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Laserska toplotna obdelava sive in nodularne litine
Laser Heat Treatment of Gray and Nodular Irons

JANEZ GRUM - ROMAN STURM

Laserski obdelovalni sistemi so zaradi stevilnih prednosti nasproti konvencionalni obdelavi
vedno boli zastopani v proizvodnfi. Ti sistemi lahko delujejo samostojno, ali pa so vkljuteni v
obdelovalne celico za mehanske in toplotno obdelave. Fosebno zanimiva jfe toplotna obdelava
litega Zeleza, predvsem zaradi dobre kombinacife 2ilavega jedra in nove nastale trde fino-
strukturne povrsine, ki izredno poveda korozijsko in obrabno odpornost materiala. Zato smo
preverili obnasanfe sive in nodularne litine po laserski toplotni obdelavi s strukturnega vidika
in z merjenjem spremembe v (rdoti kaljene sledi. Dobljena spoznanja o toplotni obdelavi litine
smo podkrepili z izbire optimalnih obdelovainih razmer.

Laser machining systems have numerous advantages over the conventional methods and
are increasingly used in manufacturing. These systems can operate as individual systems
or they can form part of a manufacturing cell for machining and heat treatment. Recently,
special attention has been devoted to laser heat treatment of cast iron mostly because of the
good combination between the ductile core and the newly formed hard, fine structured surface
which significantly increases corrosion and wear resistance of the material, The investigation
studies the behaviour of gray fron and ductile iron after laser heat treatment from the point
of view of structure, and verifies it by measuring the changes in hardness of the hardened
trace. The findings about laser heat treatment of these casts are supplemented by careful
selection of optimum laser treatment conditions.
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0 UvoD

Laserska tehnologija ponuja stevilne predno-
sti pred dosedaj poznanimi tehnologijami. Posebe]
bi lahko izpostavili brezkontakino obdelave, kjer
se ne pojavlja orodje v obicajni obliki, ampak kot
laserski snop, ki se ne obrablja. Tako se ognemo
stevilnim problemom, Ki jih povzroéajo obrabljena
orodja, od deformacije obdelovancev, poikodh po-
vriinskega sloja, do poSkedb vitalnih elementov
stroja oziroma naprave.

Pri toplotni obdelavi moramo dosedi s pomi-
kom laserskega snopa prek povriine obdelovanca
hitro segrevanje in ohlajanje povriinskega sloja.
Hitro ohlajanje povriinskega sloja dosefemo Ze
zaradi hitrepga odvoda toplote v preostali del hladne
mase. 5 pravilno izhire energijske postote oziroma
z izbiro ustreznega vnosa energije dosefemo hitro
lokalno segrevanje v avstenitno podrodje ali celo
temperature nataljevanja povrsine obdelovanca, kar
po chlajanju omogota nastanek 2elene globine mo-
dificiranega sloja. Na sliki 1 so prikazana celotna
razmerja med gostoto moéi laserskega snopa na
povriini obdelovanca, izrateno v W/em?, in po-
trebnimi ¢asi interakcije snopa z materialom ob-
delovanca, da dosetemo razlicne toplotne razmere
na njem, ki ustrezajo zahtevam razliénih obdelo-
valnih postopkov.

0 INTRODUCTION

Laser technology offers many advantages over
previously known technologies. One of the most
important advantages ig the possibility of contact-
less machining where there i no tool, in the
classical sense, but a laser beam which is not
subject to wear. By using laser technology many
problems related to tool wear are eliminated, such
as workpiece deformation, surface layer damage,
as well as damage to some of the vital parts of
machine tools or other machining equipment.

