73



INTERNATIONAL SCIENTIFIC CONFERENCE ON

[ ADVANCES IN MECHANICAL ENGINEERING A I
D PROCEEDINGS g{;

SZAKMAI VERSENYEK AZ OKTATAS SZOLGALATABAN
TECHNICAL COMPETITIONS FOR THE EDUCATION

JUHASZ Gyorgy, PhD
Debreceni Egyetem, Miiszaki Kar, Gépészmérnoki Tanszék
juhasz@eng.unideb.hu

Kivonat: A cikk bemutatia egy specialis szakmai verseny - a Nemzetkézi Rexroth Pneumobil Verseny -
jellemzdit, a Debreceni Egyetem Miiszaki Kardan késziilt jarmiiveinek versenyben elért eredményeit, valamint
elemzi a verseny oktatasra gyakorolt hatdsat és annak jovébeni szerepét.

Kulcsszavak: szakmai verseny, pneumobil, innovdcio és kreativitas az oktatasban

Abstract: This paper presents the analysis of an advanced professional competition, the International
Competition Pneumobil Rexroth, the results of the penumobil vehicles, manufactured by engineering students of
the University of Debrecen, and the impact that the race has on the future of teaching.

Keywords: technical competition, pneumobil, innovation and creativity in education

1. Bevezetés

A gazdasagi €s tarsadalmi élet fejlodése és 1épcsdfokai mindig az emberi faj kihivasokra adott
valaszaibol sziiletett meg. A torténelem folyamdn a kihivds az ember szdmara sokszor a
tulélés volt, ezért ebben a versenyben csak a legjobbak maradhattak életben.

Szerencsére a mi nemzedékiinknek az életet veszélyeztetd kihivasokkal nem kellett még
szembeslilnie, de talan éppen ezen evolucios fejlodés kovetkeztében az emberekben kialakult
a versenyszellem, amely ma is megnyilvanul az élet szamos teriiletén.

A verseny minden forméja a kivalasztodast szolgalja, ezért az oktatasban a versenyek kivalo
lehetdséget nytjtanak egy adott, elvégzett munka dsszehasonlitdsara és a mindség lemérésére.
Természetesen egy egyetemi verseny esetén a mindség fogalma nagyon sok Osszetevobol
alakul ki, hiszen tartalmazza a felkészit6 oktatd szakmai tudasat, a befektetett munkat, a
hallgatok tehetségét, innovacios készségét, kreativitasat, egy csapat egyiittmikodo képességét
€s még szamos tényezot.

Ahhoz azonban nem fér kétség, hogy az oktatds teriiletén meghirdetett versenyek
egyértelmiien a mindség kivalasztodasat szolgaljak, és fontos mérdeszkdzei az intézményben
folyé munkénak.

Egy felsdoktatasi intézményben pedig csakis a mindségi oktatés lehet a cél.

2008-ban egy szokatlan versenyt hivtak életre az egri é€s budapesti Bosch-Rexroth Kft.
szakemberei, amiben meghirdettek egy olyan auto6 €pitd versenyt, amelyben a hajtd6 motort és
annak vezérlését a cég altal gyartott pneumatikus és vezérld elemekbdl kellett 6sszerakni. Az
els6 - 2008-ban meghirdetett - megmérettetést Egerben rendezték, amelyen mar az elsé évben
1s a magyar miszaki felsdoktatas minden jelentds résztvevdje megjelent. 2014-ben a
szervezOk mar a VII. Nemzetkdzi Rexroth Pneumobil Versenyt inditjak tutjara, amelynek
népszerlisége és mezonye évrdl évre toretleniil nd.

A versenybe jelentOs anyagi eszkozoket befektetd cég tobb célt is megfogalmazott:

— szakmai versenyre hivni az orszag miszaki felsdoktatdsi intézményiben tanulod
hallgatokat, amelyet a késobbiek folyaman nemzetkozivé szélesitettek.

— segiteni a hazai felsdoktatast a pneumatika és vezérléstechnika teriiletén

— tamogatni a tehetséges fiatalokat és segiteni Oket a késébbi munkéba allasukban

— kibontakoztatni a hallgatokban rejld kreativitast €s innovacios képességeket
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— segiteni ) eszk6zok kifejlesztéseét
— sz¢élesebb korben megismertetni €s elterjeszteni a pneumatikus eszkdzoket
— fejleszteni az alternativ meghajtasu jarmiiveket

2. A pneumobil versenyek kronologiaja

A Debreceni Egyetem Miiszaki Kardnak Gépészmeérnoki Tanszékén 2008-ban késziilt el az
elsé pneumobil, amellyel kezdetét vette egy olyan ,,autdépitési 1az”, amely a késdbbiekben
szamos sikert hozott a munkdban résztvevo hallgatoknak, oktatoknak ¢és az oktatasi
intézménytlinknek.

Az elsé ,jatéknak indult” megmérettetésen mindenki jaratlan teriiletre tévedt, hiszen ilyen
versenyt eddig még nem rendeztek sehol a vilagon. A kivancsisag €s a versenyszellem adta az
elsé lokést, hogy, induljunk el ezen az tton.

Ha az oktatas szempontjabol vizsgaljuk az eseményeket mar az elsé versenyen megjelent az a
jelenség, amely még ma is az egyik legnagyobb erénye ennek a versenynek: azaz olyan plusz
energidkat inditott el a hallgatokban ¢s az oktatokban, amely messze meghaladta a
hagyomanyos tanuldsba fektetett energiakat. Ezek az energidk olyan helyzeteken segitették €s
segitik at még ma is a csapatokat, amire eldtte nem is gondoltunk.

Els6é jarmiiviinkre jellemzd volt a szerény koltségvetés, ujrahasznositott anyagok beépitése,
nagy lelkesedés, a hajtdsban a gondos ¢€s alapos mérndki munka és jokora kreativitas.

Az elsé pneumobil fényképe és a versenyen elért eredményei az 1. tablazatban lathatok.
Létrejott egy haromkerekii triciklinek kinézd jarmii, amely kinézetével ellentétben kivalo
menettulajdonsagokkal rendelkezett. Jellemzd rd, hogy a szakmai zsiiri eldzetes értékelése
alapjan az auto az utolsé helyet foglalta el, majd jott a verseny €s az utolsébol hirtelen elsd
lett, mert menetteljesitményében a legjobbnak bizonyult.

Az els6 nagy sikerrel zarult verseny megadta a 16kést a tovabbi alternativ meghajtasu
jarmuvek épitéséhez.

2009-ben mar két csapat indult a versenyen, a Debreceni Széllovagok ¢s a DE-AMTC-MK
nevi csapata, amit 2010-ben is két autd kovetett.

2011-t8] anyagi nehézségek miatt a Gépészmérnoki Tanszék minden évben csak egy autot
tudott inditani, de a sikerek igy sem maradtak el.

A tanszéken 2008 ¢és 2013 kozott Osszesen 8 db  pneumobil épiilt, amelyek
versenyeredményeit és jellemz6 adatait az 1-3. tdblazat mutatja be.

1. tablazat. A Debreceni Egyetem Miiszaki Karan épitett pneumobilok versenyeredményei,

2008-2010
Eredmények | Csapattagok | Pneumobil
2008 DE-AMTC-MK Csapatvezetd: Dr. Juhasz Gyorgy
e Rexroth Legjobb Pneumobilja 2008. (fodij) Torok Zoltan 'S = o :g: '8
e Legnagyobb tavolsag kategoria: 1. helyezett Mudra Zsolt ;
e Legrovidebb id6 kategoéria: 1II. helyezett Vass Domonkos
e Oktatasi és Kulturalis Minisztérium Kiilondija Szaifert Péter
e Bevalasztottak ,,Magyarorszag 100 csodaja” kozé
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2009 Debreceni Széllovagok Csa
e Rexroth Legjobb Pneumobilja 2009. (f6dij) Torok Zoltan
e Gyorsasagi kategoria: 1. helyezés Mudra Zsolt
Gyorsulasi kategoria: 11 helyezés Vass Domonkos

Morvay Levente

DE-AMTC-MK (Lopakodo) Csapatvezetd: Nadhazi Laszlo

e Legnagyobb tavolsag kategoria: III. helyezés Kiss Andrea :
¢ A legaramvonalasabb konstrukci6 kiilondij Szaifert Péter

Abraham

Szabolcs

Szendrei Laszlo

2010 Debreceni Széllovagok Csa

e Rexroth Legjobb Pneumobilja 2010 (fodij) Torok Zoltan

o Tavolsagi kategoria: L. helyezés Morvay Levente

o Gyorsasagi kategoria: I1. helyezés Abraham

o Konstrukeid eredetisége: 1. dij Szabolcg

e Az Oktatasi Minisztérium Kiilondija Szendrei Lasz10

o A GTE Gépjarmiiszakosztalyanak Kiilondija

e 2010 Legeredményesebb Tanara — = e —
Légiero Csapatvezetd: Dr. Mankovits Tamas

e Tavolsagi kategoria: 7. helyezés Banyai Istvan

e Gyorsasagi kategoria: 7. helyezés Bogati Sandor
Pardi Tamas
Paloczi Péter

2. tablazat. A Debreceni Egyetem Miszaki Karan épitett pneumobilok versenyeredményei,

2011-2013
Eredmények | Csapattagok | Pneumobil
2011 Debreceni Széllovagok Csapatvezetd: Dr. Juhasz Gyorgy
e Tavolsagi kategoria: 1. helyezés Banyai Istvan d ’
o Ugyességi kategoria: 1. helyezés Morvay Levente
e Gyorsulasi kategoria: I1. helyezés Galamb LaszIo
o A Nemzeti Eréforras Minisztérium kiiléndija | Forré Balazs

2012 Debreceni Széllovagok Csapatveze
o Ugyességi kategoria: 1. helyezés Juhész Botond

o Gyorsulasi kategoria: IV. helyezés Zilahi Krisztian

e Legjobb konstrukei6: III. helyezés Steiger Balazs

o Wiirth Kft. kiilondija Bokor Robert
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2013 Debreceni Széllovagok Csapatvezetd: Dr. Juhasz Gyorgy

o Telemetria kategoria: 1. helyezés Juhasz Botond

o Ugyességi kategoria: 1. helyezés Zilahi Krisztian
e Konstrukeié eredetisége kategoria: 11. helyezés | Steiger Balazs
o Gyorsulasi kategoria: I11. helyezés ngor Rél?ert

o Schifer és Kardex Remstar kiilondija Kiss Tamas

A Debreceni Széllovagok pneumobil csapata 2012-ben a Magyar Villamos Miivek altal
meghirdetett Energia Futam Tanulmanyautd kategoérigjaban is megmérettette magat, ahol
szintén sikeriilt megszerezni az I. helyezést (3. tablazat).

3. tablazat. Dijatvétel az MVM Energiafutam Tanulméanyautd kategéridban, Budapest, 2012

Eredmények Csapattagok Dijatvétel
MVM Energia Futam Juhasz Botond ‘ {
e Tanulmany Auto kategoria I. hely Zilahi Krisztian |
Steiger Balazs
Bokor Robert

3. A versenyek hatasa az oktatasra
Az elsé csapatok még spontan, ugymond barati korokbol alakultak és szervezddtek egy
vezetd tanar koré, de ez mara teljesen atgondolt szervezett formava fejlodott.

Jelenleg a jarmiépités teriiletén a Debreceni Egyetem Miiszaki Kardn két csoport
tevékenykedik:

A Gépészmérnoki Tanszéken:

Dr. Juhasz Gyorgy vezetésével a pneumatikus jarmiivek, mig Gabora Andrés ¢s Fekete-Sziics
Déniel vezetésével elektromos meghajtasu jarmiivek késziilnek.

A Mechatronikai és Villamosmérnoki Tanszéken:

Dr. Husi Géza, Barta Istvan és Vitéz Attila vezetésével elektromos meghajtasu autdk
késziilnek.

Az évek folyaman az autoépitd csoportokbol egy szisztematikusan felépitett tehetségtamogatd
mithely fejlodott ki, amelynek deklarélt céljai az alabbiakban olvashatok:

— A projekt hosszi tavi célja, hogy olyan folyamatosan miikoddé tehetséggondozo,
tudomanyos miithelyt hozzon Iétre, amelybe szisztematikus kivalasztassal a legtehetségesebb
hallgatok keriiljenek be.

— A létrehozott csoport kutatasi teriilete az alternativ meghajtasu jarmiivek fejlesztése,
amely a jovo nagy kihivadsara — a hagyomanyos energiahordozok levaltdsa alternativ
energiaforrdsokkal - keres megoldasokat.

— Hosszu tava célja a projektnek még, hogy a témat népszeriisitse mind az egyetemistak
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mind a nagyk0zonség szamara, ezzel eldsegitve az alternativ energiak megismerését €s azt a
szemléletvaltast, ami a fenntarthatd jové megvalositasdhoz elengedhetetlen.

— A projekt rovid tava célja, hogy a kivalasztott csapatokkal meghatarozott versenyekre
alternativ meghajtasu jarmiiveket épitsenek és népszeriisitsék azokat.

— Tovabba fontos cél, hogy a munkdban részt vett hallgatok az elvégzett munkat
tudomanyos alapossaggal dokumentéljak és publikaljak.

— Tovabbi cél az autdépitéshez kapcsolodo teriileteken kutatasi projektek inditasa
egyetemi oktatok vezetésével, kiils6, ipari partnerek tamogatdsaval. (pl. szénszalas
technologia kidolgozésa, telemetrias mérdrendszer segitségével hajtasok optimalizalasa stb.)
A Debreceni Egyetem Miiszaki Kardnak aut6épitdé miithelyeiben a pneumobilon kiviil
elektromos meghajtast jarmiivek fejlesztése is folyik. A kiilonbozd versenyekre késziilt
jarmuvek szdmat foglalja 6ssze a 4. tablazat éves bontasban.

4. tablazat. Az aut6épitd mithelyekben elkésziilt jarmiivek szama

Ev Pneumobil Elektromobil Széchenyi/Alt Osszesen
Race/MVM

2008 1 1

2009 2 2 4

2010 2 4 6

2011 1 4 1 6

2012 2 3 3 8

2013 2 0 4 6
Osszesen 10 13 8 31

4. Osszefoglalas

A 2008-ban indult ,,versenyhulldm” nagy valtozasokat hozott a Debreceni Egyetem Miiszaki
Karanak ¢letében. Az els6é versenyen még sokan azt sem tudtdk, hogy Debrecenben van
gépészképzeés. Ma mar az egyetemiink rendszeres résztvevdje és orszagosan elismert tagja lett
az alternativ meghajtasu jarmiivek versenyeinek.

Az oktatasra gyakorolt hatdsa is egyértelmiien pozitiv, hiszen Oriasi 16kést és teret adott
azoknak a tehetséges hallgatoknak, akikben a tanulds terén nagyobb ambicio lakozott és az
autdeépitésben kibontakoztathattak kreativ és innovativ képességeiket.

A tehetségtamogatd mithelyben résztvevd fiatalok rendszeres résztvevoi a kari €s orszagos
TDK versenyeknek, amelyekr6] mindig értékes helyezésekkel térnek haza.

A miiszaki palya jelentds gyakorlati ismeretet kovetel, amelynek megszerzésére ezek a
versenyek kivalo lehetdséget biztositanak a leendé mérndkoknek. A munkaban elhelyezkedett
hallgatoink visszajelzései egyértelmiien mutatjak, hogy a csapatban eltoltott idére, munkara €s
versenyekre ugy emlékeznek, hogy a tanulmdnyaik ideje alatt a legnagyobb élményeket és
legtobb tudast ezekben a mithelyekben szerezték.

Ezek a szakmai versenyek nem jottek volna létre, ha nem lennének azok a cégek és a cégeket
mozgatd kivalo szakemberek, akik a versenyeket megalmodtdk, megszervezték ¢&s
folyamatosan ~fenntartjak. Aldozatos munkajukat csak megkoszonni lehet, mert
tevékenységilik révén a felsdoktatasi intézményekben olyan ideélis oktatdsi format segitettek
létrehozni, amelyek a mindségi oktatast szolgaljdk ¢s segitenek a tehetséges hallgatdk
kivalasztasaban.
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ALAKVALTOZASI SEBESSEG ES GEOMETRIAI
TENYEZOK HATASA UHMWPE SZILARDSAGI
TULAJDONSAGAIRA
THE EFFECT OF LOAD RATE AND GEOMETRICAL
FACTORS ON THE MECHANICAL PROPERTIES OF
UHMPWE

"3 KALLAI Imre , "MAJOR Zoltin PhD, *CZELGyiorgy PhD, ' MANKOVITS Tamds PhD,
'HURI David

'Debreceni Egyetem Miiszaki Kar, Gépészmérniki Tanszék

*Johannes Kepler Univeritiit, Institute of Polymer Products Engineering

Miskolci Egyetem Anyagmérniki Kar, Kerdmia- és Polimermérniki Intézet

imrekallai2 I(@gmail.com

Kivonat: A kutatas soran kiilonbozo geometriai téenyezéjii UHMWPE probatestek mechanikai tulajdonsdgait
vizsgaltam, huzo igénybevétel esetén. A huzovizsgalat az anyagvizsgalaton beliil a kvazi statikus vizsgalatokhoz
sorolhato, mivel az igénybevételi sebesség ritkan haladja meg a 100 mm/szekundumos értéket. Az anyagvizsgalat
és a technika fejlodesének segitsegével, azonban mar a dinamikus tartomanyokban is vizsgalodhatunk, igy
impact, nagy sebességii huzovizsgalatot is vegezhetiink. A probatesteket ugy alakitottuk ki, hogy az épp
keresztmetszet, mind a négy esetben egyforma legyen. A vizsgdlatokhoz, hengeres, bemetszés nélkiili, tompa
bemetszéses, éles bemetszéses, és cso szelvényii probatesteket alkalmaztunk. A meréseket 1; 10; 100; 1000;
10000 mm/szekundum sebességgel vegeztiik. Mivel a polimer anyagok mechanikai tulajdonsdagai nagymeértékben
fliggnek a homérséklettl és az alakvaltozas sebességetdl, igy érdemes vizsgalni, hogy hogyan viselkednek az
anyagok, nagy deformacio sebesség hatdasara. Az eredményekbdl informdaciot kapunk, az alaktényezok,
fesziiltséggyiijté helyek és az alakvaltozasi sebesség szilardsagi tulajdonsdagokra gyakorolt hatasarol.
Kulcsszavak: UHMWPE, Dinamikus, Nagy sebességii huzovizsgalat, Geometriai tényezd

Abstract: During the research I examined the mechanical properties of different geometry UHMPWE specimens,
in the case of tensile load. Within material tests, the tensile test can be classified as a quasi-static test, since load
rate seldom exceeds 100 mm/sec. With the help of advanced technology and material tests, now we can perform
tests in the dynamic range too, thus we are able to carry out impact, high speed tensile tests. The specimens have
been shaped so that the areas in the four different cases are the same. For the tests we used cylindrical
specimens, specimens without notch, blunt-notch specimens, sharp-notch specimens and pipe-side specimens.
The measurements were taken at 1; 10; 100, 1000; 10000 mm/sec. Since the mechanical properties of polymer
materials are greatly influenced by temperature and load range, it is worth examining how materials behave to
the effect of high deformation speed. From the results we can gather information on how the mechanical
properties are affected by shape factors, press points and load rate.

Keywords: UHMWPE, Impact, High-speed tensile test, Shape effect

1. A kutatas célja

A kutatas célja egy milszaki milanyag szilardsagi jellemzoinek a meghatarozasa, kiilonb6zo
sebességli huzovizsgalatok segitségével. A vizsgalt anyag az UHMWPE, mely nagy
szilardsagl milanyag. A polimerekre jellemzd viszkoelaszticitas €s az ebbdl adodo 1défliggd
mechanikai viselkedés miatt a szakitovizsgalat eredményeit - a hdmérsékleten kiviil - az 1d6
igen jelentdsen befolyasolja. Az alakvaltozasi sebesség novelése a polimer ridegebbé valasat
okozza.

A probatestek geometriai kialakitdsa is hatdssal van a mechanikai tulajdonsagokra. A
vizsgélatokhoz bemetszés nélkiili, ¢les és tompa bemetszésli €s csOszerli probatestet
alkalmaztunk. A kiilonb6zd kialakitasok, befolyasoljadk a probatestek torési viselkedését,
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melynek oka, hogy a bemetszés kornyezetében megvaltozik a fesziiltségeloszlas. Az
egytengelyli huzasnak kitett sima szakitd probatestben az egyenletes nyulas hataraig,
egyenletes a fesziiltségeloszlas, a bemetszett probatestben a terhelés iranyu fesziiltségnek
maximuma van a bemetszés tovénél, emellett ezen a ponton tobbtengelyli huzofesziiltség
allapot alakul ki. Ezen hatas mértéke fligg a bemetszés sugaratol.
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1.abra: A négy kiillonb6z6 geometriaval rendelkezd probatest rajzai és méretei

A vizsgalatot a Linzi Johannes Kepler Univeritét Institute of Polymer Products Engineering
laborjaban végeztem egy MTS 85X Dampfertest-System tipusu akkumulatoros, szervo
GOM ARAMIS tipusu optikai méréberendezést és a nagysebességii vizsgalatok elemzéséhez
a Phantom V642 Broadcast nagysebességli kamerat alkalmaztam.

b)
2.abra: a) az MTS anyagvizsgald berendezés b) a probatestek

1.1. Az UHMWPE

Az ultra nagy molekulatomegli polietilén egy specialis tulajdonsagokkal rendelkezé hore
lagyul6 miiszaki milanyag. Ezt a nevet joggal viseli, mivel a molekulatomege koriilbeliil 60-
szor nagyobb, mint a HDPE -nek (HDPE 200 000 g/mol, UHMWPE 6 000 000 g/mol). A
polimert nagyon hosszi molekulaldancok épitik fel. A lancot alkotdé atomok képesek
elmozdulni és rendezddni, ezaltal egy molekulalancon beliil 1étrejonnek kristalyos lamellak,
az amorf fazis mellett. gy az anyagban a kristalyos és az amorf fazis is jelen van. Kiilonleges
tulajdonsagait a molekularis felépitése okozza. Az ultra nagy molekulatomeg hatassal van a
kopéasallosagra, a kuszasallosagra és a keménységre is. A jO mechanikai tulajdonsagok
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mellett, vegyszerallosaga kitlind, vizfelvevd képessége elhanyagolhatd és biokompatibilis,
ezért az emberi szervezetbe beliltethetd. Az eldnyok mellett hatranyokkal is jar ez a
molekulaszerkezet. Legnagyobb hatranya a nehéz feldolgozhatdsag annak ellenére, hogy hore
lagyulod polimer, a hosszii molekulalancok miatt a froccsontése lehetetlen. Az alakadashoz
specialis technologiakat kell alkalmazni. [1,2,3,4,5]

2. A geometriai tényezo hatasa

Kiilonboz6 alkatrészek, gépelemek tervezésénél, a megfeleld méretek, falvastagsdgok
megvalasztdsa mellett, ugyanolyan hangstlyt kell helyezni a sarkok, vallak, lekerekitések
helyes kialakitasara is. A rosszul kialakitott, tulsagosan ¢les sarkok, bemetszések nagyban
hozzéjarulnak a termék tonkremeneteléhez, mivel onnan repedések indulhatnak ki. A kutatés
folyaman vizsgaltam, hogy azonos méretli épp keresztmetszettel, de mas-mas geometriai
tényezdvel rendelkezd probatestek mechanikai tulajdonsidgai miként valtoznak, azonos
igénybevétel hatdsara. A vizsgélatokat mind a négy kiilonb6zo kialakitas esetében, allando
terhelési sebességgel végeztem. [6,7,8]
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3. abra Kiilonb6z6 geometriai kialakitast probatestek szakitodiagramja

A 3. abran levd szakitd diagramokon lathato, hogy az éles bemetszéssel rendelkezd, probatest
viselkedik a legridegebben, alig 20%-s nyulas utan elszakad, a tompa bemetszéssel ellatott
probatest, kétszer akkora alakvaltozasra képes, a szakadas eldtt, mig az iireges €s bemetszés
nélkiili probatestek, 1 mm/szekundumos alakvaltozasi sebesség mellett, 325%-s
alakvaltozasra képesek, szakadas nélkiil, mig 10000 mm/szekundumos sebesség esetén az
ireges, kozel 225%-s nyulasnal, mig a bemetszés nélkiili 280%-s alakvaltozasnal szakadt el.
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c) Ureges d) Bemetszés nélkiili
4. abra Kiilonbozo kialakitast probatestek deformacios allapotai (a,b, szakadas eldtt, c,d
alakvaltozas kozben)

Az eredményekbdl latszik, hogy a bemetszés nélkiili probatestben homogén fesziiltségi
allapot jon létre, mely hatdsdra a polimer probatest nagyobb alakvaltozasra képes,
tonkremenetel nélkiil. Az lireges probatest esetén, ha az alakvaltozasi sebesség kicsi, akkor
hasonldan viselkedik, mint a bemetszés nélkiili probatest, mivel nem rendelkezik, €les, sarkos
kialakitassal. Nagyobb alakvaltozasi sebesség hatasara, azonban ridegebben viselkedik. Az
¢les ¢és tompa bemetszéssel késziilt probatestek koziil érvényesiil, hogy minél kisebb a
bemetszés sugara, anndl ridegebben viselkedik az anyag.

3. A deformacio sebesség hatasa

Polimer szerkezetek tervezésénél egyik kritikus érték az lizemi terhelés hatodideje, mivel az
alakvaltozasi sebesség nagymértékben befolyasolja mind a kismértékli, mind pedig a
nagymértékli alakvaltozasok tartomanydban meghatarozhat6 anyagtulajdonsagokat, mint a
rugalmassagi modulus, szakadéasi nyulas és a szakitoszilardsdg. Ezen hatéds vizsgalatara a
probatesteket 1; 10; 100; 1000; 10000 mm/szekundum sebességli egytengelyli hazéd
igénybevétellel terheltiik. Az 1 és 10 mm/szekundumos vizsgalatoknal az ARAMIS optikai
méromiiszert alkalmaztam, a deformaciok meghatirozdsdhoz, az impakt vizsgélatok
elemzéséhez a Phantom V642 Broadcast nagysebességli kamerat alkalmaztam, amely akar
90.000 kép/szekundumos felvételi sebességre is alkalmas. [7,8]
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BEMETSZES NELKULI
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5. abra A bemetszés nélkiili probatest szakitodiagramja kiilonb6z6 deformacio sebességnél

Az 5. abran lathaté gorbesereget vizsgalva lathatdo, hogy a deformacid sebesség
novekedésével, a probatest egyre ridegebben viselkedik. A folyéashatara, és szakitdszilardsaga
novekszik, mig az alakvaltozd képessége csokken. A bemetszés nélkiili probatest esetében,
szakadas, csak a 10000 mm/szekundum-s alakvaltozasi sebességnél jott 1étre, a tobbi esetben
szakadas nem kovetkezett be, mivel a molekulalancoknak volt elég idejiik az orientaciora, €s a
megnyulasra.

1. Tablazat A probatestek mechanikai jellemzdi

Def. | Eles bemetszés Tompa bemetszés Ureges Bemetszés nélkiili

seb.

mm | Szak.s | Nyal | Szaka | Szak.s | Nyal | Szaka | Szak.s | Nyal | Szaka | Szak.s | Nyal | Szaka

/sec | zil as das zil as das zil as das zil as das
[MPa] | [%] | [-] [MPa] | [%] | [-] [MPa] | [%] | [-] [MPa] | [%] | [-]

1 35 8 igen 37 56 igen 35,7 309 | nem 32 309 | nem

10 34,2 7,6 igen 42 58 igen 35,7 309 nem 34,4 309 | nem

100 | 34,7 4,2 igen 51 63,7 | igen 38,7 303 igen 44 309 | nem

100 | 42,7 7 igen 47,6 41,7 | igen 38,4 196 | igen 49 309 | nem

0

100 | 40,2 6,6 igen 46 54 igen 47,37 | 204 igen 51,9 277 igen

00

Az els0 tablazat adataibol latszik, hogy a bemetszett probatestek, minden esetben elszakadtak
a vizsgalatok folyaman. A szakit6 szilardsag értékek, atlagosan ndvekvo tendenciat mutatnak,
mig a szakadds pillanatdban mért nyulds csokkend értéket mutat. Az lireges probatest,
100mm/szekundum sebességtdl, mar elszakad, mig a bemetszés nélkiili, csak 10000
mm/szekundumos alakvaltozasi sebesség hatasara szakad el.
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4. Osszefoglalas

Osszefoglalasként elmondhatd, hogy egy modern anyagvizsgald berendezéssel és megfeleld
probatest befogoval, el lehet érni 10000 mm/szekundumos alakvaltozési sebességet is, mellyel
informaciokat kaphatunk a polimerek €s egyéb szerkezeti anyagok dinamikus igénybevétellel
szembeni ellenalld képességiikrdl.

A geometriai tényezok hatasa, a lassu és a gyors igénybevételek esetén is megmutatkozott. A
bemetszés ridegitd hatdsa, jol mérhetd modon jelentkezett. A bemetszés sugaranak a
csOkkentésével ez a ridegitd hatds még erdsebben jelentkezik. Az ilireges probatest alacsony
sebesség esetén, hasonloan viselkedik, mint a bemetszés nélkiili probatestek, nagyobb
terhelési sebesség esetén, azonban ridegebben viselkednek. Valdszint, hogy a csészeri
kialakitas, instabilan viselkedik az 1000 mm/szekundumos deformacio sebesség felett.

Az alakvaltozasi sebesség novelésével, vizsgalhatjuk, hogy hogyan viselkedik az alapanyag
dinamikus igénybevétel esetén. Az alakvaltozasi sebesség mértéke befolydsolja, hogy hogyan
tudnak az UHMWPE-t felépitd hosszii molekulalancok rendezddni, a terhelés iranyaba
orientalddni. A nagy sebesség hatdsara, a molekulalancoknak nincs lehetdségik a
rendezddésre, igy kisebb mértékli nyulasra képesek, azaz ridegednek.
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A KAPCSOLOVONAL MEGHATAROZASA DOMBORITOTT
FOGAZATON
DETERMINATION OF CONTACT PATH ON CROWNED
TEETH

KELEMEN Laszlo, SZENTE Jozsef PhD
Miskolci Egyetem, Gép- és Terméktervezési Tanszék
machkel@uni-miskolc.hu , machszj@uni-miskolc.hu

Kivonat: A dolgozatban meghatarozzuk a fogasgyiiriis tengelykapcsolo fogazott elemei kézott kialakulo
kapcsolovonalat. Ehhez matematikai modellek késziiltek az agy és a hiively fogfeliiletei szamara, a gyartasi
eljarasok figyelembevételével. Kozelitd modszert dolgoztunk ki a fogérintkezés elemzésére. A kapcsolovonal az
érintkezési pontok ésszessége, mely a szoghiba valtozasaval modosul. Terhelés hatasara az érintkezési pontokbol
ellipszis alaku foltok lesznek, melyek dsszessége adja a hordkepet.

Kulcsszavak: fogasgyiiriis tengelykapcsolo, domboritott fogazat, kapcsolovonal

Abstract: Path of contact is determined between the toothed elements of gear coupling. Mathematical models
are presented for the hub and the sleeve with taking into conmsideration the manufacturing processes. An
approximated method is used to analyze the gear meshing. The path of contact is defined as the sum of contact
points and it is investigated at different value of the angular misalignments. The load causes elliptical patches at
contact points and the contact pattern is developed as the sum of the patches.

Keywords: gear coupling, crowned teeth, contact pattern

1. Bevezetés

agy

1. abra Fogasgylris tengelykapcsold

A fogasgytirlis tengelykapcsolok (1. dbra) tengelyvégek Osszekapcsolasdra, az
egytengelyliségi eltérések kiegyenlitésére szolgalnak. Fo alkotd elemeik: a belsé fogazata
hiively és a domboritott fogazattal rendelkezd agy, melyek azonos fogszdmmal rendelkezd
sajatos fogaskerekek. A domboritott fogazat révén a tengelykapcsold képes kompenzalni az
osszekapcsolt tengelyek szogeltérését. Ehhez egyetlen agy-hiively parositds elegendd,
azonban a gyakorlatban altaldban két elempart épitenek be az 1. abranak megfelelden. Ezzel a
szOghiba mellett az Osszekotott tengelyek egytengelyliségi hibajanak a kikiiszobolése is
lehetové valik. A dolgozatban a fogfeliiletek matematikai modelljei, valamint a
mozgastorvény alapjan létrehozzuk a domboritott fogazaton az elméleti kapcsolovonalat,
amely egy fogpar pillanatnyi érintkezési pontjainak 0sszessége egy teljes koriilfordulds alatt.
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Ezen kiviil bemutatjuk a kapcsolévonal valtozasat a kompenzalando széghiba fliggvényében.

2. A domboritott fogazat fogfeliiletének modellje [2]

A tengelykapcsold agy domboritott fogazata lefejtdmarassal, a munkadarab €s a szerszdm
0sszehangolt mozgatasaval allithato el6. A domboritott fogfeliilet eldallitasdhoz a szerszdmot
korpalyan kell mozgatni. A lefejtdmarogép sajatos felépitése ezt altalaban nem teszi lehetdve,
ezért a sziikséges relativ mozgast a munkadarab-asztal sugarirdnyd €s a szerszam axialis
mozgasaval érjiik el.

A yi A Yi

2. abra. Az agy domboritott fogfeliilete
A domboritott fogazatok esetében az idealizalt fogfeliiletet Ggy szarmaztatjuk, hogy fogak

tengelymetszeteiben valtozo profileltolassal rendelkezd evolvens fogazatot feltételeziink.
A fogfeliilet egyenlete:

X, =r,sind,
y, =7, c0s0,, (D)
z, =1,

ahol ry; tetsz6leges sugar a fogprofil mentén, 0, a fogszdg. Szamitasara a

0, = 2irl+ invec —inver (2)
Osszefliggés szolgal, ahol s a fogvastagsag az osztohenger mentén, | az osztokdrsugar, o az
alapprofilszdg, ay; a profilszog. (2)-ben inv az evolvens fliggvény, értelmezése: inv o = tan o
—a.
A fogvastagsag az osztohenger mentén:

s=5,-2(R—R* -z )tana, 3)

ahol 5o a fogvastagsag a z; = 0 sikban.

3. A belso6 fogazatu hiively fogfeliiletének modellje

A belsdé fogazati fogaskerekek gyartasi moédszerei koziil a gyakorlatban a fogmetszés €s az
iiregelés bir kiemelt jelentdséggel. A bels6 fogazatu kerék matematikai modelljét a gyartassal
0sszhangban hoztuk 1étre.
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Y2 Y2

X2 Zy

3. abra. A hiively belsd fogazati fogfeliilete

A belsé fogazatu fogaskerekek elméleti fogfeliiletei evolvens hengerek. Az 3. &bran a
fogprofil és a fogfeliilet paraméterei lathatok.
A fogfeliilet egyenletei:

x, =r,,sin6,,

y, =7,,c080,, 4)

z, =1,.
(4)-ben ry, a fogprofil tetszOleges sugara, 6, a fogarokszog. Szamitasara a kovetkezd
Osszefliggés szolgal:

0, = +invor — inva,,, )
n

ahol e a fogarok szélessége az o0sztokoron mérve, r, az osztokdrsugar, a az alapprofilszog, oy
a profilszdg r,, sugaron.

4. A fogkapcsolodas elemzése [3]

A szOghibaval rendelkezd fogasgytiris tengelykapcsold egy kiilonleges, metsz6dd tengelyt
fogaskerékparnak tekinthet6 (4. abra).

A tengelyszog megegyezik a y szoghibaval. A fogszamok a kiilsé fogazatu agy és a belso
fogazatu hiively fogazatandl megegyeznek. Az agy domboritott fogfeliilete és a hiively
evolvens profill hengeres fogfelillete minden pillanatban egy pontban érintkeznek. A
kapcsolddas elemzéséhez meg kell hatarozni a fogfeliiletek egyenleteit, valamint elé kell
allitani a hajtas mozgastérvényét, mint az elfordulasi szogek kozotti fliggvénykapcsolatot.

A kapcsolodas elemzéséhez négy koordinatarendszert fogunk hasznalni, melyek a 4. abran
lathatok. S (O, x1, y1, z1) €és Sz (O, x2, y2, z2) mozgd koordinatarendszerek, melyeket mereven
hozzakapcsolunk az agyhoz (1 fogaskerék) ill. a hiivelyhez (2 fogaskerék).

St (O, xt, v, zr) €s Sa (O, Xa, Va, za) all6 koordindtarendszerek. Sra globalis rendszer, mig S, egy
segéd koordinatarendszer. Ha nincsen szoghiba (y = 0), S, egybeesik Se-fel (4. abra).
Valamennyi koordinatarendszer k6zds O origdval rendelkezik.

S forog S;—ban a z, tengely koriil, amelyik egybeesik z;-gyel. A ¢, elfordulasi szoget x, és x;
tengelyek kozott mérjiik (4. abra). Amikor ¢; = 0, S; egybeesik S,-val. Hasonlé mddon, S»
forog Sr —ben a z;-vel egybeesd zr tengely koriil. A ¢, elforduldsi szoget az x¢ €s az x;
tengelyek kozott mérjiik (4. dbra). Amikor ¢, = 0, S, egybeesik Sp-fel.
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4. abra. Szoghibaval rendelkezd fogasgyliriis tengelykapcsold, és az alkalmazott
koordinatarendszerek

A koordinatarendszerek kozotti 6sszefliggéseket a kovetkezd egyenletek fejezik ki:
r,=M,r, r, =M/'2r2’ r, =Mfi; r, (6)
ahol a helyvektorok az Si, S, S, €s St koordinatarendszerekben az aldbbiak:

X X, Xq X
L= L=\ L=\ Ly =1y
A 21 Lade L] (7)
Az atviteli matrixok [1] az egyes koordinatarendszerek kozott:
cose, sing, 0 1 0 0 [ cosp, sing, 0
M, =|-sing, cosg, 0|, M, =0 cosy —siny|, M, =|-sinp, cosp, 0 (8)
0 0 1 0 siny cosy . 0 0 1

Az My jelolés az Sy, rendszerbdl az S, rendszerbe torténd attérést jelenti.
Az agy és a hiively fogfeliileteinek ko6z0s érintkezési pontjaiban a helyvektorok és a
normalisok is megegyeznek. Az St koordinatarendszerben felirva:
v (r00,0) =17 (50,4, 0,), )
ll?(’}pﬁ,%):n;?)(’}zglz,§02)~ (10)
A (9) vektor egyenlet megfelel harom fliggetlen skalaris egyenletnek, de a (10) egyenlet csak
két fliggetlen skalaris egyenlettel egyenértékii, mivel mindkét normalis egységvektor, azaz
0] = 0 =1. (11)
A (9) és (10) egyenletekkel megadott, 6t nemlinearis skalaris egyenletbol 4llo
egyenletrendszer megolddsa numerikus modszerrel, iteracids uton, szamitogép alkalmazasaval
lehetséges. A megoldas nagyon Osszetett €s bonyolult, ezért egy kozelitésen alapulod
egyszerlisitett megoldast mutatunk be az érintkezési pontok helyének meghatdrozéasara és a
tengelykapcsold mozgastorvényeének eldallitasara.

