
























































The primary consideration in the design of a coated object should be to avoid such premature

failure. For PVD coated objects, the substrate properties are decisive in this context:

e High substrate hardness resists plastic deformation up to higher levels of stress.

e Substrates with a high toughness reduce the risk of fracture both in the substrate and the
coating.

e The coating process will affect substrates with a high hardness at elevated temperatures
less.

e Since most thin coatings inherit the substrate topography, a smooth substrate can avoid

detrimental contact stress concentrations.

Naturally, also coating properties are important:

e Tough coatings can accommodate more deformation without fracturing. The toughness
(measured as critical component strain to coating fracture) is improved by high
compressive residual stresses in the coating.

e Smooth coatings avoid detrimental contact stress concentrations, thus reducing the risk

both for cracking and for plastic deformation.

When an optimal load carrying capacity has been obtained, attention must turn to increasing
the intrinsic wear resistance and to optimise the friction properties of the coating in the

application. The latter often means that the friction should be kept as low as possible.

6.3 Second design goal: Improving the topography and wear resistance of the coating
Several aspects have to be considered when designing for optimum topography of thin, hard

coatings. To minimise the contact stresses on the asperity level, the coating surface should be
as smooth as possible. Since most thin coatings inherit the substrate topography, a favourable
final step in substrate surface preparation is a careful polishing or a very mild blasting. This is
also recommended as it increases the practical adhesion of coatings with high residual

stresses.
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Unfortunately, all coating processes introduce some surface irregularities, Because of this it
may in some cases be necessary also to polish the coating surface or to use a coating which
can be worn in. To decrease the stresses at aspertites is also important to let the coating cause
some mild abrasive wear of the counterbody, which aiso should be worn in. Thus, it is often
very important that the tribological system has been designed for good running-in properties.
The disadvantage of this technique is that for a few applications even short periods of time
may cause overload and subsequent fracture of the aspertites, which, in turn, severely can

reduce the useful life of a coated object.

In some lubricated applications a certain roughness may be beneficial for oil retention of
sliding bearings, etc. It is vital, however, to ensure that the surface roughness is due to

shallow valleys and not sharp aspertites on the surface.

When thin PVD coatings are involved, gradual wear often means mild wear due to abrasion,
adhesion, erosion, chemical dissolution, etc., and does not in principal deviate from the

mechanisms causing wear of homogeneous materials.

The abrasive wear resistance of coatings increases with coating hardness, which preferably
should be higher than that of the counter material (at the relevant contact temperature). High
Young's modulus and hardness of both coating and substrate, combined with a sufficient
coating thickness may also be important to avoid cracking caused by deformation of the
substrate.

Since the wear rate of thin coatings in most applications is extremely low, mild adhesive
wear, oxidation and other types of chemical degradations often play a significant role. A high
contact temperature facilitates chemical degradation and dissolution. In some instances the
selection of coating material has to be made with the ability of the counter material (e.g. work
material in a forming operation) or environment (e.g. lubricant of a machine component) to
react (or not react) chemically with the coating in mind. Sometimes, protective friction
reducing layers are formed by such reactions, e.g. DLC coatings tend to form thin lubricating

layers of carbon when sliding against steel provided that the surfaces is smooth enough.

The fatigue resistance of the coating, i.e. the ability to resist crack nucleation due to cyclic
high stress contact against the counter material, is an important property. The fatigue
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resistance of the coating is depending on the surface topography, which determines the
amplitude and location of stress concentrations. Another important issue for the coating
fatigue resistance is the mechanical properties and thickness of the interlayer between coating

and substrate

The lubricating media is to many engineers a very complex and difficult parameter to handle
while designing and testing the tribological system. It is easier to choose the right substrate,
surface treatment and coating then choosing the best lubricant. One should have in mind that
most lubricants are developed for steel surfaces with additives, which are customised to
adhere perfectly to the surface and act as e.g. a low fiction surface. What will happen to the
system when that type of surface is replaced by a chemically inert PVD coating? The
lubricants used today are probably far from optimal for such surfaces and could certainly be

customised to improve the performance of coated systems by far.