In heat treatment, we have to achieve by
moving the laser beam across the workpiece
rapid heating and cooling rates of the surface
layer. Rapid surface layer cooling rates can be
quite easily achieved by fast heat transfer into
the remaining part of the cold mass. By a cor-
rect choice of energy density or by choosing a
suitable energy Input, we can achieve rapid
local heating rates up to the austenitic region
or even the temperature of the surface layer
melting which, after the cooling process is
completed, enables us to get a modified layer of
the desired depth. In Figure 1 we can see some
global relations between the laser beam power
density on the workpiece surface expressed in
W/em* and the necessary times of laser beam
interaction with the workpiece material in order
to create different heat conditions corresponding
to different machining procedures.
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Sl. 1. Laserska obdelava glede na intenzivnost modi in ¢as interakcife
Fig. 1. Laser treatment as a function of power intensity and interaction time

Delez razpoloZljive energije laserskega snopa
{pri valovni dol2ini 10,6 pm) je na povriini obde-
lovanca moéno odvisen od absorpeijske zmolnostl
kovinskih materialov in zna%a od 2 do 5 odstotkov,
preostali del pa se odbija. Stopnja absorpeije je od-
visna od vrste materiala, od stanja povriine ma-
teriala, valovne dolZine in intenzivnosti laserske
svetlobe. Tako je treba za povedanje absorptivnosti
laserske svetlobe (do 80 odstotkov) pri postopkih
toplotne obdelave kovinsko povréino poprej pripra=-
viti z ustreznim absorpcijskim sredstvom. Kot
takéno sredstvo se uporabljajo razlicni kovinsko-
oksidni pragki, koloidni grafit, cink fosfat, mangan
fosfat in tudi é¢rne barve.

1 [ZVEDBA LASERSKEGA KALJENJA ZA
DOLOCITEV OPTIMALNE HITROSTI POMIKA
OBDELOVANCA

Globina nataljene in kaljene cone je odvisna
od parametrov laserskega snopa, od hitrosti po-
mika obdelovanca in od lastnosti materiala, ki so
definirane s toplotno prevednostjo, gostoto, spe-
cifitno toploto, in od temperature avstenitizacije
oziroma termnperature talisCa.

Zaradi razliéne toplotne prevodnosti luska-
ste in nodularne litine po laserskem kaljenju
smo za ugotavljanje optimalne hitrosti pomika
laserskega snopa uporabili obdelovance iz sive liti-
ne SL200 in nodularne litine NL400. Kemitna se-
stava obeh materialov je podana v preglednici 1.
Pri tem pa lahko povemo, da je matrica SL200
perlitna, matrica NL400 pa feritno-perlitna.

Za kaljenje smo uporabili plinski CO, laser
Iskra LMPB00 z motjo 450 W in Gaussove po-
razdelitvijo moéi, pri ¢emer je bila izZaristna

The amount of the available energy of the
laser beam (at a wave length of 10.B pm) on the
workpiece surface is strongly dependent on the
absorptivity of metal materials, and ranges within
2 to 5%, while the remaining amount is reflected
back. The rate of absorption is dependent on the
kind of material, surface condition, wave length
and laser light intensity. Thus to increase the
laser light absorptivity (up to B0%) it is necessary
to pretreat the metal surface by a suitable absor-
ber. Az such we may use various Kinds of
metal oxide powders, colloidal graphite, zink
phosphate, manganese phosphate, as well as black
paints.

1 LASER HARDENING TESTS TO DETERMINE
OPTIMUM WORKFIECE TRAVELLING SPEEDS

The depth of the melted and hardened zone
depends on laser beam parameters. workplece
travelling speed and material properties defined by
heat conductivity, density. specific heat and on
the temperature of the austenitization or melting
point temperature.

On account of the different heat conductivity
of the lamelar and nodular casts after laser har-
dening we used workpieces from gray iron SL200
and nodular iron NL400 in order to establish the
optimum laser beam travelling speed. The chemical
composition of both materials can be seen from
Table 1. In addition it should be mentioned that
SL200 has a pearlite matrix and NL400 a ferrite-
pearlite one.

To perform the laser hardening, we used a
LMP600 CO, laser manufactured by Iskra, having
a power of 450 W, a Gaussian power distribution
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Pregledica 1: Osnovni podatki o materialu obdelovancev
Table 1: Some basic data on workpiece material

Material ISO i Si CE Grafit (%) | Struktura matrice
: (%) (%) (%) | Graphite (%) | Matrix structure
SL200 | Grade 200 | 3.40 1.95 4.08 12.88 P
NL400 400 - 12 3.64 2.37 4.44 12.01 F+F

F - feriv/ferrite, P - perlit/pearlite.