5. Kozelité szamitas a fogérintkezés elemzésére

A fogérintkezés vizsgalatdnak egyszerisitése érdekében az agy domboritott fogfeliiletét
diszkrét pontokkal behdloztuk. A pontokat a fogfeliileten sugarirdnyban €s tengelyiranyban
felvett gorbék metszéspontjaiként hataroztuk meg, az 5. dbran lathat6 moédon. Sugarirdnyban
a felilleti gorbéket kiillonbozd sugart hengerekkel metszettiik ki, tengelyiranyban az
egymassal parhuzamos sikban 1évé gorbék evolvens profilok. A csomopontok szama i
iranyban n, j iranyban m (5. ébra).

A csomopontok koordinatai az S; koordinatarendszerben:
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Xy ; = sin 911.\,.,
Vi =i Coseli,j’ (12)
2 = Zoin T jAz.

ahol ry1; = rmin + iAr. (13)

5. abra. A fogfeliilet hal6zésa a csomdpontokkal

A y szoghibaval rendelkezd fogasgyliriis tengelykapcsold fogfeliileti csomdpontjainak
koordinatai az allo Srkoordinatarendszerben az alabbiak szerint modosulnak:

X;, =1, 8in (4911.\/. + ),

Y =1y €OS (4911.\]. +, )cosy —z,;8iny, (14)

yli
Zy; =T, COS (4911.\]. + ¢, )sm Y +2z,C08Y.

A csomopontok elhelyezkedése kifejezhetd az ry, sugérral és a f szoggel az allo Sy

koordinatarendszerben:
=xi +y. ., B — arcsin 2L (15)
Boaij =AY YT Vag 0 Pij = .

y2i.j

A hiively fogfeliiletén azok a pontok Ilehetnek érintkezési pontok, amelyek egy-egy
csomoponttal egybeesnek. Ezek a pontok az ry;j, sugarral, a 0, fogszoggel és a ¢o;;
elfordulasi szoggel azonosithatok. 6 a (5) Osszefliggésbdl adodik, az elfordulasi szog a
kovetkezo kifejezéssel hatarozhatd meg:

Prij = ﬂi,j _921',.,'- (16)
A szamitasi algoritmus paramétere a ¢; sz0g. A ¢1= @o kezdeti értékhez ¢, eltérd értékeit
kapjuk minden egyes csomopont esetében. A fogfeliiletek kozotti pillanatnyi érintkezési pont
az a csomopont lesz, amelyhez az 0sszes (n'm) szami megoldasbol a legnagyobb ¢, adodik.
@2 kisebb értékei valtoz6 nagysagu foghézagra utalnak.

6. abra. A kapcsolovonal egy fogpar esetén, valamint a hordkép értelmezése a domboritott
fogazaton (szoghiba: y=1°)

Minden ¢, értékhez talalhaté egy maximalis ¢,. A maximalis ¢,-hdz tartozé csomépont a
fogpar aktualis érintkezési pontja. Miutan ¢, értékét Agp-vel megvaltoztatjuk, p,-re egy 10j

89



INTERNATIONAL SCIENTIFIC CONFERENCE ON

1538

l ADVANCES IN MECHANICAL ENGINEERING | @'c‘ I
PROCEEDINGS >

maximumot kapunk, amely egy ujabb érintkezési pontot eredményez. Amennyiben ¢;-et 0 és
2n kozott valtoztatjuk, és valamennyi ¢;-hez meghatarozzuk a hozza tartozé maximalis ¢,-t,
megkapjuk az egy fogpar esetén létrejovo a kapcsolovonalat, amely a kapcsolodasi pontok
Osszessége (6. abra). A fogfeliileten 1étrejové hordkép kapcsolddasi pontokra felvett kis
ellipszisek Osszességeként értelmezhetd (6. abra). A sziikséges szamitasokat Maple 16
szoftverben végeztiik. Fogaskerék adatai: fogszdm z=40, modul m=3 mm, alapprofilszog
0=20°, fogszélesség b=20 mm, domboritas sugara R=100 mm.

5.1. Szoghiba valtozasanak hatdsa a kapcsolovonalra

Amennyiben az el6zOkben bemutatott tengelykapcsold mas szoghibaval rendelkezik, akkor a
szOghiba valtozasaval egyiitt a kapcsoldvonal is meg fog valtozni. A szdghiba csdkkenés
esetén a kapcsolovonal a fogazat belsejére korlatozodik, mig nagyobb széghiba esetén ez a
tartomany kifel¢, a fog végeinek irdnyaba toldodik el. Amennyiben a kapcsoldvonal eléri a fog
sz¢lét, akkor az igy kompenzalt szoghiba maximalis. A kapcsolovonal valtozasara mutat
példat az 7. abra. A maximalis kompenzalhatd szoghiba az adott geometria mellett a 7. dbran
lathato y=1,8°.

7. dbra. A kapcsolovonal valtozasa kiilonbozd szoghibak esetén

6. Osszefoglalas

A dolgozatban a gyartassal Osszhangban 1év6 matematikai modellek, valamint a
mozgastorvény egy egyszerlsitett szamitasi modszerének bemutatdsa utan ismertettiik a
fogasgytiris tengelykapcsold fogazatan kialakulé kapcsoldvonalat, valamint a kapcsolovonal
valtozasat a kompenzédlandd szoghiba fliggvényében. A kapcsolévonal segitségével a
maximalis szoghiba is meghatarozhatd. Amennyiben a kapcsolévonal eléri a fog sz€lét, akkor
a kompenzalt sz0g maximalis.
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AZ ELSOTENGELY-RUGOZAS HATASA A TRAKTOR
VONTATASI PARAMETEREIRE SEGEDELSOKEREK-
HAJTASNAL
EFFECT OF FRONT AXLE SUSPENSION TO TRACTION
PARAMETERS OF TRACTOR WITH MECHANICAL FRONT
WHEEL DRIVE

KOVACS Zoltin PhD

Nyiregyhazi Foiskola, Miiszaki és Agrartudomdnyi Intézet
Jarmii és Mezogazdasagi Géptani Tanszék
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Kivonat: Az aktiv rugozasu elsé tengelyek megjelenése az univerzailis segédelsckerék-hajtasu traktorokon
mindéssze egy-két évtizede kezdodott. A rugozott elsé tengely megvaltoztatia a traktor lengésjelenségeit, és ezen
keresztiil a vontatasi paramétereket is. Vizsgalatom sordan arra kerestem a vdalaszt, hogy a fobb vontatasi
paraméterek (vonoerd, haladasi sebesség, vontatasi teljesitmény, kerékszlipek) hogyan valtoznak meg az aktiv
elsétengely-rugozas hatasara. Szabadfoldi vontatasi vizsgalati eredményekkel igazoltam, hogy az aktiv
elsétengely-rugozas szignifikans mértékben csokkenti a szlipet, vagy maskent fogalmazva, néveli az adott
szlipnél kifejthetd vonderé mértékét. Bizonyitast nyert tovabba, hogy az alvazon mérsékeltebb lengésgyorsulasok
alakulnak ki. Ennek kdszonhetéen az egyes vontatasi paraméterek ingadozasa (statisztikai szordasa) mérsékeltebb
lesz. Ez azt eredményezi, hogy a traktor egyenletesebb, kisebb ingadozdsu vonoerd és vontatasi teljesitmeny
kifejtésere lesz képes.

Kulcsszavak: elsotengely-rugozas; segedelsokerék-hajtas; vonoerd; vontatasi teljesitmeény.

Abstract: The usage of the active front axle suspension to tractors with mechanical front wheel drive has started
for only one-two decades. The suspended front axle changes the shock parameters of the tractor and this also
affects the traction parameters as well. During our research we would like to find the answer that how the major
traction parameters (drawbar force, velocity, tractive performance, wheel slips) change because of the active
front axle suspension. By using the results of field tests we verified that the active front axle suspension reduces
the slip significantly, in other words it increases the volume of the possible drawbar force at a given slip. It was
also proved that on the chassis more moderate shock waves develop. Due to this the range of the different
traction parameters (statistical dispersion) will be more moderate. This results in more constant, less fluctuating
drawbar force and the tractor will be able for higher tractive performance.

Keywords: front axle suspension; mechanical front wheel drive; drawbar force; tractive performance.

1. Bevezetés, el6zmények

Az 1980-as ¢évektdl fokozatosan nd a segédelsOkerék-hajtassal rendelkezd univerzalis
er6gépek ardnya az lizemben lévo traktorok kozott. Ezek a traktorok ma mar sok esetben
linearis karakterisztikaji rugozott elsd tengellyel rendelkeznek. Az eddigi kutatdsok é&s
vizsgéalatok sordn kevés figyelem harult a vontatdsi ¢€s energetikai jellemzok
tanulmanyozasara ¢és tisztazasdra. A vizsgdlatok altaldban a rugdzas ¢és a lengések
kapcsolatanak vizsgalatdra, elemzésére ¢s annak lehetséges modellezésére, valamint
szimulaciojara terjedtek ki [1, 2, 3, 4, 5].

A cikkben bemutatasra keriild kutatbmunka egyik célja az volt, hogy megvizsgaljam, hogyan
hat az aktiv elsOtengely-rugozas a segédelsOkerék-hajtasti traktorok fontosabb vontatasi
jellemzdire (vonoerd, haladasi sebesség, vontatasi teljesitmény, szlip stb.), valamint a szlip-
vonoerd kapcsolat alakulasara.
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2. A vizsgalat targya és modszere

2.1. Vizsgalati program

A kitlizott vizsgalati célok megvalositasa érdekében szabadfoldi vontatasi vizsgélatokat
végeztem. A vizsgalati teriilet sik fekvésii, betakaritds utdni, miiveletlen buzatarlo volt. A
talajjellemzok meghatdrozasa mintavétellel tortént. A talaj teherbird-képességének és
tomorodottségének meghatarozasara EIJKELKAMP 06.15.01 tipusi kupos penetrométert
(penetrologger) hasznaltam.

A vontatési vizsgalatot kétféle izemmoddban (hatso- €s 0sszkerékhajtas) hajtottam végre. A
traktor 6ssztomegét 7.860 kg-ra allitottam be potstulyok segitségével. A vizsgalat soran harom
kiilonbozo statikus tengelyterhelés-beallitast alkalmaztam:

1) az 6ssztomeg 33,08 %-a (2.600 kg) az elsd, 66,92 %-a (5.260 kg) a hatso tengelyen;

2) az 0ssztomeg 40,71 %-a (3.200 kg) az elsd, 59,29 %-a (4.660 kg) a hatso tengelyen;

3) az Ossztomeg 48,35 %-a (3.800) az elsd, 51,65 %-a (4.060 kg) a hatso tengelyen.

A vizsgélatok sordn harom kiilonbozd sebességfokozatban tortént a mérés: Bl
sebességfokozat (v=1,53 m/s=5,5 km/h); B3 sebességfokozat (v=2,19 m/s=7,9 km/h); C2
sebességfokozat (v=2,92 m/s=10,5 km/h). Ezen talmenden az elsétengely-rugodzast aktiv €s
inaktiv médban hasznaltam. Az igy 1étrehozott vizsgalati beallitdsok szama 36 volt.

Az alkalmazott gumiabroncs-nyomasok a statikus tengelyterhelés-beallitasoknak megfelelden
az alabbiak szerint kertiltek beallitasra: 1. beallitas — 1,0 bar; 2. beallitas — 1,3 bar; 3. beallitas
— 1,6 bar

2.2. A vizsgalat soran hasznalt jarmiivek

A kisérleti traktor egy JOHN DEERE 6920S tipusu er6gép volt. A traktor elsOkerék
kormanyzasu, segédelsdkerék-hajtasu kivitelben késziilt. Az er6gép f0bb miiszaki adatait a 2.
tablazat tartalmazza. Az elsOtengely-rug6zasi rendszer felépitésének lényege, hogy a merev
kialakitasa els6 hid két hidraulikus mikodéstit munkahenger segitségével kapcsolodik a
traktor alvdzdhoz. A munkahengerek egy vezérl6tombon keresztiil harom darab
hidroakkumulatorhoz kapcsolodnak, igy egy zart hidro-pneumatikus rendszert képeznek,
mely folyamatosan bekapcsolt (aktiv) rug6zast biztosit.

1. tabldzat JOHN DEERE 69208 tipusu er6gép f0bb miiszaki paraméterei

Miiszaki paraméter Mértékegység | Méret

Tengelytavolsag mm 2650

Sajat tomeg (menetkész) kg 5600

Potsulyozas eldl/hatul kg 2290/3420

Vonohorog magassaga a talajtol mm 850

Névleges teljesitmény [kW/min™] 110/2100

Differencialmii attétele - elol: 2,214; hatul: 4,9

Véglehajtas - elol: 6,4, hatul: 6,4

Kerékfelfuiggesztés modja - Elol: merev, rugozott hid
Hatul: merev, rugdzatlan hid

Gumiabroncsok - Elol: TAURUS 14.9 R28
Hatul: TAURUS 520/70 R38

A terhelést egy egyedi kialakitasti fékezd kocsival hoztam Iétre. A fékezd kocsit a godolldi
MezOgazdasagi Gépesitési Intézet alakitotta at egy MAZ 537 tipust rakéta- és harckocsi
vontatd jarmibol. A traktor és a fekezd kocsi kozotti kapcsolatot egy dinamométerrel
egybeépitett vonorad biztositotta. A szabadfoldi vontatdsi vizsgalat soran az alabbi adatok
rogzitésére keriilt sor: haladasi sebesség [m/s]; elsé és hatsé kerékagy fordulatszama [min™];
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motor fordulatszama [min]; vonoerd [kN]; fiigg6leges lengésgyorsuldsok az elsé tengelyen
és az alvazon [m/s°].

3. Eredmények

3.1. A traktor instacioner teljesitménymérlege

A traktoriizem soran a terhelés nem allando és egyenletes, hanem idében erdsen valtakozé
instacioner terhelés. Ez azt jelenti, hogy a traktor teljesitménymérlege iddpillanatrol
idOpillanatra valtozik, azaz jelentds dinamika jellemzi. Az 1. abran a vonoderd alakuladsa
lathatd 30 kN atlagos vonoerd-kifejtésnél aktiv és inaktiv elsdtengely-rugézaskor. Az abran
jol lathato, hogy — bar allando terhelés mellett zajlott a mérés — az értékekben jelentds
ingadozas alakul ki. Ezt az ingadozédst — amely a traktormotor szempontjabol instacioner
terhelést jelent — a talaj egyenetlenségei €s esetleges inhomogenitdsa okozzak. Megvizsgalva
a tovabbi kisérleti beallitdsok sordn az ugyanilyen terhelés mellett kialakuld vonderod-
ingadozasokat hasonld eredményeket kapunk. Az 1. 4bran lathaté vonderd-ingadozashoz
tartozo alvaz-lengésgyorsulas értékeket mutatja a 2. abra.

Activ rugdzas Statikus elsétengely-terhelés: 2600 kg
Inaktiv rugézas Dinamikus elsétengely-terhelés: 1454 kg
35 n

)
”_wyww/\\/\w

v=4 .75 km/h:;s=11,83 %
peha=1.0 bar

: | ! ! |

1] 1 2 3 3

Vonoerd [kN]

VM/U I bl
A WA

3 7 g Q 1o

25 =

HI&S[S]
1. dbra Allandé terhelés mellett kialakuld vonderd-ingadozés aktiv és inaktiv elsétengely-
rugdzas soran
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2. dbra Allandé terhelés mellett kialakulo alvaz lengésgyorsulasok aktiv és inaktiv
elsétengely-rug6zas soran
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A vizualis értékelés alapjan egyértelmiinek tlinik a kiilonbség az aktiv €s inaktiv elsGtengely-
rugdzas esetén kialakuld alvaz lengésgyorsulasok kozott. Az objektivebb elemzés érdekében
azonban meghataroztam az alvaz, valamint a jobb és bal els kerekek lengésgyorsulasainak
RMS-értékeit (négyzetes kdzépértékek) az (1) dsszefliggés segitségével.

RMS:\/X‘2+x22+"'+x3, M
n

ahol: x;, . - a vizsgalt jellemzd értékei; n — vizsgalt adatok szama.

Az RMS szamitas soran kapott értékeket a 2. tablazatban foglaltam Ossze. A szamitott RMS-
értékek egyértelmien aldtamasztjdk az az eldzetes feltételezést, mely szerint az aktiv
elsétengely-rugozas csokkenti az alvaz lengéseit. Tovabbi fontos eredmény, hogy abban az
esetben, amikor az aktiv rug6zasnal alakul ki tartésan nagyobb lengésgyorsulas-szoras a bal
vagy jobb els6é keréken (pl. B3 fokozat, 3200 kg terhelés), akkor is mérsékeltebb az alvazra
atad6do lengésgyorsulas.

2. tablazat Az alvéaz, valamint a jobb ¢s bal els6 kerekek lengés-gyorsulasainak RMS-értékei
az egyes kisérleti beallitasoknal (F, 41.,230 kN)

RMS
Gear | Static Left front wheel Chassis Right front wheel
front axle | Active Inactive Active Inactive Active Inactive
load [kg] | suspension | suspension | suspension | suspension | suspension | suspension
2600 0,841 1,298 0,363 1,065 0,839 1,354
B1 3200 0,922 1,165 0,566 0,787 1,152 0,978
3800 0,908 1,193 0,785 1,070 0,972 1,415
2600 0,906 1,327 0,550 1,042 1,009 1,309
B3 3200 1,073 0,788 0,461 1,109 1,352 1,089
3800 1,139 0,993 0,667 0,772 1,280 0,987
2600 1,263 1,347 0,675 0,963 1,076 1,198
C2 3200 1,295 1,859 0,771 1,154 1,637 1,686
3800 1,531 1,767 0,787 1,308 1,485 1,662

3.2. Vonoerd-szlip kapcsolat vizsgalata

Az egyes kisérleti beallitdsok mellett végzett vontatasi vizsgéalatok sordn felvett adatokbdl
meghataroztam a teljes terhelési ciklus vonoerd-szlip kapcsolatat. Erre mutat példat a 3. 4bra,
mely alapjan elmondhatd, hogy mind aktiv, mind inaktiv rugdzas soran a vonderd-szlip
kapcsolat alakulasa a teljes terhelési ciklus alatt hasonl6. Az aktiv elsdtengely-rugdzas pozitiv
hatdsa a nagyobb vonoerd-kifejtés mellett mutatkozik meg. A vizsgalt kisérleti beallitasnal az
volt tapasztalhato, hogy a 30 kN vonoerd-érték folotti tartomanyban mind a hatsd, mind pedig
az elsé kerekek szlipje kisebb az aktiv rug6zas mellett. Az is egyértelmiien megallapithato,
hogy a vonderd novekedésével a kiilonbségek is ndnek. Ez a trend a tobbi vizsgalt kisérleti
beallitasra is igaz. Ez altalanossagban azt jelenti, hogy az aktiv elsdtengely-rug6zas hasznalata
mérs€kli az adott vonderd-kifejtés soran kialakuld kerékszlipek mértekét. Masképpen
fogalmazva, a vontatas soran kialakul6 adott szlip-értékhez nagyobb vonderd-eérték tartozik az
aktiv els6tengely-rugdzas hasznalatakor.
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3. dbra A kerékszlipek alakuldsa a vonderd fliggvényében

4. Kovetkeztetések

A szabadfoldi vizsgalatoknal a mérések digitalizalasakor alkalmazott 100, illetve 200 Hz-es
mintavételezési frekvencia segitségével az 1d6 fliggvényében jol kovethetd a traktor
pillanatnyi instacioner teljesitménymérlegének alakuldsa, tovabba részletesen elemezhetd a
traktor iizeme kozben kialakulo fliggéleges lengésgyorsulasok alakulasa.

Szant6foldi vontatdsi vizsgdlatok méréseinek értékelése alapjan megéllapithatd, hogy
Osszkerék-hajtas esetén az elso tengely aktiv rugdzasa egyenletesebbé teszi a traktor vonoerd-
kifejtését. Aktiv elsO-tengely ragozas esetén a traktor adott szlip mellett nagyobb vonoerd
kifejtésére képes. Ezt a megallapitdst bizonyitja, hogy a mért vonoerd értékek kisebb
fluktuaciot mutatnak.
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ARM EXOSKELETON FOR ROBOTICS AND AUTOMATION
IN SPACE USING COMPLIANT MECHANISMS

LATES Daniel, TEUTAN Emil
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Abstract: In this paper we will present the study of compliant mechanisms used to arm exoskeleton for space
robotics and automation. The study will focus on flexible couplings which are of great importance to achieve
high performance on mobility scheme. It will determine the theoretical displacement and stress of the material
profile couplers symmetrically and asymmetrically. In the final paper we will compare the results obtained in the

form of graphs.
Keywords: flexure hinges, micropositioning, arm exoskeleton, robotics.

1. Introduction

The term “exoskeleton” was originally used in biology for designating the outer supporting
shell of an animal. More recently, the term has also been associated with structural devices
designated to be attached around the limbs of people.

Still more recently, a new category of devices has been added to the family of exoskeletons:
these are mechanisms used, for example, for the purpose of increasing the performance that
can be delivered by a human, a robot, or indeed while interaction with virtual reality.

An application of this include, to remotely controlling a humanoid type robot working outside
a space station, for example the international space station. In the context of this application,
the robot which is intended to provide highly accurate and dexterous means for performing
inspection, maintenance, and repair actions on equipment in highly hostile environment of
space.

The robot is fitted with three moving arms similar to human arms (i.e. in particular having
seven degrees of freedom). Most of the time, the robot is programmed to perform pre-
established tasks, but in some circumstances the robot needs to be remotely controlled: a)
either by astronauts inside the space station; or b) else directly by operators who have
remained on the earth. In both cases, the need to perform very precise manipulation makes it
necessary to use so-called “immersion” techniques.

For this purpose, the operator wears video goggles, force feedback gloves, and one or more
arm exoskeletons so as to be able to feel the same sensations as the robot, i.e. the sensations
which the operator would feel when performing the tasks that are being executed by the robot.

Human Arm

movement
A

Controlled motion Robotic Arm
Sensors (pos.) Actuators
N |
i
kel Feedback information Robotic Arm
Actuators Sensors (force)

L |
Guided arm

motion

Figure 1 Exoskeleton Control Scheme
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Due to the advance of technology and the miniaturization of robot mechanisms that tend to
get the best possible performance in terms of motion control, positioning systems were also
part of the ongoing development and change. Moving from a positioning system that uses
mechanisms coupling mechanisms and classic elements at one piece flexible couplings
occurred due to some material property and studies about it. Compliant mechanisms are those
mechanisms that transmit the motion or force due to elasticity of the material, Figure 2.

COMPLIANT MECHANISM

Input energy Output motion

Deformation of
elastic membres

Figure 2 Obtaining compliant motion mechanisms

The elasticity of the material is exerted on the flexible coupling. A flexible coupling is formed
from a thin member that provides rotation between two members join by bending, Figure 3.

S e

Rotation Joint Flexure hinge

Figure 3 Classical coupling (a), Flexure hinges (b)

This made possible for a positioning system to have small dimensions and which can be
precisely controlled.

2. Description joints

To get the best results the flexible joints depend largely on the material of which they are
made of and the configuration of the profile shoe. Flexible couplings are made of a material
that 1s subject to ownership of the materials elastic deformation. Making configuration profile
elements are made of thinning mechanism Figure 4.

A Section A -A
'! longitudinal axis

transverse axis

sensitive axis

w

Figure 4 Rectangular Flexible coupling with one axis and constant width
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Symmetrical couplings profile: a) circular, b) rectangular, c) elliptical, d) parabolic figure 5.
The novelty of this article is introducing flexible couplings along with the asymmetrical.
Asymmetrical couplings are made from the combination of these profiles, rectangular,
circular (Fig. 6 a), rectangular-parabolic (Fig. 6 b), circular, elliptical (Fig. 6 c), elliptical-
rectangular (Fig. 6 d), circular-parabolic (Fig 6 ), parabolic-elliptic (Fig. 6 d).

\ /
L | h 4
- N\

b) c) d)
Figure 5 Flexible joints with symmetric profiles

N : =
a —

o S

d) e)
Figure 6 Flexible joints unsymmetrical profiles

3. Analysis based on Castigliano's Theorem

Consider a flexible coupling with geometrical parameters as in Figure 4 and given the pseudo-
rigid model of it, due to timing the arc developed in the compliance center of the rotation the
angular displacement 0 can be calculated

For the analisys one end of the coupling considered fixed and the other free. Considering the
insignificant axial displacement, only the movement is calculated based on the deflection
angle:

= 1(6.) (1)
Flexural stiffness is considered uniquek, ,, (deflection angle is noted 0,). The moment

developed by the spiral spring can be calculated with the formula:
M = kGZMZ ) Qz (2)

j (ke 3)
: dx EI_(x)
where E - is the elastic modulus; I - moment of inertia, which is constant for a rectangular

section.
The compliance of the flexible coupling is defined as the inverse of stiftness:

[x]=[c]" (4)

The movement of the free end of the flexible coupling according to compliance and load can

Where have angular displacement:
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be expressed as:

{u} =[C 1{L,} (%)
In this case the movement is carried out by the moment M, we have:
0.=C-M (6)
The bending moment according to Castigliano's first theorem is given in the equation:
M, = GL (7)
1z 69

1z

The angle of rotation according to the second theorem of Castigliano is calculated by the
formula:

oUu
= 8
'ooaM ®
The energy stored in the spring spiral motor at a time is:
1
U, = 5 Ko* 9)
Maximum voltage for constant rectangular section can be calculated by the relationship
t
M —
2 6K
Oy =——=—0 10
max [ bt2 ( )

4. Designing apositioning systemwithflexiblejoints

In Figure 7 we can see a compliance structure with flexible couplings using asymmetrical
profiles. This is driven by three rotary actuators, thereby enabling precise control in its
working space. In Figure 7 b we can see a kinematic chain structure with elements and
motory angles. The The position of the end effector is in the middle of the system.

a)The structure of the 3D model  b)Kinematic structure positioning system
Figure 7 The Structure CAD

5. Analysis based on finite element method
The objective of finite element analysis is to compute the statically Von Misses stress and

displacement by modelling them. The constructive parameters of the joints used is shown in
Figure 8.
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Figure 8 Dimensions shaped joints
The joints will be modeled with the profiles in Figure 5 and 6. The coupling will be
encapsulated at one end and the other a constant force of 0.05 Newton will be applied. The

material is PVC the the characteristics presented in Table 1.

Table 1 Material properties from PVC

Property | Walle | Units
Elastic Madulus B MAnm*2
Poizsanz Ratio 047

Shear Maodulus 2 Minm*2
Density 0.00129 g/mm™3
Thermal Conductivity 016 Wi b
Specific Heat 1600 Jikg W
Tensile Strength 13 Mimm*2

For each joints in Figures 5 and 6 a modelling as shown in figure 9 will be performed (a, c -
Von Mises stresses, b, d - move).

c) o d)

Figure 9 Finite element analysis modeling of joints

The results are listed in the charts of Figures 10 (a, b) for the symmetric couplers and in
Figures 11 (a, b) for asymmetric couplers.
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Figure 10 Unsymmetrical flexible joints
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Figure 11 Unsymmetrical flexible joints

6. Conclusions

In order to be able to build an actioning or positioning system on a exsoskeleton arm for
robots and space automation, a set of precise and light weight mechanisms are needed. The
advantages that flexible joints offer over the classical rigid ones are that there are no frictions
in the joints, no lubrication is needed, there's no histeresys, they're compact, miniaturizable,
easy to manufacture and easy to maintain. From the study done in this article comes the fact
that flexible joints with symmetrical profiles obtain larger movements than those with
rectangular profiles, but in order for its stability to be as good as possible, and to have a good
transmiting force, assymetrical profile joints will be used. While using asymmetrical joints,
the combination between the rectangular-parabolycal ones develops the best movements with
the downside of having bigger stresses. The smallest Von Mises tensions appear at the circle-
parabolycal profiles, which have less movement.
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DEVELOPMENT OF NON-CONTACT VIBRATION
MEASUREMENT DEVICE

LENART Jozsef
Miskolci Egyetem Robert Bosch Mechatronikai Tanszék
lenart.jozsefl@uni-miskolc.hu

Kivonat: A cikkben egy érintkezésmentes rezgésméré berendezés tervezését és megvalositasat mutatom be. A cél
egy olyan késziilek megtervezése és elkészitése, amely kicsi és ,,0kos”, azaz képes méréseket végezni és az
eredményeket feldolgozni, kiertékelni kiegészité eszkozok — szamitogép, meérésadatgyujto, stb. — nélkiil. A
tervezett eszkéz nem egy dltalanos rezgésmérd, hanem a rezgések egy — nehezebben mérhetd — csoportjanak
mereésére alkalmas, amelyek nagy rezgésgyorsuldssal rendelkeznek.

Kulcsszavak: rezges, érintkezésmentes, optika

Abstract: This article discusses about designing a novel equipment for non-contact vibration measurement and
analysis. The goal of the project is to create a device that is small and smart, and can do the job without
auxiliary equipment, like PC or notebook. The designed device is not a standard vibration analyzer, but a device
to measure a group of vibrations that is difficult to measure because of the high acceleration.

Keywords: vibration, non-contact, optic

1. Introduction

Vibration measurement is a very important task in the field of machine inspections. With
vibration measurement and analysis we can determine not only the parameters of the
vibration, but we can make conclusions about the state of the machines, and their possible
failures. Most of the measuring techniques are usually based on acceleration measurement
methods, which can be can considered as indirect approaches. Acceleration can be determined
relatively easily with piezoelectric or MEMS type sensors. The velocity of the probe can be
obtained by integration of the measured acceleration with respect to time, repeating the time
integration the displacement can also be determined [1].

There are two cases, when the traditional methods are unusable. If the amplitude of the
vibration is large (range of millimeters) and the frequency is relatively high the traditional
methods — when the sensors must be mounted on the vibrating part — are unusable because the
acceleration and inertial forces will damage the sensor or may break the mounting. Another
problematic case is when the test specimen is small in mass, because the addition of the
measurement transducers can alter its dynamic behavior and lead to false test results.

On the apropos of an industrial task the author of this paper encountered this problem. The
task was an inspection of a vibration head of a vibration plastic welding machine. The
welding machine is controlled by a PLC. The parameters of the welding process can be
adjusted on the user interface (HMI) among others the amplitude, the frequency and the
duration of the process. The prescribed parameters of the welding process were the following:
240 Hz frequency, 2 mm peak-to-peak amplitude, 0.7 second duration. At first I decided to try
to use the traditional measurement method with a piezoelectric acceleration transducer and
magnetic mount. After some calculations it was clear that the acceleration of the part is far
beyond the specifications of the transducer.
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a=2013%f2%D, ,*g (1)

According to (1) in this case the maximal acceleration of the part is 231.9 g. In this situation
traditional acceleration measurement methods are unusable.

Instead of the accelerometer, I decided to use a non-contact optical method, based on
displacement metering. The task needs at least 2400 Hz sampling rate and 0.01 mm
resolution. This can be ensured with a triangulation laser sensor. The difficulty of this method
is to settle not only the sensor but the data acquisition device, the notebook and the wirings
into the workspace of the welding machine.

2. Non-contact methods

As we can see, there are two main problems with traditional contact-based measurement in
special conditions: the fastening is exposed to heavy duty due to inertial forces, and in some
cases the mass of the measurement head influences the results (attenuates the vibration).
When these problems arise, then special methods are required. Contactless vibration
measurement methods are based on displacement gauging; using optical sensors usually laser
triangulation device or laser interferometer. The laser triangulation device consists of a
semiconductor visible laser source and a light sensitive device. This measurement method is
suitable for our needs, but requires additional equipment (signal conditioning, data
acquisition, PC or notebook for evaluation). The perfect solution must be a small box without
cables and sensitive devices that can be mounted near the vibration head and it can analyze
the process.

2.1. Laser triangulation sensors

Laser triangulation sensors determine the distance of the target object by measuring the
reflected light from the target surface. A ‘transmitter’ (semiconductor laser diode) projects a
spot of light to the surface, and its reflection is focused on the light sensitive device
(‘receiver’) via an optical lens. If the distance of the sensor and the object surface changes the
position of the reflected light spot on the ‘receiver’ changes as well. The integrated signal
processing electronics detects the position of the spot on the receiving element and — after
linearization and additional digital or analogue signal conditioning — provides an output signal
proportional to target surface distance. The most critical component of this device is the light
sensor, which can take one of two forms: Position Sensitive Device (PSD) or Charge Coupled
Device (CCD). Under ideal conditions, PSD-based sensors perform to expectation, however,
the reliability and repeatability of the PSD receiver is compromised by a number of variations
of the target surface, like color, texture and light intensity. CCD sensors are a newer,
advanced technology, and helped to overcome many of the limitations of the PSD technology.
However, the speed of response of the sensor to changing surface conditions is still limited by
the controlling microprocessor. Today the latest CCD arrays and DSP devices have virtually
eliminated these shortcomings of the device.

2.2. Line scan cameras

Line scan cameras are image capturing devices having a CCD or CMOS sensor which
consists of a single line of photosensitive elements (pixels). Therefore, unlike area cameras
which generate frames, in this case the image acquisition is made line by line. Practically line
scan sensors are the same as area based sensors with many pixel columns (usually 1024 to
8192) and only one pixel line. One single scanning line of a line scan sensor can be
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considered as a one dimensional mapping of the brightness related to every single point of the
observed line. A sudden change of the gray (or color) level in a single point corresponds
either to a point on the edge of an object or to any color or aspect variation of the acquired
image. Detection of this change permits a precision measurement, thanks to also the high
resolution of the linear sensor which is considerably better than the resolution of an area
based sensor. Another outstanding property of this type of sensors is the high speed. Area
based sensors can provide only a few tens of frames per second especially in high resolutions,
while line scan sensors can produce thousands of frames (lines) per second. The high image
acquisition frequency makes line scan cameras suitable for vibration measurements in cases
when the frequency is below 1 kHz, and the amplitude is high enough relative to the
resolution to the sensor, from a few tenths of millimeters to order of millimeter. When using
line scan camera for measurement additional equipment is required, a PC or notebook with
the appropriate software and depending on the interface of the camera a frame grabber board
or a network adapter. In industrial environment it is inconvenient to put a computer and cables
to the workspace of a machine under inspection [2].

2.3. Application specific device

Improving the measurement method with a line scan camera, the design of a device was
started that can measure displacements with a few millimeter amplitude, 0.01 mm resolution
and 5 kHz maximum frequency. The core of the device is a Xilinx Spartan 3E FPGA, a CCD
Signal Processor and a Toshiba 2048 pixel linear CCD sensor. The results of the vibration
analysis can be observed on a LCD display and the acquired data is stored on a micro SD card
that can be read on a PC or notebook for further analysis. A Field Programmable Gate Array
(FPGA) is a special type integrated circuit designed to be configured accordingly to the actual
task after manufacturing. The configuration is specified using a hardware description
language. FPGAs contain programmable logic components and a hierarchy of reconfigurable
interconnects. Logic block can be configured to perform complex combinatorial functions, or
simple logic gates. In most FPGAs, the logic blocks also include memory elements, flip-flops
or complete blocks of memory. If the design needs only a few bytes or kilobytes of memory,
then it can be configured as so called Block RAM inside the FPGA and needs no external
memory.

3. The designed device

The basic task of the designed system is to detect a sign on the moving or vibrating surface.
The picture of a signed plate mounted on the surface projected through an appropriate optic
lens to the line scan sensor. The sensors analogue output signal is converted to 16 bit digital
data by a CCD Signal Processor (equals to an Analog to Digital Converter, ADC). This digital
signal is processed by special modules inside the FPGA. The device finds the sign on the
scanned line and determines its position (pixel number). When the optics parameters are
known, the pixel number can be converted to exact position. After the acquisition and analysis
of sufficient frames and positions the parameters of the vibration can be computed, which can
be displayed and stored. Since the device doesn’t store raw pixel values, only one position per
frame, the resulting data set can be stored and transferred easily. The development is in early
phase, but the preliminary calculations shows that the results can be stored inside the FPGA
and the data stream can be transferred even on an RS-232 interface when needed.

The first part of the work was to create the clock and synchronizing signals for the linear
CCD sensor. The next step is to read the data from the CCD Signal Processor which works as
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an Analog to Digital Converter (ADC) at high sample rate and converts the analogue voltage
output of the sensor from pixel to pixel to 16 bit wide digital data and does some signal
conditioning. After this step the array of the pixel values is known. Until this step the device
is more or less equal to a commercial line scan camera. Line scan cameras have to acquire the
pixels from the sensor, store them into the buffer and transfer them over a sort of interface to
the computer for processing. Storing and transferring every pixel data requires rather high
data storage capacity (megabytes per second) and very high transfer speed. The main feature
of the planned device is the intelligence applying specific design. This design ensures that the
device will do vibration measurement and analysis at maximum efficiency. In contrast with
line scan cameras this device will not store and transfer raw pixel data but will do the analysis
of acquired data and will store and monitor only the results. The block diagram of the
designed device and the prototype are shown on Fig. 1 and 2.

At present most of the features of the prototype are working, it can measure frequency,
perform spectrum analysis and shows the results on the display. The next step is to
implement the storage feature and an accurate amplitude measurement.

A 4|—> Display
Control Storage
Clock
gen. 7
> m
Linear CCD
signal proc. +— -« data_in -
buffer -
FFT
" Signal processor
Figure 1. The designed architecture Figure 2. The prototype under test
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Abstract: In order to enhance the remote control of robots in orbital applications, haptic devices are used.
Aiming to obtain a strong response with limited size and weight, a new solution with linear actuator and geared
linkage is proposed. The synthesis and optimization method used for this purpose gave a compact and quasi-
linear solution for the driving mechanism.

Keywords: telerobotics, haptic device, elbow module, bar-gear linkages .

