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1.Properties of ZEDEX 100

ZEDEX 100 is a high-quality plastic alloy on a thermoplastic basis showing excellent tribological properties
in dry runs. ZEDEX 100 is so successfully employed in different application cases especially due to the fact
that the combination of it s excellent properties makes it an “allround material‘ (see chart page 4).

This material had been developped more than 25 years ago and is still state-of-the-art technology.

There is a very high knowledge about the technical properties and application possibilities, so that costly

ZEDEX 100

tests are very often superfluous for a succesfull employment of the material. o
In principle, three different compositions are available: S
@
- ZEDEX 100 Afor highest strength, high elasticity and low price
- ZEDEX 100 K for highest mechanical stress
- ZEDEX 100 MT for injection molding and higher heat resistance =
e
Semi-finished products made from ZEDEX 100 are always supplied in the configuration "K". 8
4
o
table 1
c
DIN/VDE | ISO/IEC | ASTM UNIT ZX-100A ZX-100K ZX-100MT %
Density 53479 1183 [ D792 | kg/dm3 1.3 1.35 1.75 )
Modulus in tension 53457 R527 [D638-1| MPa 2200 2500 5000 7]
Tensile strength 53455 R527 |D638-1 MPa 50 65 72.4 %
Ultimate tensile strength 53455 R527 |D638-1 MPa 46.7 - @)
Yield stress 53455 R527 [D638-1 MPa 50 - 72.5
Elongation at break 53455 R527 |D638-1 % 330 60 36
Elongation at yield stress 53455 R527 |D638-1 % 3.6 - a
Flexural modulus 53454 178 D790 MPa 2080 2000 2400 8
Flexural strength 53452 178 D790 70 85 85 (‘7_-)
Elongation at flexural strain 53452 % 5.0 -
Compressive yield stress 53454 D695 MPa 74 82,5 77
Stress at 1% deformation 53444 MPa 110 - "
Impact resistance Charpy 53453 R179 - J/m2 no breakage [ no breakage | no breakage % %
Notched impact test Charpy 53453 R179 - J/m2 16400 6000 2000 = <
Notched impact test IZOD R180/1A J/m2 11000 4000 800 [} E
Ball indentation hardness H358/30 53456 MPa 92 136 153 Ug) 8
Ball indentation hardness H961/30 53456 MPa 220
Rockwell hardness Skala M D785 110 50
Shore-A hardness 53505 R868 - 97
Shore-D hardness 53505 R868 74 70 g’ 8
Moisture absorption 24h in water at 20°C. 53495 R62 D570 % 0.35 0.3 0.2 S g
Moisture absorption at saturation / 65% relative humidity [ 53495 R62 D570 % 0.75 0.7 0.5 U:') g
Melting point 53738 °C. 255 255 255 =
Glass transition temperature 73
Coefficient of thermal expansion 53752 D696 K ¢10° 8 7 5.5 )
Heat distortion temperature (1,8MPa) 53461 75 D648 °CY 69 75 95 ‘5‘)
Thermal conductivity 52612 - C177 [ W/(m e K) 0.22 0.24 0.28 o 8
Specific heat capacity C351 |kJ/(kg e K) 14 15 1.8 g'a
Fire behavior (3,2mm) UL94 94HB 94HB 94HB ()
Oxygen index D2863 21 21 21 )
Surface resistance 53482 93 D257 Q 1012 1014
Dielectric strength 53481 243 D149 kV/em -
Non toxicity BGA/FDA yes yes yes o 2
()
Q
j
o
>
o g
=
o n
5
co
o8
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1.1.Comparison of sliding friction materials

[ ZEDEX 100 [ PA6.6 /3 POM I Bronze

dry running performance

Emergency running property

frictional characteristics of material

wear resistants

incorporate behavior

low temperature increase

stick slip behavior

impact strength

shock absorbent

viration strenght

vibration- damping

compressive strength

pv value (dry running ; v=30 m/min)

precision

geometry error adjustment

embedding possibility

dimensional stability by waterabsorption

water resistance

chemical resistance

resistance against mineral oil

low weight

design possibilities

adhesive properties

price level

Illlillllillll
0 1 2 3 4 5

less high
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2. Delivery program: Sliding frictions

Sheets:

made from ZX-100K in standard dimensions to be
processed by the customer, see page 39

Cut blanks:

made from ZX-100K in any dimensions.
see enquiry form for cut blanks enclosed

ZEDEX 100

Range

Slideway coatings:

made from ZX-100K in standard dimensions.

The underside has been pre-treated for bonding.
Blanks:

see enquiry form for slideways coatings enclosed

<
>

Research

Construction

Finished sliding frictions made from ZX-100K
according to customers drawing:

- forbonding connection or

- forscrew joint possible as required.
- with groove structure

- orother special requests

N

Sheets

Slideways
coatings

Composite lathes made from ZX-100K and steel
according to customers drawing to be attached
by means of welding:

- for attachment by means of welding (inexpensive)

- nore-machining necessary to achieve highest
accuracy

- for higher temperature ranges

- for higher compressive strength

- nobonding work necessary

- with groove structure and other special equipments

requested, see page 42

Sliding
frictions

Composite
gibs

Composite lathes made from ZX-100K and steel
according to customers drawing to be attached
by means of screwing:

- for quick replacement

- toachieve highest accuracy
- nore-machining necessary

- nobonding work necessary

- higher compressive stress

- for higher temperature ranges

- with groove structure and other special equipments

requested

Wolf Kunststoff-Gleitlager GmbH e Heisenbergstr. 63 - 65 ¢ 50169 Kerpen-Tirnich e Tel. 02237/9749-0 e Fax. 02237/9749-20
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3. Test of new guide materials for molding machines

Due to its outstanding allround properties, ZEDEX 100K has been tested and proved by the “Institut fur
Umformtechnik Hannover” (Institute of Molding Technology, Hannover) within a test engaged by the
“Verband der deutschen Werkzeugmaschinenfabriken” (Association of German machine tool factories).
The test consists of two parts:

1. Test bed trials with heavy duty molding machines to select new guide materials (AIF 7477). — see
reprint —
2. Test of selected new guide materials for molding machines on practical conditions (VDW 0520).

ZEDEX 100K achieved in every way positive results in part 1 as well as in part 2. ZEDEX 100K and ZEDEX
324 were the only two materials among all the other materials tested, which achieved the aim to be suited
for dry running operations. These dry running properties of ZEDEX 100K were actually so extremely good,
that ZEDEX 100K could be tested on non-lubricated continuous duty. Thereby ZEDEX 100K proved to be
excellently suited for dry running sliding frictions.

In order to put this knowledge to your disposal and to verify the efficiency of ZEDEX 100K, you will find a
reprint on the following pages (page 7-13), showing the test results of the first part. Whereas you will find
the summary of the test results of the second part “test of selected new guide materials for molding ma-
chines on practical conditions” in the complete version behind the reprint on the pages 14-16.

In case of special interest, we may also send you the complete test report.
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Test of new guide materials for
ram guides installed in
molding machines

by Eckhardt Doege and Heinz- J6rg Schmidt

Offprint taken from the technical journal “Blech-Rohre-Profile” (sheet metals-pipes-profiles)
38 (1991) 7/8 by Meisenbach GmbH, D-8600 Bamberg



Erprobung neuer Fiihrungswerkstoffe
fiir StoBelfithrungen
von Umformmaschinen

Eckari Doege
Heine-Iarg Schmbd

Frod [ir-Ing. Bclom Doege i Direkaor des e
slitels fir Usfmiechnik md Umformmasebs-
nen an der Universith Hanmover, Tiigl kg
Heme-boeg Schmick 151 wizonschafilicher Mi
arbeiler am slbea I, Dhe durchpefubrian
Limmersachengen wurden mim Maren dav Arkeis-
grrmgirechali  [nsnsmneller  Forschmgseerziai-
Buiges &, (AIF) gefeden unl derch dim Y-
£in Dvuischer Werkesdpmas hmenlaboikea 2%,
{VIAN hetreul

I Ausgangssiluation

Umifosmproeesse slehen in sunchmen-
dem Malle in Konkurrenz o den spa-
nenden Fertigumgsverfahnen. Eme Vir-
Besserung der Wirtschaftlichkeit von
spanlosen  Formgehungsverfghren sl
zum einen durch eine Erbdibang der
Aushringung wnd  “Verrimgerung  der
Maschinemstlbstandsevmen  und  >um
anderen durch Einsparung '\-_I1|||1|,'I'|Jl:'r
Machbearbemung moghich. Das Wer-
mesden von  Machbearbeitung,  das
heilt, dic Femigung pallgensucr, cin-
bauferiger Teile wind in der Umborm-
techinik einen mmmer hiheren Seellen-
wert einnchmen,

e Forderumg nach einer win-
schafilichen Hersiellung won  Werk-
stdcken mit hober Genawigheit und
gleschbleibender Qualitin siellt erhebli-
che Anfordenangen an das Sysiem Ma-
schme-Werkseug, o den wichiigssen
Bauelemensen, durch die die Arbeits-
gemmigkenl uml das Lesstangsvermd-
gen einer Masching erheblich beein-
flale werden kisinen, gehtnen die Fiib-
rungen. Die hdufig verwendenen h:.-.]m-
dynamischen Gleitfibrungen werden
in nabezu  allen  UmSsrmmaschinen
cimgesel.