razdalja laserskega snopa 10 mm. Preizkus laser-
ske toplotne obdelave z nataljevanjem smo izvedli
v obmo&ju hitrosti pomikov obdelovanca nasproti
laserskemu snopu od 2 do 42 mm/s & korakom
2 mm/s. S tem smo si zagotovili razli¢ne vnose
energije v povrsino preizkufanca. Povriino pre-
izkugancev pa smo poprej pripravili z absorberjem
In-fosfat. Na sliki 2 sta prikazani metalografski
sliki prefnega prereza lasersko modificirane sledi
na SL200 in NLA400.

and a defocussing distance of the laser beam of
10 mm. The laser surface melt-hardening tests
were carried out in a range of workpiece tra-
velling speeds from 2 to 42 mm/s by increments
of 2 mm/s. In this way, different amounts of
energy input into the workpice surface were en-
sured. The surface of the specimens was first
pretreated by a Zn-phosphate absorber. Figure 2
shows two metallographs of the modified trace
cross-sections of SL200 and NL400.

a) SLZ00

b) ML400

Sl. 2. Preéni prerez lasersko modificirane sledi, povedava 100 krat
Fig. 2. Cross-section of the modified trace, magnification 100 times

Za dologitev optimalnih obdelovalnih razmer
smo izvajali segrevanja z laserskim snopom, tako
da smo napravili le enojno sled na obdelovancu.
Po dolotitvi optimalnih obdelovalnih razmer smo
izvajali toplotno lasersko obdelavo, ki je zagotovila
30-odstotno prekrivanje nataljenih sledi. Toplotno
obdelavo smo izvajali na valjastih vzorcih premera
37 mm in irine 10 mm, s katerimi smo v nada-
ljevanju izvajali tudi preizkuse obrabne obstojnosti
na stroju Amsler.

In order to determine the optimum machining
speeds, the heating with the laser beam was done
is such a way that only a single trace was made
on the workpiece. Once the optimum heat treat-
ment conditions had been defined, the rest of the
laser heat treatment was done so that a 30% over-
lapping of the melted trace was ensured. The heat
treatment was performed on roller specimens with
a diameter of 37 mm and a width of 10 mm, sui-
table also for subsequent wear resistance tests
which were performed on an Amsler machine.
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Na sliki 2 lahko ugotovimo, da v preinem
prerezu sledi lasersko obdelane litine razlikujemo
tri glavne cone:

a} osnovni material,

b} kaljeno cono:

— pri NL400 jo sestavljajo martenzit, zaostall
avstenit, ferit in grafit v obliki nodulov, katere
obdajajo martenzitne lupine,

— pri SL200 jo sestavljajo martenzit, zaostali
avstenit in grafit v obliki lusk,

¢] nataljeno cono, sestavljeno iz dendritov
avstenita, ledeburita, posameznih grobih marten-
zitnih iglic in neraztopljenega grafita, kar smo
potrdili z difrakeijo zarkov X (preglednica 2).

From Figure 2 we can see that in the mo-
dified trace of the laser machined cast it is
possible to distinguish three main zones:

a) basic material,

b) hardened zone:

— in NL400 consisting of martensite, residual
austenite, ferrite and graphite nodules surrounded
by martensitic shells,

— in SL200 consisting of martensite, residual
austenite and flake graphite,

c) melted zone consisting of austenite den-
drites, ledeburite, individual coarse martensite
needles and undissolved graphite, which was con-
firmed by X-ray difraction ( Table 2).

Preglednica 2: Rezultati fazne analize lasersko nataljene povrsine na sivi litini SL200 in
nodularni Iitini NL400, ki so izraZeni v volumskih deleih
Table 2: Phase analvsis results of the laser-melted surface on SL2AN gray iron and
NL4O0 nodular iron, expressed in volume parts

Material C\f - avstenit | C, - martenzit M,C Feq0y Gralfilt
austenite martensite Graphite

SL200 28 20 46 6 /

NL400 34 28 26 7 5

Hitrosti pomikov obdelovanca pod 15 mm/s
pri SL200 niso priporoéljive zaradi pojavoy poroz-
nosti, pri hitrostih pomikoy manjsih od 16 mm/s,
pride do brazdanja povrsine. Povsod v obmoéju na-
taljevanja so problem razpoke. Pri NL400 teh pro-
blemov ni nikjer v obmo¢ju hitrosti, ki smo jih
uporabili pri preizkusu. V kaljenem obmodju nodu-
larne litine so nastale martenzitne lupine okrog
nodulov grafita, ki pozitivno vplivajo na lastnosti
sledi [11. Pri obeh materialih je jedkalo potasneje
vplivalo na nataljeno obmo&je, zato lahko sklepamo,
da se je kKorozijska odpornest povrsine izboljsala.
V nataljenem obmoéju se je grafit v glavnem raz-
topil, le pri NLADD veasih lahko opazimo ujete ne-
raztopljene nodule na povrsini natal jenega podrotja.