1. Introduction
Teleoperation of robots with only visual feedback is inaccurate and exhausting. In spatial
extravehicular activities, haptic feedback allows the operator to perform maintenance tasks
with the aid of the robotic arm and to avoid damages that may be produced by excessive
forces [2].
Diolaiti e.a. [1] proposed the use of a haptic interface in order to increase the user’s
perception of the workspace of the mobile robot, a virtual interaction force is computed on the
basis of obstacles surrounding the mobile vehicle in order to prevent dangerous contacts.
A new force rendering approach with variable feedback gain is proposed by Farkhatdinov e.a.
[4], haptic feedback improves the quality of mobile robot teleoperation by smoothing the
trajectory.
Caldwell and Tsagarakis [5] constructed and tested a seven degree of motion prototype upper
arm training and rehabilitation exoskeleton, weighing less than 2 kg due to the use of
pneumatic muscle actuators as power source.
Through the Project Exoras, a new lightweight, easy wearable and comfortable haptic arm
exoskeleton will be developed to enable force-feedback telemanipulations with redundant
robotic arms. For developing such a haptic device, the modular concept is proposed, as to
simplify the testing procedures and to allow various configurations adapted to the tasks to be
performed and to the structure of the robotic arm to be controlled.
In this paper, a type of elbow module mounted on operator's arm is presented, and the
synthesis of the driving mechanism is described.
The maximal rotation angle of the forearm respective to the arm is 110°. In order to insure an
adequate haptic feed-back, i.e. a sufficient amplitude of the variable loads reactive on the
haptic joint, a maximal reaction load of m = 2.5kg in the operator's hand is taken into account.
Therefore, for a forearm length I = 400mm, an equivalent haptic reaction moment Mg,

My =mgl, Nm (1)
of 10Nm was considered.
In order to allow force and angular displacement command and control, a reversible rotating
or linear actuator is to be used.
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2. Synthesis of the driving mechanism and design of the Elbow module

The elbow module is mounted on the operator's arm by two adjustable clamps, to allow sizing
in accordance to arm's diameter. The elbow joint is positioned then with the aid of a sliding
guide and blocked into position. The driving mechanism is mounted on the guiding rod.

The elbow joint connects the forearm to the arm through lightweight bushings. Operator's
forearm is not clamped on the elbow module, as to allow the twisting motion required by
many maintenance operations, as screwing and unscrewing bolts and nuts, fitting tubes and
pipes, etc.

The first variant (Figure 1) proposed for the elbow module uses a servomotor to apply the
moment in the joint.

Figure I The elbow module in the first variant

The weight and dimensions of a motor able to produce such a moment was considered
excessive for a teleoperation device. So, a second variant (Figure 2), with a linear actuator and
a geared linkage was synthesised. This solution allows a rotation with 110°, due to an inverted
slider-crank as basic structure connected in parallel with a gear train (Fig.2 a), mechanism
actuated by a linear servomotor (Fig.2 b). The gear 3 is connected with the slider of the basic
structure through a hexagonal joint and performs a planetary motion around the gear 5, fixed
to the elbow plate.

The input parameter is the stroke s of the slider and the output parameter is the rotation angle
of the output gear y. In order to obtain an approximately constant transmission ratio for a
large rotation angle, an optimization synthesis is performed [3].

The target function is defined as difference between the instantaneous transmission ratio and
the desired constant transmission ratio. The target function is:

syl

F(X) = J.|%’(S’/12’/14)_%:lesired

ds := Min! 2)

where s, - the imposed stroke, y'(s,A,,4,)- instantaneous transmission ratio (first order
transmission function) and y) ., - desired transmission ratio, defined as:

X max

%(rlesired (S) = s = ct. (3)

max

with y . - the maximum rotation angle of the output gear, s_, - maximum stroke actuator.
The imposed parameters for the optimization problem are the gear ratio,p = 0.5, and the

minimal transmission angle g . =50° and p_, =110°
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Figure 2 Kinematic scheme a) and the CAD model b) of the driving mechanism

The chosen actuator with 27 mm stroke is mounted on an oscillating yoke in Ao. For a
distance AgBy = 80mm, the optimization procedure [3] gives and the length of the rocker BoB
= 20mm and a and a initial length AB = 72mm.

Figure 3 The elbow module in the second variant: a) extended, and b) flexed

With the dimensions resulting from optimization, the model for the elbow module was
constructed in SolidWorks (Figure 3)

3. Results

The linearity of the transmission function (Figure 3a) and the constancy of the transmission
ratio (Figure 3b) allows an easier control of the haptic joint. No complicated calculations in
real time are necessary in order to adjust the haptic gain so to obtain a realistic response to
variable loads.
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Figure 3 Transmission function a) and instantaneous transmission ratio b) of the geared
linkage with inverted slider-crank used for the elbow joint

The module will be first tested as a unit and then integrated with wrist modules in the
exoskeleton.
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Kivonat: Kétség kiviil napjaink egyik legdinamikusabban fejlédé és legintenzivebben kutatott teriilete a
mechanikdaban az él6 szervezetek numerikus szimulacioja. Orvosi szempontbol mar szinte minden informacio
rendelkezésre all. A mérndkkutatok feladata az, hogy a valos viselkedést modellezzék. Ez komoly kihivas. Az
emberi csont szivacsos szerkezete onmagaban annak geometriai modelljének felépitését is jelentésen
megneheziti. Az orvostudomdany tovabbi fejlodéséhez rendkiviil fontos, hogy a csontok és az ahhoz kapcsolt
csontpotlo anyagok (pl. titanhab) hogyan viselkednek a valos életben. Jelen cikk egy attekintést kivan nyujtani a
titanhabok mechanikai jellemzéinek és numerikus anyagallandoinak meghatdarozasdara tett nemzetkozi
kisérletekrol.

Kulcsszavak: titanhab, anyagmodell, numerikus szimuldcio

Abstract: Today one of the most developing and intensively researched areas in mechanics is the numerical
simulation of organisms. Basically, in point of the medical view, almost all information is available. Engineers
have the task to simulate that real behavior.There is no doubt it is a great challenge. According to the further
development of the medical science it is necessary to be able to simulate the behavior of the human bone and the
high-tech implants (for example titanium foam). This paper aims an international review of the titanium foam
research, especially in the fields of mechanical properties determination and numerical simulation possibilities.
Keywords: titanium foam, constitutive model, numerical simulation

1. Bevezetés

Csontpotld anyagként a titdn ¢€s Otvozetei nagyon jol bevaltak, koszonhetden kivalo
korr6zioallosaganak, mechanikai tulajdonsagainak. Nem elhanyagolhatd, hogy az emberi
szervezet is nagyon jol fogadja ezen anyagokat, azaz biokompatibilis. A titdn igy széles
korben alkalmazott implantatum. A titdn szilardsaga, rugalmassagi modulusza viszont joval
magasabb, mint az emberi csonté, amely ilyen tekintetben viszont szamos problémat okoz a
paciens késObbi balesetei soran. A kdzelmultban igy a kutatas kdzpontjava valt a titdnhabok
alkalmazasa ilyen felhaszndlasra, amely egyrészt joval konnyebbek a tiszta titantol,
masrészrél a mai gyartastechnologia fejlettségének kdszonhetden a titanhab szilardsagi
tulajdonsagai ,,beallithatok™ a megfelelé technikaval. Tovabbi biztatd tulajdonsaga, hogy a
titanhab implantatum levegds részeibe beépiilve a csont, kivald csont-implantatum rogzitést is
szolgéltat.

A jelenlegi hazai felsdoktatési palettan egyediilallonak tekinthetd a Debreceni Egyetem, mert
az 0sszes - az orvosi alkalmazasokhoz fejleszteni kivant titdnhabokhoz sziikséges szellemi
kapacitas — tudomanyteriilet jelen van, igy tobbek kozott: Altalanos Orvostudomanyi Kar,
Egészségligyi Kar, Fogorvostudomanyi Kar, Gyogyszerésztudomanyi Kar, Informatikai Kar,
Miszaki Kar, Népegészségiigyi Kar, Természettudomanyi €s Technoldgiai Kar [1].

A Debreceni Egyetem Orvostudomanyi Centrumaban nemzetkozileg 1s jelentds
biomechanikai kutatasok, anyagvizsgalatok folynak. Az emberi csontokon és kifejlesztett
csontpdtld anyagokon végeznek kiilonbozo terheléses vizsgéalatokat. A rendelkezésre allo
infrastruktura jo alapul szolgal a Debreceni Egyetemen a késObbiekben kifejlesztésre
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titanhabok mechanikai tulajdonsagainak vizsgalatdra. A Debreceni Egyetem Miszaki
Karanak anyagtudomannyal, gyartastechnoldgidval és mérndki szimulacidval foglalkozo
csoportjai pedig arra hivatottak, hogy eldallitsak, kimérjék a mozgasszervi sebészetben
alkalmazott implantatumokat, valamint modellezz¢ék azok valosagos viselkedését.

2. Irodalomkutatas

A végeselemes modellezés ¢€s analizis mar régdta fontos szerepet tolt be kiilonbozo
implantatumok tervezésénél, pl. fogaszati alkalmazasnal [2-6]. Természetesen egy solid anyag
esetétn a megfeleld anyagmodell beallitaisa ¢és annak numerikus anyagallanddinak
meghatarozasa, kimérése alapvetéen nem okoz problémat. Ezzel szemben a fémhabok, igy a
titanhab eddig kifejlesztett anyagmodelljei [7-10] ugyan j6 kozelitéseket adnak az adott anyag
viselkedésérdl, am azok anyagéllanddinak kimérése onmagdban is komoly megfontolasokat
igényel. A titanhab tobbek kozott Gsszenyomhato, azaz térfogata valtozik a deformacioval.
Kiilonb6z6 porozitdsu titdnhabok szilardsagi tulajdonsadgai pedig jelentésen eltérnek
egymastol. A megfelelé anyagmodell alkalmazasa, kivalasztasa nélkiilozhetetlen a
végeselemes technika alkalmazasdhoz. Elérheté fémhab anyagmodelleket kinadl néhany
kereskedelmi szoftver, igy az LS-DYNA ¢és az ABAQUS. Fogészati implantatum
végeselemes vizsgalatat végezte ABAQUS végeselem szoftverrel [11], aki a [10] altal
javasolt Desphande and Fleck anyagmodellt alkalmazta. Az ADINA végeselem szoftvert
alkalmazva végzett analizist fémhabon Smith és tarsai a [12-13] cikkekben.

Ahhoz, hogy a végeselemes szimuldciok érdemben megvalosulhassanak, széles korii
anyagvizsgalatokra van sziikség. Imwinkelreid [14] uttér6 anyagvizsgalatokat végzett az Gn.
space holder mobdszerrel gyartott nyilt cellas titanhabok mechanikai jellemzdinek
meghatarozasaban, amelyet tobbek kozott [11] is felhasznalt. A vizsgalatainak targya 50-80%
porozitasu titdnhab probatestek. Xue €s tarsai porkohdszati (in. powder metallurgy) eljarassal
eldallitott titdnhabokat vizsgaltak [15]. Ugyan a titdnhabok gyartdsa mar régota zajlik, még
mindig komoly erdfeszitéseket igényel implantitum célbol annak preciz geometridjdnak
megvalositasa. Ennek kikiiszobolésére a Solid Freeform Fabrication (SFF) egyik
technologiaja, a 3D nyomtatas (3DP) lehet az egyik megoldas. Xiong €s tarsai megvizsgaltak,
hogy a 3DP gyartas utan a titdn implantatumok kiilonb6zd szinterezési homérsékleteken
hogyan viselkednek [16]. Erzékelhetd, hogy a kiilonbozd eljarasok az eldallitott titanhab
mechanikai tulajdonsagaira jelentds befolyéssal van.

3. Anyagyvizsgalati modszerek

Jelen fejezet - amelyben 6sszefoglaljuk a titanhabokon végzett méréseket - arra hivatott, hogy
a késobbi anyagvizsgalatainkhoz segitséget, kiindulasi alapot nyujtson.

Imwinkelreid a space holder mddszerrel allitott el nyilt cellas titdn habot [14]. A porozitasuk
50-80% kozott volt. A mechanikai jellemzOoket mérte az 1. tablazatban k6zolt vizsgalatokkal.
A vizsgalatok egyik jelentds eredménye az volt, hogy kimutatta, hogy hajlitasra az 50%-os
porozitasu titdnhab hasonloan viselkedik, mint a cortical csont, a 80%-0s porozitasu pedig,
mint a cancellous csont. Az emberi csont mechanikai tulajdonsagainak vizsgalatarol An ¢€s
tarsa mutat be eredményeket [18], amelyekbdl [14] dolgozott.

Xiong ¢€s tarsai [16] 3DP gyartassal allitottak eld titdnhabot és megvizsgaltdk, hogy a
kiilonboz6 szinterezési hdmérséklet milyen befolyassal van a titdnhab kiilonboz6 fizikai és
mechanikai tulajdonsagéara. Minden esetben hengeres probatesteket alkalmaztak (d25x25mm),
1200, 1300 ¢és 1400°C szinterezési homérsekletekre pedig 5-5 probatesten végezték el a
méréseket (porozitds mérése, felilleti keménység, nyomoszildrdsdg ¢és rugalmassagi
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modulusz). Tudnivald, hogy a csont nyomoszilardsaga 130-180MPa, mig rugalmassagi
modulusza 2-30GPa [19]. Az eredmények a [16]-ban talalhatok. A porozitast tekintve a
magasabb homérseklet kisebb porozitast eredményezett, az implantatum keménysége pedig
nott, csakiagy, mint a titdnhab rugalmassagi modulusza ¢s nyomoszilardsaga. 3DP gyartéassal
eldallitott titanhabokra hasonld jellegli méréseket talalunk [20]-ben.

1. tablazat Vizsgélati modszerek [14]

Vizsgalati médszer Prébatest Kiilonleges koriillmény

Statikus nyomoévizsgalat | Hengeres: d16x16 (mm) -

Hajlitovizsgalat Téglatest (m,sz,h): 4x8x50 (mm) 3 pontos, 2 tamasz egymastol 30mm-re,
sebesség 1 mm/min

Csavarovizsgalat Téglatest (m,sz,h): 8x8x12,5 (mm) sebesség 10 °/min

Szakitovizsgalat Keresztmetszet: 4x8, Hossz: 56, | -

gyengitett szakasz 28 (mm)

Permeabilitas mérés Hengeres: d16x16 (mm) Darcy-torvény, gumicsé méretei: dk=22,
db=16 (mm), nyomas 0,2 és 2 bar

Ciklikus nyomovizsgalat | Hengeres: d16x8 (mm) szinuszos terhelés 6 Hz-cel, 50-60 MPa
fesziiltségszinten, 7 probatest

Rugalmassagi modulusz | Probatest (statikus nyomovizsgalat, | 62,5% porozitas esetén

¢és folyashatar szakitovizsgalat, hajlitévizsgalat,

meghatarozasa [17] csavarovizsgalat

Xue ¢és tarsai porkohaszati eljarassal 1200°C-on szinterezve allitottak eld titdnhabot [15]. A
kovetkezd (2. tdblazat) méréseket végezték el, eredmények a [15]-ben talalhatoak:

2. tablazat Vizsgalati modszerek [15]

Vizsgalati médszer Prébatest Kiilonleges koriillmény

Porozitas meghatarozasa Archimedes-modszer, titan siirlisége [21]
Statikus nyomovizsgalat Téglatest (m,sz,h): 10x10x20 (mm) | sebesség 0,5 mm/min

Hajlitovizsgalat Téglatest (m,sz,h): 10x5x40 (mm) 3 pontos, sebesség 0,3 mm/min

4. Osszefoglalas

Jelen cikk egy Osszefoglalast kivant nyajtani a titinhabok mérési modszereirdl, nemzetkozi
kisérletekr6l. A késObbiekben, a gyartott titdnhab anyagvizsgalatainak elvégzésére a
laboratoriumi infrastruktira a Debreceni Egyetemen rendelkezésre all (DE Biomechanikai
Laboratorium, DE Természettudomanyi és Technoldgiai Kar Laboratoriumai). A numerikus
szimulaciokra vald felkésziilést a nemzetkodzi irodalom €s az anyagvizsgalatok eredményei
adjak az alapot, amelyet sziikség szerint a DE Informatikai Karon rendelkezésre allo
szuperszamitogép is tud tdmogatni.
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FEMHABOKBOL KESZULT IMPLANTATUMOK
IMPLANTS MADE FROM METAL FOAMS
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Kivonat: A mozgdsszervi sebészetben alkalmazott implantatumok alapanyaga legtébbszér fem. Az orvos- és
anyagtudomany fejlédesevel a kifejlesztett uj fém alapanyagok egyre inkabb megfeleltek az él6 szervezetbe valo
beiiltetés specialis kovetelményinek. A napjainkban alkalmazott anyagok kéziil a titan és dtvozetei tekinthetdek a
legidealisabb anyagoknak, amelyek tokéletes alapanyagul szolgdalnak a csontbendvést serkenté porozus
bevonatok és habos szerkezetii implantatumok elkészitéséhez. Kézleményiinkben statisztikai adatokkal
alatamasztva megprobaljuk megvilagitani a probléema nagysagat, illetve révid attekintést adunk a féemhabok
mozgdsszervi sebészetben tortend alkalmazasi formairol.

Kulcsszavak: femhab, titanhab, ortopédiai implantatumok

Abstract: In most cases the materials of orthopaedic implants are different kinds of metal. Advancing of the
material and medical sciences the newly developed metal implants meet the special criteria to implantation in
the human body better and better. Titanium and its alloys could be considered as the ideal one among today’s
metal materials, that serve as a perfect base material for coatings and foams that stimulate bone ingrowth. In
our paper we try to enlighten the size of the problem supported by statistical data, furthermore we present a
short summary on the forms of actual application of metal foams in the surgery of the locomotor system.
Keywords: metal foam, titanium foam, orthopaedic implants

1. Bevezetés

Az emberiség fejlddése mar a kezdetektdl fogva magéaval hozta azt az igényt, hogy kiilonféle
sériiléseket a testen beliil rogzitett eszkozok, implantatumok felhasznalasaval kezeljenek.
Kezdetben az ilyen jellegli kezdetleges ellatas leginkabb a fogakra korlatozodott.

Szamos korabbi naiv probalkozast kovetéen a modernkori sebészeten az elsé fém, amelyet
emberi implantdtum-anyagnak hasznaltak, a vanadium acél volt az 1900-as évek elején. A
legelsd ebbdl késziilt implantatum egy csontlemez volt, amellyel sikeresen stabilizaltak egy
combcsonttorést. Ezek az implantdtumok azonban nem sokaig jelentettek megoldast, hiszen a
gyenge biokompatibilitas és a korr6zid6 miatt hamar elvesztették stabilizalo hatdsukat.
Napjainkban is érvényes az, hogy minden emberi testbe iiltetett eszkdz tervezésénél a
biokompatibilitas és az anyagvalasztas jelentik az egyik a legnagyobb kihivast.

Az 1920-as évektdl tovabb probalkoztak olyan anyagok kifejlesztésével, amelyek sokkal
ink&bb alkalmasak a beiiltetésre. Hamar bebizonyosodott, hogy a vas és az acél hiaba voltak a
legszélesebb korben alkalmazott anyagok, erre a célra nem igazan feleltek meg. Azok az
anyagok pedig, amelyek nem okoztak a kornyezd €16 szovetekben karokat (arany, eziist, tiszta
aluminium), tal lagyak, illetve gyengék voltak.

1926-ban vezettek be a 18% krom és 8% nikkel tartalmt rozsdamentes acélt, amely sokkal
erosebb ¢€s ellendllobb volt a vanadium acélndl. Ezt tovabbfejlesztve némi molibdén
hozz4adasaval alakult ki a 316 (illetve a széntartalom csokkentésével késObb létrehozott
316L) jeli rozsdamentes acél, amely maig is — bar egyre csokkend — szerepet jatszik fém
implantatumok alapanyagakeént.

Nagy elorelépés volt a korrdzio elleni harcban az 1932-ben Albert W. Merrick altal
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kifejlesztett un. Vitallium, amely a kobalt krommal és molibdénnel valo 6tvozete [1, 2]. Ez az
anyag nagyobb szilardsagiinak bizonyult az acélndl, a korrozidallosdga messze meghaladja
azt, rdadasul — ahogyan késobb kidertilt — a CT és MRI felvételek kiértékelését ez az anyag
zavarja a legkevésbé [3].

Az igazi attorést a titan és Otvozetei hoztdk el, az 1940-es években: egy 1947-ben tengervizzel
végrehajtott kisérlet bizonyitotta a tiszta titan kitlind korrdzidallosagat, raadasul emellett
mechanikai tulajdonsagai is kiemelkeddnek bizonyultak [4]. Néhany beiiltetés utan
igazolodott, hogy a korrozidallosdga az eddig alkalmazott anyagokénal sokkal jobb, emellett
kitlind a teherbirasa, €s kicsi a stirtisége is. Ezzel gyakorlatilag eljutott az orvostudomany a
kozel idealis implantatumanyagig, azonban a fejlédés itt nem ért véget, hiszen az
implantatumoknal az alapanyagon kiviil, a makroszkopikus szerkezetnek és a formai

megjelenésnek is komoly szerepe van.

2. A mozgasszervi sebészetben alkalmazott implantatumok eléfordulasa

A mozgasszervi sebészetben a fémimplantatumok koziil, napjainkban a legnagyobb szamban
a csipod- illetve a térdprotézisek keriilnek beiiltetésre. Csak az USA-ban évente mintegy
egymillio beteg kap csipd- vagy térdprotézist. Ez a szdm az eldrejelzések szerint 2030-ra
megkozelitheti a 4,5 milliot 1s [5]. Europaban is egyre novekszik a csipd-, €és térdprotézis
beiiltetések szdma. A létszamra vetitett fajlagos értékek szamos EU orszagban az amerikai
statisztikakat is meghaladjak [6].

A 2. és 3. abran lathatjuk, hogy fajlagosan Németorszagban torténik a legtobb beiiltetés.
Magyarorszag ebben a tekintetben az évi mintegy 10000 csipd-, illetve 4500 térdprotézis
beiiltetéssel a lista alsd6 harmadaban helyezkedik el.

Németorszag 296 Németorszég 213
Svaje 287 Egyesiilt Allamok 213
Belgium 240 Svéjc 200
Ausztria 238 Ausztria
Dé”,'a 236 Finnorszag
!\_Iorvnga 232 Dénia
Franciaorszag 224 .
Luxemburg 222 Belgium
Svédorszag 214 Luxemburg
Hollandia 213 Ausztralia
Szlovénia 194 Kanada
Egyesiilt Kirdlysag 194 Egyesiilt Kiralysag
Finporszég 188 l2land
Egyesiilt Allamok 184 svédorszig
lzland 173 "
Csehorszag 166 Hlolland’la
Ausztrélia 154 Franciaorszag
OECD 154 OECD
Olaszorszag 150 Csehorszag
uj-zéland 149 Spanyolorszag
Gorogorszag 140 uj-Zéland
’Kanatfa 123 Olaszorszag
Irorszdg 117
Magyarorszag 99 K?rga
Spanyolorszag 03 Szlovénia
Portugdlia 88 Norvégia
Esztorszag 88 Portugdlia
Szlovak Koztdrsasag 78 lzrael
Izralel 51 Magyarorszag
Le“gveloré;ﬁg radll Csipdprotézis beiiltetések szama irorszg tézis beliltetések szdma
Korea 17 G_"ij
Mexiké 8 T T T T T 1 Mexiks T T T
0 50 100 150 200 250 300 0 50 100 150 200 250 300

1. abra Csip6- és térdprotézis beiiltetések szama 100.000 lakosra vonatkoztatva orszdgonként

3. Porozus fémek

Mivel a fém implantatumok, kiilondsen a nagyiziileti protézisek sikeres betiltetésének egyik
alapvetd feltétele a megfeleld csont-fém rogziilés megvalosuldsa, napjainkra a téma egyik
leglényegesebb kérdése a csont-fém kapcsolat milyensége lett. A korabbi fontos kérdések
megoldodni latszanak, azaz most mar nincs probléma sem a biokompatibilitassal, sem az
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alapanyag mechanikai paramétereivel, helyettiik egyre inkdbb a rogziilés kérdése keriil a
fokuszba. A nagyiziileti protézisek esetén példaul a tonkremenetel (elhasznalodas) messze
leggyakoribb oka a csont-fém rogziilés elégtelensége kovetkeztében kialakuld lazulas [7]. A
probléma megoldasdhoz vezetd egyik Iényeges ut maig is a fémek porozus kialakitasa.

Ahhoz, hogy az implantatumok és a koriilotte 1évo csont kozott megfelelden erds €s tartos
kapcsolat alakuljon ki, a csontnak bele kell nonie a fémbe. Ennek eldsegitése érdekében Un.
iranyitd gerenddkra van sziikség. Szivacsos csontszovet hasznalata kifejezetten jo
eredményeket adhat, azonban alkalmazédsa szamtalan kérdést vet fel. A sajat szervezetbdl
szdrmaz6 csont mennyisége erdsen limitdlt, valamint az igy Iétrejové kompozit anyag
mechanikailag gyenge. A probléma modern megoldasanak igérkeznek a tomor implantatumok
feliiletére felvitt pordzus bevonatok, amelyek apro, nagysagrendileg 400 pm méretii liregeket,
egyenetlenségeket biztositanak a csont szamdra. A piaci verseny tobbek kozott a kovetkezo
termékek 1étrejottét eredményezte:

Porocoat® Porous Coating (DePuy);

Gription™ Porous Coating

TI GROWTH® (Eurocoating);

Vacuum plasma spray titanium coating (Eurocoating);

Hybrid plasma spray titanium coating (Eurocoating);

Ti-Bond™ (Spinal Elements).

(Természetesen a felsoroltakon kiviil szdmos egyéb porézus bevonat Iétezik az
implantatumpiacon.)

Ezek az anyagok mar elég jol biztositottdk a feliileti integraciot [8; 9], azonban még ezt a
megoldast is lehetett tovabbfejleszteni, mégpedig olyan konstrukcio6 kialakitasadval, amely mar
nem csak a feliiletén, hanem teljes térfogataban porozus szerkezeti.

4. Fémhabok

Bar a fémhabokkal kapcsolatos szabadalmak mar 1948-ban megjelentek, a gyakorlati
alkalmazasuk a miszaki €letben csak a 2000-es évek elején indult el. A zart habszerkezetbe
zart levegd révén tobbek kozott kivalo hdszigeteld tulajdonsdgokkal rendelkezik, ugyanakkor
szamottevd slriségesokkentés is tapasztalhatd, hiszen a fémhabok térfogatdnak 75-95%-a
levegdvel telt lireg.

Mivel a titan és a mozgasszervi sebészetben elterjedt 6tvozetei kifejezetten jo tamaszai a
beépiild csontszovetnek, feliileti kiképzésiik megfeleldsége esetén pedig a csontszovet rand a
felszinén érdesitett titdnra, csontbendvésen alapuld csontpdtlasok koriilményeinek
megteremtésére fémhab alapanyagként idealisnak igérkezik [10]. Rdadasul a habositott
formaji fémekkel lehetové valik a testtajankénti kiilonb6z0 mechanikai igénybevételekhez
val6é igazodas. A masik alapanyag, amelyet hab formaban alkalmaznak még, a csontnak
megfeleld kis rugalmassagi modulussal rendelkezd biokompatibilis tantal [11].

A jelenlegi, titan-, illetve tantalhab alapu termékkinalatot mutatja be az 1. tablazat.
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1. tablazat Fémhabbdl gyartott ortopédiai- €s gerincimplantatumok

Név Fénykép $§Z?I%azés Gyarté | Weboldal, irodalom
CSTi™ Porozus Zimmer | http://www.zimmer.com/ctl?op
(Cancellous- titan =global&action=1&1d=7876 &t
Structured térdprotézis, emplate=MP
Titanium ™) csipdprotézi [12-16]
S vapa
PlivioPore Titanhab Synthes | http://www.synthes.com/Media
gerinc- Bin/International%20DATA/0
implantatu 36.000.653.pdf
m [17-20]
Trabecular Tantalhab | Zimmer | http:/www.zimmer.com/ct]?te
Metal térdprotézis mplate=CP&op=global&action
=1&id=33
[21-24]
BIOFOAM Titanhab Wright | http:/www.wmt.com/footanda
csont-¢k nkle/FA724-1208.asp
[21]
Titanum Titanhab DePuy | http://www.depuy.com/healthc
Foam (TF) csipdprotézi are-professionals/product-
s vapa details/gription-tf-augments
[25]

5. Osszefoglalas

A fémhabok orvosi alkalmazasiaban komoly Ilehetéségek rejlenek, hiszen a szivacsos
csontallomanyhoz nagyon hasonld szerkezet a csontndvekedéshez idedlis koriilményeket
teremt, tovabba kis siirisége, az alapanyag biokompatibilitdsa és jelentds teherbirdsa
kifejezetten alkalmassa teszi a hosszu tava hasznalatra (2. tablazat). Az alkalmazas hatranyai
kapcsan csupan a koltséges eldallitast és — ahogyan az 11j alkalmazasok esetén lenni szokott —
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a hosszu tavu utan-kovetéssel sziiletett klinikai eredmények hianyat emlithet;iik.

2. tablazat A titdnhab €s a szivacsos csontallomany nyomotulajdonsagai, illetve stirtisége

Anyag E (GPa) o0 (MPa) omax (MPa) | & (%) p (kg/m’)
Titanhab 1,21+£031 | 101+ 14 122 +£29 22 £8 1200 + 500
Spongiosa csont 1,08+0.86 | 15+10 25+10 7+3 450 + 350

Biztosak lehetiink abban, hogy a fémhabok sikertorténete még kozel sem ért véget: a
kozeljovoben jabb anyagok, o6tvozetek alkalmazasa, illetve eddig nem alkalmazott eléallitasi
modok megjelenése is varhato.

Koszonetnyilvanitas

A publikacié elkészitését a TAMOP-4.2.2A-11/1/KONV-2012-0036 szamu  projekt
tamogatta. A projekt az Eurdpai Unid tamogatdsaval, az Eurdpai Szocialis Alap
tarsfinanszirozasaval valosult meg.

Irodalomjegyzék

[1] Northover J.R., Magsood M. (2008) 58-vear follow-up of a vitallium mold hip
arthroplasty: a case report and literature review. Acta Orthop 79(6):731-3.

[2] Gibson A. (1949) Vitallium-cup arthroplasty of the hip joint, review of approximately
100 cases. ] Bone Joint Surg Am 31A(4):861-8.

[3] Thorne C., Grabb W.C., Smith J.W. (2007) Grabb and Smith's plastic surgery. 6th ed.
Wolters Kluwer Health/Lippincott Williams & Wilkins, Philadelphia.

[4] Hendry J.A., Pilliar RM. (2001) The fretting corrosion resistance of PVD surface-
modified orthopedic implant alloys. J Biomed Mater Res 58(2):156-66.

[5] Kurtz S., Ong K., Lau E., Mowat F., Halpern M. (2007) Projections of primary and
revision hip and knee arthroplasty in the United States from 2005 to 2030. J Bone Joint
Surg Am 89(4):780-5.

[6] Organisation for Economic Co-operation and Development. (2011) Health at a glance,
2011: Health, Organisation for Economic Co-operation and Development, Paris. pp. v.

[7] Lachiewicz P.F., Soileau E.S. (2005) Changing indications for revision total hip
arthroplasty. J Surg Orthop Adv 14(2):82-4.

[8] Spector M. (1987) Historical review of porous-coated implants. J Arthroplasty
2(2):163-77.

[9] BillottiJ., Zimmerman M.C., Pizzurro J., Mango T., Billings J., Parsons J.R. (1995) The
porous-coated anatomic (PCA) total hip arthroplasty: a review of 73 uncemented cases
with 2-year follow up. Orthopedics 18(1):37-43.

[10] Miiller U., Imwinkelried T., Horst M., Sievers M., Graf-Hausner U. (2006) Do human
osteoblasts grow into open-porous titanium? Eur Cell Mater 11:8-15.

[11] Navarro M., Michiardi A., Castano O., Planell J.A. (2008) Biomaterials in
orthopaedics. J R Soc Interface 5(27):1137-58.

[12] Bloebaum R.D., Mihalopoulus N.L., Jensen J.W., Dorr L.D. (1997) Postmortem
analysis of bone growth into porous-coated acetabular components. J Bone Joint Surg
Am 79(7):1013-22.

[13] Bloebaum R.D., Bachus K.N., Mitchell W., Hoffman G., Hofmann A.A. (1994)
Analysis of the bone surface area in resected tibia. Implications in tibial component

118



[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]
[23]
[24]

[25]

INTERNATIONAL SCIENTIFIC CONFERENCE ON

[/ ADVANCES IN MECHANICAL ENGINEERING % I
D PROCEEDINGS g;;

subsidence and fixation. Clin Orthop Relat Res(309):2-10.

Udomkiat P., Dorr L.D., Wan Z. (2002) Cementless hemispheric porous-coated sockets
implanted with press-fit technique without screws: average ten-year follow-up. J Bone
Joint Surg Am 84-A(7):1195-200.

Vigorita V.J., Minkowitz B., Dichiara J.F., Higham P.A. (1993) 4 histomorphometric
and histologic analysis of the implant interface in five successful, autopsy-retrieved,
noncemented porous-coated knee arthroplasties. Clin Orthop Relat Res(293):211-8.
Hofmann A.A., Evanich J.D., Ferguson R.P., Camargo M.P. (2001) Ten- to 14-year
clinical followup of the cementless Natural Knee system. Clin Orthop Relat
Res(388):85-94.

Beckers L. (1999) The use of intervertebral contact cages for posterior lumbar
interbody fusion. Rivista Di Neuroradiologia 12:75-80.

Brantigan J.W. (1994) Pseudarthrosis rate after allograft posterior lumbar interbody
fusion with pedicle screw and plate fixation. Spine (Phila Pa 1976) 19(11):1271-9;
discussion 1280.

Imwinkelried T. (2007) Mechanical properties of open-pore titanium foam. J Biomed
Mater Res A 81(4):964-70.

Freeman B.J., Licina P., Mehdian S.H. (2000) Posterior lumbar interbody fusion
combined with instrumented postero-lateral fusion: 5-year results in 60 patients. Eur
Spine J 9(1):42-6.

Bobyn J.D., Stackpool G.J., Hacking S.A., Tanzer M., Krygier J.J. (1999)
Characteristics of bone ingrowth and interface mechanics of a new porous tantalum
biomaterial. J Bone Joint Surg Br 81(5):907-14.

Black J. (1994) Biological performance of tantalum. Clin Mater 16(3):167-73.

Bobyn J.D., Toh K.K., Hacking S.A., Tanzer M., Krygier J.J. (1999) Tissue response to
porous tantalum acetabular cups: a canine model. J Arthroplasty 14(3):347-54.
Hacking S.A., Bobyn J.D., Toh K., Tanzer M., Krygier J.J. (2000) Fibrous tissue
ingrowth and attachment to porous tantalum. J Biomed Mater Res 52(4):631-8.
Paprosky W.G., Perona P.G., Lawrence J.M. (1994) Acetabular defect classification
and surgical reconstruction in revision arthroplasty. A 6-year follow-up evaluation. J
Arthroplasty 9(1):33-44.

119



INTERNATIONAL SCIENTIFIC CONFERENCE ON

[ ADVANCES IN MECHANICAL ENGINEERING A I
D PROCEEDINGS g{;

ADDITIVE MANUFACTURING IN RAPID PROTOTYPING
WITH THE USE OF HOT GAS

MARTANCIK Marek, BURANSKY Mdrio, GONDAR Ernest PhD
UTM SjF STU Bratislava, Slovakia
marek.martancik@stuba.sk

Abstract: The work is focused on introduction of Additive Manufacturing technologies. Additive Manufacturing
technologies create shape of components layer by layer at a time using data from 3D models. In the first part
introduces Additive Manufacturing technology. Generally it describes process of making a three-dimensional
objects layer by layer. The second part of the paper show some more details on a basis of the most used
technologies. In the last part referred to unique additive manufacturing technology, which using in Rapid
prototyping hot Gas to create a one layer of a three-dimensional objects. We will collaborate with hot Nitrogen
as a protective and premelting Gas.
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1. Introduction

Additive manufacturing is a process of making a three-dimensional objects. 3D printing is
using an additive process, where is a layer-by-layer technique of producing three-dimensional
(3D) objects directly from a digital model. Processes of Additive manufacturing take the
information from a computer-aided design (CAD) file, which is later converted to a
stereolithography (STL) file. Objects that are manufactured additively can be used anywhere
throughout the product life cycle, from pre-production (i.e. rapid prototyping) to full-scale
production (i.e. rapid manufacturing), in addition to tooling applications and post-production
customization.

2. Prototyping

The first form of creating layer by layer a three-dimensional object using computer-aided
design (CAD) was rapid prototyping, developed in the 1980°s for creating models and
prototype parts. The prototype is the first product visualization, which is located in the
development cycle and to further develop the design of the product is necessary. It provides
practical information on the functionality and quality of the product and the cost of its
execution. These prototypes (by technology) usually serve only to imagine the look (design
proposals), or an installation in the machine. Among the major advantages that this process
presented to product development is the time and the cost reduction, human interaction, and
consequently the product development cycle, also the possibility to create almost any shape
that could be very difficult to the machine. Materials for rapid prototyping are still limited. It
apparently, it is possible to print metals and ceramics but there aren’t not all commonly used
manufacturing materials. In Figure I, there is an overview of the different additive
manufacturing processes. In this figure is adapted the criterion to used to classify these
processes into liquid base, solid based, and powder based. The processes included in this
review are considered the most relevant in the past, and promising for the future of the
industry [2].
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Figure 1 3D printing processes.
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3. Stereolithography

Stereolithography is also the oldest and most accurate rapid prototyping technology
developed by 3D Systems, Inc. This is the first and most widely used process of rapid
prototyping. This is a liquid-based process that consists in the curing or the solidification of a
photosensitive polymer when an ultraviolet laser makes contact with the resin. The process
starts with a model in CAD software and then it is translated to a STL file, in which the pieces
are “cut in slices” containing the information for each layer. The thickness of each layer as
well as the resolution depend on the equipment used. A platform is built to anchor the piece
and supporting the overhanging structures. Then the UV laser is applied to the resin
solidifying specific locations of each layer. When the layer is finished the platform is lowered
and finally when the process is done the excess is drained and can be reused.