Crrumddssitzlich besichi die Aufgabe
von Geradfihrangen in ‘Werkeeugma
schimen darin, bestimmss Bewegumgen
in definienien Richiungen e auso
fihren obne eigensiiindige Verschie-
bungen der pefiihmcn Badtsile parulas-
sen. Berogen aufl den Bereich der Sid-
felfihrumgen in Limformmaschisen
bedeter dies gime lagegenaue Fihrung
dies am Siifle] befestigren Obherwerk-
rempes  pepeniber  dem Unserwark-
peug, Progefl- und Massenkrifee, die
wiihirend des Arbestshubs auf den S
fbiel cimwirken, fihren o ciner Abwei-
ching der wasichlichen Suibelbewe-

pung voi der klealen Beaegang. Won
besonderem Einflufb sind in diesem
Fusammenhang  die  beispielsveise
durch die Anordnung mehserer Werk-
reupe im Arbemsraum der Maschine
hervorgerufenen  sullermittigen  Bela-
stungen, die zu erhehlichen harizoni-
len Krkften fGhren kiiomen [1]. Hier-
durch kommt es 2w sehr groflen Fli-
chenpressunges (Kanlenpressungen) in
den S1okelfibrungen und 2 Kippun-
gen des Seificls (Bild 1. Dee enwir-
kenden Pressumgen kimnen dubei um
den Fakwor W) dber denen von zerspa-
nenden Maschinen licgen, Usler un-
glnstigen Berebsbedingungen  kén-
nen  Fliichenpressungen  bis
0 N/mnr awfireen. Diese delich
sghr hohen Belastumgen besimriichu-
gen die Trgikhighelr des Schmaerfilms
und filhren durch uperwiinschiz Rei-
bumgszuskinds yu einem erhibicn ‘er-
schleill der Gleitfibrungsmalerialien.

Die kurze, sich stimlig wisderho-
lendie, siofariipe Belosiung der Fib-
rungen sowie die Richmngsinderung
im wnieren Umkehrpunkt des Siofels
umter fioben Lasien sind allein fir Uim-
farmmaschinen typisch. In Verbindung

Bild I, Beanspruchmmesverdimg” emer  Masclines@lrowmg  anver-
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Bl ¥ Flelrermmgen fite Gieinoe el in
i ressarchines

mil der im allgemeinen geringen s
Belgeschwindigkein kiinnen dic inapuls-
formigen Belmiangen ou Sidrumgen
des Schmierfilms und damit 2u wner-
wilmschien Relbungsrastinden (Misch-
reibung) und ungleschmaRigem Maie-
rinlverlust durch “erschlzild fithsen,
Hierdurch verindert sich mal sunch-
mender Beirichsdaver das Fishrnungs-
spied, die Arbeisgenauighe wind er-
heztlich besinerschingl umd als Ergebais
kfinmen unersiinschie Mafschwaniun-
gen am  Umfermprodoke  aufireten,
Beispielhalt zeigt Bild 2 hierma eine
Fibrumgsbeiste aus Bronze, die nach
rund B0 Bewricbssbumden im emer
Spindelpresse vermessen wurde, Fuar
Erfiillung der Cualiviesfordernimpgen 1s1
daher — sbhing
hiiufiges Machsiellen der Fihrung er-
forderdich. Im anglnstigen Fall ko
e durch Frefierscheinungen 7u einem
varzeitipen Ausfall. Zodem fikren dic
durch Mischreibung auftretenden ho-
hen Reibwerte 2o Encrgieverlusien und
vertagern den Wirkungsgrad des An-
trichs.

2 Anforderungen an

Gleitfiihrumgswerkstoffe
Anforderungen und Betrichshedingun-
gen filr Sehfielfidh n in Limform-
maschinen. speiell fir Gleafihmn-
fen, lassen sich wie folgt definieren
(Bikd 3).

Neben der Realisierang eines ge-
ringen  Fillhrumgsspieles, ist  ein

i vom Werschlesf — cin |

£ i

VLT

i
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Bkl 4. Priffemnchiung fr Glebfeises s h.H.-._mwf.-f_lpqﬁfrf_qﬂﬂ'm'ﬂmﬂg dlirch |||:|.ld.|:|,|_|_|-

Tischn

reibungsarmer  und  moghchs  ver-
schileifreser Betriek der ]:'l;lhrl,lng_ fiMn-
zustreben, Hierzu Bt oeie  sichene
Werksioff- und  Schmicrsoffisswahl
erfonderlich. Emg verbunden damit ist
die Forderung nach ‘Warnangsfreihen
caler mach profen Warungsimervallen
rwischen notwendigen Filthrungsspicl-
korrekiuwren, besamders im Langzeiche-
trich. Um die durch aaflermatige Ma-
schimenbelastungen  hervorgerufenen
Harirantalkrifte aufrunehinen, ist cine
Eigmung dis GleltwerkssolTes far hohe
dynamische Belastungen erforderlich,
Bei hohen Hubzahlen it sudesn eme
pule Wirmeabfuhr aux dem Fdhrnangs-
berebch sichernasiellen,

Wichilg fiar eimen Cleitwerksioff
ist die Unempfindlichkeit gegemiiber
Schmwizeinwirkung. Eim hohes Ein-
betluagivermigen des Werksoffs ver
himdernt die wrzeitige Zerstinang der
Glemiflichen durch Abrasion. Ein Ver-
sagen der Fihrungswerksindfe duarch
harte Premadpanibe] im Fihrungsspalt
kann damil verhmnder werden. Meben
dem verschleifarmen Betrich mit aas-
meichemder  Schenrsiolflmengs  rwi-
schen den Reithiliichen, hesseht die
Fordereng nach gwien Motksofeipen-
schafien der Fihrungswerkssolfe. An-
mastrebendes Zael ist ein moglichst uns
schidlicher Trockenlouf bei ummiricl-
harer helkicperbenihmung awch iber
lingere Zeitrdume, Hierfar sind Kansi-
stoffe (Polvmerwerkaofl) cher pesig-
niel, da bei mein metallischen Parinemn
stets mit der Misglichkein von Kalves-

schrwilangen  (Pressend der Bewe-
E.;erlgﬁpunru:r gerechnet wenden mnib

Fir die Wirschaflichkeit einer
Gibzicfihmngsanondnang sind nickd nur
dse nzinem Materinlkosten imeressant,
immer sind such mit der Bearbeinang
urd der Befestigung des Gleitwerkstaf-
fies betrdchiliche Kosien verhunden,
Duesen genanmien Ziclsermngen sie-
hen i Bereich der Umiformnsaschinen
die elngings erwdhnien Beirichspro-
bleme wie hohe Flachenpressung und
ungleichimsifiges  Fihrungsverschleih
gegeniiber, die den Einsatz eines Werk-
sioffes als Gleinfillrusgsvwerksaol be-
himdern kimnen.

3 Priifstand zur
Crleitleistenuntersuchung

Zur Untersuchung der Eignung und
des Beirichsverhaloens der in Frage
komsmesden Glslwerkstaffe wurde am
Institut fiir Umformbechnik und Uns-
formmaschinen in Haphower ein spe-
Eleller Versuchsstand als Prilfzinrich-
ang entwickelt, der die charaknerisi-
schen Betrsebsverhdlinisse von Saifel-
fikrungen in Umformmaschinen wie
hohe  Flichenpressung  (Kanlen-
pressung),

kurze mpulsiormige Belastung,
sinusformige  Sidlelpeschwindiz-
kst mn Kschiungsumkehr,
Belastungsmaximum — kurz  vor
Richiung=umbkehs
wirklichkeitsnah simuliert,
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Frinzipstizze der
rickiuag mri dem
Befarmgprofil
der Gieiprobe

et d AL LLLARE

Durch imiplementiemns Mefisenso-
rik wenden die akmoclken Belasungs-
urkl Betricbsparameter erfabi (Bikl 4.