2 OPTIMIRANJE TOPLOTNIH OBDELOVALNIH
FOGOJEV

Ma sliki 3 je prikazano spreminjanje  plobine
enajne laserske sledi v odvisnosti od hitrosti po-
mika laserskega snopa. Pri SL200 na sliki 3a se
lepo vidi, da so hitrosti pomika laserskega snopa
neprimerne, &e so le te manj%e od 16 mm/s. V teh
primerih se energijskl vnos v obdelovanec toliko
poveda, da v sredini povriine sledi nastajajo braz-
de, ki zmanj$ujejo uporabnost nastalega povrsin-
skega sloja. Masprotno pa pri hitrestih pomika
laserskega snopa, vedjih od 30 mm/s, dobimo glo-
bine toplotno vplivnih con, ki so manjse od 0,3 mm
in ne ustrezajo nasim zahtevam o minimalni do-
seteni globind modificiranega sloja. Pri NL400 je

On SL200, workpiece travelling speeds below
18 mm/s are not recommendable because of the
cccurrence of porosity, while at travelling speeds
lower than 16 mm/s an oceurrence of furrows
can be noted. Another problem everywhere in the
melting range is cracking. In NL400 these pro-
blems were not noted in the range of speeds that
were used in the experiment. In the hardened
region of this material, martensitic shells were
formed around the graphite nodules having a po-
sitive effect on the properties of the trace [1]. In
both materials, a slower etching agent effect on
the melted region was noted, leading to the con-
clusion that the corrosion resistance of the sur-
face was improved. In the melted range the grap-
hite was dissolved to a considerable extent; only
in NLADO we may find some undissolved nodules
caught on the surface of the melted region,

2 OPTIMIZATION OF HEAT TREATMENT
CONDITIONS

In Figure 3 we can see the changing depth of
a single laser trace as a function of the laser
beam travelling speed. In SL200, Fig. 3a, we can
clearly =ee that the laser beam travelling speeds
are unsuitable if they are lower than 16 mm/s. In
these cases the energy input into the workpiece
is too high, resulting in the formation of furrows
in the middle of the trace surface, and thus lowe-
ring the applicability of the created surface layer.
Conversely, at laser beam travelling speeds higher
than 30 mm./s we get hardened zone depths that
are lower than 0.3 mm and do not meet the requi-
rements for a minimum achieved depth of the mo-
dified layer. In NL400, the achieved trace surface
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5l. 3. Karakteristicne globine posameznih delov lasersko kaljene sledi
glede na razli¢ne hitrosti pomika obdelovanca
Fig. 3. Characteristic depths of the particular areas of the laser hardened trace
versus different workpiece travelling speeds

dosezena povraina sledi lepo gladka pri vseh hitro-
stih pomika laserskega snopa. Globina kaljene cone
[sl. 3b) je manj#a od 0,3 mm 2e pri hitrostih po-
mika obdelovanca, ki so ve&je od 25 mm/s.

Globino lasersko kaljene sledi lahko predsta-
vimo tudi v odvisnosti od vnosa energije E v po-
vriino obdelovanca, kar je lepo prikazano na sliki
4. Pri obeh materialih je opazna paraboli¢na usme-
ritev odvisnosti globine kaljenja od vnosa energije
E. Vnos energije E je definiran [2]:

4 P
E-

z
¥y Dh

to Je mod¢ laserskega snopa na projekcijo prostorni-
ne , pri cemer so: vy, — hitrost laserskega snopa,

[}y, — premer laserskega snopa na povré&ini obdelo-
vanca in P — moé laserja.