-

/ Laser beam
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Scanner system

Layers of solidified resin
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Figure 2 Stereolithography

4. Solid Ground Curing (SGC)

Solid Ground Curing was developed and sold by Cubital Ltd. of Isracl. While the method
offered good accuracy and a very high fabrication rate, it suffered from high acquisition and
operating costs due to the system complexity. The SGC process uses photosensitive resin
hardened in layers as with the Stereolithography (SLA) process. The SGC machine analyzes a
CAD file and renders the object as a stack of "slices". The image of the working slice is
"printed" on a glass photomask using an electrostatic process similar to laser printing. That
part of the "slice" representing solid material remains transparent. The photomask is
positioned over the work surface and a powerful UV lamp hardens the exposed photosensitive
resin (Figure 3). After the layer is cured, all uncured resin is vacuumed for recycling, leaving
the hardened areas intact. The cured layer is passed beneath a strong linear UV lamp to fully
cure it and to solidify any remnant particles. In the next step, wax replaces the cavities left by
vacuuming the liquid resin. The wax is hardened by cooling to provide continuous, solid
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support for the model as it is fabricated. Extra supports are not needed. In the final step before
the next layer, the wax/resin surface is milled flat to an accurate, reliable finish for the next
layer. Once all layers are completed, the wax is removed (with citric acid), and any finishing
operations such as sanding, etc. can be performed. No post-cure is necessary [3].
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Figure 3 Solid Ground Curing

5. Fused deposition modeling (FDM)

Fused deposition modeling (FDM) is an additive manufacturing process in which a thin
filament of non-toxic plastic feeds a machine where a print head melts it. Material extrudes it
in a thickness typically of 0.25mm from the heated nozzle that in the XY plane moves of the
workspace. In the Nozzle is the material heated above a temperature higher, than it's his
melting point. The part is manufactured on the support platform, which is always, after the
application of a single layer of material reduced the down by with of the layer. For supporting
the projecting parts are necessary to create a support structure made of a cardboard or
polystyrene. The materials used in this process are polycarbonate (PC), acrylonitrile butadiene
styrene (ABS), polyphenylsulfone (PPSF), PC-ABS blends, and PC-ISO, which is a medical
grade PC. The main advantages of this process are that no chemical post-processing required,
no resins to cure, less expensive machine, and materials resulting in a more cost effective
process. The disadvantages are the resolution on the Z axis is low compared to other additive
manufacturing process (0.25mm) [4].

6. Laminated Object Manufacturing (LOM)

Laminated Object Manufacturing (LOM) is a process that combines additive and subtractive
techniques to build a part layer by layer. In this process the materials come in sheet form. The
layers are bonded together by pressure and heat application and using a thermal adhesive
coating. A carbon dioxide laser cuts the material to the shape of each layer given the
information of the 3D model from the CAD and STL file (Figure 4). The advantages of this
process are the low cost, no post processing and supporting structures required, no
deformation or phase change during the process, and the possibility of building large parts.
The disadvantages are that the fabrication material is subtracted thus wasting it, low surface
definition, the material is directional dependent for machinability and mechanical properties,
and complex internal cavities are very difficult to be built. This process can be used for
models with papers, composites, and metals [5].
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Figure 4 Laminated Object Manufacturing

7. Direct Shell Production Casting (DSPC)

The three-dimensional printing process was developed at the Massachusetts Institute of
Technology (MIT). The system creates ceramic shells directly from 3-D CAD designs and no
tooling or patterns are required. Molds to cast almost any metal can be produced in just days.
The system consists of two units SDU and SPU. Shell Design Unit (SDU) contains data
transferred directly to the CAD file. Unit SPU (Shell Production Unit) is actually a
workstation that is directly to the CAD file is added gating system forms. The process works
via a print head moving over a fine layer of alumina powder, depositing a liquid binder layer-
by-layer to define a cross section of the mold (Figure 5). The process is repeated until the
entire mold is printed. This is then fired, resulting in a rigid ceramic mold. The process is for
quickly producing castings with complex geometries.
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Figure 5 Direct shell production casting

8. Selective Laser Sintering (SLS)

Selective Laser Sintering (SLS) was developed in 1989 at the University of Texas in Austin.
Laser Sintering uses a special powder which is in a thin layer with roller applied to work
space filled with nitrogen. Table with a thin layer of polymer in the places which is needed to
"print" and laser beam selectively sinter powdered polymer and/or metal composite materials
into successive cross-sections of a three-dimensional part. As in all rapid prototyping
processes, the parts are built upon a platform that adjusts in height equal to the thickness of
the layer being built. Additional powder is deposited on top of each solidified layer and
sintered. This powder is rolled onto the platform from a bin before building the layer (Figure
6). The powder is maintained at an elevated temperature so that it fuses easily upon exposure
to the laser.
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Figure 6 A schematic drawing of SLS

Unsintered material is applied to a Platform in an inert atmosphere (usually nitrogen) in thin
layers. According to the calculated coordinates of points slice planes is controlled XY
scanning head, which guides the laser beam over the surface of the powder, which is poured
in the bath. At the point of the laser, the additional material either seal or melt. Surrounding
molten material serves as a supporting structure. Production of components takes place in
layers, one layer after creating the carrier board reduces the value corresponding to the depth
of the layer. Controlled XY scanning head moves with the Laser beam over surface of work
space under the coordinated points of slices. SLS device preheats the accumulated powder
platform to the limit of its melting point, to make it easier and quicker to achieve the laser
heat to selected areas of the desired temperature. Some devices use SLS powder component,
as in the direct metal sintering. However, most of SLS machines uses two-component powder
coated as powder or powder mixture [6]. Some SLS machines use single-component powder,
such as direct metal laser sintering. In single-component powders, the laser melts only the
outer surface of the particles (surface melting), fusing the solid non-melted cores to each other
and to the previous layer. SLS can produce parts from a relatively wide range of
commercially available powder materials they are made by leader of 3D Printers market.

9. Composite material and Hot Gas

For reduced cost of production and bring new options to field of Rapid prototyping
technology. We decide for create Direct 3D Part with used recycled material. We will create
direct part of plain bearing, so we need lightweight material with solid matrix and good
sliding options. We needed to prepare composite material, joining the both properties. For
solid matrix and lightweight we chose Polypropylene and for good sliding options Graphite.
Material which will be used is composite of Polypropylene dust and Graphite. Polypropylene
dust is origin from recycling mills. Recycled Polypropylene dust is milled Plastic parts of the
Automotive industry. We were able to get a powder fraction of the grain size more than
0,5mm. Then we sieved the powder to dust with grain size smaller than 0,5mm. So from the
processed powder and powdered graphite is homogenized composite material. We tested
material with different ratios of mixed Polypropylene and Graphite. Test mixture are sintered
in an induction furnace. These samples were tested to drag coefficient of friction and hardness
factor. From tested samples was chose the original ratio composite mixture. According to the
ratio, we prepared a mixture sample to testing of laser beam as conventional technology of
Selective Laser Sintering. Testing results did not reach the expected parameters, so we need
find solution to keep parameters in borders. Our composite material is to light to used
powerful laser beam. For this unique material we need modify our hardware. Melted this with
laser beam is unduly, a better way is used melting resistive electrode (Figure 7). Function of
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preheats the accumulated powder platform to the limit of its melting point take hot Gas. We
will operate with heat Nitrogen as a protective and premelting Gas.

Figure 7 ThermoView of melting electrode

For this issue we create special melted head. It has both function, melted Plastic material,
preheated layer and along create protective atmosphere. The first design of melted head is
designed as a rectangular-shaped area, which is divided into two chambers connected to
nozzle allowing passage of gas. The first chamber heats the gas supply with heated element
whose output is adjustable. The heated gas passes through a nozzle in the second chamber,
where the temperature sensor is placed, which is used for temperature measurement. The
results of the second chamber are delivered to nozzle, where the gas stems to the powder
mixture. Each axis of the device is controlled from a central control unit, where the firmware
is applied. It consists of instruction set which includes the direct control of individual axes
and technological head, instructions on adjusting individual parameters such as speed,
accuracy. Control algorithms are applied to regulate electric heater to achieve the necessary
temperature for different gas flow rates.

Preparation of this paper was supported by the Research and Development Operational
Programme of the European Union's ERDF through the project Centre of Competence in New
Materials, Advanced Technologies and energy, [ITMS 26240220073.
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Kivonat: A plazma-ives hegesztési technologiat (PTA) jelentls ipari teriileteken — pl az iivegipari formak
gyartasanal sikeresen alkalmazzak, Ni-alapi otvézet bevonatok készitésére. A Ni-alapu bevonatok mikro-
szerkezete dendrites. A PTA hegesztesi technologia alkalmazasaval kivalthato a kézi munka és megfelelo
mindségii alkatrészek eldallitasara van lehetoség. Mivel az iivegipari formak kiilonosen ertékes termék
eléallitasat feltetelezik — eéppen ezért nagyon alaposan be kell vizsgalni a az ipari alkalmazas elétt a felhasznalni
kivant anyagokat (Al-bronz és NiCrBSi porok).

Kulcsszavak: aluminiumbronz, Ni-alapu bevonatok, plazmaiv-hegesztés, felrako-hegesztés

Abstract: The plasma transferred arc (PTA) technique is currently used to coat the edges of moulds for the glass
industry with nickel-based hardfacing alloys. The typical microstructure of the coatings consists of dendrites.
PTA welding eliminates manual work and, once the parametersare fixed for a certain design, consistent final
results areachieved for every mould. Because it is supposed that by the use of moulds applied in the glassmaking
a highly precious product will be made — therefore all materials (Al-bronze and NiCrBSi-powders) to be used
prior to the industrial application, shall be examined.

Keywords: Al-bronze, Ni-base coatings, PTA welding, hardfacing

1. Introduction

1. 1. Base materials

1. 1. 1. Al bronzes

Aluminium-bronze alloys can be categorized in three distinct series as can be seen from the
binary equilibrium diagram of copper-aluminium system (Figure 1.). The a aluminium-bronze
mostly in the solid solution range contains about 9.4 % aluminium, which can be obtained in
casting only on very slow cooling. It is difficult to avoid the hard  formation under normal
conditions of cooling, even with 7.4% aluminium in the alloy. From the equilibrium diagram,
Fig. 1. it is clear that the B structure is stable only at high temperature and undergoes an o + v,
transformation at about 567 °C. Being a sluggish process, it is not possible for the reaction to
take place in castings undergoing normal cooling rate.

They constitute the a series, the o + B series and a + vy, series, possessing properties entirely
different in nature. The wide range of properties that can be obtained by suitable alloying
addition and heat treatment has opened out immense possibilities for its application in various
engineering fields. In fact, the role of aluminium has been compared with that of carbon in
steel and comparison of properties that can be obtained with aluminium bronze has often been
made.

126



P,

INTERNATIONAL SCIENTIFIC CONFERENCE ON

ADVANCES IN MECHANICAL ENGINEERING
PROCEEDINGS

=58

(weight %)
10 20 30 40 50 60 70 80 90 100
T T T

1100 T T 1084.9 9C

— T T T
‘www.globalsino.com/EM/

1000 B,

Liquid £ &)
900} B
G 800f :
L 660.5 °C f2f[ ¥
e 3
5700 a + liquid ny
g 0 + liquid
& 600 i
] 0 L 567 °C
F ool 5482°%C P (Fcc-Cu)
0 ny
400f oAl
aAl+ 0 3 .
1 1 1

200 1 1 n 1 +
0 10 20 30 40 50 60 70 80 90 100
Al (at %) Cu

Figure 1. Al-Cu binare phase diagram

The B phase gives a high hardness combined with relatively high mechanical properties under
normal conditions, but severity of cooling results in the formation of f phase with martensitic
structure which has lower elongation. The o/ alloys have favourable combination of strength
and corrosion resistance. The eutectoid structure of which has a lower electrochemical
potential corrodes at a higher rate and has

therefore to be avoided.

The decomposition of f to a + v, which occurs during slow cooling or reheating

in the temperature range between 550 °C and 350 °C, has to be avoided. Cooling rates have
therefore to be drastic.

The most important aspect is the eutectoid transformation in which the phases are:

1. a Al bronze having f. c. c. lattice similar to iron in its working characteristics.

2. B Al bronze with a b. c. c. structure.

3. B Al bronze which at the eutectoid transformation of 525 °C transforms to a + y,.

1. 1. 2. NiCrBSi powders

The quality of P.T.A. powder material, above all if used in delicate jobs as the hardfacing of
edges of glass moulds in bronze and cast iron, is fundamental to obtain the performant and
constant results allowed by Commersald P.T.A. process.

To obtain the highest possible performances, the granulometric spectrum of Commersald
powders is based on our torches and the chemical analysis of the most common types is
obtimized for high power plasma use.

The microstructure of Ni-Cr-Si-B-alloys is a relatively ductile Ni-rich matrix with various
amounts of hard particles (Fig. 2. and Fig. 3.). Increasing the amount of alloying elements
increases the number of hard particles and consequently the hardness of the alloy. Increased
hardness also makes the material more difficult to machine. In soft alloys with low
concentrations of Si, B and Cr, the predominant hard phase is Ni3B (Fig. 2.). Higher
concentrations of Si and Cr cause CryBy and Cr,C, phases to develop and increase (Fig. 3.).
At even higherconcentrations, Ni3Si phases can also develop.

. ) i }r‘ b o ° :‘ﬁ.ﬁ{'ﬁ., Mty A K ] B
Figure 2. Predominant hard phase is N3B  Figure 3. CrB, and Cr«C, phases develop
and increase

-
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Essential elements in a self-fluxing alloy are silicon (Si) and boron (B). These two elements
have a very strong influence on the liquidus temperature. The melting temperature for pure
nickel (N1) is 1455°C. The alloy liquidus can be reduced to below 1000°C by increased
concentration of Si and B. The melting temperature range is defined by the solidus and
liquidus (Fig. 4a/4b).
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Figure 4a. Phase diagram for Ni-B Figure 4b. Phase diagram for Ni-Si

The low melting points of the self-fluxing alloys is of great advantage, as these can be coated
without fusion to the base metal. Alloys normally contain chrome (Cr), iron (Fe) and carbon
(C), and at times molybdenum (Mo), tungsten (W) and copper (Cu) are also added. Other
metallic oxides, such as Fe and Ni oxides, dissolved with Si and B have the ability to form
silicates. This is important during application of nickel based alloys, as the Si-B slag acts as a
welding flux. This protects the fresh metal surface from being oxidised and ensures better
wetability for the molten metal.

2. PTA Hardfacing technology

According to the literature [1], the plasma transferred arc welding process which employs the
filler metal in wire form is known as Plasma Arc Welding (PAW) while that which employs
powder filler material is generally referred to as Plasma Transferred Arc (PTA) [2].

The PTA process can be considered a derivation of the PAW process. The similarities
between the two processes can be observed in Figure 5. Both welding processes employ a
non-consumable tungsten electrode located inside the torch, a water-cooled constrictor nozzle,
shield gas for the protection of the molten pool, and the plasma gas. The difference between
the two welding processes lies in the nature of the filler material, powder instead of wire,
which requires a gas for its transport to the arc region. The diagram in Figure 1 shows the two
processes with their differences and similarities.

The equipment required to carry out the deposition through the PTA plasma process is very
similar to that used in PAW. When PAW is employed the equipment must be able to drive
spooled wires of various gages and different materials, at constant or pulsed velocities. In the
PTA plasma welding process, the filler material is used in the form of a powder, and specific
powder feeding equipment is required to transport it to the voltaic arc to produce the coating.
With respect to its application for coating, the PTA process is appropriate since it produces
dilution values of the order of 6 to 10 %, much lower than those obtained with other arc
soldering process which are around 20 to 25 % [3]. The low distortion, the small zone
affected by the heat and the refined microstructure are also features of this technique [4].
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In the PTA and PAW processes an inert gas is used as the plasma gas, which is forced to pass
through the orifice of the constrictor nozzle, where the electrode is concentrically fixed.

Electrode

Plazma gas flow

Powder |17 RN Shield gas

Congtrictor
nozle

Plasma arc

Substrate
PTA PROCESS PAW PROCESS

Figure. 5. Comparison of Plasma Transferred Arc processes PTA and PAW

The shield gas passes through an external opening, concentric to the constrictor nozzle,
effectively protecting the weld against contamination from atmospheric air (active or inert).
On the other hand, in the PTA process a carrier gas is used to transport the filler material
through flexible tubes to the constrictor nozzle, allowing its entrance into the plasma arc in a
convergent form. The gas used for this purpose is generally argon.

Given that the tungsten electrode lies within the constrictor nozzle of the welding torch,
itisdifficult to open the arc by contact, and thus equipment called a plasma module must
beused to establish the arc opening. An electronic igniter provides voltage peaks between
thetungsten electrode and constrictor nozzle, generating a small spark in this region. Thus,
with the passage of the plasma gas a low intensity electric arc appears between the tungsten
electrode and constrictor nozzle, called the pilot arc (non-transferred arc). The pilot arc forms
a pathway of low electrical resistance between the tungsten electrode and the workpiece to be
welded facilitating the establishment of the main arc when a power source is added. In
practice, the parameters which control the quality of the weld are the rate at which the
material is added, the gas flow rate (shield gas, plasma gas, carrier gas), the weld current, the
nozzle to workpiece distance and the welding speed [5]. The basic configuration of the
constrictor nozzle is shown in Figure 2, where the parameters employed in the process are
indicated. The distance from the external face of the constrictor nozzle to the substrate is
called the nozzle to workpiece distance (NWD).

The recess (Rc) of the electrode is measured from the electrode tip to the external face of the
constrictor nozzle. Alterations in the arc characteristics are influenced by this factor, which
defines the degree of constriction and the rigidity of the plasma jet [6]. Oliveira (2001)
studied the influence of the electrode recess of the plasma transferred arc process fed by wire
in order to identify whether the degree of arc constriction influences the arc voltage.

In general, the maximum and minimum values for the adjustment of the electrode recess vary
according to the welding torch. As the electrode recess is reduced, the weld bead width
increases and weld beads with lower penetration depth are obtained. This variation in the
geometric characteristics of the weld bead is due to a reduction in the constriction effect
producing a larger area of incidence of the arc on the substrate. The constrictor nozzle (made
of copper), where the electrode is confined, has a central orifice through which the arc and all
of the plasma gas volume pass. The diameter of the orifice of the constrictor nozzle has a
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great influence on the quality of the coating since this relationship is directly related to the
width and penetration of the weld bead produced. An insufficient plasma gas flow rate affects
the useful life of the constrictor nozzle since it leads to its wear. The weld current reduces as a
function of the decrease in the diameter of the constricting orifice, due to an increase in the
weld arc temperature. The extent to which the nozzle to workpiece distance influences the
coating is strongly dependent on the electrode recess in relation to the constrictor nozzle and
the diameter of the constrictor orifice. The larger the electrode recess adopted and the smaller
the constrictor orifice diameter the greater the effect of the arc constriction, making it more
concentrated. In the “melt—in” technique small electrode recess values are used, the arc being
submitted to a low degree of collimation, assuming a conical form. In this situation, a
variation in the nozzle to workpiece distance, even within normal limits, results in a change in
the characteristics of the weld bead, in the same way as occurs in the GTAW process. Thus,
the greater the nozzle to workpiece distance the lower the penetration and wider the width of
the weld bead due to the increase in the area of incidence of the arc on the substrate. Hallen et
al. (1991) reported that to obtain a good deposition yield, the nozzle to workpiece distance
should not be greater than 10 to 15 mm [7]. At values higher than this range the efficiency of
the shield gas is significantly reduced. The authors of this paper have also reported results in
relation to the nozzle to workpiece distance, for two values: 15 and 20 mm.

3. Coating procedure

3.1 Preparing and preheating of moulds

A clean, machined surface is sufficient as it is a welding procedure. It is recommended that
parts are preheated to 300-400°C. The parameters should be fixed to ensure that a dilution of
5-15% is achieved. If the dilution is higher, there is a risk for cracks when welding on cast
iron. This is due to an increased C content in the coating. When welding on bronze, a dilution
that is too high creates a risk for hard Cu-phase formation in the coating. This also causes
cracks. If the dilution is too low, there is a risk for poor bonding to the base material. Welded
pa rts also need to be cooled down slowly to avoid cracks.

Figure 6. PTA deposition Figure 7. PTA welded mould

PTA systems on the market for coating complete moulds and neck rings (Fig. 7.).
PTAwelding eliminates manual work and, once the parametersare fixed for a certain design,
consistent final results are achieved for every mould.

PTA (Plasma Transferred Arc) welding is a coating method increasingly used in the glass
mould industry. As PTA is a welding method, it enables a metallic bonding with the base
material (recommended dilution 5-15 %). It can be used for both cast iron, bronze moulds and
even bronze containing Zn (zinc), without problems.

The method is most commonly used on bottom-plates and different types of guide rings.
Today there are complete, fully automated (Fig. 8.).
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Figure 8. PTA Welding machine

4. Conclusions

Based on the experimental results obtained in this study the conclusions are as follows:

e The PTA process produced a better surface finish and better wetting.

e (Greater weld bead width was obtained using the PTA process.

e On comparing the deposits obtained through the two processes it could be observed that
the reinforcement and penetration are always lower in the PTA process.
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Kivonat: A plazmaatvitt ives hegesztési technologiat gyakran alkalmazzak élek, formak, ni-alapu, otvézetekkel
valo felrakdsdara, aluminiumbronz alapanyagra — féleg az iivegiparban. A bevonat meghatdrozo jellemzdi a
szovetszerkezet, keménység és a kopdssal szembeni ellenallo képesség. A bevonat és az alapanyag kétésének
vizsgalatat SEM mikroszkoppal (X-ray diffraction) készitettiik.

Kulcsszavak: Atvitt-ives plazmasugaras hegesztés, felrako hegesztés, mikro-szerkezet, rontgen analizis, felrakott
varrat.

Abstract: The plasma transferred arc (PTA) technique is currently used to coat the edges of moulds for the glass
industry with nickel-based hardfacing alloys. a nickel-based hardfacing alloy deposited on A-bronze, currently
used in molds for the glass industry Microstructure, hardness and wear assessments were used to characterize
the coatings. Electron probe micro analysis (EPMA) mapping, scanning electron microscopy/energy dispersive
X-ray analysis (SEM/EDAX) and X-ray diffraction (XRD) were used to characterize the microstructure of the
deposits.

Key word: PTA hard surfacing, Ni-base hardfacing, microstructure, X-ray analisyis, deposit.

1. Introduction

The PTAW process (Figure 1.) has a high temperature plasma arc that is generated ionizing
an argon gas flow through the electric arc which is always within the welding torch [1]. The
plasma arc leaves the nozzle and forms a column with temperatures that variety between 10
000°C and 17 000°C. The higher the amount of gas ionized, the higher the energy and
therefore the higher the temperature of the plasma arc which consequently increases the
penetration of the base metal. PTA (Plasma Transferred Arc) welding is a coating method
increasingly used in the glass mould industry [2]. As PTA is a welding method, it enables a
metallic bonding with the base material (recommended dilution 5-15%). It can be used for
cast iron, bronze moulds and even bronze containing Zn (zinc), without problems. The
method is most commonly used on bottom-plates and different types of guide rings. Today
there are complete, fully automated A clean, machined surface is sufficient as it is a welding
procedure [3].

It 1s recommended that parts are preheated to 300-500°C. The parameters should be fixed to
ensure that a dilution of 5-15% is achieved. If the dilution is higher, there is a risk for cracks
when welding on cast iron.

This is due to an increased C content in the coating [4]. When welding on bronze, a dilution
that is too high creates a risk for hard Cu-phase formation in the coating. This also causes
cracks. If the dilution is too low, there is a risk for poor bonding to the base material. Welded
parts also need to be cooled down slowly to avoid cracks [5-7].
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Figurel. Schematic appearance of PTA-weld surfacing process

2. Experience study

2. 1. Penetration

Penetration is the quantity of base metal melted that becomes part of the welded deposit
(Table 1.). Contrary to joint welding where penetration is a secondary problem, in welded
coatings the base metal melts fuses with the welding material forming a new alloy that
normally doesn’t have the features required, this is why it is necessary to weld several
overlapping layers that shall always be more and more diluted in order to obtain the chemical
analysis required on the surface.

Table 1. Characteristics of initial materials

Used materials Particle size Composition [wt %]

[pm]
) . 16,12Ni; 8.25 Al; 7.40 Zn; 0.64 Si; 1.37 Fe; 0.15
Base materials Al-Ni bronze Mn: 0.06 Cr: 67.98 Cu
*
Powders I. 32-125 0.2 C; 4.0 Cr; 1.0 B; 2.5 Si; 2.0 Fe; 1.0 Al; Bal. Ni

*kk
Powders II. 53150 0.13 C; 3.3 Cr; 1.0 B; 2.55 Si: 1.9 Fe; 1,0 Al; Bal. Ni

*Castolin 16321 PTA powder
** HOGANAS 1525-30 SP 570

Table 2. Summary of PTA welding parameters

Values
Parameters Sample 1. Sample 2. Sample 3.
Welding current [A] 85 105 120
Welding speed [mm/s] 1.2 1.0 0.9
Oscillation speed [mm/s] 20.0 20.0 20.0
Oscillation width [mm)] 15 15 15
Substrate material Al-Ni-bronze
Substrate thickness [mm] 20 20 20
Plasma (pilot) gas [I/min] 1.8 2,0 2.2
Carrier gas [1/min] 1.8 1,5 1.4
Shielding gas [I/min] 15 15 15
Powder feed rate [g/min] 40 40 40
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2. 2. Adjustment of the pilot gas and its effects on the thickness of the bead and penetration

The quantity of pilot gas that passes through the torch is undoubtedly the most important
parameter of the PTA welding process (Table 2.). Various tests have been carried out where
the quantity of pilot gas was the only parameter adjusted in order to assess its influence. The
pilot gas flow doesn’t affect the thickness of the bead but strongly influences penetration. The
increase in penetration without increasing the thickness of the bead produces strong dilution
with the base metal and proportionately increases superficial oxidation.

2. 3. Transferred arc current intensity adjustment and its influence on the coating

For every welding procedure there must be a balance between current intensity, welding
material and welding speed; if the quantity of welding powder is too high for the arc
temperature to melt, a circular type of porosity forms particularly in areas where welds
overlap or overlay, which are signs that the welding consumable has only partially melted and
therefore the gas has escaped the weld pool. The base metal temperature and the heat input
induced by the power of the transferred arc are influenced by various factors.

2. 4. The effect of increasing parameters in order to increase deposition rates

In order to define the limit of the PTAW process with a standard YZR 250 torch the welding
parameters were gradually increased. Evidently, the deposit rate is proportioned to the
intensity of the transferred arc current.

When changing the welding current of the transferred arc within these current ranges, it
influences dilution considerably, even if the penetration line remains constant and there is
practically no difference in the size of the deposited beads.

The ideal transferred welding current is 105 A. In order to increase the thickness of the
deposit you must lower the transferred arc current, the welding speed and the pilot arc must
be increased.

2. 5. Testing with SEM
We got best results at sample 2., for the first sample is not formed suitable bonding between
the base metal and the layer. At the third sample layer of the sample dilution was too big.

2. 5. 1. PTA welded tool with 2 different powders
2.5. 1. 1. SEM results
1. powder sample 2.

RS 2 (5 o g S LA CeB g
200 um . Mag= 30X Signal A=CZ BSD Date 19 Jul 2013 10um ) Mag= §00X  SignalA=CZBSD Date 19 Jul2013
[ ] s WD = 13.0 mm EMT=2500kv  Time :11:05:48 | ] sk WD = 13.0mm EHT=2500kv  Time :11:14:09

ST B P R R

Figure. 2. powder (Pointless 01) Fl‘gure 3. 1. pov;dér (Pointless 02)
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WD =13.0 mm EHT =25.00 kvV Time :11:21:22

, B i lhen | Tmeases
Figure. 4. 1. powder Pointless 03 (Base material Al-Ni bronze)
Figure. 5. 1. powder Pointless 04 (Bonding zone between of base material and NiCrBSi layer)

2. powder sample 2.

200 um Mag= 30X Signal A= CZBSD Date :19 Jul 2013
m WD =125 mm EHT =25.00 kvV Time :11:40:29

Figure 6. 2. powder Pointed 01 Fiur 7.2. poder Pointed 02

|
K g :
Mag 200 X ZBSD Date :19 Jul 2013
. m WD =125mm EHT =25.00 kV Time :12:07:36
o =1 7 IS B R4 T

Figu*rem&\ 2. powdef Pointed 03 Figure 9. 2. powder Pointed 04

Mag= 500X Signal A=CZ BSD Date :19 Jul 2013
b In WD = 13.0 mm EHT =25.00 kv Time :11:59:46

2. 5. 1. 2. Validation of PTA welded samples with 2 different powders
1. powder
The NiCrBSi layer has melted relatively well with the basic metal — at the same time is the
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boundary relatively irregular. The layer is free of inclusions. Parallel with the application of
PTA-technology the unsoldering occurred with a 105 A current.

2. powder

The NiCrBSi layer has melted well with the basic metal — at the same time is the boundary
regular. The layer is free of inclusions. Parallel with the application of PTA-technology the
unsoldering occurred with a 105 A current. The melt-down of the powder layer and the
creation of the layer were easier than in the case of the first powder. The powder delivery was
more uniform, but its rate of decrease was a larger one.

3. Conlusions

By using the plasma transferred arc welding method, NiCrBSi powders were successfully
melted on the surface of Al-Ni-bronze. No macro and micro fracture occurred according to
the macrostructure of the coating layer. At the the PTA hard surfacing the second powder
showed best results because the melt-down of the powder layer and the creation of the layer
were easier than in the case of the first powder. The powder delivery was more uniform, but
its rate of decrease was a larger one.
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Abstract: There are a huge number of ideas at the area of traction drives and also at that of the epicyclic or by
other words, planetary drives. The majority of these designs, contain solely rigid wheels, and the contact forces
that are proportional to the transmitted torque are produced by separate clamping devices. The authors
introduce an innovative design, that integrate some elements with merging functions. A part of the contacting
rollers are elastic ones and their shape assures the requirement of uniform strength. A curiosity of the elastic
rollers is, that they are made of spring steel and observing both their shape and loads, they are helical torsion
Springs.

The authors have used some ideas at the areas of helical spring bearings and machined torsion springs. They
also find a method to coil helical torsion spring of uniform strength from sheet metal, making the pre-
manufactured “wire” of changing width by laser cutting. The paper also details the computation of the waste-
free geometry of the “wire”.

Keywords: epicyclic traction drive, helical torsion spring, helical spring bearing, clamping device, sheet metal

1. Introduction

The large change of speed besides high efficiency is a frequent problem at the area of
mechanical drives. These requirements are fulfilled by epicyclic gear drives and this fact is
proved by their successful application at both the lower and the higher speed and power
ranges. The drives containing elements with high flexibility were appeared over the time at
the area of epicyclic gear drives. These drives are called harmonic drives that improved the
number of advantageous characteristics by essential mass decrement. When the accurate
kinematic ratio is not a requirement, the application of epicyclic traction drive can decrease
strongly the manufacturing costs. The high efficiency and the high power density are assured
partly by the new rheopectic lubricants.

The traction drives need clamping forces that should be proportional to the transmitted torque.
The clamping force is generated by mechanical or hydraulic control through detached
structural elements. These additional machine elements may be omitted when the clamping
force is generated by the proper design of the frictional basic elements, e.g. the preconditions
of the high efficiency is established by merging functions or integrating the functions of many
machine parts into one machine element.

2. The epicyclic traction drive design

2.1. Locations of helical springs

An 10 type epicyclic drive contain one inner and one outer connection, the load is distributed
between more planet wheels. Any wheel (sun, planet or ring) can be rigid or highly elastic
spring. All of the rolling elements of the drive may be rigid wheels and all of them may be
helical springs. The number of all the variants is eight considering the two types of all the
three rolling elements. Figure I shows the kinematic and velocity diagram of the mentioned
epicyclic drive containing sun-, 1, planet-, 2 and annular wheel, 3 and a planet carrier, k. The
small lead angle, o and the clockwise angular velocity vector, w are the two important
characteristics of the helical torsion spring having right hand helix, which can substitute the
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sun wheel. The relative relationship of the sense of rotation and direction of helix is
important, because the spring can transmit torque only in one way. The last diagram of
Figure 1. shows a variant where both the rigid sun wheel and rigid annular wheel were
substituted by right-hand helix helical torsion springs. The annular wheel is fixed to the
frame, the sun wheel joined to the input shaft and the planet carrier to the output shaft.

zfz W
k
1%%% /o o= -

Figure I An 1o type epicyclic drive containing two helical torsion springs as basic elements

2.2. Operation of pressure device

The usual method, to assure the proper clamping force at the friction pairs, is the installation
of one or more pressure devices. At the analysed drives where some of the basic elements are
substituted by helical torsion spring elements, the detached pressure device is unnecessary.
The springs perform the functions of both one element of the friction pair and the pressure
device. As it visible in Figure 3., the wires of springs have rectangular cross-sections and are
prismatic, with small gap between the coils. The number of planet wheels is Q =3, e.g. The

planet wheels are fixed to the carrier with clearance, the outer diameter of the unloaded sun
spring is greater, and that of the annular spring is less, than the current circle diameter
determined by the rigid planet wheels. The condition of operation is the initial tensioning of
the springs. The greater the external load, the greater the twist angle and the greater the
clamping force acting between the mated rolling elements. This is the basis of the proper
service of the pressure device. The clamping force is proportional to the external load (to the
torque acting at the output shaft). The drive is unidirectional, but the direction of power flow is
changeable.

3. Systematic generation of springs made of sheet metal

Table 1 contains the most important point of views that determine the variability of helical
torsion springs. There is an attention to the application as sun wheel. According to the three
characteristics, a three digit binary number is ordered to each solution. Figure 2 shows these
designs.

Table 1 Diversity of helical torsion springs

1.0 Constant

1.1 Shanging

2.0 Single

2.1 Twin

3.0 Same along the spring
3.1 Changing

1. With of strip (and also the lead angle)

2. Number of starts of the thread

3. Lead direction

There are springs with changing lead direction which are jointed to the input shaft by their
middle sections. An extra attention should be paid those designs where the cross section of
spring is also changing due to the principle of equal stress.
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Figure 2 Helical torsion spring designs

4. Balanced helical spring sun wheel and its production

When the lead of the symmetric design of helical spring is half left - half right, and it is driven
through its middle point then a sun wheel with unidirectional functionality is obtained. The
load distribution will be symmetric longitudinally, too as Figure 3 shows. The situation is
even more favorable if the spring is manufactured with double thread. It is easier to drive in
the middle and is expected to have a better load distribution.

S

: /| 7

Figure 3 Symmetrical design helical torsion springs (single and double threads.
The codes are 100 and 110

Split rings should be developed from spring steel strip. The single thread helical spring of
Figure 3. should be manufactured from tube by cutting (turning, milling), that of the double
thread by spark cutting. Recognising that the location of the obtained double, left-right-hand
side threads are located on cylindrical surfaces, and knowing the unfoldability of the
cylindrical surface, the pre-product of the spring winding can be made from sheet metal,
practically without any waste by laser cutting (Figure 4). Prior to the windings of the two V
shaped plates the minimum gap between the coils should be adjusted and the nose at the end
should be bent.
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Figure 4 The plate pre-product of the balanced double thread helical spring

Two spatial models are shown in Figure 5. These designs attend to the Codes 101 and 111.

K\)M &\\W

Figure 5 Spatial models of single and double thread springs with changing lead direction
and changing strip width

5. The shape of the pre-manufactured sheet metal

The pre-manufactured sheet metal should meet the requirements which are partly geometric
and partly that of strength. The constant gap between the coils may be a geometric constraint.
This condition can be fulfilled easily in case of springs made of spring steel with constant
strip width. The problem solution requires a more precise formulation in case of spring design
of uniform strength. The authors derived a formula for the bending moment along the torsion
spring in their paper [2] that is

M,,=Fp{1+ Qs ut], (1)
27

Where s is the arc coordinate, p,is the traction coefficient between the planet roller and the
sun wheel having helical spring design. The mean radius of coils is p, . The coordinate system

is started at the free end of spring. It is visible that the bending moment is linearly changing,
starting with a starting value of Fp, where F is the radial force at a contact zone. The force F

is supposed to be equal at any contact zone, and the smooth conical design of the helical
spring assure this condition.

The economical production of pre-manufactured sheet metal requires the waste-free sheet
metal cutting, too, which is kept in mind.

6. The mathematical formulation of the problem

Let’s consider a negligible thickness of sheet metal to simplify the problem. The winding is
made by gapless taking into account the effect of springing. The linearly changing bending
moment (2) requires a linearly changing strip width. The uniformly stressed helical torsion
spring imagined to be made of sheet metal, the pre-manufactured product made by laser
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cutting. Figure 6 shows the diagram of the strip steel. The difference of the two border
function of the strip is a linear function. The second derivatives should be equal to each other.

The solution is for example a parabola, f(x) =kx*. The factor k can be computed and q that

determines the start of the used domain is also available easily. a =d -7 is the circumference
of a coil. The upper limit curve of the strip is described by f(x +a), an that of the lower one
by f(x). The width of the pre-manufactured product is changing according to the linear
function of f(x+a)— f(x)=mx+b. The second derivatives of the upper and lower limit
curves should be equal to each other. This constraint determine the factor k as
p 1
k= (2q +n)nr* d’ @
where
_ 2(n_1)_:l’lt[n(Q_2)+l] (3)
24,(0n 1)
is calculated by considering the minimum and maximum values of bending moment at the
two end of spring having the code of 001, according to formula (1). Figure 7 shows the waste-
free sheet metal plans of two type of helical torsion spring.
yi

fx+a)

pd

fx)

<

a qa na

Figure 6 Demarcation of the proper stages of the functions
V%/ !
a_ | ‘
!

Figure 7 Sheet metal plan for equally stressed springs with codes 001 and 101

7. Assembly and winding direction of the elements in the epicyclic traction drive

The principle and formation of flexible shafts is useable for the design of io type epicyclic
traction drive. A flexible shaft consists of more layers of helical springs wound alternately
and tightly on each other. Driving in the proper direction, the diameter of the outer layer is
reduced. Let’s consider an epicyclic drive, whose every rolling basic element is made of
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helical spring. The relationship between the winding direction and the sense of rotation of the
springs is chosen to increase the diameter proportionally to the load in the outer connection
(sun wheel — planet wheel) and to decrease the diameter at the ring gear. In such a way the
generated clamping force between the elements will be proportional to the load. When all the
rolling elements that is made of helical spring have symmetrical design, and double thread,
driven in at the middle of width, (or in case of ring wheel the middle point is fixed to the
housing) then a flexibly operating, highly efficient drive is hoped of the described solution.

Acknowledgement

»A cikkben/eldadasban/tanulmanyban ismertetett kutatd munka a TAMOP-4.2.1.B-
10/2/KONV-2010-0001 projekt eredményeire alapozva a TAMOP-4.1.1.C-12/1/KONV-
2012-0002 jelii projekt részeként — az Uj Széchenyi Terv keretében — az Eurdpai Unid
tamogatasaval, az Eurdpai Szocialis Alap tarsfinanszirozasaval valosult meg.” ,,The research
work presented in this paper/study/etc. based on the results achieved within theTAMOP-
4.2.1.B-10/2/KONV-2010-0001 project and carried out as part of the TAMOP-4.1.1.C-
12/1/KONV-2012-0002 project in the framework of the New Széchenyi Plan. The realization
of this project is supported by the European Union, and co-financed by the European Social
Fund.”

References

[1] Németh Géza, Péter Jozsef, Dobroczoni Adam, Németh Nandor, (2012) Helical Torsion
Spring Improvement for Epicyclic Traction Drive in GEP, LXIII (12): 85-88.

[2] Németh Géza, Péter Jozsef, Dobroczoni Adam (2012) Helical Springs in Epicyclic
Traction Drives in DESIGN OF MACHINES AND STRUCTURES, 2(2): 81-92.