Der Wersuchssinnd ermiglichi die
Waristion der Beirichsparameter:

- Gleitlelsien-Nersuchswerkssoff;

- Werkstaff der Gegenglenflache
{ Beibpartmer):
Schmiersioffeinsatz;
Beelastumgshdhe und Krafrverlauf;
Aubermibtiigken  der  Kralwin-
ledtung;

- Belasmngsdawer;

Gleitgeschwindigken und

- PFiihrungsspied,

Die Grundbausteine des Gleitleisten-

Priifseandes bilden cime hydraulische

Pulseinrichiung mil  Sleverschrank,

cine Belastungssimulaiionseinrichiung

und eine Antrigbseinhen @ur Erseu-
gurg der Gleithewegung.

Der hydraulische Pubser bestche
mes einem in der Hahe versiellbaren
Viershuben-Gesiell mit zemtrisch ange-
ordneter Krafieindeiung  Ober cinen
Hydmulikzylinder. Die Kmaftaufbrin-
gung wird froquenzgesiesert und er-
folgl impulsartiz. Eine im Obergestell
cingebaste  Kmfimeldose  (herancht
die erecugie Belasbung.

Kemstick ddes gesamien  Praf-
sandes (st die speziell far die Eig-
mungsversuche entwickele Einmchiung
zur Ermcugung ciner realiiiisnahen
unsymmeirischen  Flihruagsbelasmng
(Bild 5). Diese Vormchiung ermaglicht
dic Untersuchang von Glesleisten un-
ber extrensen Belastungen im Draser-
versuch. In der Belaswmgseinrichiung
wird die Glenleiste des 2o umersu-
chenden Werkstofiss aud emner Diruck-
vemeilerplatie  befestigi. Durch  eime
speziclle Einspanmung dieser Plane ist
es milglich. diwe charakiersbschen Flii-

chempressupgen  von  Filhrangen  n
Umifermmaschinen #u erseugen. Dhe
Druckverieilerplatte ist an einem Ende
durch zwei Schmubendruckfedem and
“erstelibolzen verspanstl, jedoch kipp-
beaeglich zum ortsfesten  Versuchs-

sand amsgefibrt, Im Bereich  der |

Krafteinleibung am freiem Ende der
Plaite wird die zu anbersuchende Glen-
leiste befiesiagt. Hier erfihn die Glei-
beisie die worgewiihlie Kmft des Pul-
TS, wird im Bercich der
Druckledern die Pulserkrall fas vall-
stiindlig kompensiert, das heifit, dafl in
digsem Bereich die Belastang der Pro-
ben anndbernd Null st Diese unsgym-
meztrische Lasteindeitung ist kennzeich-

| nemd fior die real aufircicnden Bels-

stumggen an Stibelfihnangen.

Um den Probenaushau zu erleich-
term, ist die Drsckplaie mit elsem
Kassetiensyslem far den Probemaech:
sl owspenkster, Beim Amshan wind je-
weils nur dse Aulspasnplatte pelisl,
nickl aher die Gleitleisie selhst. [a
sich die Aufspannverhdlinisse nicht fin-
dern, ermiiglichl diese Eonsiruktion
eine genawere Yermessung der (iber-
fschenkennwerte und -konar der rela-
tiv kleimnen umd diimnen Prohen.

Die translatorische Bewegung des
Pressepstofels wird durch ginen hori-
zoml gefihrien Schliten simulien,
der von eisem Rurbelbeineh bewegt
wird uml diz Gegengleithahn  auf-
nimmt. Als Relbparmer der mewen
WierkstolTe deenb: bed samtlichen Ver-
suchen eine gehdricie Stakl-Gleitleisie
{Werkesoff: 90 Mn Cr V&),

Zur Durchiihrang der Unbersu- |

chumgen und Chamkterisierung der
Belasiungs- usd Betrichsverhiilinksse
der jeweiligen Glesibeiste wurden an
dem  Versachssiand in repelméibipen
Abstiinden

= diie normal zur Glemwerksioffobes-
flacke  ciowirkende  Belastungs-
kraft,

dig axial wirkende Reibkraft,

die Temperatur an der Benthrila-

che der Gleiipanner und
- der Gleitweg
gemessen. Ams den ermitielien Krifien
wunde als Kenngrille der Reibungsko-
effizient p herechmet.

Mach einer definiemen Anzahl von
mmh:wpielm '-H:_.rd:n iz Oibrflid-

nkemmwere B, K., i bi-
starmmt und die &Erfrncﬂr;n%mﬁ der
Gleibelige vermessen.

Um die ¥ergleichbarkeit der er-
mittebien Erpebaisse oo pewdhrleisoen,
wirden bel allen eangeseteien Gleit-
werksioffen die gleichen Eineelunner-
suchungen durchgefilhn. Das pesamee
Mersuchsprogramm untereilt sich ge-
merell im Testreihem mic umd | ohne
Schmizrstoffeinsaiz. Inmerhalb baider
Gruppen wunden verschiedens Versa
che durchgefihn., inshesondere wurnde
dis Betrichsverhahien dber eine grafie
Anzahl won Belastungsphasen bawe ei-
nen Mangeren Zeitraam (Langzeitver-
such) umkd bei unterschedlschen Liasten
{HochlawFersuchl erminel,

4  Versuchswerksinffe

Zur Um:r;whu;rllg der Elgnung als
Fahrangswerkasall in Umbasrmmaschi-
oen wurden verschiedene meue oder
meuartige  Crleitwerksioffe  aaf  dem
Prifsiand himsichilich hrer Reibangs-
und Verschbeilbeigenschaflen geiestes.
Eei den versendsien Materialisn han-
dedie e sich um die WerkstolTerappen
Michezizen (ME}-Metalle, Kunsistoffe,
keramische Werkstoffe sowie um Be-
schichiungen metallischer Trigermage-
raalien (Bild &)

Bl & Unterauchte Glatverksinfe

Dircrona: AgT
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4.1 Bronze

Als NE-Werkseoff wurnde der hiufig
verwendete  Rotgul  RE7 (G-
CuSnTZnPh) cingesetel. Duwser mitbe] -
harte Werksiaff bieiet durch seipen
Bleiantedl gure  Motlaufeigenschaften
und damit Vorteile im Mischreibaings-
gehiet. Er versinigt pute Lawfeigen-
schafien und ist gecignet fir hobe stofi-
hafie Belastungen [4].

4.2 Beschichteie WerksiofTe

Im Bereich der Beschachieten ‘Werk-
seoffic  wunden  eine  verschicilbdesne
Wolframikarbidbeschichiang und eine
Beschichiung mit damamtartigem Kah-
lensioff eingesetzt, Die Herssellung der
walframkarbidbeschichoeten Glesi-
werkssoffe erfolgte mit Hilte cines spe-

zicllen  Sprite-Beschichoungsverfah-
rens, bei der der pulvensienie Sprig-
werksioff — im Gegensair zum thermi-
schen Spritzveriahren — msl extrem ho-
her Geschwindigkeit in das zu be-
sehechiende Werkstiick cinpeschossen
wird, [her Vorteil dieses Yerfzhrens he-
sleld m o der geringen Temperabar aen
Trigerwerkssoff {unter 150 *Ch. die
kezine thermischen Spannungen, Yer-
wige oder Gefageandemingen hervor-
ruft |5, 6], Fir die Eignungsantersu-
chungen wurde auf einem pehdmeten
Girumddkairper (55 HRC) aid dem Werk-
sioffl 90 Mn Cr VE eine rund &0 um
dicke Waolframkarhidschicht mit einem
Miticlraghwernt R, = 005 pm aufpe-
brachi.