7. CONCLUDING REMARKS

Surface engineering in general, and PVD coatings in particular, is here to stay — at least for
the foreseeable future. The rapid development of a large variety of different advanced surface
modification and coating deposition techniques offers many possibilities to improve the
performance of machine tooling and engineering components. Unfortunately, this also means
that the demands on the surface engineer increases rapidly. Not only does this person need to
be proficient in all aspects of coatings technology. She or he must also be able to wield all the
other tools available in the toolbox, e.g. choice of substrate materials, substrate surface
preparation, geometrical design of the tool or component to be coated, etc. It is the task of
institutes and universities to train the surface engineers of the future, but not many training
programmes are currently available. Therefore, it is certainly in the self-interest of the
engineering industry to make the need for skilled surface engineers clear to governments and
other education-funding authorities — unless many a great opportunity is to be missed by the

lack of skilled engineers!
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BERGSOE MEDALJEN
TILDELT
NIELS HANSEN

Bergsge medaljen er indstiftet af Dansk Metallurgisk Selskab i 1964 og tildeles
personer, der har ydet fremragende bidrag til metallurgien af vid betydning for det
videnskabelige og tekniske samfund. Bidragene kan vare indenfor videnskab,
teknologi og undervisning. Medaljen uddeles efter behov.

Bergseemedaljen har navn efter Poul Bergsge, der gennem et langt liv som ejer af en
metallurgisk fabrik samtidig havde en stor og bred interesse for kemi og metallurgi,
og som populariserede disse videnskabelige discipliner gennem beger og
radioudsendelser.

P#ul Bergsee blev en gammel mand, dede i 1964 efter sin 91 érs fodselsdag, men
havde kort forinden lejlighed til at godkende medaljen og vedtagterne. Bergsoe
medaljen er modelleret af billedhuggeren Svend Jespersen og fremstilles ved en
galvanoproces.

Bergseemedaljen er tidligere tildelt:

W .Engel (1964) for hans inspiration og start af metallurgisk forskning i Danmark.

K. Offer Andersen (1972) for hans betydningsfulde beger om metallurgi og teknologi.

E. Orowan, M. Polyani og G.I. Taylor (1973) for deres koncept om dislokationer.

Michael F. Ashby (1989) for hans betydningsfulde bidrag indenfor et bredt spektrum
af metallurgisk viden og materialevidenskab og -teknologi.

E.W. Langer (1992) i erkendelse af hans livslange virke og betydning for bade
metallurgien i Danmark, for de aktive metallurger og for Dansk Metallurgisk Selskab.

Vagn Fabritius Buckwald (1995) i erkendelse af eminent indsats indenfor forskning i

meteoritter og historisk metallurgi, interesse og engagerede virke for metallurgiens
udvikling savel nationalt som internationalt, samt for Dansk Metallurgisk Selskab.
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Bergsoe medaljen tildeles Niels Hansen for hans livslange eminente indsats for
materialeforskningen i Danmark, for opbygning af en internationalt anerkendt
forskningsafdeling og for en international anerkendt personlig indsats i forskningen
indenfor styrkeegning, rekrystallisation og plastisk deformation i metalliske
materialer.

Niels Hansen har vzret en forende personlighed indenfor materialevidenskab i
Danmark siden hans karriere begyndte i 1957. I 1964 grundlagdes Afdelingen for
Materialeforskning pa Rise gennem hans initiativ og den har varet ledet af ham siden
da. Denne zra vil vaere afsluttet ved udgangen af ar 2000, hvor pensionsalderen bliver
ndet. Under hans ledelse fra dengang til i dag har afdelingen haft fremgang og
udviklet sig til at opna international anerkendelse og beremmelse indenfor et bredt
omrade af materialevidenskab. I en international evaluering af Forskningscenter Risg
1 1996-1997 bliver afdelingens forskning vurderet til at vare af meget hgj
international kvalitet, ikke mindst pa grund af det meget staerke lederskab gennem
mange ar.