[3] Németh Géza, Péter Jozsef, Dobroczoni Adam (2012) Ensuring the Clamping Force in
Epicyclic Traction Drive by a New Sun Wheel Design in DESIGN OF MACHINES AND
STRUCTURES 2(2): 93-100.

142



INTERNATIONAL SCIENTIFIC CONFERENCE ON

ADVANCES IN MECHANICAL ENGINEERING
PROCEEDINGS

HIDEGEN HENGERELT ALUMINIUM LEMEZ
HULLAMOSSAGANAK MODELLEZESE
MODELLING OF WAVINESS ON COLD ROLLED
ALUMINIUM SHEET

'"PALINKAS Sdndor, " KRALLICS Gyérgy PhD, *BEZI Zoltin

'Debreceni Egyetem, Tudomdnyegyetemi Karok Miiszaki Kar, Gépészmérniki Tanszék
*Miskolci Egyetem, Miiszaki Anyagtudomdnyi Kar, Fémtani, Képlékenyalakitisi és
Nanotechnologiai Intézet

Bay Zoltin Alkalmazott Kutatisi Kozhasznii Nonprofit Kft. Logisztikai és Gydrtdstechnikai
Intézet (BAY-LOGI), Szerkezetintegritas Osztaly

palinkassandor@eng.unideb.hu , krallics@eik.bme.hu , zoltan.bezi@wbayzoltan.hu

Abstract: A korszerii szalagfeldolgozo iparagak mindségi kovetelményei az utobbi idoben
kiilonosen az alaki jellemzokkel szemben névekedtek. A lemez végso alakjat a hengerrés
alakvaltozasi torvényszeriiségein keresztiil a hengerallvany szerkezete, merevsége, az
alakitasi paraméterek befolyasoljak. Kutatasunk célkitiizése a hideghengerlés sordan a
hengerhajlitas hatdasara kialakulo lencsésség, valamint a lemezben keletkezo hullamossag
modellezése.

Kulcsszavak: hideghengerlés, sikfekvési hibak, lencsésség, 3D végeselemes modellezés

1. Bevezetés

Jelenleg a feldolgozo6 ipar egyre nagyobb mennyiségben igényel jo sikfekvésti szalagokat, ami
jelentds kovetelményeket tamaszt a szalaghengerlési technologidval szemben. A hengerelt
szalagok sikfekvése Osszefligg a hengerlés kozben kialakuld hengerréssel. A terhelt hengerrés
alakjat befolyasolo tényezOk ereddjeként kialakul egy hengerrés alak, ha ez nem biztositja azt,
hogy a szalag szélessége mentén a hengerlés folyamén az alakvaltozas mértéke mindig azonos
legyen, akkor belsé fesziiltség vagy hullam alakul ki (7. abra).

b.) c.)

7. dbra: A hengerlés soran kialakuld hullamossag jellemz6é megjelenési formai [1]
(a) — kozéphullamossag, (b) — sz€lhullamossag, (¢) — helyi hulldmossag

143



INTERNATIONAL SCIENTIFIC CONFERENCE ON

ADVANCES IN MECHANICAL ENGINEERING
PROCEEDINGS

A j6 sikfekvést szalagok gyartdsdhoz tehat elengedhetetlen a hengerrés alakjanak pontos
ismerete. A hengerlési eré kovetkeztében a henger részben rugalmasan benyomodik, részben
behajlik. A munkahengernek a lemez 4ltal nyomott feliilete, tovabba a munka- és
tamhengerek korkeresztmetszetei rugalmasan eltorzulnak. A hengerelt szalag alakja
szempontjabol a hengerszélesség mentén kialakuldo benyomoddas eltérésének a mértéke is
lényeges. A hengerrés rugalmas alakvaltozasa foként a kevésbé merev hengerek esetén
hatdrozza meg alapvetden a hengerrés nagysagat, ezaltal a hengerelt szalag sikfekvését. A
hengerelt szalagr6l atadoddé megoszld terhelés jellege, valamint a munkahenger
csapagyazasainak és a tamhengerek elhelyezkedése miatt, a hengerrés rugalmas alakvaltozasa
csak térbeli kontakt végeselemes modellel szamithatd [2]. Jelen munkénkban a hengerlési
folyamat komplex 3D végeselemes analizisét végeztiik el.

2. Komplex végeselemes modell készités

A komplex modell készitése soran szamos hengerlési kisérletet kellett végrehajtanunk,
ezekhez a Miskolci Egyetem Fémtani, Képlékenyalakitasi és Nanotechnologiai Intézetében
talalhat6 VON ROLL gyartmanya kisérleti hengerallvanyt hasznaltuk. A kisérleti
hengerallvanyt 2008-ban telepitették az Intézet, Geleji Sandor Képlékenyalakitasi
Laboratoriuméba (8. dbra).

8. dbra: A VON ROLL gyartmanyu kisérleti hengerallvany

A modellezést 3D-ben végeztiik, az MSC Marc nemlinedris végeselemes szoftver 2010.1-es
verzidjaval. A komplex modell 3 szimulacids 1épés Osszekapcsoldsabol tevédik Ossze (3.
abra), az els6 modell a kisérleti hengerallvany keret rugalmassaganak a meghatarozasara
szolgalt, a masodik modell a teljes hengerrendszer modellje, amely a tényleges
hideghengerlési folyamat végeselemes analizisét tartalmazza. Ebben keriil meghatarozasra a
hideghengerlés soran kialakuld hengerrés alak. A harmadik modell a hullimossag
kimutatasaval foglalkozik. Ennek megvaldsitasara egy egyszeriisitést végeztiink, mivel a
masodik modellben a hulldmossag kimutatasa olyan hosszl 1d6t igényelt volna, amelyet a mai
szamitastechnikai kapacitasok mellett sem tudtunk volna kezelni.
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3. dbra: A hengerlési folyamat komplex 3D modellezésének bemutatasa
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3. A VON ROLL gyartmanyu kisérleti hengerallvany rugalmassaganak meghatarozasa
A hengerlési folyamat pontos modellezése érdekében nyomon kell kdvetni a kisérleti
hengerallvany ered6 rugalmassagat, amely tartalmazza a hengerallvany keret rugalmassagat, a
hengerek rugalmassagat (belapulds, hengerek tengelyvonaldnak rugalmas kihajlasa) és a
hengerlési er0 hatasvonaldban 1évé egyéb gépelemek rugalmassagat, ez utObbiakat a
tovabbiakban egyéb rugalmassagnak neveztiik el. Ahhoz hogy a hengerallvany rugalmas
alakvaltozasat a komplex modell figyelembe tudja venni a modellezés els6 1épéseként meg
kellett hataroznunk a kisérleti hengerallvany rugoallanddjat, ezért elészor hengerlési kisérletet
végeztiink. A munka- ¢€s tamhenger érintkezési vonalan fellépd rugalmas hatasok
kikiiszobolése érdekében a hengerlési kisérletet dud elrendezésben végeztiik el. A kisérlet
soran 7 db 150 mm széles, 200 mm hosszl ¢s 6,46 mm vastag AIMg3 anyagmindségii lemezt
hasznaltunk. A kisérlet jellemzd paramétereit az 5. Tablazat mutatja, a kisérlet soran mértiik a
hengerlési erdt, valamint a kifutdé lemez vastagsagat. A hengerallvany munkahengereinek a
csapagytokél kozott spirdlrugok taldlhatdak, amelyek biztositjadk azt, hogy a hengerallitas
soran a fels6 munkahenger elmozduljon, alapesetben ez a rugderd 8248 N volt.

5. Tablazat: A hengerlési kisérlet jellemz6 paraméterei

Minta | Kiindulo Elméleti Kifuté Mért Mért
szama | vastagsag résméret vastagsag | rugalmassag | hengerlési
hy [mm] s [mm] h; [mm] [mm] erd [N]
1 6,46 6,4 6,46 0.06 16569
2 6,46 6,25 6,45 0.20 39270
3 6,46 5,9 6,34 0.44 87747
4 6,46 5,6 6,14 0.54 174470
5 6,46 5,4 6,05 0.65 220112
6 6,46 5 5,71 0.71 323896
7 6,46 4.4 5,3 0.90 427500

A mérés kiértékelése soran megkaptuk a kisérleti hengerallvany eredd rugalmassagat, ez
azonban tobb hatasbol tevédik Ossze. Ezért a hengerallvany keret rugalmassaganak pontos
meghatarozdsa érdekében végeselemes modellezésre volt sziikség. Az 5. Tablazatban
bemutatott kiilonb6z0 mérésekhez eldallitottunk egy-egy végeselemes modellt. A szimulacios
eredmények kiértékelését a 6. Tablazatban foglaltuk ossze.

crcr

Minta | Elméleti Szamitott Szamitott ered6 Szamitott Szamitott egyéb
szama | résméret | hengerlési erd rugalmassag hengerallvany rugalmassag
s [mm] IN] [mm] rugalmassag [mm] [mm]
1 6,4 16797 0.060 0.0247 0.035
2 6,25 40659,2 0.205 0.0924 0.112
3 5,9 91260,2 0.443 0.2074 0.235
4 5,6 178072 0.544 0.2473 0.296
5 5,4 218054 0.650 0.2963 0.353
6 5 322488 0.712 0.3193 0.393
7 4,4 426742 0.903 0.4064 0.497

A végeselemes modell készitését a hengerlési kisérlettel analog modon végeztik.
Felépitettiikk a dud hengerallvany végeselemes modelljét, ahol kihasznaltuk az elrendezésbdl
eredd szimmetridkat, igy elegendd volt a hengerrendszer negyed modelljének az elkészitése.
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A vizsgélt hengerrendszer hdlozdsara 10656 darab nyolc-csoméponti hasab (HEXS8/7)
elemeket hasznaltunk. A modellezés soran az alakitott anyagot homogén izotropnak
feltételeztiik, melynek rugalmas anyagjellemzdit a szakirodalomnak megfeleléen valasztottuk
meg, E=69 GPa, v =0.33, valamint a kisérletben hasznilt anyagmindségli alapanyag
szabvanyos k¢ gorbéjét allitottuk be. A hengereket idealisan rugalmasnak feltételeztiik, a
rugalmas anyagjellemzok a kovetkezOk voltak: E=210 GPa, v =0.3. A surlodasi tényezo
értékét, a henger és az alakitott darab kozott, po=0.1-re valasztottuk. A modellben a
hengerallvany rugalmas alakvaltozdsat a tamhenger csapdgyazasan -elhelyezett rugd
karakterisztikaval vettiik figyelembe. A kiilonb6z0 modellekben feltételeztiink egy
rugdallandot, amelyet minden esetben addig valtoztattunk, amig a hengerlési erd €s a lemez
kifutd vastagsaga nagyon jo kozelitéssel (7. Tablazat) megegyezett a hengerlési kisérlet soran
mért eredményekkel, igy szimulacid segitségével meg tudtuk hatarozni a kisérleti
hengerallvany eredd rugalmassagat.

7. Tablazat: A mért és szamitott eredmények Osszehasonlitdsa

Mért hengerlési Szimulalt Eltérés Mért kifuté Szimulalt kifut6 Eltérés
ero [N] hengerlési eré [N] [%] vastagsag h; [mm] vastagsag h; [mm] [%]
16569 16797 1.357 6,46 6,46 0
39270 40659,2 3.417 6,45 6,455 0,077
87747 91260,2 3.850 6,34 6,343 0,047
174470 178072 2.023 6,14 6,144 0,065
220112 218054 0.935 6,05 6,05 0
323896 322488 0.435 5,71 5,712 0,035
427500 426742 0.177 5,3 5,303 0,056

A végeselemes modellben a kisérleti hengerallvany eredd rugalmassagat részekre bontottuk,

igy megkaptuk kiilon-kiilon a hengerallvany keret rugalmassagat €s az egyéb rugalmassagokat
(4. abra).

450000

400000 / /
350000 / /
Fr

Z 300000

1™

o

= 250000 —e&—allvany rugalmasséag
2 —B— egyéb rugalmassag
o

(2]

c

o

I

200000 f/ f/
150000 /
100000

50000

0 T T T T T
0 0.1 0.2 0.3 0.4 0.5 0.6

Megnyulas [mm]
4. dbra: A részekre bontott rugalmassagok

Mivel a hengerlési {0 kisérleteinket 100 kN hengerlési erd alatti tartomanyban végeztiik, ezért
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a meghatarozott hengerallvany keret rugalmassaganak csak a 100 kN alatti részét vettiik
figyelembe, igy az ebben a tartomanyban 1évé 4 pontra egyenest illesztettiink, €s ennek az
egyenesnek a meredeksége megadta a hengeradllvany keret rugalmassagat (5. abra). Ezt
beépitettik a masodik modellbe, amely a hengerlés soran kialakuldé hengerrés alak
meghatarozasara szolgalt.

y = 401159x + 6695.3
100000
R? = 0.9967
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80000

70000

60000 /

50000 /

40000 o

30000 /

20000 /

10000 /
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0 0.05 0.1 0.15 0.2 0.25

Hengerallvany rugalmassag [N]

5. abra: A véges elemes modellbe beépitett rugalmassag

4. A hengerlési folyamat modellezése

Ahhoz, hogy a végeselemes modellezéssel ki tudjuk mutatni a hengerhajlitas hatdsat az
alapanyag lencsésségére eldszor hengerlési kisérletet kellett végezniink. A kisérlet sordn a
rendelkezésre allo AIMg3 anyagmindségli 200 mm széles és 1 mm lemezvastagsagl
keskenyszalag tekercsb6l 500 mm hosszii mintdkat vettiink. Az elvégzett kisérlet soran
sikerlilt olyan mintakat létrehozni, 3 kiilonb6zd alakvaltozas mellett, amelyekben a lemez
alakja szélhullamosbdl kozéphulldimosba megy at, és az atmenetben mindegyik sorozatnal
sikerlilt hullaimmentes lemezeket is létrehozni. A hengerlési kisérleteket kis alakvaltozasok
mellett végeztiik, ennek az oka az, hogy a VON ROLL hengerallvany hengerhajlité hidraulika
rendszerébe egy nyomaskorlat van beépitve, amely jelenleg 18,6 bar, igy kozéphullamos
lemez létrehozaséara csak a kis alakvaltozasok mellett volt lehetdséglink. Szélhullamos lemez
létrehozasahoz nincs sziikség a hengerhajlitas hasznalatara, igy azt nagyobb alakvaltozas
mellett is eld lehet allitani.

A hengerlési folyamat végeselemes modelljében az alakitott anyagot rugalmas-képlékenynek,
mig a hengereket idedlisan rugalmasnak tételeztiik fel a kiilonb6z6 hengerlési Iépésekben. A
modell készitése soran kihasznaltuk a hengerlési folyamat szimmetriait, igy elegendd volt a
folyamat negyed modelljének az elkészitése. Az elkészitett végeselemes modell a
munkahengerek belapulasat, valamint a tdm- és munkahengerek kozott 1étrejovo Gsszelapulast
a hengerek anyagjellemzdéinek megadasa utan figyelembe tudja venni, valamint beépitésre
keriilt az els6 modellben meghatarozott hengerallvany keret rugalmassag is.

Mivel figyelembe vettiik a hengerrendszer rugalmas alakvaltozasat, beleértve a hengerek be-
¢s Osszelapulasat, ezért specialis halozast alkalmaztunk a kontakt tartomanyokban [3]. A
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vizsgalt hengerrendszer hal6zasara 39844 darab nyolc-csomopontu hasab (HEXS8/7) elemeket
hasznaltunk. A hengerallvany rugalmas alakvaltozasat a timhenger csapagyazasan elhelyezett
rugd karakterisztikaval vettiik figyelembe, a valdsagos hengerallvanynak megfelelden. Az
alakitas soran az alakitand6 anyagot végig izotropnak tekintettiik és a Huber-Mises-Hencky
folyasi feltételt alkalmaztuk [4].

A rugalmas anyagjellemzOk a lemez esetében a kovetkezdek: E=69 GPa, v =0.33, a
keményedést hatvanyfiiggvénnyel vettiik figyelembe. A lemezek anyagédnak alakitasi
szilardsaga az alabbi egyenlettel kozelithetd.

kp =270 (1 +77.78)0143 (1)

A henger anyaganak rugalmas jellemz6i : E=210 GPa, v =0.3. A henger és az alakitando
anyag feliiletén ébredd surldédas meghatarozasara a kovetkezo 6sszefliggést hasznaltuk.

U= U -%arctanAC—v (2)

ahol:

Ho - a maximalis Coulomb-féle surlodasi tényezd a vizsgalt tartomanyban,

Av = v - v¢ , a henger keriileti sebessége €s a lemez hengerrel érintkezd feliileti pontjanak
tangencialis sebessége alapjan értelmezhetd relativ sebesség,

C — illesztési paraméter, szamitasainknal C = v / 20.

A fenti egyenlet automatikusan figyelembe veszi, hogy a neutrdlis pontban a surlodd
fesziiltség eldjelet valt. A nemlinearis egyenletrendszer megoldasara a Newton-Raphson- féle
iteracios eljardst hasznaltunk, a nagy alakvaltozashoz javasolt iterativ megoldoval [4].

A modell elkészitésével a f6 célunk az volt, hogy meghatarozzuk a hengerlés soran kialakulo
hengerrés alakot €s kimutassuk a hengerhajlitas hatasat kialakulod lencsésségre.

A VON ROLL gyartmanya kisérleti hengerallvany hengerhajlito hidraulikarendszerének
miikodeési elve a kovetkezd: a munkahengerek csapagytokéiben oldalanként 6 db dugattya
talalhatd, a hengerhajlitas soran ezek a dugattyuk az olajnyomastél fliggden kiilonb6zo erdvel
feszitik szét a csapagytOkeket és ennek kovetkeztében a munkahengerek meghajlanak. Az
olajnyomasbol ki lehet szdmitani azt, hogy a munkahengerek csapagytOkéire mennyi
hengerhajlito er6 hat. Ennek megfelelden a modellben a hengerhajlitdst a munkahenger
csapagyazasanak hatdsvonalan elhelyezett hengerhajlitd erével oldottuk meg. A hengerlési
kisérlet tovabbi paraméterei a 4. tablazatban lathatoak, a modellt a kiilonbozo
alakvatozasoknal hatszor futattuk le, annyi kiilonbséggel, hogy minden esetben csak a
hengerhajlit6 erdt valtoztattuk.

A modell altal szamitott eredményeket Osszevetettiik a kordbban mar elvégzett hengerlési
kisérlet eredményeivel. A hengerlés sordn mért és a szimulicid sordn szamolt hengerlési
er6kbol minden esetben levontuk az egyéb rugalmassagokat, igy a 4. tablazatban csak a
ténylegesen alakvaltozasra forditott hengerlési erd értékeket szerepeltettiik. A kiértékelés
soran megallapitottuk, hogy az altalunk készitett modell altal szdmolt eredmények nagyon jo
egyezést mutatnak a hengerlési soran mért eredményekkel. Az alakvaltozas és a kialakult
hullamossag tekintetében eltérés nem tapasztalhatd. A szdmolt és a mért hengerlési er6ben az
eltérés 5% alatt van.

A 6. abran diagramban abrazoltuk az 1. sorozat, 1. a. minta (hengerhajlité erd: 0 N,
alakvaltozas: 3 %) esetén mért és szamolt hengerlési erdt.
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4. Tablazat:A hengerlési kisérlet és a szimulacio eredményeinek osszehasonlitasa

Szamolt Mért , . A lemez A lemez
. Henger- Szamolt Mért . . . .
Minta rer alak- alak- . , . | hullimossaga | hullamossaga
. hajlité . . . , | hengerlési | hengerlési .
szama eré [N] valtozas | valtozas eré [N] eré [N] a modell a Kkisérlet
[%] [%] szerint szerint
1.a. 0 3 3 43950 44094 szélhullam szélhullam
= 1.b. 1300 3 3 41856 42894 szélhullam szélhullam
§ l.c. 2100 3 3 40554 40780 szélhullam szélhullam
2 1.d. 3000 3 3 39076 38114 hullimmentes | hullammentes
— l.e. 3800 3 3 37729 36710 kozéphullam kozéphullam
1.f. 4600 3 3 36417 35384 kozéphullam kozéphullam
2.a. 0 2 2 35480 36244 szélhullam szélhullam
= 2.b. 1300 2 2 33347 34266 szélhullam szélhullam
§ 2.c. 2100 2 2 31825 32644 szélhullam szélhullam
2 2.d. 3000 2 2 30521 31284 hullammentes | hullimmentes
N 2.e. 3800 2 2 29214 30292 kozéphullam kozéphullam
2.f. 4600 2 2 27959 27210 kozéphullam kozéphullam
3a. 0 1 1 27870 29318 szélhullam szélhullam
- 3.b. 1300 1 1 25598 27344 szélhullam szélhullam
g 3.c. 2100 1 1 24130 25878 hullimmentes | hullammentes
1
S| 3.d | 3000 1 1 22799 24542 | hullammentes | . enyhe
,,; 6z¢éphullam
3e. 3800 1 1 21322 23114 kozéphullam kozéphullam
3.f 4600 1 1 20148 21462 kozéphullam kozéphullam
35000
30000
_ 25000
Z
% 20000
‘B — Mert hengerlési eré
X . S
E’, 15000 —— Szamolt hengerlési erd
s
T 10000
5000
212 214 216 218 220 222 224 226 228 230

1d8 [s]

6. dbra: A kezel6 oldalon mért és szamolt hengerlési eré

A 7. 4dbra a modell altal szamitott lencsésségeket mutatja, ezaltal bemutatjuk azt, milyen
hatassal van a hengerhajlitd eré valtozéasa a lemez alakjara. Az dbrazolt lencsésségek a lemez
egyik oldalara vonatkoznak, ennek megfelelden féloldali lencsésségnek neveztiik el.
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7. dbra: A modell altal szamitott lencsésségek
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A hengerlés folyaman a hengerrésben allandosult allapot alakul ki, ezt kihasznalva alkottuk
meg a hullamossag kimutatasara szolgalo ,,végsd merev” modellt. A modell készitése soran a
»kiindulé rugalmas” modellben a henger szélessége mentén kialakult terhelt hengerrés
legnagyobb torzulast elszenvedd hengeralkotdjat képeztik le, majd ezt megforgatva merev
hengereket hoztunk létre, a terhelt hengerrés alaknak megfeleléen. A modellben solid-shell
(HEX®8/185) tipust elemeket hasznaltunk. A szimulacido tovabbi lépéseinek elvégzése utan
sikeriilt kimutatni a hengerlés soran kialakuld kozéphulldmos, szélhullamos €és hullammentes
allapotokat. A 8. abran a 3. sorozat, 3.e. minta esetében kialakult hulldmossagot mutatjuk be.

1

8. abra: A hengerlési kisérletben €s a modellezés soran kapott kozéphullam 6sszehasonlitasa

5. Osszefoglalas

Kutatasunk eredményeképpen komplex végeselemes modellt fejlesztettiink a hideghengerlési
folyamat teljes korti leirasara. A végeselemes modell készités¢hez MSC Marc szoftver 2010.1
verzidjat hasznaltuk. A modellezést 3D-ben végeztiik, és az alakitott anyagot rugalmas-
képlékenynek, mig a hengereket idedlisan rugalmasnak tételeztiik fel a kiilonbdz6 hengerlési
Iépésekben. A komplex modell magdban foglalja a hengerhajlitéast, és a kiilonb6z6é hengerlési
paramétereket, a hengerek be- ¢és Osszelapuldsat, valamint a hengerallviny rugalmas
alakvaltozasat figyelembe véve szamol, tovabba a hengerlés kozben kialakult allanddsult
allapot segitségével alkalmas a hullamossdg kimutatasara is. Megbizhato modellezés
alkalmazasaval a hengerlési folyamatot befolydsold paraméterek és a lemez geometriai
paraméterei kozott kozvetlen fiiggvénykapcsolat hatdrozhaté meg, ami alapja lehet a
hengerlés on-line szabalyozasanak.
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THE TOPOLOGICAL CHANGE OF CARBON NANOTUBE
STRUCTURES UNDER LOADING TENSILE

PATAKI Tamas, KERESZTES Robert PhD
Institute for Mechanical Engineering Technologies, Szent Istvan University
pataki.tamas@gek.szie.hu

Abstract: We examined the behaviour of carbon nanotubes, and their structures. These structures under tensile
forces begin to deform naturally. But this deformation consists of two major parts. One is a topological
deformation, which characterizes the change of the bond angles. The other is the real strain increasing the bond
length. Normally the structure of carbon nanotubes is built up on graphene surfaces. The graphene structure is
designed, so the neighbour atoms are located on a circle of 1.4 angstrom (4), at 120 degrees. With the
developed calculation method I found that under the modelled strain the bond angles change their structure first,
and then it will be followed by the change of the bond length.

Keywords: nanotube, graphene, bond degree, bond length, tensile strength

1. Introduction

The topology of nanotube has been investigated [1-3]. How to build up, and therefore what
type of electrical properties have they [3]. These tests and studies have shown the ground state
of build structures. The nanotube can have different chirality, and of course, not only the
electrical properties change but also mechanical and the tribological properties too [4-14].
These changes were calculated in single-walled nanotubes molecular mechanics methods [4,
5,15-17]. On a super square network were calculated deformations and distortions. This
calculation was made of the structure as a whole [16-21]. The individual bonds did not cover
in detail.

2. Methods & Materials

Neither method was specified what kind of changes pass off under load. The articles found in
the literature do not cover the length and angle of the joints. These parameters can be changed
under load. The original structure changes continuously until it reaches the point when it
breaks. The nano tubes due to the elongation of two parts, one for the bond angles and bond
lengths of the other changes. The angles are easier to change, they change first, then the
harder varying lengths will lengthen. At the begining the bonds are 1.4 angstrom (A),and the
bonding angles are 120 degrees. On the figures (fig. 1-4) you can see the changing of the
bond angle and the bond length.
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Fig. 4.: 879 step (8,7 nm) Before it’s broken

The table (tabl. 1) shows changes taking place during the entire process. And this can you see
on the two graphs too. (fig. 5-6)

Table 1.: The collected datas

step |Angstrom| degree 1| degree 2 | mean distance
0 0 119,86 120,17 1,4
100 1 116,28 126,75 1,41
200 2 114,63 131,13 1,41
300 3 111,92 135,68 1,43
400 4 108,87 140,33 1,46
500 5 105,55 147,29 1,51
600 6 101,21 153,36 1,59
700 7 100,85 155,74 1,63
800 8 100,26 157,13 1,69
879 8,79 99,78 158,45 1,71

N _

1,65 //

c 1,6

s s /

£ 145

o ———

» 14

£ 5 10

o)

full extension of the structure (angstréom)

Fig. 5.: Changing of bond length
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Fig. 6.: Changing of bond degree
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HOT GAS POWDER SINTERING IN 3D PRINTING

STAS Ondrej PhD, GONDAR Ernest PhD
Faculty of Mechanical engineering, Slovak University of Technology
ondrej.stas@stuba.sk , ernest.gondar@stuba.sk

Abstract: One way to manufacture products, used mainly in the production of prototypes or unique products, is
the way of 3D printing facilities, where melting, laser sintering, or joining with adhesive forms the shape of the
product. These devices are machines with adjustable head positioning technology and material feeder.
Currently, the most widely used is 3D printing equipment with powder materials working with the laser sintering
or melting. These devices are preferred, despite its cost, but proposing a simple and reliable application. This
article describes the principle of hot gas sintering with developed 3D printing equipment.

Keywords: Control system, 3D printing, hot gas sintering, powder sintering .

1. Introduction

The technical solution relates to a device for 3D printing of parts from composite powder
materials using plastic dust arising primarily in the manufacture and recycling of plastics parts
production and sintered using hot gas. The technical solution falls within the powder
metallurgy, composite materials and rapid prototyping technology.

Dust proportion of plastics, generated in the production of plastics, but mostly suspended as
the proportion from recycling mills, is considered as technological waste. Technological
waste is in addition also the remains after machining of products. Even the quality of the
waste is often comparable to the original material, the processor is milling it in a recycling
mill and in the form of pulp, it continues to be used for the initial use. When processing dust
share of recycling mills, however, there is the risk of fine-grained material degradation, it
must be bewared of rapid plastification on the screw of the injection facilities. The cost to
produce them is logically dependent on the complexity of produced parts. During sintering, it
1s necessary to consider the large volume changes. Another problem is the oxidation at higher
temperatures, at which the plastics particles are transformed into plastics molten state. Several
kinds of plastics are susceptible to degradation due to atmospheric exposure. These problems
can be largely eliminated by using rapid prototyping technology. It aims to produce
prototypes of parts, molds or patterns. Product arises by applying thin layers on a base plate.
One approach is the rapid prototyping technology of plastics sintering method. The starting
material is in powder form. The first step is applying a thin layer of sintered material using a
laser beam to control the shape, the laser head movement is controlled by CAD-CAM system.
After sintering, the layers shrink, t they are thinner in comparison to coated layer [1]. Total
shrinkage of work piece influences the over process, the shrinkage in production of one cycle
must be compensated and divided into several stages according to the number of layers. The
small volume of one layer is leading to less residual stress. This effect has a positive impact,
especially in complex shape of parts with large cross-section changes and with the
indentation.. Sintered product must be protected from oxidation by applying inert gas [2].

2. Material description

The material used in this technology, is blend of PP and graphite. The blend consisted of 12,5
%, 18,6% and 26,5% of graphite in the mixture. The consistence of the bland is shown in Fig.
1. PP was obtained as material from recycling mills, sifted to obtain grains of dimensions less
than 0,5 mm.
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Figure 1 26,5 % graphite in PP blend

The grains of graphite were of the size less than 13um. PP is used as bonding part of the
compact.

)

Figure 2 Compact after 3D printing using hot nitrogen

The final structure of surface obtained after 3D printing using hot nitrogen can be seen in Fig.
2. There can be seen smooth structure of the surface, where the process of material
degradation is not so significant, because of protective effect of nitrogen atmosphere.
Comparing to Fig. 3 where the structure is not so homogeneous, which is caused by the
degradation of material in open air, where the process of burning can be observed. Therefore
it is recommended to use protective atmosphere of nitrogen in this technology process [3] .

". e ¢ ‘.:‘,:: ?_ 3 - - ;-"-.
Figure 3 Compact after 3D printing using hot air
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3. Technical solution

Above shortcomings are removed by the equipment for 3D printing of parts from composite
powder materials according to this article. Solution consists of the device for 3D printing, of
parts from composite powder material. 3D printing positioning system is mainly made up of a
2D pointing mechanism, head technology and rolling mechanism. 2D positioning mechanism
consists of six controllable axes carried by six independent motors. The scheme of the device
can be seen in Fig. 4. Axes are carrying out the movement in two-dimensional space.

TS k)
3 L
|
v
S *

Figure 4 Kinematic scheme of 3D printing engine

Head technology ensures melting of powder mixture, its movement is ensured by two DC
motors with incremental encoder for precise positioning. The axes are made by mechanical
shift, engine torque is transmitted by toothed belt. The axes are mechanically linked,
respectively movement of each axis affects the final position of technology head located on
one of the axes. Under the 2D head positioning mechanism and technological head, besides
implementing major axes of head motion, is arranged storage of composite powder material
with extrusion mechanism, and it is located next to the modeling space with bunk beds with a
positioning mechanism in a vertical plane, which move in the positive or negative direction
and representing the spatial structure of the final product. The bed is positioned by stepper
motor whose torque is transferred into linear helix. The actual bed is able to perform
rotational motion in both directions around the vertical axis of positioning mechanism. It is
implemented by a stepper motor. Its mission is to create smooth rounded shapes in
combination with head positioning system. The Rolling mechanism moves only in one
horizontal direction. Powdered material is transferred using the rolling equipment, from
storage of material towards the bed. The layer is adjustable by extrusion mechanism
controlled by a stepper motor with a screw to transfer to linear motion. In the process of
sintering, the bed combines movement in the negative direction and the extrusion storage
mechanism in the positive direction to create a material difference in height between the
materials located in the reservoir and the surface (plane) of just sintered layer in bed. Positive
direction of movement is defined by the right hand rule. Height difference is created by filling
the powder with a rolling mechanism. Rolling mechanism consists of a cylinder driven by a
stepper motor, the speed is adjustable. During the rolling, technological head is off, thus
sintering process is disconnected. Rolling mechanism is connected to the main positioning
system of technology operations, roller motion is carried by the positioning system.

Property of 3D printing parts from composite powder materials can be used with a
technological head supplying hot gas for operation of sintering.

The first design of technology head is designed as a rectangular-shaped area, which is divided
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into two chambers connected to nozzle allowing passage of gas. It is presented in Fig. 5. The
first chamber heats the gas supply with heated element whose output is adjustable. The heated
gas passes through a nozzle in the second chamber, where the temperature sensor Pt 100 is
placed, which is used for temperature measurement. Control algorithms are applied to
regulate electric heater to achieve the necessary temperature for different gas flow rates. The
results of the second chamber are delivered to nozzle, where the gas stems to the powder
mixture. Each axis of the device 1s controlled from a central control unit, where the firmware
is applied. It consists of instruction set which includes the direct control of individual axes
and technological head, instructions on adjusting individual parameters such as speed,
accuracy, temperature, etc.

Figure 5 Scheme of technology head for hot gas sintering

The resulting 3D printing code is created in the program, whose mission is the generation of
CAD models, online control of equipment, adjusting device, but also serves as an interface of
HMI for the device. The device communicates with the connected PC via USB interface.
Second design of the technology head consists of the external body housing, the place of
mixing chamber and a gas inlet. It can be seen in Fig. 6. Part of the nozzle, which is part of its
input, partly inserted into the mixing chamber is provided with electric heating element. From
a structural point of view the outer body builds retaining body through which inputs the
power supply. The working fluid for technology head is air or nitrogen.

4. Technical demonstrations

The example of a specific embodiment of the invention described in this article is 3D printing
device for printing parts from composite powder materials wherein one component is dust
(PP) or (PET) plastics and graphite powder, and it is shown in Fig. 5 and Fig. 6.

The equipment is suitable and designed for methods of 3D printing the powder mixture by
sintering in stages at layered concepts of composite materials in which one component is a
plastics material powder and a second component is thickening metal or nonmetal material
[4]. Stage sintering is provided by predefined programmed contours and areas for each layer,
which is exposed to the action of the plasticization temperature, where the heat transferred
fluid is heating the surface of material while at the same time it is creating a protective
atmosphere[5].

First Device for 3D printing the parts of composite powder materials is formed by 2D
positioning mechanism. Property 3D printing parts of composite powder material is applied
technological head 2 in the working medium of hot gas and visualized in Fig. 5. Second one
consists, demonstrated in Fig. 6, of outer body (5), where is located a mixing chamber (4)
with inlet of gas (7). Nozzle (1) is part of its entrance, partly inserted into the mixing chamber
and outlet sections from the mixing chamber to the outer housing. The working fluid for this
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technology head is air or nitrogen.

Figure 6 Different design of technology head for hot gas sintering

The technology for hot gas sintering can be summarized in these several parts, that
correspond to the patent application, that was submitted after research in the field of 3D
printing technology using hot gas sintering.
First, 3D printing device components of composite powder materials, characterized in that it
is made of a 2D positioning mechanism of a technological head in the horizontal plane, the
technology head with a working medium hot gas, with rolling mechanism and underneath
material storage with the composite powder material with extrusion mechanism in the vertical
plane and placed next to the chamber with a bed and a tilting mechanism [6].

Second, 3D printing device of composite powder material components is characterized in
that the bed is rotatable about a vertical axis positioning mechanism.
Third, 3D printing device of composite powder material components is characterized in that
the rolling mechanism is moving in only one axis of the horizontal plane.

Fourth, 3D printing device of composite powder material components is characterized in that
the technological head with a working medium - hot gas consists of a first chamber with
power heating element and supply of the fluid, second chamber is provided with temperature
sensor and the .
Fifth, 3D printing device of composite powder material components is characterized in that
the technological head with a working medium injects the hot gas to the place of a mixing.
Sixth, 3D printing device of composite powder material components is characterized in that
the outer body follows the fixing element, through which is led the input of electricity.
Seventh, 3D printing device of composite powder material components is characterized in
that the working medium of technological head is air or nitrogen [7].

5. Conclusion

This article describes new patented technology head for the process of 3D printing using hot
gas sintering of recycled plastics material. The technology is suitable for sustainable
manufacturing, where the waste material from the production can be used. This technology
uses low cost equipment and proposes wide use in rapid manufacturing. The technology
depends on the type of material, therefore for each of them, new tests must be made. This is
one of the disadvantages of this technology, but can be overridden and proposes more
advantages, of course after managing the technology. This technology process seems to be
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one part of the future manufacturing, where the process will not depend on the used material
for 3D printing, such it happens nowadays.
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OBJECTIFICATION OF QUALITY PARAMETERS OF
ROBOTIC STRUCTURES

STAS Ondrej PhD, TOLNAY Marian CSc
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Abstract: Article describes the method of objective evaluation industrial robot quality, where is necessary to
quantify chosen parameters, mathematically describes dependencies between physical values and express their
value in non dimensional form. Presented theory of functional similarity was applied for comparison of three
industrial robots construction. New method proposes more objective criterion of quality in comparison of
physical similarity and is more general, because it does not demand geometrical similarity.
Keywords: Robot objectification, criterion functions, industrial robots, quality parameters.

1. Introduction

Quality is the comparative category that makes sense only when we are able to satisfy a given
need comparing at least two products. Quality can be understood as a summary of expressing
the ability of the product to perform the functions for which it is intended. At the same time
taking into account economic indicators of the product, its accessories, equipment, spare parts
and so on. As well as assumptions of manufacturer who produces the services associated with
the use of the product. Quality of product is essential given’s, which is different from the
product with the same determination as to the utility value (level of performance). Product
quality can be assessed only in relation to the product that meets the same or similar value.
The concept of quality is understood here in its broadest sense as the quality of the
philosophical sense as opposed to the quality of the production design. The quality of the
production versions are expressed in terms of product quality conformity at the time of his
final inspection of the quality prescribed in the technical documentation.

The quality of construction can also be assessed on the basis of indicators - quality
parameters. Quality parameters can be divided into aspects (groups): functional, structural,
technological, operational, economic and social.

Quality metrology is one of the theoretic of robotics, focusing on the theoretical basis for
determining the quality of industrial robots and quantitative methods for evaluation of quality
robots and also the use of these methods in the design, execution, and application of robots.
Indicators characterizing the conditions of use of robots can be divided into groups:

a) Purpose (useful for the design of robotic workstations),
b) structure - the structure of mechanical assemblies,
C) economic.

Quality assessment for such views necessarily requires the classification of basic design and
operational characteristics of the robot (the quantitative determination of the main
characteristics of robots), allowing an objective assessment and comparison between different
industrial robots kinematic structure of a particular structure type dimensions respectively.
This effort to assess objectively the quality is usually not without susceptibility of introducing
subjective opinions of assessed properties, respectively types of evaluation of design
solutions. To objectively quantify the quality parameters of robot must therefore apply the
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method of mathematical modeling and experimental investigation, which are much more
objective assessment.