Bei dem rzweiten Beschichiangs-
werksioff hamdelt es sich um eine rei-
bumngssmandernde Schichn aus diamant-

" . Y 4 — n I,
i i ¥ .,‘I-_IHI"I:- icleilaial ) ||.E' Festigueltsemmer e |
Meral | A
i ..-"'"""'Hh = merali
B E i i i \
i i 3
i [ Eeramik t
b i
1 g2
\ i LEC, | IV B % " .,
] b &

Bild T Werhaiten keramischer Berksioffe ssier mechaniseler Belopung [T}

file! & Betbeongskesffizienten der Kunconf Gladlvice © ZX ML 8§ mm, geschmiien) be

mmrersoifediiclm Srlantunpen

Reibungskoeffiziemen bei unterschiedlichen Lasten
Pedbwarkainil: T 109, Dicka. B

artigem  Kohlemswall, die nach dem
plasmagestitzien CWIMVerfihren
(Chemical -Vapor Deposition) auf einen
micht gehiineten  Probemtriger  aus
51 50 aufgebmcht worden st Das zu
heschichiende Malerial blehi bei die-
seen Vorgang praktisch ksl [7). Die

| Dacke der Kohlemswoffbeschichtang lag

bei 2 bis 3 um.
4.3 KunststifT- Beliige

Mach cimer umEsngreichen Analyvse der
markiseitig  verfllgharen  Kunsisioff-
Gleithelige wunlen als Versuchswerk-
sioffe fir die Eignungsumersschungen
auf dem Gleitlesenprifaand  rwe
thermoplastische Kunststoffe mit den
Bezeichnangen ZX KM umd FX 324
eimgesetsl. DHese Kunsisioffmmierialben
erisiben im Gegenssiz zu anderen
Gleithelagsivpen ¢lmen Einsatz auch
bei sehr hohes Flichenpressangen.
Wenere Voreile dieser Werksoffe sind
die Unempfindlichisil gegendber Kan-
tempressungen, das Anpassangsverms-
gen an fehlerhafte Geomelnen, dic
Miglichkeit, hane Fremdpartikel oder
Verunreinigangen in der  Kunsstaff-
oherfliche cinpubenen, die Eignung
fiir einen ungeschmienen Betrieh so-
wie die relativ geringen Kosien |8 9.

4.4 Keramische Werkstoffe

Far den Bereich der keramisches
Gileitleisien kamen folgende Werksimalfe
zurmn Eimsatz: Aluminivmoxidwerkssoff
Albsimt 985, Firkosoxidwerksindf TZP
(TZP = Tetraganal Firconia Polycry-
stals), Zirkenoxkdwerksioff MgO-PS7
{PSZ = Panially Swhilized Zirconia).
WerksaofThedingt  weisen  Keramiken
im allgemginen aubergewdhnliche Fe-
stigheitsstreungen auf, dic suf Werk-
sollinhomogenitiien und  Volumen-
sowie  Dberflichendefekte  ruriickzu-
filhren simel. Thre Festigheiten unterlie-

| gen satistischer Vieneilung, Die werk-

sioffiypischie  Spridigheit hdngt mat
dem Gherwicpend kovalenten oder jo-
nischen Bindungsrustsnd usamimin.
Mechanisch oder thermisch hervarpe-
rufieme Spanmangssplizen kimnen micho
durch plastische Yorginge — wic dunch
das Obeiten van Versetzungen bei Me-
tllen - abgebsul wenden, sonderm
durch Rifbildung und Riausbretung.
Dheses Verhalten verdetlich ein sche-

| matisienss Spannungs-Dehnungs-Dis-
| gramm elmer typischen dichien Kera-

muk (Bild Ty, Im Gegensalz @ den
Meinlben finder der Bruch imv clast-
schen Bereich stant, Die zugefiibine ela-
stische Emergiec wind bei Keramiken
durch Bruch abgebaut [10].
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5 [Iras Betrbebsverhalten
der VersuchswerksiofTe

Die Umersuchung bei unterschisdli-
chen Flichenpressungen engaben i
alle suf dem Versuchsstand gepriiften
Gleitlessten em embedliches Yerhsl-

komnte bei ansonsten konstamen Yer-
suchspormmetern eime Abnabhme  des
Reibungskoeffiienten mit zunshmen-
der Belasiung  lesigestelll wenden.
Hierbei reduzienie sich der ermiitelie
Reibkoeffizient aul bis zu 45 bis 0%
des  Ausgangsreibbeiweries  (Last:

wnn, Bei  similichen Gleitproben | 30 kM) In eimigen Fillen kehme sich
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| Gleitwerkstoffe fiihme zu umicrschiod-

dieser Effekt in bihenen Belasturgsbe-
reichen (Last: iiber %90 KN} um, so dabl
sich bhelnstungsabhingipe  Reibwert-
Mimima bilden. Fir den Kunstsioll-
Gleithelag #X W zeigi dieses Verhal-
e bewspaelhaft Bild 8

Ibie mit den wvomb penannien
Gilelowerkssoffen durchgefihnen Lang-
zeitverswche unter konsamier Lasl von
o} kM filhrien dagegen zu anberschied-
lichen Ergebnissen. Wihnemd ein Teil
der Glestraterialien das Versuchspio-
gramim mil den exiremen Belasiungen
viillig unheschadet absolviens, offen-
narten anden: bereals nach karzer Leit
unzureichende Reibeigenschafizn, zum
Teill miv gravierenden Folgen fir die
Glempaamang. Im wesenilichen kfinnen
die Ergebnisse wie folpt susammenge-
fale werden.

51 BeschichiungswerkstolTe
der  heschichisien

lichen Ergebnisen. Dbe relativ kosi-
spielipe Beschichiung mit diamantani-
gein Kohlensioff in Verbindung mil ei-
nerm  ungehineten Probentriger aus
52 50 erwies gich fir die extremen Be-
Instungen in Siblelfihrungen als unge-
clpnel. Die pelesteten Versuchsgleitlei-
stem wumden  bereits nach  wenigen
Lastphasen unier geringen Krifien zer-
suirt, Ursdchlich hierfilr schelm dic
peringe Schachidicke der haren Yer-
schieillschicht vom 2 bis 3 jwmi in Kome-
binaton mit der mangelsden Grond-
hiirte des Tragerwerksioffes zu sein.
Higranf deuten die plnstigen Erpeb-
nisse der mit Hille gmes aulwendigen
Beschichtungsverishrens  hergessellien
Weolframbarbed-Gleitelsicn  hin.  Bel
diexen Leisien wurde die vemschleill-
mindernid: Schicht sf einem gehiire-
ten Trigerwerkstoll (55 HRC) aufge-
brachi, Dhie erziclie Schichsdicke be-
trag mand 60 pm. Voa den zur Verfii-
gung sichenden OGleitleisien dieses
Typs emeichien zwei das Ende des
Laggasilversuchsprogramms ohne Bie-
schadigungen (Bikl %), wiihrend cine
Versschsprobe mach  wnpefilr  zwel
Dritieln  der  Gesamidawer  awsfiel
(Rild MY Der mitilere Reibungskosfii-
elem aller Einzelversuche belief sich
auf = (6.

mi der Simulation einer Unierbine-
chang der Schmicrssoffeafubr zeigie
der Werkstoff iiber lange Feit ein
gleichmdfiges Reiteerhahen, filr cieen
ungeschmierien Langzeithetrich uner
hiheer Last erwies er sich jedoch nichs
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geengnet. Aufgrand der durchgefilbnen
Prifsmndsunicreuchisngen st von ei-
e Einsatz der geprifien dinmaniami-
gen Kohlensoffbeschicltung saf 5t 50
fir hochbelastele Fubrungsaufgaben
ahrusehen.  Die  Wolframbarbadbe-
schichoung zeigte dagegen guie Moi-
lauf- und Verschleileipenschafien, die
Dauereignung filr grofe Lasien, inshe-
somilere Bea hokhen Hubeahben, isi jn::-
doch micht sichergesselh

5.2 hunsistoff-Gleitheldge

Sehr giinstig und  himsichilich  ihrer
Reibeipenschaficn willig unproblema-
msch reigien sich die umersschien
Kunst=inff-Gleitelsen ans ZX 100 and
ZX 324. e Ergebnisse der Dauerver-
swche mit digsen  KunststalTheligen
sind insgesaml sehr positiv zu beuried-
len. Die bei 90 kN uper Einsatz von
Schmiermitteln gemessinen Reibkrific

Reibungskoatfizienten aus 100 000 Hiben

.l

Hﬁ:—ﬂﬂﬂﬁ.lm.m
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Bild I, Reibbyiwerte auy dem Langreiversuck dee Kwwssf-Gleiprobe O (2K WK,
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Bild 12, Eiwlasfrerhalivn dev Konatwef-Gileiiprobe A (ZX M6 J mm) pelennzeichne:

dureh din Clhralisfembemraer Ba

Mittenrauhwert R,

Wurstsiolf 20100, 4 mm, unpeschrmiet

Barrr

1.8H

T ———

=

TN

s52285ss

F

waren pering, der Beibungskocffizicm
betrag im Mittel g = 0004 (Bald 10).
Als einzige aller Versuchswerksioffe
errcichien  beide  Kunststoffvarianten
das angesirebie Ziel des <ungeschmier-
ien  Disuerbeirishess. Der  mindere
Reibbeiwen dieser Langzeit-Trocken-
Laufe betrug hierbei = (52,