Niels’ egen forskning daekker et vidt spektrum indenfor grundlzggende metallurgi.
Heraf kan navnes:

- dispersionh@rdning af sintrede aluminium produkter

- andre styrkepgende mekanismer, specielt kornsterrelses-og
deformationshardningseffekter

- afspending og rekrystallisation, specielt fokuseret pa de tidlige trin af
korndannelse

- krystallografisk tekstur med vagt lagt pa sammenhange mellem mikrostruktur og
tekstur

- kornvakst, koncentreret omkring méling og analyse af statistiske data

- metal matrix kompositter med et bredt bidrag til forstaelsen af deformation,
rekrystallisation og mekaniske egenskaber

- plastisk deformation med vagt lagt pa kvantitative karakteriseringer af
mikrostrukturer og relationer til krystallografiske orienteringer

- mekaniske egenskaber fokuseret pa indflydelsen af plastisk deformation pé
flydespandinger, spandings anisotropi og deformationshardning.

Bidraget til materialevidenskab og teknologi er ofte udmundet i nye teknikker til at
opna en forbedret forstaelse for den grundlaggende opforsel af materialerne og

saledes bidraget til en hajere teknologisk udnyttelse af materialerne. Gennem de
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seneste ar er dette gennemfort ved en detaljeret karakterisering af mikrostrukturer
efter hgj plastisk deformation, hvor traditionelle mikrostruktur mélinger er blevet
kombineret med malinger af lokale krystallografiske orienteringer. Dette arbejde har
integreret eksperimentelle observationer og modelleringer af de slipprocesser, der er
aktiveret under deformationerne.

En alenlang publikationsliste med videnskabelige artikler af hgj international klasse
vidner om det brede omfang forskningen har daekket.

Ved siden af sin egen forskning har Niels Hansen et ekstraordinert talent som
videnskabelig leder og kan motivere kollegaer og medarbejdere pa alle niveauer.
Dette har gennem arene givet udbygning og fornyelse i materialevidenskaben og
understreges tydeligt af det forhold, at Metallurgiafdelingen pé Risg i dag er
Afdelingen for Materialeforskning, dekkende et bredt spektrum af
materialevidenskab.

Niels Hansen har i sin karriere modtaget flere hadersbevisninger. Det er en glade for
mig og den gvrige bestyrelse i Dansk Metallurgisk Selskab at overraekke endnu en,
nemlig den fornemste danske metallurgiske hadersbevisning — Pp{xl Bergsee
Medaljen. Vi haber du fortsat vil inspirere den danske og den internationale
materialevidenskab ogsé efter afslutningen af karrieren pa Risg

Povl Brendsted
Formand for DMS
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DANSK METALLURGISK SELSKAB

Tildeling af
Bergsge Medaljen
til

NIELS HANSEN

i erkendelse af en livslang eminent indsats for materialeforskningen i Danmark,
for opbygning af en internationalt anerkendt forskningsafdeling og for en
internationalt anerkendt personlig indsats i forskningen indenfor styrkeggning,
rekrystallisation og plastisk deformation i metalliske materialer.

Lyngby den 7. november, 2000

Povl Brgndsted Niels Langvad Jan Lemkow
Formand Sekreter
Hans Peter Nielsen Conrad Vogel Asger Sturlason

Zibrandt Greissen  Steen Krogh Jensen Marcel Somers

Kirsten G.Sgrensen ~ Stig Rubzk




Overraekkelse af Paul Bergsge medaljen

~ Danmarks
. Tekniske
Universitet

tirsdag
den 7. november
2000
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Navne til foto af deltagerne Vintermedet 2000, Sorg Storkro:

S

. Annemette Riis, Grundfos A/S

Zibrand Greissen, Det Danske Stélvalsevark A/S
Vagn.F. Buchwald, Aresmedlem

Mikael Larsen, Institut for Maskinteknik, AAU

Ib B. Bergen, Syddansk Universitet

. Niels Langvad, Vkstfonden

. Maria Jose L. @stergaard, F.L.Smidth & Co A/S

. Janet J. Bentsen, Afd. for Materialeforskning, Rise
. Helle Andersen, Sandvik A/S

. Hans Peter Nielsen, FORCE Instituttet

. Kirsten Grenning Serensen, Institut for Produktion, DTU
. Lasse Christoffersen, Institut for Produktion, DTU
. Peter Kjeldsteen, Dan Spray A/S

. Dorthe Jacobsen, MAN BW Diesel A/S

. Jorgen Rasmussen, Flyvematerielkommandoen

. Conrad Vogel

. Per Stamp, Balzers Sandvik Coating AB

. Povl Brendsted, Afd. for Materialeforskning, Risg
. Finn Meldhede, Haustrups Heerderi A/S