One of the methods of quantifying industrial robots parameters is their optimization.
Optimization of industrial robot construction can be performed from different aspects, from
the weight aspect, from functional aspect or from economical aspect. Main aim of this
optimization is improvement of construction (increase of utility parameters), of which
increase of costs will correspond to economical viable quality. Here becomes problem in
estimation of base classification markers and characteristics of industrial robots, which would
quantify properties of industrial robots and allow objective classification and robot
comparison of different construction. This evaluation process is very difficult and is carrying
subjective view, the whole process can be corrupted. The only one reliable way of
objectification of qualitative parameters is application of mathematical modeling methods and
experimental monitoring.

According to the authors of works [1], [2], the construction of industrial robots can be
assessed according to the characteristics grouped into groups according to various aspects.
The group of parameters describing the quality of construction of an industrial robot can
include [3]:

Functional parameters:

a) weight of manipulated object,

b) acceleration of end element,

c¢) handling space / size and shape,

d) kinematic structure and the number of degrees of freedom,

e) repeatability precision of positioning control system and sensory equipment,
f) weight of robot mechanical part,

g) type of drive,

h) degree of standardization and inheritance structures,

1) compatibility and so on.

Technological parameters:

a) Technological structures,

b) demands on precision execution,

c¢) demand for construction materials,

d) demands on transport and storage,

e) technological continuity of the current Production.

Operating parameters:

a) Design versatility,

b) servicing requirements, software equipment, the number of programming steps,
¢) mechanical reliability and control system,

d) environment resistance (system stability),

e) spatial complexity,

f) energy consumption and efficiency,

g) service.

Economic parameters:
a) Relation to complex automation,
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b) economic efficiency and investment return,
c) operating costs for maintenance, repairs, training of personnel, and so on,
d) life cycle.

Other parameters:

a) Safety (active and passive),

b) environmental impact,

c) ergonomic parameters and design,
d) sociological aspects.

For objective quality evaluation of industrial robots, it is necessary to quantify monitored
parameters, mathematically describe relations between physical values and express their value
in non dimensional form. Theory of functional similarity, which was applied by author [1] to
construction of industrial robots in work [2], proposes more objective criterions of quality in
comparison to physical similarity, it is more general, because it does not demand geometrical
similarity.

By theoretical analysis of industrial robot construction parameter objectification presented in
works [2], [4] was obtained followed criterions:

a, Weight criterion

N w

m o
Km =2 (1)
b, Stiffness criterion
Qg
K =205 ()
¢, Stiffness criterion from load aspect
_ g Qo
Ko=-L- [£2 (3)
d, Complex criterion
2- . . .
K, = _Q*Vagp (4)

13- m-E-p-eoy
where :
Q 1s weight of manipulated object (kg)
a is reached acceleration (m-s-2)
V is manipulation space of robot (m3)
m is weight of mechanical robot part (kg)
1 is reference dimension (for example the length of robot arm) (m)
p is the density of construction material (kg.m-3 )
E is elasticity module (MPa)
p is precision of positioning (m)
Evaluation of mechanical construction part of industrial robot by theory of functional
similarity, authors have been performed on constructions, which was available at university
workplace, they had uniform drive, compliant cylindrical positioning system and discrete
control system of movement sequence [5]. Main required parameters for analysis execution
are presented in table 1. Types and manufacturers of monitored robots are not published from
the reason commercial cause. Computed values of separate criterions for monitored
construction types are presented in table 2.
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2. Conclusion

Weight criterion Km indicates between weight of mechanical robot part and its load capacity.
Higher quality of construction introduces its lower value. Order of evaluated robots is as
followed: the best results are for construction No. I. The worst is construction No. I1I.
Stiffness criterion Kk gives value, which robot mechanical construction is the best from the
aspect of stiffness. Its higher value means higher quality. Order of construction according to
this criterion is as : the best values are reported in construction No. II. and the worst was
construction No. II1.

From table 2 results, that this order is corresponding to order of manipulators ordered by the
criterion KQ , which express the stiffness from the aspect of weight. Boundary or optimal
values of Km, Kk, KQ criterions can be estimated by analysis of bigger amount manufactured
manipulation robot construction in given kinematic structure and given type of drive.

Table 1 Robot parameters

Construction of manipulation part
N S
|
Monitored parameter 1 ; 1
! —ll <
i = ]
>
No. III
No. I. No. IL °
m (kg) 40 340 742
0 (kg) 2 2x5 (2)x 6,5
[ (m) 0,62 1,30 1,57
V (m’) 0,026 2x0,07 (2)x 1,35

The whole quality of industrial robots is expressed by complex criterion Ka whose order is as:
No. III, No. II and No. I.

To this corresponds also the order of industrial robots according to price: No. III- 0,0131 mil.
EUR, No. IL.- 0,00923. mil. EUR a No. I.- 0,00283 mil. EUR.

Complex criterion evaluates overall quality of robot, because of this it can happen, that the
construction of appropriate robot is not the best from given set, but by given complex
criterion is the best. This criterion happened in evaluation of robot No. III.

Complex criterion Ka can be supplemented by monitored parameters, which corresponds
different specific characteristics of construction. This spreading automatically increases
objectivity of own evaluation in fulfillment of condition to modify the criterion into non
dimensional form.

Table 2 Criterion results

Construction Criterion
° Solflc 0 weicht Criterion Criterion Complex
. . & stiffness stiffness from criterion
manipulation Kn
Ky load aspect K,
robot part K
Q
No. L. 0,9501462 | 1,5069124 5,3262481 0,6147920
No. II. 0,7223603 1,7970020 8,4215370 1,0611368
No. III. 1,06350 0,96390 4,80102 4,411690
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Contribution shows the possibility of objectification of decision-making processes. In this
case, it is the determination of the criteria for determining the suitability of parameters Ki
expressing a kinematic structure of industrial robots on employment. For work activities can
be chosen following technological operations like coating, welding, installation and
manipulation by the quality of industrial robots. Value of specified criteria express the quality
of industrial robots. Designed criteria in dimensionless form allow quantify the suitability of
any industrial robot kinematic structure for work destination and compare different types of
robots among themselves. Future methods, of improving the technical parameters of industrial
robots, are finding the optimal solutions. Optimization methods can be viewed from different
perspectives, from the perspective of mass construction, operation, respectively economic
efficiency of construction and so on. The paper described the optimization method, which
improves the quality of construction of industrial robots to the extent the quality of industrial
robots quality.

Quality assessment for such views, necessarily requires the classification of basic design and
operational characteristics of the robot (the quantitative determination of the main
characteristics of robots), allowing an objective assessment and comparison between different
industrial robots, their kinematic structure, particular type of structure, dimensions,
respectively this effort assess objectively the quality, trying to do so without susceptibility of
introducing subjective opinions of properties, respectively types of evaluation and design
solutions [6],[7]. To objectively quantify the quality parameters of robot must therefore it was
applied the method of mathematical modeling and experimental investigation, which are
much more objective assessment.
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Kivonat: Ni;MnGa alakemlékezd féem termikus és akusztikus jeleit vizsgaltuk az ausztenites <> martenzites
atalakuldas kozben. Sikeresen modelleztiik a meéresi folyamatot. A szamolt akusztikus jelek kvalitativ megegyeztek
a meérési eredményekkel. Az akusztikus és termikus mérési eredmények egybevetése alapjan felmeriilt, hogy az
atalakulasi folyamat leirdsahoz a korabbi elméleteket célszerii lehet kiegésziteni relaxacios folyamatokkal,
tovabba megengedhetd lehet a folyamatos, és/vagy csak néhany elemi cellaig kiterjedd habitus sik elmozdulas.
Kulcsszavak: emlékezd fém, ausztenit, martenzit, rendezett-rendezettlen datalakulds, akusztikus emisszio

Abstract: Acoustic and thermal signals were investigated during austenite<< martensite transformation of
Ni>MnGa shape memory alloy. Measuring process was modeled successfully. Calculated results correspond with
the measured acoustic signals. Properties of acoustic and thermal signals were compared, and it turned out that,

common used transformation-models of shape memory alloys can be extended with relaxation processes,

successfully. Continuous movement and/or short distance (only up to some elementary cells) shift of boundary
sheet between austenite and martensite phase can happen, as well.

Keywords: shape memory alloy, austenite, martensite, ordered-disordered transformation, acoustic emission

1. Bevezetés

Az 1930-as évekt6l kezdddden egyre tobb természettudomanyos ¢és miiszaki kutatd
laboratorium foglalkozik alakemlékezd fémekkel. A jelenség felfedezése oOta szdmos
Otvozetben taldltak alakmemoria effektust. Legjelentdsebbek a nikkel, réz €s vas alapu,
otvozetek [1, 2, 3]. Az effektust és az emlékezd fémeket egyre szélesebb korben alkalmazzak.
Szamos berendezést, késziiléket, eszkdzt hasznalnak a jarmiitechnikaban, robottechnikaban,
Urkutatasban, gépiparban, orvostudomanyban [4]. Az alakmemoria Otvozetek atalakulasi
folyamataival, a bel6liik késziilt eszk6zok miikodési mechanizmuséaval kapcsolatban szdmos
dolog tisztazodott, mégis maradtak nyitott kérdések. Ma is célszerli szamos Osszetett,
komplex vizsgélatot végezni a fenti anyagokon abbol a célbdl, hogy a folyamatok kristalytani,
szilardtest fizikai részleteit pontosabban megértsiik, €s ez altal eldsegitsiik az ilyen anyagok
tervezhetd gyartasat, optimalis felhasznalasat.

1.1. Az alakemlékezo fémek atalakulasi folyamatainak legfontosabb elemei

Az alakmemoria effektus hatterében az ausztenites - martenzites fizisatalakulas talalhatd. A
gépészetben, a legismertebb ilyen atalakulds az edzheté acélok esetén kovetkezik be magas
hémérsékletrdl torténd gyorshiités soran. A folyamat koézben egy magasabb foku
szimmetridval rendelkezd, ausztenit fazis atalakul a kevésbé szimmetrikus, jelentds belsd
fesziiltséggel jellemezhetd martenzitté. A magasabb szimmetridju fazis példaul, az acéloknal
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megszokott modon, lehet FCC szerkezetli, mig az alacsonyabb szimmetridja fazis lehet
példaul tetragonalis. Az atalakulds jol meghatarozott hdmérséklettartomanyban megy végbe,
lényegében diffizid mentes, ezért a kémiai Osszetétel az atalakulas folyaman lokalisan sem
valtozik. A folyamat sordn latens ho szabadul fel, vagy nyelddik el attol fliggden, hogy
ausztenit—martenzit, vagy martenzit—ausztenit atalakulasrol van sz6. Az atalakulds sordn az
ausztenit és martenzit fazis k6zotti un. habitus sik mozgéasa valosul meg. A mozgas sebessége
a hangsebesség tartomanyaba esik. A folyamat szakaszosan, lavinaszeri ugrasokban megy
végbe [5]. Egy-egy front, szakaszos mozgasaért a kristalyhibadkon ¢és a kiemelkedéen nagy
belsd fesziiltségtérrel jellemezhetd tartomanyokon torténd megakadasok lehetnek a feleldsek.
A martenzites atalakulds soran t6bb un. martenzit varians is kialakulhat. Az anyag
deformacidja soran bizonyos varidnsok nagyobb mértékben fognak eldfordulni madasok
rovasara. Szamos anyag esetén flités hatasara a martenzit visszaalakul a magasabb szimmetria
foku ausztenitté. Mivel ez utdbbinak nincsenek variansai, ezért a visszaalakulds soran az
anyag visszanyeri az eredeti alakjat. A folyamatot az 1. dbran vazoljuk. A habitus sik
szakaszos mozgasa, az egyes tartomanyok ugrasszerti atalakuldsa akusztikus emisszids jelek
keletkezésével jar egyiitt.
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1. dbra Az alakemlekezo fémek mukodem mechanlzmusanak vazlata. Egy utas alakmemoria
effektus. 1: Hltés, martenzites allapot kialakulasa. 2, 3: Deformacio. 4: Futés, ausztenites
allapot és eredeti alak visszanyerése.

1.1.1. Felmertil6 kérdések, a kutatas célja

Az alakemlékezd fémek akusztikus jeleinek vizsgélata az utobbi évtizedben egyre nagyobb

figyelmet kap, azonban a témakoron belill még szamos tisztazni valo kérdés mertil fel.

. Milyen Osszefliggés van az akusztikus, magneses zajok ¢és az elsOrendli atalakulas

termikus  jelei, tovabba a kiilsé mechanikai terhelések kozott?

o Fiigg-e a zaj mértéke, idobeli lefolyasa a fiitési-hiitési sebességtol?

. Milyen elméleti modellekkel lehet jellemezni a lezajlo atalakuldsi és mérési

folyamatokat?

° Osszhangban vannak-e a kisérleti eredmények a kiilonbdzé elméletek, lavina elmélet,
katasztrofa elmélet, Landau elmélet kovetkeztetéseivel?

. Milyen agyagmérndki, gépészeti alkalmazasok mertilhetnek fel?

Abbodl a célbdl, hogy hozzdjaruljunk a felmeriilo kérdések tisztazasahoz, egy komplex mérési

sorozatot kezdtiink el kiilonbdzé ferromagneses alakemlékezd fémeken. Jelen munkaban

kiemeliink néhany Ni,MnGa 6tvozeten kapott, akusztikus emisszioval dsszefliggd eredményt.
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2. Kisérletek leirasa és modellezése
Az alkalmazott méréberendezés tipikus 0sszeallitasat a 2. dbran mutatjuk be.

Tlivel és a nyomoerot
szabalyozo rugoval egybeépitett
akusztikus detektor.

Fit6 — hiit6 egység

Termikus és
akusztikus adatok
szamitogépes
teldolgozasa

2. abra A mérdberendezés tipikus Osszeallitasa

125mg Ni;MnGa egykristaly atalakulasait vizsgaltuk. A hékezeléseket Perkin-Elmer DSC-7
berendezésben végeztiik el. Nyomon kovettik a flitéskor és hiitéskor bekovetkezd
eseményeket. Tobb ciklusban 40°C-rdl 120°C-ra flitottiik, hén tartottuk, majd 120°C-rél 40°C-
ra hiitottiik a mintat. A legkisebb flitési/hiitési sebesség 0.1 a legnagyobb 20°C/perc volt. Az
atalakuldas homérseklettartomanydra, a latens hdre, az atalakulas dinamikéjara és a fajhd
valtozasaira kovetkeztettiink. A termikus jelek vizsgalataval parhuzamosan, akusztikus jelek
detektalasat és gyljtését is elvégeztik. Az alkalmazott mérOberendezés megfelelt az
akusztikus méréstechnikaban alkalmazott elvardsoknak [6]. A detektor egy 0.8mm atmérdji
ac¢l hullamvezetd segitségével, pontszeriien érintkezett a kemencébe helyezett minta
feliiletével. A hullamvezeté nyomoerejét 0 €s 10N kozott csavarorsos, rugds eléfeszitéssel
szabalyoztuk.

2.1. Az akusztikus jel keletkezésének modellezése

A 3. dbran bemutatjuk az akusztikus jelek kialakuldsanak altalunk bevezetett egyik sematikus
modelljét. A helyes modell kialakitasa azért fontos, mert segitségével a vizsgalatok tervezése
¢s kiértékelése soran, céliranyosan tudjuk kijelolni majd kiértékelni a folyamatokkal
kapcsolatos fizikai-miiszaki sarokpontokat, mennyiségeket.
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3. abra Az akusztikus jelek kialakuldsanak sematikus modellje.

Az ausztenit <> martenzit atalakulds soran a mintaban lokalisan, impulzusszeriien
megvaltozik a szerkezet. Ez impulzusszerii négyszogjellel jellemezhetd tranziens eréhatast
hoz Iétre a transzformacié kozvetlen kornyezetében. Az erdhatas a rendszer bemeneteként
szolgal. Maga a vizsgalt rendszer, a Ni;MnGa mintadarabbdl, a vele érintkezd, pontszerii
nyomast megvaldsité hullamvezetobol, a piezoelektromos szenzorbol, tovabba a nyomoerdt
szabalyozd csavarorsds, rugods szoritasbol all. Ez egy tomeggel sorba kotott, csillapitassal
ellatott rogzitett végli rugdval modellezhetd. A modellben szerepld tomeg gyorsulasa
parhuzamba 4llithatd, a piezoelektromos detektorban elhelyezett tehetetlen tomeg
gyorsulasaval. Ez a gyorsulds meghatarozza a mikrofon belsejében talalhat6 piezoelektromos
érzékeld lemezre gyakorolt erdhatast és a kimeneteken mért, akusztikus jelként értelmezhetd

fesziiltség-ido jelet. A 4. abran lathatd, hogy a modellszamolassal kapott eredmény kvalitativ
j6l egyezik a mért jelekkel.

L. B massl o
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4. abra. A modell altal josolt és a mérés soran detektalt akusztikus jelek 6sszehasonlitasa.

172



INTERNATIONAL SCIENTIFIC CONFERENCE ON

ADVANCES IN MECHANICAL ENGINEERING
PROCEEDINGS

3. Eredmények. Termikus és akusztikus jelek dsszehasonlitasa, diszkusszio.

Jelenlegi munkankban a mérési eredmények két alapvetd jellegzetességére tériink ki. Kideriilt,
hogy az alkalmazott mérési Osszeallitdsban, a termikus atalakulashoz tartozd latens ho
sz¢élesebb homérséklet tartomanyban szabadul fel, vagy nyelédik el, mint amilyen
homérséklet intervallumban az akusztikus jelek mérhetéek. A latens hd beviteléhez,
felszabadulasahoz tartozo termikus csticsok €s az akusztikus jelek kozotti kiilonbség, 0.1 €s
20 °C/perc kozott minden flitési sebesség esetén tapasztalhatd volt (5. abra).

DSC gorbe Ni2ZMnGa 5C/min
25
% 20 e
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5. dbra. 1°C/percnél nagyobb flitési sebességek esetén tapasztalt tipikus termikus és
akusztikus jelek parhuzamba allitdsa. A vizszintes tengelyen az 1d6 (perc) €s a hdmérséklet
(°C) egyiitt lathato.

A fiitési és hilitési sebesség csokkenésével a termikus DSC jelek jol mérhetd, elkiiloniilt
csticsokra bomlottak fel. Ekozben az akusztikus jelek intenzitdsa lényegesen lecsokkent. A
hattérzajbol kiemelkedd csucsok mennyisége is drasztikusan lecsdkkent (6. abra). A fenti

jelenségek a méréstechnika, a jel/zaj viszony javitdsaval kifinomultabban korbejarhatoak.
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6. abra. Az akusztikus jelek amplituddinak fliggése a fiitési, hiitési sebességtol.
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Ugyanakkor lehetséges magyarazatként az aldbbi lehetdségek is felmeriilnek:

o Egy ho felvétellel vagy leadassal jard atalakulasi l€pés nem jar feltétlen mérhetd zaj
jelenséggel. A folyamatokrdl alkotott korabbi modellek kiegészitéseként elképzelhetdé hogy
egyes esetekben az ausztenit €s martenzit fazist elvalaszto habitus sik folytonosan, vagy csak
egész kicsiny, néhany elemi cellara kiterjedé tartomanyban mozdul el. Az ilyen jellegli
atalakulasok elsdsorban az alacsonyabb hdmérsékleteken lehetnek jellemzdek.

o Kisebb fuitési és hiitési sebességeknél az anyag egyre nagyobb részére kiterjedhet a fenti
tulajdonsag, €s nem zarhat6 ki, hogy relaxacios, csuszasi, kuszasi folyamatok le tudjak épiteni
azt a belso fesziiltséget, amely az akusztikus jelek 1étrejottéért feleldsek lehetnek.

4. Osszefoglalas

NiMnGa alakemlékez6 fém termikus ¢€s akusztikus jeleit vizsgaltuk az ausztenites <
martenzites atalakulds kozben. Sikeresen modelleztik a mérési folyamatot. A szamolt
akusztikus jelek kvalitativ megegyeztek a mérési eredményekkel. Az akusztikus €s termikus
mérési eredmények Osszehasonlitdsa alapjan felmeriilt, hogy az atalakulasi folyamat
leirasdhoz a korabbi elméleteket célszerli lehet kiegésziteni relaxacids folyamatokkal, tovabba
megengedhetd lehet a folyamatos, és/vagy csak néhany elemi cellaig kiterjedd habitus sik
elmozdulas.
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TORREFACTION OF THE WHEAT STRAW
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Abstract: The goal of that article is to present details one possible thermal treatment on agricultural residues to
increase the heating value of its. In Hungary a huge amount of agricultural residues are generating every year.
Nowadays the incineration of — for example — the wheat straw is belong directives of the European Union. This
causes a new way to fertilize the fields [1]. It means the husbandmen plow the grinded straw with depleting
bacteria and N, to provide the nutrients for the topsoil. We had a research about how to increase the heating
value of the biomass, that paper would like to present the results of the first examinations.

Keywords: agricultural residues, biomass, renewable energy, torrefaction, wheat straw

1. Introduction

The torrefaction is similar to the traditional heat treatment for metal articles, but it passes off
in a pressure vessel at ambient pressure in an anaerobic atmosphere and in a medium-high
(about 280°C) temperature. During the treatment the chemical properties and the structure of
the molecule are changing. The most reactive part of the wood during that heat treatment is
the hemi-cellulose. High hemi-cellulose content causes high reactivity, it means those plants
what have relatively high hemi-cellulose content can be treated with that method. Not just the
wood, or the residues of the wood. I think the researchers make this technology firstly for
wood because the wood is homogen and has low mineral content comparing the agricultural
residues. The trees are perennial plants; it can deflate the accumulated minerals while the
agricultural residues have no time to make that. It will cause a lot of changes in the
parameters of the technology if I would like to adapt to the residues.

The Table 1. shows the average chemical composition of the wood, it has high carbon and
oxygen content and low content of minerals. Comparing the chemical composition of the
wheat straw the wood has higher carbon and oxygen content while the straw has lower carbon
and higher mineral content. These minerals cause some problem during the incineration; the
potassium decrease the melting point of the ashes, the Potassium favors generating the slag in
the grate what causes significant problems during the combustion; and the reaction of the
chlorine generates hydrochloric acid and furans. Most of the Chlorine fly with the ash (fly-
ash), the rest goes HCI, and it causes corrosive effects on the inner parts of the boilers [2].

Table 1:. Chemical composition of the wood and the wheat straw

Elements | Average of 11 hardwood ' | Wheat straw *
Carbon 50.1% 47.6%
Hydrogen | 6.2% 5.8%

Oxygen 43.5% 44.4%
Nitrogen 0.1% 0.68%

Sulfur <0.05 % 0.08 %
Potassium | - 1%

Chlorine <0.01 0.24%

'Tillman et al. (1981), *Measured in University of Miskolc
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2. Thermal treatment of biomass

The torrefaction is a tree-stepped heat treatment technology: a heating, a torrefaction and a
cooling section included. Inside the reactor firstly the moisture content evaporates, when the
biomass reaches the 200 °C the physically bounded water is released. The temperature
reaches the 280°C the de-polymerization of the hemi-cellulose eventuates. The torrefaction
liberates the water, as I wrote previously, the volatile organic compounds, and the
hemicellulose from the cellulose and lignin [3].

Table 2 At the temperature of torrefaction the hemicellulose degraded into permanent gases,
condensable liquids, and solids

Gas phase Liquid phase Solid phase
H,, CHy4, CO, CO,, CiHy, Acids, ketones, furans, Char, new sugar structures,
aromatics alcohols, terpenes, phenols, new polymers, ash
waxes, tenins, water

With all of the polymers happen the dehydration process, it destroys the “OH” groups that are
responsible for H, bonding the water. This reaction limits the ability to absorb water into the
torrefied material [4]. This is a significant feature of the torrefied materials, think about the
storage. It lets optionally to store under the sky, without an expensive storage building.

The usage of the biomass would be a great chance to our economy, that is why we would like
to find a way how we can increase the energy density of these materials. One possibility is the
torrefaction. The torrefaction is similar to the traditional heat treatment of metal articles, but it
passes off in a pressure vessel at ambient pressure in an anaerobic atmosphere and in a
medium-high (about 280°C) temperature. During the treatment the chemical properties and
the structure of the molecules are changing. The most reactive part of the wood during that
heat treatment is the hemi-cellulose. High hemi-cellulose content causes high reactivity; it
means that those plants what have relatively high hemi-cellulose content can be treated with
this method not just the wood, or the residues of the wood. We think the researchers make this
technology firstly for wood because the wood is homogenous and has low mineral content as
compared to agricultural residues.

First task was the determination of the chemical processes. We would like to determine the
volatiles when, or on which temperature escape. The burn ability of the biomass is caused by
the volatiles. We cannot increase the operation temperature over the end temperature of the
volatiles escaping. The best method to determine that temperature, is the derivatiograph
method [5].

With the derivatograph equipment we can analyse the chemical reactions. Differential thermal
analysis (DTA) is a thermoanalytic technique, similar to differential scanning calorimetry. In
DTA, the material under study and an inert reference are made to undergo identical thermal
cycles, while recording any temperature difference between sample and the reference. This
differential temperature is then plotted against time, or against temperature (DTA curve or
thermogram). Changes in the sample, either exothermic or endothermic, can be detected
relative to the inert reference. Thus, a DTA curve provides data on the transformations that
have occurred, such as glass transitions, crystallization, melting and sublimation. The area
under a DTA peak is the enthalpy change and is not affected by the heat capacity of the
sample. A DTA consists of a sample holder comprising thermocouples, sample containers and
a ceramic or metallic block; a furnace; a temperature programmer; and a recording system.
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Figure I The derivatograph of the wheat straw in Nitrogen atmosphere

The key feature is the existence of two thermocouples connected to a voltmeter. One
thermocouple is placed in an inert material such as ALOs;, while the other is placed in a
sample of the material under study. As the temperature is increased, there will be a brief
deflection of the voltmeter if the sample is undergoing a phase transition. This occurs because
the input of heat will raise the temperature of the inert substance, but be incorporated as latent
heat in the material changing phase.

In the following table the points of the derivatograph explained. It shows the characteristic
points of the graph. So the TG is the simple weight changing against the temperature. The
DTG is the derivative of the TG, where the TG has an inflexion point there the DTG has a
peak. The DTA has the maximum there is an exoterm, and endoterm if the DTA has
minimum values.

Table 2 The characteristic points of the derivatograph of the wheat straw

. Temperature Weight changing Temperaune Vc?lomty of the

Points T °C TG. % difference weight changing
’ ’ DTA, °C DTG, %

1 45 -0,03 -0,037 -0,014

2 112 -1,13 -0,762 -0,276

3 195 -2,45 +1,223 -0,009

4 286 -14,91 -3,184 -3,971

5 294 -18,34 -4,323 -3,572

6 331 -37,49 -8,039 -6,912

7 395 -53,73 -10,940 -0,640

8 600 -59,64 -10,788 -0,073

The most important features can readable from the table:
intense escape of the moisture: 112 °C,

end of the drying phase: 195°C,

escape of the volatiles’ start temperature: 195°C,
intense escape of the volatiles: 331 °C,

end temperature of the volatiles escaping: 395 °C,
end temperature of the treating: 600 °C.

S e
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To determine the temperature range of the treatment of the heating value increasing we did
the above research.

If we treat wheat straw the 290°C-310°C range would be adequate. We do not lose all of the
volatiles, what is a must to burn the fuel, but the hemicellulose degrades, so the heating value
of the straw will increase.

3. The laboratory-scale furnace

To try to determine the time-dependence of the heating value increasing we should built
laboratory-scale equipment. The structure material of that furnace is P 265 GH steel for
pressure vessels [6]. It is cylindrical equipment with a detachable top with a sealing [7]. The
top has the right snags to remove the air with the vacuum pump and the released gases and to
measure the pressure and temperature.

Fi igur 2 The equipmént for heat treating
Firstly we put a determined (50 g) weight of straw for every treat process. During the treating

we observe the weight loss and then we measure the higher heating value. We treat the wheat
straw for 5, 15 and 30 minutes.
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Figure 3 The temperature plotted against the time, we got this diagram for the 5 minutes
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Figure 4 The results (weight loss against the time) of the treating have shown on the next
diagram

The last phase to determine the heating value increasing and the time dependence is to
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measure the higher heating value. We measured in a Parr 6200 type calorimeter. To determine
the exact heating value the hydrogen and water content (Table 5.)

Table 5.: Contents the hydrogen and moisture content of the two materials

Hydrogen content | Moisture content
[m/m%] [m/m%]
Wheat straw 5.69 8.12
Torrefied wheat straw 4.33 3.46

The calculation of the heating value can be evaluated with the following formula (according
to DIN 51900):

H, =H, -24.42-(8.94-H+ W) (1)
where: H,. heating value [J/g], 24.42 correction factor adequate for 1% moisture content on
25°C, H, higher heating value [J/g], H the hydrogen content of the sample [m/m %], 8.94 the

calculation coefficient of the hydrogen to water, W the moisture content of the sample [m/m
%].

25

— —
20 //

N4

10

Heating value [MJ/kg]

0 5 10 15 20 25 30 35
Residence time [min]

Figure 5 The results of the torrefied wheat straw

4. Conclusion

During this research we can increase the heating value of the wheat straw with that
equipment. The final product has all of the properties what a real fuel needs: high heating
value (fossil coal: 27-32 MJ/kg), high volatile content (~85% of the basic material), low
moisture content (below 10%) [8]. The final increasing was 42.3%, the basic heating value of
the straw was 15.74 MJ/kg, while the final heating value was 22,5 MJ/kg.

This was an important step to continue with a further task. We should determine the shape of
the vessel, and examine if the shape of the furnace effect to the heat exchange.
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OPTIMALIZALT LEPESKOZU NEWTON-RAPHSON
ALGORITMUS EHD FELADAT MEGOLDASAHOZ
STEP OPTIMISED NEWTON-RAPHSON ALGORITHM FOR
SOLUTION OF EHD PROBLEMS

SZAVAI Szabolcs PhD
Miskolci Egyetem
szavai.szabolcs@uni-miskolc. hu

Kivonat: Csuszva-gordiilé elemek, mint példaul a fogaskerekek, biitykos mechanizmusok és csapagyak gyakorta
igen nagy terhelesnek, nagy sebességeknek és csuszasnak vannak kitéve, mikor nem csak a kendanyagban
kialakulo kontaktnyomds, hanem a feliileti deformdcio és a viszkozitas nyomasfiiggése is kérdés. Az kontakt
feliiletek tribologiai viszonyainak elemzésére Dowson [2]megalkotta az dltalanositott Reynolds egyenletet.
Azonban annak ellenére, hogy szamos modszer keriilt kifejlesztésre az EHD probléma vizsgalatara, az erdsen
nem-linearis feladat megoldasa tovibbra is kihivast jelent. A numerikus problémdk kezelésére optimalizalt
lepéskozii Newton-Raphson algoritmus keriilt alkalmazasra a nem-linedris egyenletrendszer megoldasdhoz. A
Jjavasolt eljards csokkenti a lepések szamat és stabilizalja az megoldaskeresést.

Kulcsszavak: optimalizalt lépéskoz, EHD feladat, tribilogia, Reynolds egyenlet

Abstract: Rolling-sliding machines such as gears, cams and followers, and bearings, which are often subjected
to high loads, high speeds and high slip conditions when not only the pressure distribution in the lubricant is a
question but the surface deformation, and variation of the viscosity due to pressure. To analyse the tribological
conditions of the contact surfaces, the generalized Reynolds equation was developed by Dowson [2]. Although
several methods have been already developed for solving EHD problems, the solution of the highly nonlinear
problem is still quite challenging. Handling the numerical problems during the solution quadratic step optimized
Newton-Raphson method has been implemented for solving the nonlinear equation system. The proposed
technique reduces the step number during the iteration and the solution is stabilized.

Keywords: quadratic step optimization, EHD, tribology, Reynolds equation

1. Basic equations and boundary conditions for the description of the EHD phenomenon
of lubrication theory

The generalized case of surface pairs contacting along a spot in the status of liquid friction is
illustrated in Figure 1. The gap between the bodies is filled with lubricant due to the relative
motion of the bodies and hydrodynamic pressure develops due to the movement of the
lubricant. The movement of the lubricant is caused by the tangential (shear) stress generated
in the lubricant as the result of the relative motion of the surfaces. At the particular kinematic
condition of the contacting bodies and with a given gap geometry the pressure distribution
acting on the surfaces is able to maintain balance with the force pressing the surfaces to each
other and prevent a direct body-to-body contact thereby. It can be seen, therefore, that if the
circumstances of contact developing under elasto-hydrodynamic conditions forming highly
non-linear systems even by themselves but also because of the status-dependence of the
properties of the various continuums.

In this work the application possibility of p-FEM for EHD problem is presented with the
necessary developments. For FEM governing equation the weak form of the weighted-
residual integral form of the Reynolds has been applied. Legendre functions have been used
for the polynomial approximation of the unknown pressure and temperature distribution. The
p-FEM based solution of EHD problems, the polynomial approximation makes the
opportunity of replacement of the smooth mesh with a rough one.
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Figure I Contacting bodies

In order to have the compatible formulation to the well-known FEM solutions, the film shape
has been calculated as a superposition of the discretized original geometry, the displacement
of a rigid surface and the discretized deformation of a half-space under pressure. The
parameters for discretized deformation have been determined from the least square
approximation of the analytical solution for half-space. The detailed governing equation has
already been published in [1].

2. Linearization of the discretized Reynolds equation

The difficulty of reaching a solution in the subject matter investigated is caused primarily by
the strongly nonlinear nature of the Reynolds equation. The solutions of strongly nonlinear
equations are based in the vast majority of cases on the Newtonian or gradient methods.
Consequently, the discretized Reynolds equation system has to be linearized in order to
enable the determination of the pressure distribution and the associated gap size. Let us
observe the equation as:

R=R(P,p,p,h,7,t,0,7,,,9,0,i,,i,.....) (1)

In the course of looking for the solution, those values of the variables in ..... are attempted to
be found at which the value of residual function R is 0. The variables of this equation are not
independent of each other but are interrelated by various equations, such as the material
equation. At the same time, however, the interrelationships of the variables cannot be
described in an explicit form for a considerable portion of the cases. As a consequence of this
initial values have to be assumed for the variables in the course of the numerical solution and
then the problem solved in respect of a chosen variable (P in our case) while keeping the
other variables (7.4 4, ...) fixed. Subsequently, the values of the other variables have to be
determined at the new value of the chosen variable (at the new P) and these used as the new
initial values for the next iteration step.

The review of the variables in the Reynolds equation enables to state that the interrelationship
with the pressure and temperature may be written in an explicit form in the case of density,
volume factor and the gap size change caused by linearly elastic deformation and,
consequently, the derivatives of these can also be taken into consideration in the course of
linearization in respect of P and this may speed up the solution considerable as well as enable
the determination of the pressure distribution and the associated gap size in parallel.

"R=R(P.p(p(P)).h(P).1(p(P)).0(p(P)." R) k)
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The linearized form of this at an arbitrary point P=P’
,.R(Pj’,.]R){aR ORopy 0ROy IR O'R 00 p)

+ N +—N,D +——N
oP opdp " onop * Oh 700 op

AP+0=0
(3)
The solution of ‘P* at residual 'R=0 is approximated with a series of solutions for AP’ in this
equation as shown below:

j+1 j . j _
P =P +a-APY o =[0..1] 4

As the initial system of equations is multiply nonlinear in the case of EHD problems, it is very
difficult to find an initial state where the instability of the solution can be avoided. For this
reason, a properly chosen « is required. However, only general considerations are available
for defining this but the appropriateness of these for a given problem is not ensured. For this
reason, it is expedient to determine the optimum attenuation rate in such a way that it should
result in the largest possible reduction of the residual value. This can be ensured, obviously,
only by some properly chosen methods.

The minimum of the residual squared is looked for in order to determine the optimum value
of attenuatione. During the determination of attenuation o vectors P and AP’ are constant,
thus residual vector R(P’ +a-AP) is a singular function, represented as R(a) in the following.
In order to avoid the time consuming determination of the derivates while looking for the
minimum value, the residual value is approached by quadratic approximation in the way
presented below:

° Let Rg be the residual associated with a=0.

. Let a;=0.6 be the initial value and the associated residual R;.

Ry and R, residual values are available at two points (ap=0 and «;) and, obviously, their sums
of squares (Ro)*= Ro-R¢ and (R;)’= R;-R; for the determination of the a; value. The derivates
of the residual are also known at the initial point, thus the slope of the residual squared
function (R(e))’ is also known, and let us represent this with ,m”. With the previous data,
based on the quadratic approximation of (R(a))’, we obtain:

1 m- alz

2R ) -R,) +m-a, )
Should the value of m not be available for some reason, then a, may be assumed also as the

weighted average below over the range [0.. a,]:
_ a](Ro 'Ro)"‘ao(R] 'Rl)

a, =

o, =
’ (Ro 'Ro)+(R1 'Rl) (6)
Rz(oc)‘ Rz(a)‘
Ri-]2
Roz 1 R02 }
2 R} |
m R, m ? ;
a, [0 2% a " Q; i o
Figure 2 First approximation of the residual Figure 3 Three points obtained by first
squared value series of minimum searching steps
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Let us assume the residual value associated with attenuation as R,. Thus, three pairs of a-R
values enable the quadratic approximation of square R’()=R-R of residual value R(«) and,
in addition to this, the slope of the residual squared function (R(a)) is still available at the
initial point. One of the data is unnecessary, however, for the parabolic approximation.

In the case of a,=a ¢ being true, where ¢ is a chosen sufficiently small error margin,
may regarded as the optimum step.

In the case when a;<a; and (Ro)*<(Ry)” are true the value of ; is determined on the basis of
points [0;(Ro)*] and [a2(R2)*] and value m at point [0;(Ro)*]. This is continued until a;<a;;
and (R;)*<(Ry)” are satisfied (Figure 3).

Let be now:

ar=ai.;, (R1)’=(Ryi1)* and co=as, (R2)*=(R;)™

In the course of the above process such a triad [0;(Ro)*], [a:(R1)*], [e2:(R2)*] of points is
obtained unavoidably where at least one of the values among (R;)” and (R,)” is smaller than
(Ro)*. Subsequent to this, the next a; value is given already by the minimum point or the
intersection point with axis a of the parabola defined by second degree interpolation in form

2
ZCJ.OH' over the two lowest ones [a;(Ri)’], [cz;(R 1)*] chosen on intention from the previous
J=0
ones and point [¢;.;;(Ri.1)*] (Figure 4 to Figure 6).
It 1s reasonable to accept that these three adjacent points from the available set of points
define three cases — as shown in Figure 4,Figure 5,Figure 6 — regardless of sequence of
interpolation o4, oy and a; ;. The case when these three points are located along the same
straight line is classified as the case shown in Figure 3.6. A special case is when:
(R)*=(R)’=(Ri1)’.
Let be in this case o;=(ot.;+o)/2.
2
In the cases shown in Figure 4 & Figure 5, when dz(ZCiai]/daz > 0, the value of «; is
i=0
defined by the minimum point of the second degree interpolation curve.