Bei den durchgefithrien Usmerao-
chungen beziighch des Reibungsver-
haltens zeigien sich pwischen den bei-
den Werkssoffen ZX K0 und ZX 324
mur schr geringe Unierschicde. Der im
geschmienien Daserversoch erminicie
mitthere Reibungskoeffizien wies fir
bemle die gheiche Grifle aus. Ebemso
#eigien beide Varanien inshesondern:
ou Beginn der Langzeinversuche ein
ausgepriagies Einlsufverhalien mit ¢-
ner Glanung der Oberfliche nraohbe-
bl Bild 12 verdeutlichi diese Einlauf-
charakieristik am Beispiel des Mimen-
ﬁhwnﬂa R, einer Gleitleiste sus ZX

Die ungeschmoerten Langzeirver-
suche erforderten cine modifizierte Be-
festigung  der  Kusststoff-Gleitheldge.
Zusdrzlich pu der Verklebung st eine
Yeruchraubung der Beldge vorzuschen,
um das Abbisen des Gleithelags vam
Probentriger zu verhindern. Dies fikr
#war micht zu einem Ausfall der Fih-
rurgen, verschbochient jedoch  das
Reitwerhalten der Gleitpaarung.

5.3 Keramische Gleii werksioffe

Trote der werksioffeagencn Spridigheit
sind aoch die Erpebnisse pus den Un-
terswchungen der kerandschen Gleii-
werksioffe insgessmt sehr positiv zo
beumeilen. Sie sind jedoch differen-
ziert zu betrachicn. Dhe geschmiem
durchgefihirien Langzeitversuche mir
den Werksioffen Alsint 985 und Y-
TZP ergaben schr geringe Reibungs-
koweffizienten und verlicfen ohine Schi-
dem. Bikd 1Y zeigt die Ergebnisse der
TZP-Keramik aus W00 Lasthiiben
mil eimem mitkeren  Reibungskoedfi-
zienten vom . = 0005, Varzzitip ab-
gebrochen wurde dagegen die Lang-
reat-Eignungspriifung  der  Gleitleisie
mit cinem Keramiksegment aus MgO-
P5£, die den hohen Andorderungen
nichi  pewachsen war umd Fersion
wurde (Bild ). Im ungeschmiemen
Betrieh zeigien sich die Keramikwerk-
sloffe umder den bekanmen Belastungen
generell als micht geeignet,

Neben den sehr genngen Rei-
bungskoeffizienten haben die kerami-
schin Werksioffe positive Eigenschaf-
ten hinsichitlich der Yerschleifimmie, der
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hohen Sicifigheit und des Fihrungs-
spicls, das bei den Gleitantersuchun-
gen mil weniger als 0,1 mm gering ge-
halten werden koanie.

Der Yersuch eimer ausschliefdich
keramischen Glestpaarung mit ciner al-
ternativ ru der Sinhlgegenbeithahn cin-
gesetrie Y-TZP-Keramik als Gegen-
hahowerksiaff erwies sich wanter den
hohen siofiariigen Kralen als onge-

eignel.

i Aushlick

Diie durchgefihrien Prifstandsversa-
clee haben inshbesondere far den ther-
moplastischen Gleithelag ZX K0 urd
die  Firkonoxid-Eermmik Y-TZP =
sehr posniven Ergebmissen  gefiikrt.
Siig diesem Grund wernden diese YWerk-
stalle im Hahmen eines durch den Vier-
gin Deutscher Werkzeugmaschinenfa-
briken el (VDW) gefimderen For-

Reibungskoeffizienten aus 25 000 Hiben

schumgsvorhabens in einer Maschinen-
sttfelfiibrung  wnter  Praxishedimgun-
gen erprobd. Hierbei wind das Werk-
stoffverhalten unter den real suftnesen-
den  Produktionshedingungen  unler-
aipchl werden.
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3.2. Results of the practice test

Owing to the results of the test bed trials carried out, the thermoplastic material ZEDEX 100K and the
zirconium oxychloride ceramics Y-TZP have been selected for this employment, as they both showed very
low coefficients of friction an the test bed. The polymer offers special advantages due to its dry running
properties, whereas the ceramics due to its high strength and low wear.

The aim of this practice test was to verify the results of the test bed trials in one operation test, in order to
achieve finally a secure knowledge about the performance of the guideways subjected to impact stress when
moving reversed. The test of the plastic sliding frictions had been effected completely without any addition of
lubricants; the sliding rails had merely been lubricated once on installation.

3.2.1. Summary:

The test bed trials carried out to test the suitability of new or completely new types of anti-friction materials
for sliding frictions installed in molding machines have lead to very different results. Whereas one part of the
anti-friction materials fulfilled the test program which was subjected to extreme stress completey un-
damaged, other materials showed insufficient frictional properties already after short time, which partly had
serious consequences for the sliding combination. The results can be summarized as follows:

The tests carried out to show the frictional behaviour with different edge pressures yielded to the same
behaviour for all sliding rails tested on the test bed. All the anti-friction materials tested showed a reduction
of the coefficient of friction with increasing stress. Hereby the determined coefficient of friction has been
reduced to 40-75 % of the initial value. In some cases this effect has been reversed in higher stress ranges
(> 90 kN), which created stress-related minimums of coefficients of friction.

3.2.2. Coating materials:

The employment of the tested coating anti-friction materials lead to different results. The relatively expensive
coating of diamond-like carbon in connection with an uncured test piece support made from ST-50 has to be
considered unsuitable for the extreme stress exposed to ram guides. Both tested experimental slide lathes
had been destructed already after short stress phases of low forces. This is due to the low coating thickness
of the hard wear resista nt coating of 2-3 um in
combination with the lacking basic hardness of the support material. This is indicated by the more reason-
able results achieved with slide lathes of tungsten carbide which has been produced by means of a complex
coating process. Their wear resistant coating thickness of about 0.06 mm was consequently higher about
the factor 20 than that of the carbon coating. The average coefficient of friction of all single tests was [ =
0.026.

During the simulation of an interruption in lubricant supply the material showed an even frictional behaviour
over a longer period of time (7000 strokes), whereas it turned out to be not suited for non-lubricated long-
term operations subjected to high stress as showed the failure of a slide lathe after 8000 strokes. Owing to
the effected test bed trials we have to refrain from the use of the tested coating of diamond-like carbon on
ST-50 for heavy duty guide functions. Whereas the coating of tungsten carbide showed good emergency
running properties and wear characteristics, they can, however, not been guaranteed to be suitable for long-
term operations subjected to high stress and high numbers of strokes.

3.2.3. Plastic non-stick coatings:

The plastic slide lathes made from ZEDEX 100K and ZEDEX 324 which have been tested turned out to be
very economical and unproblematic regarding their frictional properties. The results of the long-term tests
with these coatings of a material thickness of 4 mm and 8 mm can altogether be judged very positively. The
frictional forces measured on lubricant employment have been very low, the average coefficient of friction has
been p=0.004.

Both plastic variants allowed a non-lubricated long-term operation showing an average coefficient of friction of
p = 0.052. At the beginning of t he long-term tests
both variants showed a distinct feed opening behaviour with a smoothing of the surface roughnesses.
Whereas the attachment of the plastic non-stick coatings turned out to be problematic. During non-lubri-
cated test bed trials the non-stick coatings detached from the test piece supports, which, however, did not
lead to a total breakdown.

Within the framework of the practice test ZX-100 had been employed as anti-friction material on non-lubri-
cated operation at the ram of a vehicle body press showing a nominal power of 8000 kN and so the guide

ZEDEX 100
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3.2. Results of the practice test

clearance, the temperature behaviour as well as the guide stress had been controled relating to measurement
over a period of more than one year.

The guide clearances determined after a production output of more than 750000 parts reveal a low wear of 0.2
mm. Especially noticeable is the relatively big clearance of sliding friction 11l of up to 0.5 mm at the endings of
the lathes. However, an inspection of the accuracy showed an uncritical behaviour also at the end of the test,
so that a readjustment of the sliding friction was not required. Also on non-lubricated operation the guide bars
did not show any excessive heating-up. The measurement of the guide forces revealed the strongest guide
stress at the lower dead spot of the ram, which is caused through a frame constriction.