. Marcel A. Somers, Institut for Produktion, DTU

. Ulla Tambour, Konsulent

. Jens Grenbzk, STRECON, Danfoss A/S

. Per Kjeldsteen, Danfoss A/S

. Lisbeth Rischel Hilbert, Institut for Produktion, DTU
. Knud Aage Thorsen, Institut for Produktion, DTU
. Lene Marie Pedersen, Roulunds Fabriker A/S

. Jesper Vejlo Carstensen, Afd. for Materialeforskning, Risg
. Karl Holm, Ingenierfirmaet Karl Holm

. Ebbe Wang Langer, Zresmedlem

. Karin M. Julskjeer, Metalindustriens Fagskole

. Ernst Maahn, Institut for Produktion, DTU

. Anneliese Johansen, F.L.Smidth & Co A/S

. Jytte Langer, Aresmedlemsfrue

. Asger Sturlason, Materialeprevning, TI

. Robert Vejby Nielsen, Bang & Olufsen A/S

. Palle Ranlgv, Uddeholm A/S

. Ole Backer Pedersen, Afd. for Materialeforskning, Rise
. Michael Dossing, LEGO Engineering A/S

. Jan Cederkvist, Alfa Laval Separation A/S

. Kenneth Holm Jensen, Brukens Kebenhavn A/S

. Christian Wolfe, Alfa Laval Materials AB

. Niels Gram, Eresmedlem

. Willy Olesen, Jydsk Aluminium Industri A/S

. Steen Krogh Jensen, MAN B&W Diesel A/S

. Christian Hejerslev, Afd. for Materialeforskning, Risg
. Stig Rubzk, Ingenierhgjskolen i Kebenhavn

. Christian von der Maase, Banestyrelsen

. Christian P. Debel, Afd. for Materialeforskning, Risg
. Thomas @rts Pedersen, MAN BW Diesel A/S

. Torben Leffers, Afd. for Materialeforskning, Risg

. Troels Mathiesen, FORCE Instituttet

. Carsten Jensen, Brukens Kebenhavn A/S

. Finn T. Petersen, Sandvik A/S






DMS's arrangementer i 2000.

6.-8. januar 2000: Vintermede afholdt pa Sore Storkro, Sorg. Emnet " Materialers
Egenskaber. Modellering, Maling og Anvendelse" blev belyst i 21 foredrag, som er
offentliggjort i Selskabets Arbog 2000. Besgg hos NKT Flexibles fabrik i Kalundborg.
(Sorg, 60 deltagere)

12. april, 2000: Besag pa Avederevaerket blok 2. Civ. ing. Erik Lund viste rundt og fortalte
om materialevalg. (Avedere, 12 deltagere)

27. maj, 2000: Sommerudflugt til Vikingeskibsmuseet, Roskilde. (17 deltagere)
20 september, 2000: Besgg pa Tejhusmuseet. Museumsinspekter Kay Sgren Nielsen
viste rundt og fortalte om Samlingens historie samt om emnerne: Kanonfremstilling ud fra

et energisynspunkt og Sortkrudtskydning med handvaben. (20 deltagere)

7. November, 2000. Generalforsamling. Uddeling af Bergsge medaljen til Niels Hansen
og efterfelgende foredrag af Niels Hansen:

7. december 2000: Julemade med foredrag af Museumsinspekter Kay Sgren Nielsen:
Gevaerproduktion i Danmark
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Formand:

Sekreteer:

Bestyrelses
medlemmer:

Bestyrelsen pr. 1. januar 2001

seniorforsker Povl Brendsted
Afdelingen for Materialeforskning, RIS@

civ.ing. Niels Langvad
VeaekstFonden
lic.techn. Hans Peter Nielsen

FORCE

civ.ing. Steen Krogh Jensen
MAN B&W

civ.ing. Asger Sturlason
DTI

Professor Marcel Somers
Institut for Produktion, DTU

civ.ing. Conrad Vogel

lic.techn. Zibrandt Greisen
Det Danske Stalvalseveaerk

civ.ing. Stig Rubaek
Ingenigrhgjskolen, Kebenhavns Teknikum

Suppleanter:

Ph.D. Kirsten Granning Sgrensen
Institut for Produktion, DTU

Ing. Ole Kraamer
Konsulent
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