RZ(G)‘ Rz(a)‘

Ol a, a; Oy a oy (oA g ; a

Figure 4 1st case of approximating the Figure 5 2nd case of approximating the
residual squared value through three points residual squared value through three points
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R(a) R(a)

o

9% o Qg o; a
Figure 6 3™ case of approximating the Figure 7 case of approximating the residual
residual squared value through three points squared value through three points

If the case shown in Figure 6 applies or the three points fall on a straight line, i.e.

2
d 2(201.0/ ] / da® <0, the value of o; is given by the intersection of the curve with the o
i=0

2
axis, where ZCiai =0. As the curve has two intersection points, ¢y, will be the one to be
i=0
higher than 0 and closer to ¢;.;. In the cases shown by Figure 5 and Figure 6 the «; value
determined falls outside the range assumed by the three points. In such a case it may occur
that a previously assumed o, value falls between the boundary of the range and the new «;
value where the value of (Ry)” is known. In this case, instead of the ¢; value determined
above a;=a, 1s assumed as shown also by Figure 6.
The above method enables to find the a value at which the optimum step leading to the
solution can be found relatively rapidly. Since the direction of the step is fixed, the value of «
need not be determined with high accuracy: 10% accuracy is sufficient for reaching the
desired effect.

3. Solution of an elasto-hydrodynamic problem

I will demonstrate the suitability of the method developed in the next example through the
problem presented by Houpert, L. G. and Hamrock, B. J. [3] in an article published in 1986.
The change in the square of errors during the determination of the optimum iteration steps is
shown at two arbitrarily chosen steps for illustrating the effectiveness of this algorithm in
Figure 8& Figure 9 At the beginning of the calculation the algorithm prevents the excursion
of the iteration and accelerates the solution process effectively afterwards.

R2-qt values per step R2-ot values per step
6,0€-06 3,06-10 -

R,%

5,0E-06 4 2,5E-10 4

ROZ
2,0E-10 4
% 3,0E-06 { % 1,56-10

R.2 R42 =4 variation of R \ —4& variation of R
2
2,0E-06 A R32 RGZ 1,0E-10
R?\
1,0E-06 5,0E-11
R.2
N3 R2

0 05 1 15 2 2,5Rs2R¢? 3
o

4,0E-06 4

0,0E400 T T T . T , 0,0E400
0 02 04 06 038 1 12
o

Figure 8 R*-a. values per step at the Figure 9 R*-a values per step at a later phase
beginning of the solution of the solution
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The solution for the pressure distribution is shown in Figure 10 together with the results
published in the literature. The comparison of these allows to state that there is a good
correlation between the results, especially with the result of Houpert, L. G. and Hamrock, B.
J. [3] published in 1986.

Hamrock, B. J. és Jacobson, Bo O. 7

— = -Houpert, L. G és Hamrock, B. J.,

——p-FEM solutions 3
v p (MPa) 3

Figure 10 The pressure distribution obtained by the present solution and those published in
the literature [3]

4. Conclusion

Quadratic step optimized Newton-Raphson method has been implemented successfully for
solving the nonlinear equation system. The proposed technique reduces the step number
during the iteration and the solution is stabilized. It can be advised to use for further highly
nonlinear problems.
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Abstract: Cyclones are generally used for air-dust separation. There are two significant parameters which are
very important, the cut-off size and the pressure drop. In literature there are a lot of relevant articles about the
pressure drop calculations. This article pointed out the differences of the several procedures. This article shows
a CFD method to calculate the pressure drop and compared with theoretical results.

Kulcsszavak: ciklon, nyomasveszteség, CFD, k-o turbulenciamodell

1. Bevezetés

A ciklonok altalanosan hasznalt berendezések szilard-gdz rendszerek szétvalasztasara.
Altalanos esetben a ciklon a kovetkezd elemekbél épiil fel:

o belépd szakasz,

o hengeres kopeny,

o kapos 6v,

o orvénykeresd csO (vortex-cso).

Az 1. abra egy a fenti felsorolasnak megfeleld egyszerti felépitésti ciklont mutat. A ciklonok
geometriai viszonyainak leirdsara egyfajta jelolésrendszert vezettek be, mely alapja a
hengeres rész atmérdja (D). Sheppard és Lapple (1939) altal alkotott ciklonok 2D2D
kialakitasuak voltak, mely azt jelentette, hogy a ciklon hengeres €s klipos részének magassaga
kétszerese a hengeres rész atmérdjének. 1979-ben Parnell és Davis elsOként alkalmazta az
1D3D kialakitast, mely sokkal kedvezdbb hatarszemcsével rendelkezett, mint a korabbi
konstrukciok. Wang és szerzbtarsai modositottak az 1D3D konstrukciot, mely hatasara a
hatarszemcse tovabb csokkent, azonos levalasztasi koriilmények kozott. Az irodalomban
szamos kutatasi eredmény taldlhatd a kiilonbozé ciklon-geometridkra vonatkozo
nyomasveszteség meghatarozasara. Jelen cikk elsddleges célja, egy olyan numerikus dramlasi
technika alkalmazédsa, mely segitségével pontosan meghatirozhaté egy adott ciklon
nyomasvesztesége. A nyomadsveszteség numerikus szamitasat SC/Tetra CFD kornyezetben
végezzikk el, mely eredményt Osszehasonlitjuk az idevonatkoz6 irodalomban szerepld
Osszefliggések értékeivel.
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1. abra Egyszerli ciklon modell, 2D2D tipus

2. Nyomasveszteség szamitasa irodalmi osszefiiggések alapjan

A nyomadsveszteség meghatirozasara szamos elmélet talalhato a szakirodalomban. Az egyik
legkorabbi elmélet Barth nevéhez fizédik. Barth feltételezése szerint a nyomasveszteség két
részbdl tevodik Ossze. Az egyik a levalasztod tér nyomasvesztesége, mig a masik a gazelvezetd
csO (OrvénykeresO csd, vortex-csd) nyomasvesztesége. A levalasztod tér nyomasvesztesége a
tangencialis sebességre vonatkoztatva:

Ap] RO 1
- T === 1
& UEO*P R * [(1_@*L*y)2 1] ( )

2 vo ho

Az atlagos kiomlési sebességre vonatkoztatva:

_ Ao _ Ro (v’ 1
9, = 3= RO*(UT) *[(1_m L*y)z 1]. (2)

Ezen veszteség bevezetd spirdl alkalmazasaval jelentdsen csokkenthetd. Az o6rvénykeresd csé
nyomasvesztesége a tangencialis sebességre vonatkoztatva dimenzidmentes alakban:

g = ;‘;’1; =2 (”—0)2 +3 % (”—0)2/3 +1. 3)

to*5 Vto Vto
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A kiomlési sebességre vonatkozodan:

bu=h=2+3 (2) " 4 ()" 4)

Vo Vo
A teljes nyomasveszteség:

AP=(51+511)*§*1%20=(191 +1911)*§*v(2)- (5)
J.Chen ¢és szerzOtarsai publikicioja szerint a kialakuld nyomdasveszteség négy részbol tevodik
0ssze: veszteség a belépésnél, veszteség az drvénykeresd csObe torténd belépéskor, veszteség

a gaz-fal kozotti strlodasbol €s a gaz energiacsokkenésének veszteségébdl a vortex-csében. A
részletezéstol eltekintve a kialakuldé nyomasveszteség:

’ 2 ,
2+ki+b (1-3+a#) f o3 -15
AP=[(1—m) + 4,5 e +1’11*V*KA*FS*vt§edr oy

VIR2rc+dr' n+ 1 KA2+«dr2—rd 22+ pxvh22. (6)
Sheppard és Lapple szerint a kialakulo veszteség:

__ 1léxaxb " p*vg
D¢ 2

AP (7)

Alexander 6sszefliggése a nyomasveszteségre:

wp=ae2+ (52) ()" - 1)« () + 1o ()] 252 ®

Casal és Martinez a kovetkezd 0sszefliggést javasolja:

AP = [11,3 «(5) + 3,33] # E2, (9)

0

First altal publikalt 6sszefliggés:

_ ﬂ 24 p*vg
AP = g [H1*(H—H1)]1/3 T (10)
D2
Stairmand 6sszefliggése:
AP={1+2*92*[¥—1]+2*(%)}*”zﬁ, (11)
0 0*
[ +4*V*A]1/2_[ Do ]1/2
2x(D—b *b 2x(D-b
ahol: @ = =@=b)_a i d (D-b)
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Dirgo altal javasolt 6sszefliggés:

_ axb S/D 1/3} p*vg
AP = {20 * D? * [(H/D)*(Hl/D)*(dd/D)] = (12)

A nyomasvesztes€g meghatarozasa soran az alabbi szamadatokat vettem figyelembe:

1. Tablazat Szamitas soran hasznalt adatok (1-es abra jeloléseivel)

Jelolés Erték, mm
a 32
b 85
D 170
d 32
Iy 85
I 255
I 425
do 85

A fenti jelolésekkel a kiilonbozd szerzok altal publikdlt Osszefiiggésekkel az alabbi
nyomasveszteség-értékek adodnak:

2. Tablazat Nyomasveszteség értékek

Szerz6 Nyomasveszteség (Pa)
Barth 1033
J. Chen, M. Shi 808
Shepherd and Lapple 792
Alexander 575
Casal et al. 516
First 764
Stairmand 694
Dirgo 754

3. Nyomasveszteség meghatarozasa CFD-vel

A nyomasveszteség CFD-vel torténé meghatarozasahoz CAD modellt készitettem, melyet az
SC/Tetra szamdra importadlhatd formatumban mentettem. Az importdlds wutin a
perprocesszorban van lehetdség megadni a kezdeti €s peremfeltételeket, illetve az analizis
tulajdonsagait (turbulencia-modell, tranziens-statikus, stb.) beallitani. A feladat soran
strukturalt halot alkalmaztam. A fluidum/szilard fal kozé sziikséges egy un. prizmatikus
réteget beilleszteni, hogy a fal melletti sebességmezé megfeleld pontossaggal szdmolhato
legyen. A fal mellett hét rétegli prizmatikus réteget alkalmaztam. A prizma réteg és a
struktaralt réteg kozott tetraéder elemeket alkalmaztam &atmenetként. Az idevonatkozd
irodalom szerint az egyszerli k-¢ turbulenciamodell alkalmazasa nem vezet helyes
eredményre, ugyanis az ilyen tobbszorosen Osszetett nagymértékben gomolygd aramlasokra
ez nem alkalmazhat6. Az alkalmas turbulencia-modellek k6zott emlitheté az RSM (Reynolds-
Stress-Modell) illetve a RANS modellek koziil a k-o turbulencia-modell. Jelen szimulacio
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soran az utobbi modellt valasztottam.
A feladat megoldasa soran peremfeltételként a belépd keresztmetszeten a 14,8 m/s-os
sebességet illetve az Orvénykeresé csé Kkilépési pontjaban az atmoszférikus nyomast

alkalmaztam.
Aramlasi képek a ciklon belsejében:

12.9726

|

2. dbra Aramlési sebességek a ciklon belsejében
a. tangencialis sebesség b. radialis sebesség c. axialis sebesség

A ciklonban kialakul6 nyomaseloszlas:

Pressure

T23.3670

0.0000

3. dbra Nyomaseloszlas a ciklonban

A fenti geometria és peremfeltételek alkalmazasa soran CFD-vel kapott nyomasveszteség
értéke 723 Pa.

192



INTERNATIONAL SCIENTIFIC CONFERENCE ON

) ADVANCES IN MECHANICAL ENGINEERING A I
D PROCEEDINGS g{;

4. Osszefoglalas

Jelen cikkben bemutatdsra keriilt a ciklonok jellemzd geometria viszonyait leird
jelolésrendszer. Ismertetésre keriilt a ciklonokra vonatkozo irodalmakban talalhatd
nyomasveszteség-szamitasi eljardsok. Bemutattunk egy olyan CFD eljarast, mely
halokialakitasa (hét rétegli prizmatikus halo, strukturalt halo) alkalmas, bonyolult és Osszetett
aramlasi viszonyok leirasara valamint a kialakuldé nyomasveszteség meghatarozasara. Tovabbi
celkitlizés a hatarszemcsére (cut-off size) vonatkoz6 numerikus eljaras validalasa.
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DRIVETRAIN MODIFICATION OF THE IVECO 150E
EUROCARGO HARD-PRESS GARBAGE TRUCK
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Abstract: A garbage truck is a specially designed vehicle to collect small quantities of waste and haul the
collected waste to a solid waste treatment facility. These trucks powered by diesel engine are a common sight in
most urban areas. The main features of them are noisy, smelly and contaminating the environment by emission
respectively. Some of these harmful effects may be reduced or eliminated by replacing the diesel engine by an
electric motor. In this paper we consider the technical options of replacing in terms of vehicle dynamic and
bearing capability of the modified drive train parts. The rebuilding is supported by the GOP-1.1.1-11-2012-0617
Economy Developing Operative Programme implemented at the Electrical Engineering and Mechatronics
Department, Faculty of Engineering, University of Debrecen.

Keywords: power density, gradeability, torque demand, load consideration

1. Eligible resolutions for drivetrain modification

1.1. Power density and storage density

Fig. 1 shows the power and energy-storage densities for various propulsion concepts. Both the
power density (W/kg) and the energy-storage density (Wh/kg) of the combined
engine/energy-storage system must be high to achieve the desired performance (acceleration,
speed).

2000 | 5 g 4
[Wkg] N
1000 0 0] v
7 %"
500
i
8 6
2002 — Range on -«
7% upgrade s 0
s, 5 \S 6 1
= o
& 700 %
R 7"
E 50 p
@
3
L D7 NPAA
1043 e 0
50 75X000,  [eoo fkmj
& Range on level Surfde
" | %@
a 5 10 20 50 100 200 500 2000
, [Whikg]
Energy-storage density

Figure I Power and energy-storage densities for various propulsion concepts [1]
1 Gas turbine, 2 Internal combustion engine, 3 External-combustion engine, 4 Electric motor
with fuel cell, 5 Lithium-chloride battery, 6 Zinc-air battery, 7 Nickel-cadmium battery, 8
Lead acid battery.
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The vehicle's operating time — and thus the operating range which can be covered before the
energy-storage device must be replenished (renewed/ refilled/recharged) - is a function of the
energy-storage density, the power requirement, and the vehicle weight.

Although the power-to-weight ratios combining with high energy-storage densities (period of
operation per tank of fuel) make internal-combustion engines (ICE) particularly suitable for
vehicular applications, the torque curves are less satisfactory, see Fig. 2. Thus a transmission
unit is required for both the transfer and the conversion of torque. The unit must be capable of
transmitting torque for starting off while incorporating various torque-conversion ratios (for
ascending gradients and selecting different speed ranges). Electric driven vehicles also may
need a transmission due to the limitations imposed by the allowed current at starting.

N
O

5 Limit curve for max.
Foli 1ax. current

L B 7. Diesel engine
e i B 2. Gasoline engine
—— ‘«% B 3. Electric motor

B 4. Steam engine

N

o
i)

o
O

Rel. torque [M/Mnorm]
&

0020406081012

Rel. rotational speed [n/nnorm]
Figure 2 Relative torques for various power units [2]

1.2. Choice of replacing propulsion system

In the urban area when collecting garbage, the average speed of the vehicle is approximately
3-4 km/h, due to the non-stationary operation. If the solid waste treatment facility situates
close to the urban area, inside the operating range of an electrical vehicle, it is expedient to
replace the internal combustion engine of the truck by electric motor and Lithium-chloride
battery, with or without transmission respectively. This way, the harmful effects of the diesel
engine such as noisy, smelly and contamination of the environment by emission may be
eliminated or reduced.

2. Replacing the ICE by electric motor

The rebuilt vehicle must be capable of effecting the transition from a stationary to a mobile
state. Once in motion, it must be able to ascend gradients and accelerate to the desired
cruising speed with a reasonable degree of alacrity.

In this paper we consider the technical options of replacing in terms of vehicle dynamic and
bearing capability of the modified drive train parts. Only the engine, transmission and
universal joint shaft may be covered in the modification. The suspension and the rear axle
with the differential are not affected.

2.1. Vehicle dynamic consideration
2.1.1. Introduction of the drivetrain of the IVECO 150E Eurocargo Hard-Press Garbage Truck
A garbage truck is a specially designed vehicle to collect and haul communal waste to a solid
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waste treatment facility. These garbage trucks are a common sight in most urban areas. The

main features of the truck powered by 6 cylinders 5.88 litres capacity diesel engine (see Fig.
3) are the following [3]:

4

Yy

[
g

sl.fl

A Lt N —» la————— C ——»
- B -

Figure 3 IVECO 150E Eurocargo

Engine: Iveco Tector

P: 217/160 [PS/kW]

n: 2700 [min™']

M: 680 [Nm] (1200 min™ — 2100 min™)
Gearbox: ZF 6S700 Manual

Gear ratios:

1% 6.02
M 332
3 207
4% 1.40
5% 1.00
6" 0.79

Geared speed: 122 km/h

Differential: Meritor MS 10-164 Hypoid, ratio: 4.56
Maximum bodyload: 150 kN

Gradeability: 25%

Tyres: 285/70R19.5

Rolling diameter: 895 mm

Deflection angle of the U joints in stationary state: 4°

M

P
[Nm] kW]
800 150 §
Q s00 / 100 E
3 =
gr // [ R
IE 400 14 50 &
B Torgue
200 — 25
B Performance
0 |

0 1000 1500 2000 2500 3000 3500

RPM
Figure 4 Engine characteristic
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2.1.2. Dynamics of linear motion
The tractive force of the vehicle has to overcome the total running resistance at a given
vehicle speed. The rest of it may be utilized for speed-up (acceleration).
The equation of equilibrium of tractive force is as follows:
F;r :FW+FL7CC (1)
where: F, =F, +F, +F, (2)
F, total rolling resistance

( F rolling resistance, F,, aerodynamic drag, [, gradient resistance)

2.1.3. Required torque of the universal joint shaft

The maximum required torque of the universal joint shaft is arising when ascend gradient.
With the maximum bodyload the vehicle according to its specification has to overcome at
least a gradient of 14° (it corresponds to 25% gradeability).

The gradient resistance is calculated as:

F, =Gsina ~36kN 3)
The required torque of the driven wheel:
Mwheel = FGRwheel ~ 16kNm (4)
The maximum required torque of the universal joint shaft:
M
shaft req. = M ~ 35kNm (5)
Laig

2.1.4. Determining the power requirement of the electric motor

The electric motor power requirement depends on whether a transmission is applied or not.

If transmission is applied, the torque requirement on the shaft may be satisfied by appropriate
choosing of the gear ratio. The motor power may affect the maximum speed of the vehicle.

If there is no transmission applied, and the electric motor is connected directly to the universal
joint shaft, the torque required has to be produced by the electric motor.

2.1.4.1. Checking the original drivetrain for gradeability
The torque of the diesel engine from n=1200 rpm

M, =680Nm
The torque on the universal joint shaft in the first gear:
M shaft ICE — M l.]»v gear 4.2kNm M shafi ICE = M shaft req. (6)

As it can be seen, the original drivetrain effects the 25% gradeability requirement, moreover it
has traction force left for acceleration.

2.1.4.2. Checking the electric motor for gradeabiliy
Data of the available three-phase star connected electric motor:

P=110kW
U =350V
n=2880min "’
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M,,  =320Nm
M . =10M,  =32kNm (inthe rpm range from 0 to 2880 min™, with frequency control,

see Fig. 5)
Mel.mot < Mshaft req.

As it can be seen, the electric motor without transmission does not effect the 25% gradeability
requirement.

M A
[NmJ

2.2Mn

280 1/miny

Figure 5 Electric motor characteristic

2.1.4.2.1. The gradeability of the vehicle without transmission
The torque of the driven wheel:
M

Tractive force on the driven wheel:

=M = 14.6kNm (7)

wheel el.motldi/_‘?"

= Moses 32 6k (8)

wheel

The angle of gradient may be overcome by this tractive force:

trac

F
a= arcsin% ~12.5° (gradeability: 22%) 9)

2.1.4.2.2. The top speed of the vehicle powered by electric motor
The equation of equilibrium of tractive force at top speed on level road is the following:
F.=F =F,+F, F__=32.6kN (10)

trac trac

2.1.4.2.2.1. Rolling resistance
The rolling resistance is the product of deformation processes which occur at the contact
patch between tire and road surface. The coefficient of rolling resistance at low speed for

pneumatic truck tires on concrete, asphalt is approximately f, ~ 0.008 [2]. The rolling

resistance depends among others on the vehicle speed. At about 100 km/h vehicle speed the
rolling resistance is approximately 50% higher than f,, consequently f ~0.012.

F, = fG=18kN (11)
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2.1.4.2.2.2. Top speed consideration from the available tractive force aspect.

If the maximum tractive force is available continuously due to the frequency control of the
electric motor, the top speed is limited by the aerodynamic drag. From the Eq. 10 the equation
of equilibrium of tractive force is as follows (there is no force left for acceleration):

F,=F,. —F
where: F), = O.SpCWA(v +v, )2 (12)
c,=12 drag coefficient for trucks [2]
p=12kg/m’ air density at 200m altitude
A=13m’ vehicle cross section
y [Eme =P _sq,000 _ 206km /i (13)
0.50C A

2.1.4.2.2.3. Top speed consideration from the aspect of electric motor rpm
The vehicle speed results from the maximum rpm of the electric motor if the calculated speed
is less than the speed limited by the aerodynamic drag.

n,, =2880min"' =48s™'
n =10.5s""

wheel

% ~30ms™" =108kmh™

wheel

The top speed of the vehicle is 108km/h.

2.2. Method of strength consideration

The material and hence its properties of the drive train parts (such as the output shaft of the
transmission, the input shaft of the differential, the electric motor shaft, U joint forks) are not
known. Since not being in possession of data mentioned above, real stressing procedure can
not be carried out.

The applied method of strength consideration is the following:

Analyzing the load produced by the universal joint shaft in the original drivetrain and in the
original layout.

Determining the terminal position of the universal joint shaft in which it produces maximum
the same load for the electric motor shaft as it is subjected to by a belt drive.

2.2.1. Load consideration of the U joint shaft drive

If the deflection angle of the U joints is 0°, the U joint shaft transmits only torque. If the
deflection angle of the U joints deviates from 0° as in general case, supplementary forces arise
in the joints causing concentrated moment on the shaft. This moment altering in the function
of the angular displacement of the joint loads the connecting shafts of the differential, the
transmission and the electric motor.

The maximum supplementary moment in the case of joint deflection [4]:

M,,, =M . cxtgB =42kNm 1g4° =2.9kNm (14)

ben

2.2.2. Load consideration of electric motor belt drive
The electric motor is connected normally to the countershaft either directly through a
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coupling or by a belt drive. When connecting through a coupling, the motor shaft is subjected
purely to torque. However in the case of belt drive the motor shaft is subject to torque and belt
prestressing force.

Data of belt drive:

- the appropriate wedge belt section: SPB

the minimum recommended datum diameter of the pulley: dp=140mm

the peripheral force on the pulley:

P 1
=l = 10.4kN (15)
P 2m d, /2
- the prestressing force of the belt drive loading the shaft:
F, ., ~24F, =25kN (16)
- the bending moment caused by the prestressing force:
Mben.el.mot = Fprestrl = 375kNm (17)

where: 1 is the length of the force arm on the shaft.
It can be seen, M > M, -, sothe U joint shaft can be connected directly to the electric

motor shaft at the joint deflection angle of 4° without damaging it, see Fig. 6.

ben .el.mot ben

5900

s RN —
i N\ T A S W
w1 PB4

\ ;__: ) \ V.

!— 3960

Figure 6 Electric motor installation
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3. Summary

The rebuild of the IVECO 150E Eurocargo Hard-Press Garbage Truck supported by the GOP-
1.1.1-11-2012-0617 Economy Developing Operative Programme covers the replacing the ICE
by electric motor. There are several specifications of replacing, such as vehicle dynamics,
strength consideration. Although the ICE can be replaced by the electric motor for the special
task to collect small quantities of waste and haul the collected waste to a solid waste treatment
facility, the rebuilt vehicle is not equivalent with the original one from vehicle dynamics
aspects. The strength consideration, in the lack of the knowledge of materials and material
properties, is based on the load assessment. If the load subjected to the parts after rebuilding is
less than the load before rebuilding, the parts of the drivetrain won’t damage.

References
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Abstract: Nowadays the environmental protection is getting more important. The EU’s policy of environmental
protection controls by lows the emission of internal combustion engines. In order to meet the requirements, the
car manufacturers design more efficient engines and apply appliances utilizing the “waste” energy. KERS is one
of these appliances utilizing the kinetic energy during braking. KERS is commonly an electric device needing
battery. The development of KERS is aimed at mechanic or hydraulic operation methods without the need of

applying battery.
In this paper we clarify the basic principal of the KERS based on compressed air.
Keywords: brake, KERS, pneumatic system

1. Introduction

1.1. Hybrids

Hybrids, as a definition are the combination of two different drive systems. They are in
general, aside from some exceptions an internal combustion engine and an electric motor.

It is advantageous from the viewpoint of the electric motor applying battery for energy
storage to cooperate with ICE, since the advantageous features of the two systems (big
operation range, fast refilling, recovery of the kinetic energy, application of regenerative
propellant, operation without emission) succeed together.

The cooperation of the two systems is advantageous, because the partial load operation with
relative low efficiency of the ICE may be avoided. In conformity with the aimed features
there are different hybrid systems developed [1].

1.1.1. Parallel hybrids

A parallel hybrid uses both an electric motor and an internal combustion engine (ICE) for
propulsion. They can run in tandem, or one can be used as the primary power source with the
other kicking in to assist when extra power is needed for starting off, climbing hills, and
accelerating to pass other vehicles. Because both are connected to the drive train, they’re said
to run “in parallel” [1].

1.1.2. Series hybrids

A series hybrid uses a gasoline or diesel ICE, coupled with a generator, to generate electricity
but not to drive the car. The engine can send the electric current directly to the electric motor
or charge a large battery that stores the electricity and delivers it to an electric motor on-
demand. The electric motor propels the vehicle without using transmission [1].

1.2. KERS
KERS is an acronym, its meaning is Kinetic Energy Recovery System. This appliance utilizes
the kinetic energy during the braking instead of dissipating the generated heat. The stored
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energy may be transformed into kinetic energy anytime.
The system may be activated by the button of “push-to-pass”.

1.2.1. Battery KERS
The energy is stored in battery. The system consists of batteries, direct current motor capable
to operate as an electric motor and as a generator. This method is applied by the BMW.

1.2.2. Capacitor KERS

The energy is stored in the capacitor and not in the battery. The advantage of this system is
that the charging and discharge current can be higher resulting in high peak performance of
the system. The capacitor can effect more charging-discharging cycles than the battery. This
method is applied by the Mazda.

1.2.3. Electrical-flywheel KERS

The recuperation of the drive is realized by an electric motor coupled to the crankshaft of the
ICE, however the energy is stored not as electric energy, but in a composite flywheel. A part
of the flywheel is a magnetized composite. This flywheel is the rotor of the electric motor as
well, having the speed of rotation of 40000-60000 rpm. The appliance operates in vacuum.
The advantage of the system is that it is not sensitive to the temperature chancing, and it has
high efficiency. The disadvantage of it is the large sized flywheel.

1.2.4. Hydraulic KERS

In this method the pressure produced by the pump during the braking is stored in the
hydraulic accumulator, which is capable to power a hydraulic motor. This way the hydraulic
motor assists the drive. The appliance is capable of exerting great torque, the mass of the
system is significant because of the great sizes of the hydraulic components due to the high
pressure. Therefore these systems are applied in trucks and camions.

1.2.5. Flywheel KERS

The purely mechanical flywheel energy storage system was developed by the Flybird Ltd. In
spite of the other systems, it is coupled not to the ICE but to the transmission through a CVT
(continuously variable transmission). The flywheel’s speed of revolution made of carbon
composite may be even 60000 rpm. In the casing of the flywheel there is vacuum, similar to
the electrical-flywheel systems. The advantage of this KERS system is that the energy is
stored without transforming; hence its efficiency may be the highest. This system is
developed only by the Volvo.

2. Introduction of the pneumatic system

2.1. The construction of the system

The most important parts of the system are the four rotating blade compressor-motor units
which are in direct contact with the four wheels (see Fig. 1).

In principle, every axle could have only one pneumatic compressor-motor unit assembled,
however the brake force produced by the pneumatic system could not be controlled by wheels
only by axles which is contrary with the requirements of the ABS operation.

The ABS is one of the most fundamental safe system assembled almost in to all cars,
therefore it is very important that the pneumatic system is compatible with it. If we insisted on
the pneumatic system employed axle by axle, then in the case of two wheels drive we have to
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either give up the energy developed by the not driven wheels or an additional counterdrive is
needed, that means extra mass and redesign.

The other important parts of the system are the air bottles supplying the pneumatic system
(see Fig. 1). The increasing of the number of the air bottles would results in higher efficiency,
because the pressure of the bottles can be adjusted to narrow range.

PNEUMATIC
COMPRESSOR-MOTOR,
UNIT

PNEUMATIC =

COMPRESSOR-MOTORR| FUEL TANK + ENGINE o

UNIT b

=

PNEUMATIC S

COMPRE S SOR-MOTOR COMPRESSED E
el AIR BOTTLES

PNEUMATIC
COMPRESSOR-MOTOR
UNIT

Figure I Pneumatic hybrid

2.2. A hybrid strategy

The system is a combination of the hybrid and the KERS systems. It can be regarded as a
hybrid system, because it comprises two different drive systems, the ICE and the air motor.
However, on the other hand the ICE drives always the wheels, it can’t be disconnected under
operation, and the pneumatic motor can only assist the drive.

It can be regarded as a KERS system, because the energy (compressed air) utilized by the
associated drive system is produced only from the kinetic energy during the braking and there
1s no way to produce it by driving the compressor by the ICE.

The main task of the system is to drive the vehicle in the acceleration phase with the air motor
utilizing the stored compressed air so that decrease the emission and the consumption of the
ICE.

2.3. Block diagram of the pneumatic system
All of the pneumatic components applied are standardized hence they are available from
brand catalogues. Only the sliding blade compressor motor must be designed in conformity
with the special requirements of the vehicle.
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Figure 2 Pneumatic block diagram
(1) sliding blade compressor motor; (2, 3) 3/2 electrical valve; (4, 21, 22) pressurecontrol
valve; (5, 8, 9) pressure reducing valve; (6, 7, 23) 3/2 pneumatic valve; (10, 13, 15, 16, 24)
back-pressure valve; (11) 2/2 electrical valve; (12) puffer storage bottle; (14) restrictor valve;
(17, 18) compressed air bottle; (19, 20) pressure gauge

2.4. Sliding blade compressor-motor

The operation of the sliding blade compressor-motor is smoother than the reciprocating-piston
compressor. In the lack of reciprocating parts, it can operate at high rpm and can be coupled
directly with the wheel. The dimension, the mass of the appliance is small; it has no intake
and discharge valve resisting the air flow. The surfaces sliding on each other are small, hence
its specific power is favorable. It is not sensitive for air pollution and the atmospheric
humidity [2].

204



INTERNATIONAL SCIENTIFIC CONFERENCE ON

ADVANCES IN MECHANICAL ENGINEERING
PROCEEDINGS

L
N N
8 ] "(ﬁ,\\ !e§\‘\(\’§/
Y X) |
7

2

Figure 3 Sliding blade compressor-motor

The course of the expansion: The rotor (2) is supported in the cylindrical casing (1) eccentric,
see Fig. 3. There are slots in the rotor in radial direction, in which blades can slide. The odd
number blades are pressed to the casing wall by springs and the blades slide on the wall when
rotating. The blades form closed chambers (6). When acting the compressed air (5) in the
chamber, peripheral force arises due to the effective surface causing torque on the shaft. The
volume of the chamber is increasing until the blade (3) reaches the discharge port (7).

The course of the compression: When the chamber clears the intake port, it is filled with air.
When turning the rotor, the intake port is getting closed and the compression stroke begins.
The compressed air is forced to the exhaust port. In the pneumatic compressor-motor the
same port is applied as the exhaust port of the motor and the intake port of the compressor [2].

3. Summary

Although the energy storage by compressed air has its advantages and disadvantages, it may
be the concurrent of the common hybrid systems, because the lifetime of the battery is
limited.

The mass of the pneumatic system is small and its service life may be considered infinite. The
drawback of the pneumatic KERS is its relative small efficiency, and the sudden air
temperature alteration when altering the air pressure. However with appropriate proportioning
the parameters of the system may be optimized.
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Abstract: The first part of the paper deals with the kinematical analysis of an industrial Kawasaki robot using
Denavit-Hartenberg parameters. The robot contains a parallelogram mechanism which is substituted by a
virtual simple member in the model. A program has been developed to simulate the motion of the robot during
the powder coating process. It is essential to get rid of the extra powder remained on the workpiece, which is
achieved by vibration. The workpiece is clamped by spring end effector which is forced by a pneumatic vibrator.
Therefore in the second part of this paper the forced vibration of the end effector is considered to determine the
technical parameters of the spring.

Keywords: robot, kinematics, simulation, vibration

1. Introduction

Recently the robots are widely used in industrial automation. One field of the application is
the powder coating [1], where a hot workpiece is dipped into an aerated, powder-filled bed.
The robot has to perform a specific motion to meet the requirements of the coating
technology.

The motion of the robots are analysed in number of papers and textbooks, e.g., [2], [3], for
this purpose the Denavit-Hartenberg description is used usually. In addition of the robot
motion the vibration of the end effector is required to get rid of the unnecessary powder. The
linear vibration problems are discussed in academic textbooks e.g., [4], [5].

In this paper kinematical analysis of a Kawasaki ZX165U robot is discussed in Section 2. The
robot has got parallelogram mechanism, which will be replaced with a single virtual member.
This way the Denavit-Hartenberg parameters can be used. The substituted member provides
the appropriate displacement but its rotation parameter is modified. The technological motion
of the robot will be simulated.

Section 3 is devoted to the vibration analysis of the end effector. In order to achieve efficient
vibration the phenomenon of the resonance is utilised to determine the technical parameters of
the springs.

Finally some concluding remarks will be given.

2. Kinematical analysis of the Kawasaki ZX165U robot

The analyzed robot performing powder coating process is shown in Figure 1. The treatment
of the parallelogram mechanism needs considerations. The motion of joint JT3 can be also
produced virtual member which is shown in Figure 2 a. The original mechanism and the
substituted one can carry out the same motion if the rotation parameter in joint JT3 is
modified with the rotation of the virtual member.
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Figure I The robot during the process
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Figure 2 a. The original and the substituted model. 5. The applied coordinate systems.

To prescribe the motion of the robot Denavit-Hartenberg parameters (a,,d, ,«,,0,) are
applied considering the coordinate systems shown in Figure 2 b, which are defined as [2]

o 0, : the angle between x,, and x, measured about z, (6, is variable if joint I is
revolute.)

o a, : the angle between z, , and z, measured about x,

o a, : distance along x, from O, to the intersection of the x, and z, | axes

o d, : distance along z, , from O, , to the intersection of the x, and z, | axes.
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Figure 3 Simplified geometry of the robot with the angles of the members

The joint angles of the robot can be determined with trigonometric functions by the help of
Fig. 3:

0, =a tan(ij (1)
Ve
d, sin(6y) ]

s
0, = arctan(—) — arctan[
r

a, +d, cos(6,) ()
V1-D?
0, = atan[i 5 ] 3)
2, 2 2 2
re+s —a;—d
D =cos, = =
e, )
0, = atan[i S“SS] = atan[i iy ~ Gl ] ®))
CySs (€16,65 = 18,8315+ (85,6,65 — 815,813 + (€551,
2 P
0, = atan| + 1—¢5 — gtanl + \/1_((c]c2s3 +08,85)h5 + (86,85 + 85,6315 _(0203)733) (6)
Cs (€10385 +€18,85)15 +(8,6,85 + 8,8,63)1; — (€651,

0. — atan[+ S586 ] _ atan[+ (€685 + 15,831, + (516,85 + 515,631, — (€6 )’32] (7)
A +—=° +
(616,85 + 8,81, +(5,6,85 +5,5,65)1, — (¢,

where s, ¢, (i1, 2, 3), respectively denote the sine, cosine of joint angles 6, and r; (i, =1,

2, 3) denote the elements of the Euler transformation matrix related to the end effector.

A special purpose code has been developed to simulate the motion of the robot in SCILAB on
the base of formulae (1)-(7). One cycle of the coating process is shown in Figure 4, where the
black lines represent the members of the robot in discrete positions and the red line shows the
path of the workpiece.
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Figure 5 Angles of the joints

The six joint angles denoted by sequence numbers and shown in Figure 5 are also determined
by the code. The curves of the angles show sharp edges since constant velocity is prescribed
for the motion of the workpiece on the different sections of the path. Those edges can be
smooth by trajectory planning [2].

3. Vibration of the end effector

A special end effector is mounted on the robot, which is shown in Figure 6 a. There is a
pneumatic cylinder on the right hand side serving as an actuator to grip the workpiece. In
addition to this a pneumatic vibrator is mounted on the left hand side. The gripper together
with the pneumatic elements can move horizontally on the end effector, and it is supported by
four equal springs. The springs are mounted in such a way that only two of them are in
engagement at the same time.

Due to the pneumatic vibrator the gripper can perform a forced vibration in order to remove
the unnecessary powder. The vibration system can be treated with a one DOF model, which is
shown in Figure 6 b. The mass m contains the masses of the gripper, the pneumatic cylinder,
the pneumatic vibrator and the workpiece. The spring stiffness & is the sum of the stiffness
values of two working springs. The damping of the vibration system is denoted by r .
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fet)

Figure 6 a. The end effector mounted by a pneumatic cylinder and a pneumatic vibrator b.
One DOF vibration model of the gripping system

The differential equation of the one DOF vibrating system is written as

m-X+r-X+k-x=F, cos(w-1), (8)

where x [m] is the displacement, X is the velocity, ¥ is the acceleration, F w[N] is the

amplitude of the exciting force, @ [*¥] is the angular frequency of the pneumatic vibrator
and ¢[s] is the time. The energy dissipation of the system is provided by the structural
damping of the springs, which is not in hand usually.

Dividing (2) by m and introducing the notation of a* = £ 2aé=L,f, = % , the complex
steady state solution is written as
)=y e, ©)

a’—o*+i2éaw

where o denotes the natural angular frequency of the system, & is the Lehr’s damping ratio
and i is the imaginary unit.