The surface pressures of maximum 1.5 N/mmz?2which are occuring here are very low. The equipping of

vehicle body presses with plastic sliding frictions is therefore a low-cost alternative to the previously used anti-
friction materials, especially for lubricant-free operations.

Apart from the practice test effected here, plastic sliding frictions have been inserted into about 10 further
presses at a car manufacturers. The fact, that the circulating oil lubrication can be switched off, is to be
considered especially advantageous. The non-sticking coatings are lubricated once on installation; during
usual maintenance the grease layers become changed about every 3 years and the boreholes inside the slid-
ing frictions function as oil absorptive spots. The experiences made with plastic sliding frictions are

positive without exception, however, the stress should not exceed certain orders. For example, there are no
problems in inserting them inside 4-point-presses, whereas when inserting them inside 2-point presses the
durability cannot be guaranteed because of the higher partial stress.

Furthermore, plastic sliding frictions are not suitable for the insert inside die cushions; due to unsteady stress
the results have not been very satisfactory.

3.2.4. Ceramic anti-friction materials:

Despite the materials characteristic brittleness also the inspections of ceramic anti-friction materials
proceeded very positively without exception. The long-term tests effected after lubrication with the materials
Alsint 98.5 and Y-TZP revealed very low coefficients of friction (u = 0.007 or u = 0.004) and proceeded without
damages. Whereas the long-term suitability test of a guide bar provided with a ceramic segment made from
MgO-PSZ, which could not fulfill the high requirements and became destructed, had to be stopped

earlier. However, the ceramic materials revealed to be unsuited for non-lubricated operations.

Besides the very low coefficients of friction ceramic materials show further positive properties regarding their
rate of wear, the high rigidity and the guide clearance, which could be kept small with 0.1 mm during anti-
friction tests.

An experiment with an exclusively ceramic anti-friction combination together with a counter-slideways
material made from Y-TZP-ceramic alternatively to the counter-slideways made from steel, revealed to be
unsuited for operations exposed to high impact stress.

The test bed trial of the ceramic material zirconium oxide Y-TZP has been effected on the sliding friction of a
1600 kN-C-frame press. This experiment could not do without the use of lubricants. After six weeks of opera-
tion the tests had to be stopped because of little fragments which detached from the ceramic segment. The
analysis of the damage revealed, that only a small specific part of the sliding friction was involved in the load
discharge creating local stress which could permanently not be managed by the ceramics.

However, the bad adjustability of the dovetail guide proved to be disadvantageous in this connection, so that
the parallelism of the guide surfaces could not completely be achieved. The determinations of the guide clear-
ances already indicated this insufficiency regarding the end zones of the sliding frictions.

Also the temperature behaviour of the material with maximum temperatures of up to 40°C has been more
conspicuous than that of the plastic sliding frictions. The molding pressures achieved values of 600 kN up to
1300 kN for the tools employed partly showing considerable eccentricities of stress. This also created a
higher surface pressure of maximum 13 N/mm2. The inspections effected have shown, that a ceramic
substitute for existing sliding frictions require high effort as well as attention to a great extent concerning the
design of the sliding surfaces and the installation of ceramics.

According to the information by the “Fraunhofer Institut flir keramische Technologien und Sinterwerkstoffe in
Dresden” (Fraunhofer Institute of ceramic technologies and sinter materials at Dresden) and the current devel-
opments in technology the bearable stress limit of ceramics is about 1000 MPa.

This value is also achieved by the material Y-TZP which had been employed for the practice tests.

The development of efficient ceramic materials is intensively driven forward, especially for non-oxide ceramics
with bearable stress of about 1500 MPa and high strength.

A development period of 2 to 5 years is predicted.
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4. Construction instructions

4.1. Static stability (sliding speed =0, surface pressure is a function of time):

4.1.1.Short-term static stability

With increasing exposure time of the surface pressure the load-bearing capacity of ZEDEX 100K diminishes.

Atvery short exposure times surface pressures of more than 100 N/mmz2 can be permitted.

The permissible compressive strength of ZEDEX 100K at 20°C in case of fatigue stress is shown inill.1 in
function of the pressure contact time (the period of maximum surface pressure). The plastic and elastic de-
formations caused by the stress are examplarily shown in ill.2 with regard to a pressure contact time of 60s
in dependance to the material thickness and the stress.
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lll. 1: permissible surface pressure of ZEDEX 100K in function of pressure contact time

4.1.2. Behaviour when exposed to edge pressure (tipping the ram in case of off-center stress)

Sliding frictions made from ZEDEX 100K are nearly indifferent to edge pressure. This is due to the particu-
larly high strength and the microelastic surface. Locally excessive edge pressure leads to an elastic defor-
mation of the sliding friction made from ZEDEX 100K on this position and increases therefore the bearing
content of the contact surface, so that the specific surface pressure is reduced. When using hard plastics
or metal sliding frictions, edge pressure leads in any case to high wear after short operation time, due to the
fact that these materials become locally overloaded because of too low elasticity. When using lubricated
sliding frictions the lubricating film especially fails in the edge area, particularly when the ram is working in
the lower dead spot area, for this point is exposed to high surface pressure and low sliding speed due to
movement reversion. In such cases, only materials with good emergency running properties can avoid the
early breakdown of the sliding friction.
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E 1 3 ; +8plasti02mm
.f:f E ‘ —0— ¢ elastic 2mm
? : 8pIastichm
0 - —— € elastic 6mm
; / € plastic 10mm
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stress (MPa)

lll. 2: elastic and plastic deformations of ZEDEX 100K exposed to stress (60s) of different material thicknesses
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Long-term static stability

4.1.3. Long-term static stability (sliding speed =0, constant surface pressure)

All thermoplastic polymers tend to creep or to cold flow when exposed to long-term stress. The deformations
of ZEDEX 100K (elastic and plastic) caused through long-term static constant stress can be taken from the
illustrations 3 to 5. The permissible long-term applications of stress are only limited by the permissible
deformations of the construction.

ZEDEX 100

Stress-strain curves of ZEDEX 100K in function (stress duration):
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Dynamic stability of ZEDEX 100

4.2. Dynamic stability of ZEDEX 100

The dynamic stability of ZEDEX 100K (simultaneous occurrence of surface pressure and relative movement
on the sliding friction) is only limited by the temperature developing on the sliding friction due to frictional
heat. Frictional heat emerges from the transition of kinetic and deformation energy into thermal energy.

The pv-value is a measure of the developing thermal energy. This enables an estimation of the maximum
stress on the sliding frictions, provided that the guide temperature does not exceed 60°C. Assuming that the
local heat, which is streaming in, symmetrically spreads over the entire coated guideway, we use an average
pv-value for the determination of the stability of sliding frictions, which can be calculated as follows:

see equation 1

ty = pressure contact time (S)
Pmax*te*Lry ty,, =time required for 1 stroke (s)
PVm= T8tye? pv,, =average pv-value (N'mm? s m/min)
v =sliding speed (m/min)

equation 1 Lryg =coated guideway (mm)

The pressure contact time is the time which must bear the maximum surface pressure on the sliding fric-
tion. In general, the main stress on sliding frictions occur with molding machines when lowering the guide
bar or when cutting and lowering the distances. The highest stress by far occurs when lowering the dis-
tances (lower dead spot), so that applications of stress which are resulting from the lowering of the guide
bar and the cutting can be neglected.

In case the average pv-value of the application lies below the curve of the permissible pv-value (ill. 6) accord-
ing to equation 1, we can principally assume that the guide temperature does not exceed 55°C and that the
sliding friction is sufficiently dimensioned. However, this rough convergence should in no case replace test
bed or field trials.

In order to determine the maximum permissible pv-value we assume a constant ambient temperature of
20°C, a pressure contact time of 0.2s per stroke as well as a sufficient guide clearance. In case the above-
mentioned parameters change, the permissible pv-value must be corrected accordingly.

=

1S 3

'S 160 3

> 140 3 o >

g 120 3

£ 100 2

[¢] 3

= 80 3 2

> 3

3 0 /(

o = ./

O 40 3 —@— bronze provided with solid lubricant -

= E

= 3 —— Z 100K

2 20 3 edex 100 X111, 6:
% 0 3 . . — : : — Ipermlssmle pv-values for dry-running operations
o

[any

10 100
v (m/min)

4 .3. Friction and lubrication
4.3.1.Dry run

Due to its favourable frictional properties ZEDEX 100K can normally be used for operations without lubrica-
tion that are dry-running operations.

The operation with dry-running non-stick coatings made from ZEDEX 100K is characteristic of a steady
silent frictional behaviour with a low coefficient of friction. The coefficients of friction shown in illustration 7
have been determined on conditions of use as they are with molding machines (v =20 m/min and pressure
contact time = 0.25s). These coefficients of friction which have been determined “in practice” cannot be
compared to those determined in laboratory tests (ill. 9-10). These figures are only shown here in order to
emphasize tendences in case of changing the temperature or the intermedium.
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Friction and lubrication /dry run of ZEDEX 100
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Friction and lubrication /dry run of ZEDEX 100

4.3.2.Lubrication

A lubrication of sliding frictions made from ZEDEX 100K is principally not required.

However, a lubrication can improve the efficiency of the sliding friction without any negative influence.
Moreover, an initial lubrication can improve the feed behaviour of the sliding friction.

Mainly the following properties can be changed or improved by means of lubrication:

- improvement of the anti-friction properties (friction, wear rate, frictional heat)

- reinforcement of damping

- cooling of the sliding friction by means of lubricants

- corrosion protection of the metal parts

- sealing of the bearing seat

Whether these improvements are necessary should be checked for every case of application. For most
applications with molding machines a lubrication has not been necessary, most cases of application even
required an omission of oil lubrication.

Owing to the fact that ZEDEX 100 is resistant to the usual coolants and oils, it can unhesitatingly be
lubricated with water or all usual mineral oils, if required.

However, before lubrication you should in any case know about the interactions between the lubricants and
the component parts involved.

4.3.3. Design of lubricating grooves

As ZEDEX 100 is machinable without any problems, the use of all forms of lubricating grooves and
geometries is possible. Tests revealed that the simple groove shown in illustration 11 which runs transversaly
to the direction of movement is suited best. Whereas other designs of lubricating grooves such as e.g. X-
grooves, Z-grooves or ring-shaped grooves turned out to be more disadvantageous without exception.

A cover-single-lip cutter geometry (ill. 12) proved to be the most favourable groove geometry, as with an
increasing number of lubricating grooves the maximum sliding friction moves into the upper speed range.
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4.3.4. Damping

ZEDEX 100 shows a high mechanical damping which can even be more increased by means of oil lubrica-
tion. The damping constant tan & in function of the frequency is shown in illustration 15. The loss factor of
ZEDEX 100 is independent on the material thickness to the greatest possible extent, however, when operat-
ing in high frequency ranges we recommend to choose a bigger material thickness. The loss factor in func-
tion of the pre-stressed non-stick coating is shown in illustrations 13-14. These figures have been deter-
mined by means of a servohydraulic test apparatus at a standard temperature of 23°C. When operating at
higher temperatures, greater figures regarding the damping constant must be taken into account.
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Damping / Design of lubricating grooves
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Wear and shrinking properties of ZEDEX 100

4.4. Wear and shrinking behaviour

ZEDEX 100 distinguishes itself by its favourable frictional properties.

Starting with high roughness and high coefficients of friction on installation, the surface of the sliding friction
made from ZEDEX 100 as well as that made from steel become smoother. This smoothing process initially
requires a higher material abrasion from the plastic surface.

With an increasing tyre tread the smoothing approaches an optimum, so that the coefficient of friction as
well as the wear rate are steadily reduced until they have reached this optimum. The change of the center
roughness value created by this is shown above the number of on-load strokes in illustration 17. This also
reflects the shrinking behaviour of guide bars made from ZEDEX 100. Please notice that the coefficient of
static friction increases with an growing tyre tread due to the increase of the bearing share. In connection
with adhesion this may lead to stick-slip in case of oil-lubricated sliding frictions. The comparison of wear
rates shown in illustration 16 reveals that ZEDEX 100 compared to other thermoplastic anti-friction materials
shows considerably more favourable wear properties on dry-running operations.
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4.4.1. Lubricated sliding frictions

Lubricated sliding frictions should not show any considerable wear when operating on hydrodynamic condi-
tions. However, in practice there never exists any hydrodynamic lubricating film during the entire operating
period. Therefore we recommend to employ our material ZEDEX 100 also for lubricated sliding frictions, in
order to surely avoid a total breakdown of the sliding friction in case of failure of the lubricating film due to
edge pressure or too low sliding speed in the starting-up phase.
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Sliding partner / Accuracy and guide clearance

4.4.2. Sliding partner

The surface quality and the material of the sliding partner influence the wear properties of sliding frictions
made from ZEDEX 100 as a matter of priority.

Predominantly steel and poured iron are used as sliding partners.

For high-quality sliding frictions we recommend to employ cured and ground sliding frictions of a hardness of
60 HRc and a roughness of Rt = 2 to 3 um; this enables an extremely long life of sliding frictions made from
ZEDEX 100 as well as an avoidance of damage to the sliding partner in extremes.

When operating with sliding frictions of low demands you may perfectly use a sliding partner made from
poured iron of a hardness of 240 HB. However, a loss to life-span must be taken into account here.

4.5. Accuracy and guiding clearance

The guide clearance may be reduced to below zero (pre-stress) when operating with low pv-values. Whereas
when operating with higher sliding speeds and high pv-values a sufficient guide clearance should be provided
in order to avoid an excessive heating-up.

A guide clearance which is too narrow in connection with extreme stress may cause melt wear to the plastic
coating; this melt wear, however, does not damage the metallic counter-rotating partner in any case, so that
the sliding friction may be completely operational again after replacement of the plastic sliding friction and
adjustment of the adequate guide clearance.

4.5.1. Dimensional stability

The dimensional stability of sliding frictions made from plastics is influenced by the following factors.

4.5.1.1. Moisture absorption
ZEDEX 100 only absorbs few quantities of moisture out of air or water, so that a change of humidity inside
the material structure does not cause any considerable dimensional changes.

4.5.1.2. Resistance to coolants
ZEDEX 100 is absolutely resistant to coolants, even to biodegradable coolants, so that the influence of cool-
ants does not cause any dimensional changes.

4.5.1.3. Resistance to olil
ZEDEX 100 is absolutely resistant to lubricating and cutting oils, so that no dimensional changes are
created.

In case of bonded sliding frictions the glueline must be protected against entering
liquids according to our bonding instructions.
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Behaviour when exposed to environmental influences

4.6. Behaviour when exposed to environmental influences
4.6.1.Exposureto heat

The exposure to surrounding heat or developing frictional heat causes the change of different material proper-
ties which are important for sliding frictions and must therefore taken into consideration regarding the con-
struction:

With increasing temperature ZEDEX 100 reduces its strength (see elastic modulus in function of tempera-
ture shown in illustration 18), it changes its volume (the coefficient of expansion is six times as big as that of
steel) as well as the coefficients of friction.

The limiting value of the guide temperature is 60°C. Up to this temperature the changes can be neglected in
almost every case of application.

In case of temperatures exceeding 60°C on the sliding surface, we ask you to obtain our advice.
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4.6.2. Exposureto temperature fluctuations

For applications exposed to high temperature fluctuations the sliding friction should be provided with expan-
sion joints or with our special composite gibs.
In any case, however, the kind of attachment should be suited for the temperature range.

4.6.3. Exposureto dirt
Sliding frictions made from ZEDEX 100 have very good embedding properties, so that entering particles are

embedded into the elastic sliding friction made from ZEDEX 100 and therefore do not cause any damage to
the surface of the sliding partner.
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Behaviour when exposed to environmental influences

4.6.4. Exposure to ultra-violet radiation
ZEDEX 100 shows a good resistance to ultra-violet radiation (see ill. 19) compared to other polymers.
However, the material changes due to ultra-violet radiation should not be neglected in certain cases.
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4.6.5. Exposure to hot water

In case of exposure to hot water, ZEDEX 100 reduces its strength just like all other polymers. The residual
tensile strength is shown in illustration 20.
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Behaviour when exposed to chemicals

4.6.6. Exposure to chemicals

The chemical resistance should not be mixed up with the stress cracking sensitivity.

The stress cracking sensitivity means the accelerated fracture or crack formation, which is created due to
exposure of mechanically stressed parts to certain chemicals.

Just mechanical stress or just influencing chemicals do not cause such damages or only after a much longer
period of time. Stress cracking sensitivity mainly occurs with amourphous polymers.

Component parts made from ZX-100 are almost indifferent to this phenomenon, whereas amorphous products
showed this symptom only in contact with benzine, propylene chloride and some alcohols, esters and
ketones.