One can obtain the amplitude 4 of the vibration by taking the absolute value of the
coefficient in front of the exponential function in (9):

S0 .
\/(az —w2)2+ 4(¢aonf

When @ is much higher than « then the amplitude will be very small therefore the force
transferred to the robot arm is negligible. In order to obtain small amplitude the natural
angular frequency is fifth of the angular frequency of the vibrator, i.e., & = w /5 . The angular
frequency of the pneumatic vibrator o =179 .1[¢/], mass m = 50 [ kg |, the amplitude of the

exciting force F,, = 565 [ N]. Resonance curves are shown in Figure 7 for two different

A= (10)

damping ratios & = 0.05 and & = 0.1 . The amplitudes of the displacement is 0.36 [mm].
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The design of the springs is based on 2 =qa =,/£ | thus

5 m 2
:21PG

am=k
r2l

; (1D

where 7, is the polar moment of inertia of the spring wire circular cross section, G is the

shear modulus, / is the length of the spring wire, and » is the middle radius of the spring.
Assuming r =15[mm |, [ = 410 [mm ], G =79 .3[GPa ].

Using the formulae of the spring given in [5], the diameter of the spring wire can be designed
as

T

T

] 2 2
d=4\/32—" =4\/32%;4[mm]. (12)

Amplitude of Displacement [mm]

T T T T T T T T T
o 20 40 B0 B0 100 120 140 160 180 20
Omega [radis]

Figure 7 The amplitudes of displacement

4. Results

The parallelogram mechanism of the Kawasaki ZX165U robot has been substituted by a
virtual joint therefore the Denavit-Hartenberg parameters are easily applicable also in this
case. In addition a special purpose program code has been developed to simulate the path of
the end effector and to calculate the joint angles during the powder coating process.

The forced vibration of the end effector has been described and the diameter of the spring
wire is calculated.

Acknowledgement: This research was carried out in the framework of the Center of
Excellence of Mechatronics and Logistics at the University of Miskolc.
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Abstract: To calculate the punching force is taken into account only the perimeter and not its form. In this case,
the pressing force for the contours with the same length, but with different geometries may have different values.
To prove this hypothesis were made five dies with various shapes of contours (circle, square, hexagon, triangle
and shearing), but having the same perimeter of 30 mm. Data acquisition was performed using a measurement
system composed of mechanical press, dies, force and tool position transducers, conditioners, data acquisition
board and a computer that ran a program developed in LabVIEW. The results demonstrated that for the hard
metals the difference between the minimum and the maximum punching force is 15%, for the contours with the
same length, but with different geometries.

Keywords: Punch, data acquisition, LabVIEW, punched contour, punch force .

1. Introduction

Processing method by plastic deformation in general and plastic deformation in particular is
the method that meets the highest degree requirements imposed by the current state of society
[1]. Stamping is a group of cold plastic processing methods that material separation takes
place wholly or partially, after a closed or open contour.

Punching is used both for obtaining finished parts and semi-finished products for further
processing operations by plastic deformation (bending, drawing, cold forming). Punching
contains several methods like: cutting, punching, shearing, notching, trimming [2].

The required force F for shearing is the force used for total separation (punching, cutting,
shearing) or for partial (notching) of a piece from scrap and it is determined using the relation
[1, 3]:

FIN]=k-l-g-1 (1)

where [1]:

k=1,1... 1,3 is a coefficient that takes into account the anisotropy of physico -mechanical
properties of the material, the deviations from its thickness, the degree of wear of the cutting
edges;

[ [mm] - shearing perimeter;

g [mm] — material tickness;

7 [N/mm?] - shear strength of the material.

Can be observed in relation (1) that the only parameter that can influence the punching force
is the length of contour, [. The relations of punching force from literature does not contain
correction factors or other parameters to take into account the shape of the punched contour.
Using the calculation formula is obtained the same punching force values for the different
contour shapes that have the same length, for example (Figure 1): circle, hexagon, square,
shearing, triangle.

212



INTERNATIONAL SCIENTIFIC CONFERENCE ON /\

{ ADVANCES IN MECHANICAL ENGINEERING N
D PROCEEDINGS Y

A5

03,55 % i,

| :
| it |
.62 .07

SECTION Ay TECTION A-# SECTIN A-#

S04
5 757

(iR 5 3

a) b) c)

10,00

]
p 107

16,04 FECTION #=4
B

o

2 J\ 7/'
i | il
: : h h 4

T

SECTION A-A

el
a
[=a]

—

B
. |

d) e)

Figure I Different contour shapes with the same length, 30 mm;
a) circle; b) hexagon; ¢) square; d) shearing (cutback); e) triangle.

IECTION B-E

But engineering sense tells us that geometric shapes with sharp angles require greater force to
achieve punching. To check this assumption were made five dies (Figure 1) that have
different contour shapes, but their length is equal to 30 mm, and the gap between active plates
and punch is 0.07 mm.

2. Methods

The data acquisition system consists of: mechanical press 16tf, force transducer, tool position
transducer, one conditioner for each channel, data acquisition board and computer running the
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acquisition program. The system is shown schematically in Figure 2.

Force il Force i
transducer i conditioner i
NI-USB
5008 il PC
Tool position | Tool position 4
transducer i conditioner i

Figure 2 The schematically representation of the data acquisition system

To make possible the data acquisition was created a program (Figure 3) in LabVIEW 2012 64
bit version [4]. This is compound from two buttons (one for start acquisition and one for stop
acquisition), two numerical controls (one for force conditioner constant and one for tool
position conditioner constant), an XY chart, where it is shown the force variation on the basis
of the tool position and two charts representation of force and displacement according to the
time.

The program also has three numerical indicators for maximum force, minimum force and
displacement. The data acquisition board used is the NI-USB-6008 type, and its configuration
was made for two analog channels. The acquisition is carried out at a frequency of 5000 Hz
and 20000 records, resulting the acquisition time of 4 seconds. After completing the
experiment appears a dialog to save the data entries in the experiment, this function can
overwrite an existing file or to create a new one.

The computer used was a MSI notebook, CX600 model with 4Gb RAM and 2.3 GHz CPU
frequency. The operating system installed on it was Windows 7 Ultimate x64. Because the
management of USB port is faulty on this operating system has been installed the update
"KB2581464" provided by Microsoft and change the registry to increase the data transfer rate
[5].

Start achiziti] {[True ~}
& ) Oprire achizitie _:E'm
L 1
L e ey | D}eplasare[mm]
L]
DAQ Assistant R — Forta [N
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| = ; -
T ¥
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=) 4 ;ﬁ i
1230 b
| | *
" - Write LabVIEW
s ¥ Measurement
Build XY Graph2 |  [Grafic Deplasare-Forta File2
XInput BT Signals
¥ Input =) :
AY Graph Y ; ] B Cursa [mm]
— Forta max [N] HE = IE>I> Ib I ;
.23
I Forta min [N] > (e

b2z

Figure 3 Full code of the data acquisition program
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3. Results
After the experiments were finished comparative charts on a certain type of material with all
five types of punched contour were created. The following figure shows these graphs.

i X5CrNi18-10 / AISI 304 / 1.4301
w—Cuthack
20000 -
—COUEME
e HE R agon
T riangle

15000

m—Circle

Force [N]

=X

-5000
Tool position [mm]

Figure 4 Force variations depending on the punched contour shape;
AISI 304 material, 0.51 mm thickness

10000 -

Al99.5 / 1050A

8000 - = Cutback

— SO UE R
m—Hexagon
=——Triangle

= Circle

Tool position [mm]

Figure 5 Force variations depending on the punched contour shape;
Al99.5 material, 0.32 mm thickness
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The graphics were created with raw values obtained from the experiments in order to see the
differences which occur during the punching process, depending on the shape of the contour
and the punched material.

CuZn37 / CW508L / C27400
e = Cutback
—SQuare
15000 = He Xagon
=T riangle

m—Circle

Foroe [N]

Tool position [mm]

Figure 6 Force variations depending on the punched contour shape;
CuZn37 material, 0.81 mm thickness

14000 -
DCO01 /1.0330
12000 -|
m—Cuthack
1 i —Square
= Hexagon
2000 —Triangle

m—Circle

Foroe [N]

-1

Tool position [mm]

Figure 7 Force variations depending on the punched contour shape;
DCO1 material, 0.51 mm thickness
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Figure 8 Force variations depending on the punched contour shape;
DX51D Z275 material, 0.51 mm thickness

To easily observe the differences between the forces obtained for each type of contour shapes
and materials was made a comparative table and was determined the percentage difference
between the maximum force and the minimum force.

Table I Punch force variation according to the punched contour shape

No. Material Circle Shearing Square Hexagon Triangle Max - min
0 1 2 3 4 5 6 7
Force [N] [%]

1 DCO1 11,178.60 12,397.50 11,910.00 11,666.20 | 12,031.80 10.90
2 DXS51D 7275 | 11,849.00 11,178.60 11,910.00 11,698.60 | 12,397.50 10.90
3 Al99.5 7,643.89 7,826.72 7,643.89 7,826.72 7,704.83 2.39
4 CuZn37 17,029.20 16,358.80 18,248.10 17,943.40 | 18,674.70 14.16
5 AISI 304 19,406.00 22,270.40 20,259.20 | 21,417.20 | 21,965.70 14.76

The maximum power value is the sum of the forces acting simultaneously on the punch
during the process. It can be seen from Table 1 that there are significant differences, up to
15%, for hard materials between the forces required for the punching of various types of
contours.

The experimental investigations have confirmed our assumption about the influence of the
shape contour over the punch force. The materials were oriented in the direction of
lamination.

In further research will be analyzed the influence of the direction of lamination (at different
angles: 0 °, 15°,30°,45 °, 60 °, 75 ° and 90 °) over the punch force using only the shearing
die.
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ONSZERVEZGDES VEZETEK NELKULI SZENZOR
HALOZATOKBAN
SELF ORGANIZING IN WIRELESS SENSOR NETWORKS

VARGA Attila K.
Miskolci Egyetem
varga.attila@uni-miskolc.hu

Kivonat: A vezetékes hdlozat hatranya a vezeték nélkiilivel szemben, hogy ha kapcsolodni akarunk hozza,
mindenképpen valamilyen kdbeles dsszekdttetést kell létrehoznunk, ami igen csak korldatozza a mozgasunkat,
vagy mai divatos kifejezéssel élve a mobilitasunkat. Vezeték nélkiili halozat esetében azonban nincs sziikségiink
kabelekre, késziilekeink hatosugaran beliil barhol kapcsolatot létesithetiink mas eszkozdkkel. Elosztott szenzor
halozatokat tobb mint 30 éve alkalmaznak, de a vezeték nélkiili szenzor halozat az utobbi években kapott nagy
hangsulyt a vezeték nélkiili technologia fejlédésével és térhoditasaval, mely lehetdvé tette, hogy olcso, kisméreti,
alacsony fogyasztasu és tobb célu szenzorok alkalmazasara épiilé kommunikdciot hasznaljanak révid
tavolsagokra. A vezeték nélkiili szenzor halozatokban alapveté problema a mozgo eszkdozok helyzetének
meghatarozasa.

Kulcsszavak: onszervezo, szenzor halozat, vezeték nélkiili kommunikacio, lokalizdacio, csomopont

Abstract: Localization in wireless sensor networks is a main issue, i.e. to determine the position of a given
device in the network. To give the position of the target node reference points have to be used. The node can
calculate its distance and/or angle between itself and the reference points. In the 2D space, if a node knows its
distance from three reference points its position can also be determined. One more reference point is needed in
the 3D space to determine the current position of the target device. The positioning method should not increase
the cost and complexity of a sensor because

an application may require a lot of sensors. Communication and collaboration between nodes should be
minimized for achieving energy saving. The paper shows well-known techniques used for localization in wireless
sensor networks.

Keywords: self-organization, sensor network, wireless communication, localization, node

1. Bevezetés

A vezeték nélkiili halozatok az évek soran tobb szabvéannyal is gazdagodtak. Napjainkban
tobb vezeték nélkiili kommunikacids szabvany all rendelkezésre kdzepes €s nagysebességii
adatatvitelhez, hang, kép, vided tovabbitd, és szamitdgépes haldzatok kiszolgalasdhoz, a
kinalatbdl azonban nem rég még hianyoztak a szenzor €s vezérld egységek specialis igényeit
kielégitd vezeték nélkiili kommunikacidés szabvanyok. Ezek a rendszerek nem igényelnek
nagy savszélességet, de sziikséges a rovid varakozédsi 1d0, latencia, az alacsony
energiafelhaszndlas €s a biztonsagos kommunikacio.

Természetesen az alacsony koltségek is fontos paramétert jelentenek egy széles korben
felhasznalt vagy elterjeszteni kivant szabvanyndl. Ma mar rengeteg olyan termék van,
amellyel olcson kiépithetjiik akar otthoni vezeték nélkiili halézatunkat is, tehat ez a
technologia mar nem csak a nagy cégek, kormanyzati €s oktatasi intézmények sajatja, hanem
barki szamara elérhetd. [1]

2. A lokalizacio alapjai

A szenzor csomoOpont (mds néven mote — az USA-ban elterjedt elnevezes) gyakorlatilag egy
olyan eszk6z a vezeték nélkiili halézatban, amely képes adatfeldolgozasra, informacio
begytijtésére, illetve kommunikaciora a halozatba kapcsolodd tobbi csomodponttal. A
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lokalizacié valamennyi vezeték nélkiili szenzor halozatra ¢€piild alkalmazasban nagy
jelentéséggel bir. A vezeték nélkiili lokalizacids technikakat a mobil szenzorok nem ismert
helyzetének meghatarozasara hasznaljak, felhaszndlva a rendszer ismert priori helyzeti
informacioit. Ezek a technikak nem tekinthetdk a hagyomanyos lokalizacids eljarasok (GPS,
radar) trivialis kiterjesztésének. [2]

Ahhoz, hogy egy eszkoz helyzetét kideritsiik, referencia pontok hasznalatara van sziikség. Az
eszkdz meghatdrozza a tavolsagot, a szoget vagy mindkettét 6nmaga €s a referencia pont
kozott a 2D-s sikban, €s ha egy eszkdz ismeri a tavolsagat harom referencia ponttol (melyek
helyzete ismert), akkor meghatarozhat6 az eszkoz helyzete. Ezzel szemben a 3D-s térben mar
4 referencia pontra van sziikség. Ugyanakkor, ha egy eszkdz ismeri a helyzetét €s a szoget egy
referencia ponthoz képest, akkor szintén meghatarozhaté a pozicio.

A legtobb ismert forgatokonyv szerint a felhasznaldé magaval visz egy egyszerli szenzort,
melyet mobil jeladonak, vagy cél eszkoznek is neveziink, €s ennek a jeladonak a helyzetét fix,
ismert pozicioval rendelkezd halozati érzeékelokhoz képest kovetkezteti ki. Ezeket a fixen
telepitett érzékelOket egyszeriien csomopontnak, horgonynak (anchor-nak) is nevezziik.[3]

3. A lokalizacios algoritmusok

A lokalizaci6s technika kivalasztasat sokszor az ar, a méret €s az elvart lokalizacids pontossag
determindlja. Megkiilonbdztetliink tartomdny-fiiggetlen ¢€s tartomany-fiiggd lokalizacios
algoritmusokat.

A tartomany-fliggetlen algoritmusok esetén a csomopontok a szomszédjaik ismert helyzeti
informacioi alapjan becsiilik meg sajat helyzetiiket. Itt feltételezziik, hogy nem minden
csomopont rendelkezik tavolsdg, szog vagy egyéb metrikus informacioval. Ez esetben a
célcsomopont helyzete becsiilhetd a szomszédos fix csomopontok sulypontjaval vagy a fennallo
geometriai 0sszefliggésekbol is levezethetd. [5]

A tartomany-fliiggd algoritmusok tavolsagbecslést végeznek a fix és a mobil csomdpontok
kozott. A haldzati csomopontok egy részének ismert a helyzete, valamilyen helyi mérés vagy
beépitett GPS vevd révén. A cél csomodpontok relative mdédon probaljak megbecsiilni
helyzetiiket a fix csomOpontokhoz képest. Olyan technikakat alkalmaznak, mint példaul a vett
jelerdsség alapjan (Received Singnal Strength), a jel beérkezésének idétartama alapjan (Time
of Arrival of Signals) vagy a beérkez6 jel szoge alapjan (Angle of Arrival of the Signals)
becslik a tavolsagot, ehhez viszont a fix csomodpontok helyzetét nagy pontossaggal kell
ismerni. [6][7]

3.1. Sulyozott sulyponti lokalizdcio

A sulyozott stulypont Otlete, hogy a cél eszkdz helyzetét az atviteli zoéndban 1évo fix
csomoOpontok ismeret helyzetébdl kalkulalt atlag alapjan becslik. Egyszertisége ¢és
hatékonysaga miatt eldszeretettel alkalmazzak stirti szenzor hal6zatokban, ahol feltételezziik a
fix csomopontok jelenlétét — igy ezek pozicidja ismert—, valamint egymast atlapold atviteli
zondkbol épiil fel. A fix csomopontok helyzete ezen feliil sulyozhatd. Az ismeretlen pozicio a
kovetkezdképpen szamithato:

B Za’fxz-

x =1 , (1)
2.

ahol N a fix csomopontok szdma az atviteli zondban, x; az i-edik fix csomdpont helyzete, w; a
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sulyokat jeloli. Egy alkalmasan megvalasztott sulyozdsi modszerrel finomitani lehet a
pozicidbecslést, mely pontosabb helyzet meghataroz6 informacidkat eredményez. A
leggyakoribban alkalmazott technika, hogy a mobil csomoOpontok broadcast jelleggel
kikiildenek ki {izenetet.
A fix csomdpontok folyamatosan figyelik a jeladokat, €s a beérkezd iizenet alapjan egy
kapcsolddasi metrikat alakitanak ki. Ez esetben a stlyozas a kdvetkezdképpen szdmithato ki:
0)
o, 1) = )
yitasn (1)

ahol ¢ a broadcast lizenetek fogaddsanak idétartama, nyen(?) €s nuudsn(t) pedig a kapott és
kiildott tizenetek szama ¢ 1d6 alatt. Ezt kovetden pedig, egy meghatarozott arany - altalaban 90
% - felett produkald csomopontokat veszik figyelembe a szamitasanal.

3.2. Befoglalo doboz

A befoglalo doboz egy egyszerli, szamitds hatékony lokalizacids technika, ahol a 0
koncepcid, hogy minden egyes fix csomdpont koré konstrualt befoglalo doboz Altal
meghatarozott metszetben helyezkedik el a cél eszkdoz. Az i-edik burkold doboz oldalanak
hosszaval megkozelitleg becsiilhetd, hogy milyen tavolsagra helyezkedik el a cél eszkdz. A
helyzetbecslés eredménye tehdt a metszetként kialakulo hataroldo doboz (3), vagy ennek a

kozepe, azaz
xe {ﬂ Bl} : 3)

ahol B; az x; csomdpont koré 1étrehozott négyzet alakit doboz, melynek az oldala a hatokor
sugaranak a kétszerese. A keresett burkol6 doboz

B:{ﬂ-Bf } (4)

geometridja, azaz alakja a csomopontok topoldgiajatol fiigg. Strli szenzorhalozatban a
burkolé doboz mérete lekorlatozodik, és a becsiilt pozicio jol konvergél a valodi pozicidhoz.
Bar ezen technika pontossaga jellegénél fogva korlatozott, mégis nagyon egyszerii €s gyorsan
implementéalhatd és futtathaté a csomdpontokon. Ugyanakkor ezzel a technikaval kalkulalt
pozicid jol haszndlhatd egy kiinduld becslésként, melyet rekurziv mdédon mas technikakkal
lehet finomitani.

3.3. Pont a haromszogben (PiT)

A PiT algoritmus is egy tartomany fliggetlen lokalizadcids séma. Ebben a megkozelitésben a
cél eszkoz kiild egy jelado ilizenetet, amit a fix csomodpontok vesznek. Ezt kovetden
haromszog alapti kommunikécios tartomanyokat alakitanak ki, azaz a csomdpontok 4altal
meghatarozott 6sszes lehetséges 3-as alhalmazt (5) hoznak Iétre:

xeT]:{x],xz,x3}, xeTzz{x],xz,x4},
;(eT3:{x],x3,x4}, )N(eT4:{x2,x3,x4} (5)

ahol T; az i-edik alhalmaz, mely egy hdromszoget hatiroz meg. Minden egyes haromszog
esetén meg torténik a PiT teszt azon c€lbol, hogy kideriiljon, melyik tartomanyban talalhato a

s

fogja adni, melyek tartalmazzak az eszkozt:

220



INTERNATIONAL SCIENTIFIC CONFERENCE ON

[/ ADVANCES IN MECHANICAL ENGINEERING % I
D PROCEEDINGS g;;

4
T,=(T- (6)

i=1
A legfobb probléma ezzel a technikdval, hogy meg kell vizsgalni, egy adott csomopont a
vizsgalt haromszogben helyezkedik el vagy sem. A PiT teszt gyakorlatilag geometria

alapokon nyugszik.

4. Osszefoglalas

Manapsag az intelligens szenzorok kinalta kommunikéacios lehetdségek széles skalajaval
talalkozhatunk az ¢élet barmely teriiletén. Alapvetd probléma a vezeték nélkiili szenzor
halozatban a lokalizacio, azaz egy eszkdz helyzetének felderitése, meghatarozasa. Egy
alkalmasan megvalasztott sulyozasi modszerrel finomitani lehet a pozicidobecslést, pontosabb
helyzet meghatarozo informaciok révén pedig gyorsabban megy végbe az dnszervezddés a
szenzor halézaton beliil, ami energia megtakaritashoz vezet. Ezzel a telepélettartam
novelhetd, tehat az adott rendelkezésre 4ll6 energiakapacitas hatékonyabban hasznalhat6 ki,
ezért gazdasagosabba valhat az dnszervez0 szenzor halozat lizemeltetése.
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VILLAMOS MOTOR ES KETFOKOZATU HAJTOMU
REZGESVIZSGALATA
VIBRATION ANALYSIS OF A 2-STAGE HELICAL GEARED
MOTOR
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University of Debrecen Faculty of Engineering
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Kivonat: Ebben a dolgozatban egy VEM K22R 355 MX4 tipusu, 400kW névieges teljesitményii,
frekvenciavaltoval vezérelt négypolusu aszinkron villamos motor és az ehhez kapcsolodo SIEMENS/FLENDER
H2S8V11 tipusu kétfokozatu hajtomii csapagyainak dllapotfelmerésenek eredményeit mutatjiuk be. A vizsgalat
eszkoze az SPM Condmaster Nova — Leonova Infinity ipari rezgésdiagnosztikai mérérendszer. Bar az
tizemeltetok kifogastalan allapotunak mindsitették a berendezést, a I6késimpulzus modszerrel elvégzett vizsgalat
alapjan harom olyan hibajelenség is kimutathato volt, melyek csékkentik a csapagyak élettartamat.

Kulcsszavak: allapotvizsgalat, rezgésdiagnosztika, l6késimpulzus modszer

Abstract: In this paper the results of condition monitoring of the bearings of a variable frequency drive (VEM
K22R 355 MX4 type 400kW electric motor and the SIEMENS/FLENDER H2SV11 type two-stage gear unit) are
presented. The main tool of the investigation was the SPM Condmaster Nova — Leonova Infinity industrial
condition monitoring system. Although of the unit was thought to be in perfect condition by the operators, using
the shock pulse measuring technique three independent faults decreasing the lifetime of the bearings could be
detected.

Keywords: condition monitoring, vibration analysis, shock-pulse method

1. Introduction

Shock pulse method is a technique for analysis of signals from rotating rolling bearings as the
basis for efficient condition monitoring of machines. It was introduced in 1969 and now it is a
worldwide used method in condition monitoring of rolling bearings. In the shock pulse
transducer the reference mass starts a dampened oscillation due to the front of the pressure
wave generated in a bearing arriving to the measuring point. The peak amplitude is a function
of the impact velocity. A shock pulse transducer reacts with a large amplitude oscillation to
the weak shock pulses at its resonance frequency of 32 kHz, while the low frequency machine
vibrations are filtered out. Reducing oil film results in increased shock pulse level without
distinctive peaks, while bearing damages cause strong pulses at irregular intervals. The
Lubmaster modul of SPM Condmaster Nova software is designed for evaluation of bearing
condition on the basis of shock pulse measuring

In this study an application of the shock pulse method is presented. This technique was able to
point out certain harmful failures of devices considered to be in perfect condition. The main
components of the investigated drive system are the VEM K22R 355 MX4 type 400kW
electric motor and the SIEMENS/ FLENDER H2SV11 type two-stage helical gear unit. Both
of these parts are equipped with SPM (shock pulse measuring) adapters (Fig.1). The aim of
the investigations was condition monitoring of the electric motor and the gear unit using SPM
techniques. The measurements were prepared and the results were evaluated in the
Condmaster Nova software, the measurements were carried out with Leonova Infinity
portable instrument.
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The investigated devices were operating for one and a half years after installing. On the basis
of the total number of operation hours of the unit that was small relative to the expected
service lifetime of the components and the results of the vibration analysis carried out two
times a year the unit was thought to be in perfect condition by the operators. Our aim was to
check with the SPM condition monitoring system whether bearing failures or other symptoms
of bad condition of the machine could be detected using the shock pulse method.

Table 1 and 2 show the main technical parameters of the electric motor and the gear unit,
respectively. The high power of the electric motor has to be emphasised at this point.

Table 1: Main parameters of the electric motor

Type VEM K22R 355 MX4
Design output power 400 kW

Number of poles 4

Design frequency 50 Hz

Design speed 1494 [1/min]

Design voltage 400 V

Total weight 2400 kg

D-side bearing 6324

N-side bearing Q317

Table 2: Main parameters of the two-staged helical gear unit

Type Siemens/Flender H2SV11
Input speed 496-1491 [1/min]

Output speed 32-96 [1/min]

Actual ratio 15,556

Total weight 1800 kg

Input shaft bearings 32315

Pinion shaft bearings SL.192320

Output shaft bearings 32036
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2. Vibration caused by harmonic currents produced by the inverter

The phenomenon of torsional vibration of electric motors caused by distorted motor currents
is well known and described in the literature. As a consequence of the vibration, the motor life
expectancy is shortened. Excessive torsional vibrations of high power electric motors can
result in broken shafts and couplings and can cause damages also to the other mechanical
components in the system. In this investigation the shock pulse method is used to check the
effect of harmonic currents due to the malfunction of the inverter.

The result of the measuring at the D-side bearing of the electric motor can be seen in Fig. 2.
The figure shows the spectrum calculated from shock pulse measurement and the lines
belonging to the symptom of distorted motor currents. It can be seen clearly that the spectrum
lines fit to the symptom lines, that is, a malfunction of the variable speed controller is
detected.
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F ig.2: SPM spectrum of the vibration at the D-side bearing of the electrlc motor with the
symptom lines of distorted motor current

3. Condition of the oil film in the bearings of the gear unit and the electric motor

The lubrication condition of the bearings of the electric motor and gear-box was evaluated
with the Lubmaster module of Condmaster Nova. In the case of the D-side bearing of the
electric motor and the bearings of the output shaft of the gear box a poor condition of the
lubrication was detected.

While the LR-HR value was low for the D-side bearing of the electric motor showing the
good condition of the bearing, the HR value was relatively high, that is, the lubrication was
not thick enough in the bearing (Fig.3). This diagnose led to the careful inspection of the
automatic lubrication system of the bearing and it was founded to be out of order.

The picture provided by the Lubmaster was very similar in the case of the bearings of the
output shaft in the gear-box due to the low speed of the shaft (Fig.4). Since the position of the
output shaft bearings and the rotational speed follow from the construction and the
operational circumstances, in this case repair was not necessary.

4. Conclusions

Although the shock pulse measuring technique was introduced more than forty years ago and
the technical background of it has been continuously developed in the past four decades,
moreover now it is one of the most frequently used condition monitoring procedure in the
world, this method is not known and used by the majority of manufacturing companies in
Hungary.

Analysing the SPM spectrum of the D-side bearing of the electric motor a malfunction of the
inverter was pointed out, furthermore the evaluation provided by the Lubmaster module
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indicated the poor lubrication condition of bearings of the electric motor and the gear unit.

It is proved by our investigation that there are dangerous machine failures which can be
detected with the shock pulse measuring method (e.g. with the SPM condition monitoring
system) while they are invisible for the vibration diagnostic applications based on the
measurements with common accelerometers.
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Fig.3: Lubmaster analysis of the D-side bearing of the electric motor
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Fig.4: Lubmaster analysis of the upper and the lower bearing of the output shaft
of the gear-box
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Az Enterprise Group PLM iizletdga komplex mérnoki megoldasokat és informatikai szolgaltatasokat kinal az ipari teriileten
miikodo vallalatoknak. A Siemens PLM és a Vero Software piacvezetd megoldasai a termékek teljes életciklusat lefedik, az
otlettdl a tervezésen at egészen a gyartasig, valamint tdmogatjak a termékfejlesztés és ujrafelhasznalas folyamatat is.
Uzletagunk tobb évtizedes ipari tapasztalattal rendelkezé szakemberei és az Enterprise Group stabil vallalati héttere
biztositja, hogy tigyfeleink minden esetben a specialis igényeknek megfeleld személyre szabott €s megbizhatd
szolgaltatasokat kapjak.

A PLM (Product Lifecycle Management) egy olyan Osszetett folyamat, ami teljes termékéletciklus menedzsmentet tesz
lehetévé. Magaban foglalja a szamitogéppel tamogatott tervezé (CAD), és megmunkalo (CAM) megoldasokat, de ennél
komplexebb, hiszen a termékek teljes életciklusat lefedi. A PLM olyan eldnydket biztosit, mint a piacra keriilési id6
csokkenése, a termék mindségének javulasa, a prototipus koltségek csokkenése, a potencialis értékesitési lehetdségek gyors
azonositasa, valamint koltségcsokkentés a korabbi adatok ujboli felhasznalasaval és a mérnoki munkafolyamatok teljes
integralasaval. PLM {izletagunk a Siemens PLM Software altal fejlesztett, jol ismert termékeket és a hozzajuk kapcsol6do
szolgaltatasokat kinalja. A Solid Edge, a Teamcenter, és a teljes Velocity Series termékcsalad (Femap, CAM Express,
Teamcenter Express) disztributoraként all jelenlegi és leend6 tigyfelei rendelkezésére. Az lizletag a gyartd cégek igényeinek
teljeskori kielégitésére, a vilag a legnagyobb CAM orientalt CAD/CAM fejlesztdje, a Vero Software megoldasaival all
partnerei rendelkezésére. Ezek koziil az Edgecamet ajanlja forgacsolashoz, a Radan rendszert a lemeztechnologiai
feladatokra és az Alphacam-et a fa- és kdipar szamara.

Az Enterprise Group PLM iizletdga a piacon jol ismert Siemens PLM termékek és megoldasok forgalmazdsa mellett a
szoftverek bevezetését, valamint a tamogatast, frissitéseket, oktatasokat és a folyamatos rendelkezésre allast is biztositja
partnerei szamdra. Az iizletdg tobb évtizedes mérnoki és informatikai tapasztalattal, illetve ipari multtal rendelkezd
munkatarsai, az Enterprise Group tovabbi iizletdgainak tudéasara és jol miikodd vallalati hattérre is tdmaszkodhatnak a
projektek megvaldsitasa soran.

Enterprise Group’s PLM division provides complex engineering solutions and IT services for companies that operate in the
field of industry. The market-leading solutions of Siemens PLM and Vero Software cover the entire lifecycle of products -
from the original concept, through the design process, all the way to manufacturing - and also support product development
and recycling. Our team of experts, with decades of experience in the industry, coupled with the stable corporate background
of the Enterprise Group, ensures that our clients will always receive reliable solutions that are customised to meet their own
particular requirements.

PLM is a complex process which facilitates the management of a product’s entire lifecycle. It includes computer assisted
design (CAD) and manufacturing (CAM) solutions, but it is more complex than that, as it encompasses the full lifecycle of
products. PLM offers advantages such as time-to-market acceleration, product quality improvements, prototype production
cost reductions, rapid identification of potential sales opportunities and overall cost savings by recycling previously obtained
data and by fully integrating engineering work processes. Our PLM division supplies the well-known products developed by
Siemens PLM Software, as well as their connected services. The division is ready to serve existing and future clients as a
distributor of Solid Edge, Teamcenter and the full Velocity Series range (Femap, CAM Express, Teamcenter Express). With
solutions from Vero Software, the world’s largest CAM-oriented CAD/CAM developer, the division is capable of
comprehensively satisfying all the requirements of manufacturing companies. Among these solutions, Edgecam is
recommended for machining, the Radan system for sheet metal manufacturing tasks, and Alphacam for the wood and stone
industries. Besides supplying the market’s well-known Siemens PLM products and solutions, Enterprise Group’s PLM
division also helps partners with the introduction of new software, as well as support and updates, training programs and
constant availability. Our staff, consisting of experts with decades of experience in engineering, IT and industryrelated
projects, can also call on the knowledge of Enterprise Group’s other divisions and rely on the smooth operational background
of the company when implementing their own projects.
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Cégismerteto
Cégiink 1993. aprilis 20-an alakult, 100%-ig magyar tulajdont, csaladi vallalkozas. Véllalkozdsunk maéra t6bb
mint 40 szakmailag magasan képzett dolgozot foglalkoztat, 5000 m2 Osszteriiletli {izemcsarnokokban. F6
profilunk:

e reddny alkatrészek gyartasa,

o arnyékolastechnikai berendezések készitése,

e miianyag alapanyag gyartasa.

Korszerli iizemeinkben extruder, froccsontd, valamint présgépekkel gyartjuk a miianyag redény valamennyi
alkatrészét. Osszeszereld ilizemeinkben készitjiik az arnyékolastechnikai berendezések koréhez tartozé Osszes
terméket.

A Roman Kft. legfontosabb célja, hogy a miianyag alapanyag, miianyag és aluminium arnyékolastechnikai
termékek gyartasa és értékesitése teriiletén kiharcolt jO hirnevét megérizve stabil iigyfélkorét megtartsa,
meger0sitse. Ezt a felelosséggel végzett mindségi munkankkal (alapanyag, technologia), magas szakmai
végzettséggel, illetve a bevezetett MSZ EN ISO 9001:2001-es mindségiranyitasi rendszer tudatos
alkalmazasaval kivanjuk elérni.

LEVELEZESI CIiM: 4002 Debrecen, Bellegel kert 5/B
IRODAINK:

Arnyékolastechnika:

4002 Debrecen, Bellegel6 kert 5/B. Tel.: +36(52)541-331, Fax: +36(52)541-330, e-mail: info@romankft.hu
3527 Miskole, Beseny6i u. 27. Tel./Fax: +36(46)322-822, e-mail:miskolc@romankft.hu

1239 Budapest, Ocsai ut 6. Tel.: +36(70)6078784,e-mail:gubek.attila@romankft.hu

Miianyag granulatum gyartas:
4286 Bagamér, Pet6fi u. 63. Tel.: +36(52)388-115, Fax: +36(52)587-000, e-mail: info@euromprofil.hu

in Romanian:

Firma sa infiintat in 20 Aprile 1993 cu capital privat al famiziei 100% Magiar. Firma noastra are peste 40 de
angajati specialisti, o echipa de incredere care lucreaza pe o suprafata de 5000m2.

Serviciile si profilul nostru:

e producem piese pentru rulouri,

e jaluzele, draperii o serie de accesorii si sisteme de prindere,

e fabricarea granulelor din plastic.
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ZF Lenksysteme Hungaria Kft.
STEERING THE RIGHT WAY

ZF Lenksysteme
Hungaria

Az egri ZF Lenksysteme Hungaria Kft. 2003-ban alakult a németorszagi ZF Lenksysteme GmbH
leanyvallalataként. Az egri telephelyen a termelés 2003 szeptemberében indult, egy kormanymii-osszeszereld
sorral, 35 fovel. Céglink ma tobb mint 650 dolgozét foglalkoztat. A négy lizleti egység kozel négyszazféle
terméket gyart a vilag tobb ismert autdgyartod cégének.

A kormanymii-rendszerek és részegységek fejlesztésével és gyartasaval foglalkozé ZF Lenksysteme GmbH
kozpontja a németorszagi Schwabisch Gmiindben talalhaté, ahol harom gyaregységben mintegy G&tezren
dolgoznak. A cég Eurépaban, Azsiaban, Eszak- és Dél-Amerikaban, 8 orszagban osszesen 18 telephelyet
mikddtet. A folyamatos és sikeres fejlesztéseknek koszonhetden a Lenksysteme a jarmiiipar élvonaldhoz
tartozik. A hidraulikus rasegitésii Servotronic, illetve elektromos rasegitésti Servolectric kormanymi-csaladok

kiilonféle tipusait a vilagvezetd személyautd- €s haszonjarmii-gyartoi €pitik be termekeikbe.
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Termékeink:

A személygépkocsi hidraulikus kormanymi teriileten (HPS) 7 szereldsoron 100-nal tobb kiilonbdzé kormanymii
szerepel a termelési programban.

A személygépkocsi elektromos kormanymi teriileten (EPS) 2013 nyaran indult a probagyartas.

A személygépjarmii kormanyoszlop iizleti teriileten harom szereldsoron késziilnek a kormanyoszlopok.

A haszongépjarmi izleti teriilet két termékcsoport, kormanyoszlopok és kormanytengelyek eldallitasaval
foglalkozik.

A Global Aftermarket a javitobazisoknak biztositja a potalkatrész ellatast, illetve a gyari technologiaval
felujitott, garanciaval kinalt termékeket.

2013-ban a ZF Lenksysteme csoporton belill a magyarorszagi vallalat kapta meg a lehetdséget az EPSapa
elektromos kormanymi gyartasara és Osszeszerelésére. Az EPSapa felsé kategdrias autokba gyartott mindségi
kormanymi. Mivel az egri telephelyen nincs lehetdség a sziikséges mértékii bovitésre, 1) helyet kellett talalni.
Az Egertél 10 km-re fekvé Maklar optimalis valasztas az egri gyar és az autdpalya kozelsége, valamint jo
infrastrukturalis adottsagai miatt.
Az 1j beruhazas tobb 1épcsében valdsitja meg ndvekedési terviinket: a 2014-es atadast 2016-ra Gjabb 7000
négyzetméteres boviilés kovetheti. Az 0j beruhdzas célja, hogy kielégitse az EPSapa kormanymiivek irant
mutatkozo novekvo vasarloi igényt, és stratégiai fontossagu kozeledést jelent azon eurdpai vevok iranyaba, akik
magyarorszagi gyartohelyekkel rendelkeznek. A termeld kapacitasok novekedésével Osszhangban a piaci
igények altal megalapozott foglalkoztatas-bovités is megvalosul.
Elérhetéségek:
ZF Lenksysteme Hungaria Kft.
3300 Eger, Kistalyai ut 2.
Tel.: +36 36 510 930
E-mail: hr.ege@zf-lenksysteme.com
www.zf-lenksysteme.com
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