In general, ZX-100 is very well resistant to aromatic and aliphatic hydrocarbons, oils and greases. It is not af-
fected by diluted acids, non-alkaline salt solutions and perhalogenated hydrocarbons. Some polyhydric
alcohols, esters and partly halogenated hydrocarbons cause a low swelling. The softening resulting from this
does not create any remaining disadvantages.

Oxidising mineral acids affect ZX-100. Moreover, ZX-100 is soluble in concentrated alkaline solutions, phenols,
cresols and similar chemicals. Water at room temperature does neither have any chemical nor physical influ-
ence. The material almost does not absorb any water (maximum 0.3 %). The water absorbed does not act as
plasticiser. ZX-100 is not resistant to hot water as it is not resistant to hydrolysis and gradually decomposes
just like other polycondensation products.

It decomposes very quickly in steam. The figures shown in the table revealed in the course of a chemical re-
sistance test, where non-stressed test pieces (ISO-1 bars) had been stored in different chemicals for two
months.

While using the following table please note that the corrosion rate is affected by many factors like e.g.
concentration, temperature and the existence of impurity.

In general this textbook shall be used to classify materials with regard to their chemical resistance
(including the usual impurities of the chemicals).

The classifications should be comprehended as a first approach for your requirements.

A\ resistant, no attack, no or only a very low change in weight (<1%).
Change in mechanical properties less than 10%.

2 sparingly resistant, after a certain time the mechanical properties are considerably falling off (10%-50%).
Change in weight 1% up to 5%. In many cases a short contact with the chemical may be permissible.

A not resistant, change in weight >5% and/or reduction of the mechanical properties more than 50%.

¥ soluble, material dissolves or decomposes
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Behaviour when exposed to chemicals

ZEDEX 100

Chemical Total formula |Synonym Concentration Temperature °C

% 20| 40 60| 80| 100
1,2-dichloroethane {C,H,Cly} 100 N
1,4-dioxane {C,HgO,} 100 N A]
1-butanol {C4H1,O} buty! alcohol 100 2 7 1)
acetic acid {C,H,O,} 100 7 72 |N g’

10 A 2 |N &5
acetone {C3HgsO} 100 )
ammonium hydroxide {NH50} 100 ]

10 N -
aniline {CeH,N} aminobenzene 100 ) &)
benzene {CeHe} 100 L N 8
brake fluids (DIN 53521) 100 'y A | g
bromine {Bry} 100 2 a'd
butane {C4Hq0} 100 "
butyl acetate {CsH1205} 100 " N c
calcium chloride {CaCl,} 10 L) L) 8
calcium hypochlorite {CaCl,0,} 100 " " LEJ
carbon disulfide {cs,} 100 » D
carbon tetrachloride {CCl,} tetrachloromethane 100 " %
chloroform {CHCI3} tricloromethane 100 N ®)
chromic acid {H,CrO,} 40 " N~
citric acid {CsHgO7} 10 L) T~ (A 1%]
cottonseed oil 100 A A (A 8
cresol {C;HgO} 100 ] 3 (N (‘,—_)
detergents, synthetic 20 ) T~ (A
dibuthyl| phthalate {C16H2,04} 100 Y Y
Diesel oil 100 A 0
diethyl ether {C4H,00} ether,ethyl ether 100 A % %
ethanol {C,Hs0} alcohol, ethyl alcohol 100 Y = g
ethyl acetate {C4H50} 100 A % g
ethylene glycol {C,HO,} glycol 100 7~ 7 7) (&)
formic acid {CH,0,} methane acid 95 2 N [N

5 A 2 |2
Freon 11 {CFCI3} 100 N (%))
glycerol {C3HgO3} 100 ) L) 8 S
heptane {C7H16} 100 N E 5
hexane {CsH14} 100 L) A n 4=
hydrochloric acid {HCl} 30 A] N [N

10 ) 2 N 1)
hydrofiuoric acid {HF} 50 A] N | N %‘,

5 Py 2 |~ 8_8
hydrogen peroxide {H,0,} hydrogen superoxide 30 " Eo
isopropy! alcohol {C3HgO} 2-propanol 100 2 8
Javelle water eau de Jawelle 10 " T~ (A
lubricating grease 100 " S
methanol {CH,0O} methy!| alcohole 100 ) D
methyl ethyl ketone {C4HzO} 2-butanone 100 Py 3 E
methylene chloride {CH,Cl,} 100 N 3 g
mineral oils 100 A A (A an
nitric acid {HNO} 40 h] N [N

10 ~ 3 |y ° _é
oleic acid {C1gH3405} 100 A A | 8 %
olive oil 100 2 'L 2o
petrol 100 "N T3
petroleum 100 A S %

O n
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Behaviour when exposed to chemicals

ZEDEX 100

Chemical Total formula [Synonym Concentration Temperature °C
% 20| 40| 60| 80| 100
phenol {CsHsO} 100 7 N (N
phosphoric acid {H3PO.} 70 N T~ o
potassium chloride {KCl} 10 A A A %
potassium dichromate {K2Cr,07} 100 L) %
potassium hydroxide {KOH} 50 ] (e
10 2 A 3
1 A N
potassium permanganate  |{KMnO,} 10 L) c
silicon oil 100 A r |A %
soap solution 1 A A A 8
sodium acetate {C,H3NaO,} 10 L) N |2 (&)
sodium carbonate {Na,CO3} soda ash 20 ) ) o
sodium chloride {NaCl} common salt 10 pH ~n (A c
sodium disulfite {Na,S,0s} 10 Y N |2 o
sodium hydrogensulfate {NaHSO4} 10 A N |2 g
sodium hydroxide {NaOH} caustic soda 50 A] N (N %
10 2 SRR 5
1 » 2 | @)
sodium hypochlorite {NaOCl} 10 S N (A
sulfuric acid {H,SO,4} 95 A] N (N 0
30 ~ A |
5 A A A <
tetrachloroethylene {C,Cl,} tetrachloroethene, perchloroethylene (100 ) L) n
tetrahydrofurane {C4Hg0} oxolane 100 2
toluene {C;Hg} 100 L) "
transformer oils 100 A A A % %
trichloroethylene {C,HCI3} trichloroethene 100 7 = g
turpentine 100 A 8 g
turpentine substitutes 100 'y 0 °
vaseline {CxoHye I Ca3Hag} 100 ) N~ oA
vegetable oils 100 ) )
vinegar 100 2 72 | g) 2
10 Iy 2 |a = .g
water {H,0} 100 A A A (/:) g
xylene {CgH10} dimethylbenzene 100 N N =
Table 2
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4.7. Physiological compatibility of ZEDEX 100 A/ K / MT

Thanks to in-depth test we are able to confirm, that products, which had been made from ZX 100 on normal
processing conditions, meet the requirements in regard to the composition and the content of extractable
components, such as contained in:

- the recommendations by the,Bundesgesundheitsamt* (BGA) of the GDR, (recommendation XVII), (as at
01.08.1982, without restriction, including baking, roasting and grilling, amendmenst until 15.04.1951.

- the EEC - suitability in regard to food for the EC-countries 90/128, 89/109, 85/572,572,82/711 and the
regulation 111/3141/89-EN (Rev.5) dated 01.08.1991.

- the decree dated 10.01.1979 with amendments until 29.08.1991 for the execution of article 2 and 5 of the
Dutch resolution ,Verpakkingen- und Lebensmittelbeschlul3“ (law of goods) , section A, chapter 1, paragraph
13.

For applications exceeding 100°C, including baking, roasting and grilling.

- the Belgian legislation (royal edict dated 25.08.1976 with amendments until 06.11.1987).
For applications up to 100°C, including baking,roasting and grilling without restriction.

- the specifications by the french ,Service de la Repression des Fraudes et Controle de la Qualite*

(SRFCQ), Jounaux Officiels brochure no. 1227 dated 01.04.1990 of France, amendments until 11.04.1990.
For applications exceeding 100°C, including baking, roasting and grilling without restriction (apart from the
general guideline, that the employment of plastic films is not permitted for baking and roasting in a stove).

- the Italian legislation , Decreto Ministeriale dated 21.03.1973 with amendments until 18.01.1991.
For applications briefly exceeding 100°C, including baking, roasting and grilling (sterilisation).

- the regulations by the ,Food and Drug Administration“ (FDA) of the U.SA., paragraph 21. section
170-199, dated 01.04.1991, including baking, roasting and grilling without restrictions.

(Please pay attention to the general exception regarding beverages of an alcohol content exceeding 50
percent by volume).
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