200
SL200
pm {lp=dso W LPr—ry
Db=1.266
L o=
(=
A e
E -
o) zakaljena sled [ hardened trace
= 200 e
2 natalicna sled [ melied irace
0 j . brazda / furow
0 50 100 150 J/mm? 200
Vnos energije / Energy input
al SL200

is quite smooth at all laser beam travelling speeds.
However, the depth of the hardened zone (Fig. 3b)
is lower than 0.3 mm as early as at workpiece
travelling speeds higher than 25 mm/s.

The depth of the laser-hardened trace can be
presented also as a function of the energy input E
into the workpiece surface, as clearly shown in
Fig. 4. In both materials we may note a parabolic
trend of dependence of the hardened depth on the
energy input E. The energy input E is defined as [2]:

(J/mm?) (1),

that is the power of laser beam per volume pro-
jection, where: v}, — laser beam speed, Dy, — laser
beam diameter on the workpiece surface and P —
laser power.

200
i
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Sl. 4. Globina modificiranega sloja v odvisnosti od vnosa energife
Fig. 4. Depth of the modified layer versus energy input
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3 IZBIRA OPTIMALNE HITROSTI POMIKA
OBDELOVANCA

Optimiranje procesa laserskega kaljenja mo-
ramo za nodularno in sivo litino narediti logeno.
Glede na to, da smo med preizkusom spreminjali
le hitrost pomika preizkusanca, lahke optimalne
obmot je procesa toplotne obdelave poedamo z inter-
valom hitrosti pomika preizkuSanca. Ker pa so za
ufinkovitost toplotne obdelave bistveni vnosi ener-
gije E. je primerno hitrostim pomika obdelovanca
dodati %e ustrezne energijske vnose pri dolofeni
moti vira laserskega sevanja in dolofeni izZari®&ni
razdalji [4] do [B].

Ma sliki 5 je prikazana odvisnost globine mo-
dificiranega sloja od hitrosti pomika obdelovanca
in & tem od vnosa energije v povréinoe.

Na podlagi ocenjenih kriterijev smo dolo¢ili za
SL200 optimalno hitrost pomika laserskega snopa
vy = 24 mm/s in s pripadajotim vnosom energije
E =15 I/mm"®. V takih razmerah toplotne obdelave
7 nataljevanjemn povriine dosetemo, da globina
modificiranega sloja ne pade pod 0.3 mm, pray tako
pa je sama povriina modificiranega sloja precej
ravna brez brazdavosti.

YV primeru toplotne obdelave NL400 lahko ugo-
tovimo, da pade globina modificiranega sloja pod
04 mm pri hitrostih pomika laserskega snopa
¥y, = 18 mm/s oziroma pri vnosu energije E = 20
J/mm® Ker mikrostrukture na posameznih mestih
sledi niso kazale motecih dejavnikov, prav tako
pa smo dobili gladko povrsino nataljene sledi, smo

3 SELECTION OF OPTIMUM WORKPIECE
TRAVELLING SPEED

The optimization of the laser hardening pro-
cess has to be performed separately for the nodu-
lar and the gray iron. In view of the fact that
during the experiment only the workplece travel-
ling speed was changed, the optimum region of
the heat treatment process can be expressed by
the interval of workpiece travelling speed. Since
for the efficiency of the heat treatment, heat in-
puts E are essential, it is sensible to add to the
workpiece travelling speeds also their correspon-
ding energy inputs at a given laser source power
and a given defocussing distance (4] to [G].

Figure 3 shows the relationship between
the depth of the modified layer and workpiece
travelling speed, and thus its energy input into
the surface.

On the basis of the assessed criteria we
defined, for SL200, the optimum laser beam speed
to be v, = 24 mm/s with a corresponding energy
input of £ = 15 J/mm?®. In these laser surface
melt-hardening conditions it can be ensured
that the modified layer depth does not fall
balow 0.3 mm while at the same time the
surface of the modified layer itself is fairly
smooth and without any furrows.

In the case of NL400 we can note that
the depth of the modified layer falls below
0.4 mm at a laser beam speed v, = 18 mm/s
or at an energy input of E = 20 J/mm® Since
the microstructures at the particular places did
not display any irregularities, while at the same
time the surface of the melted layer was smooth,
it was assessed that the above mentioned heat

ocenili, da so navedene obdelovalne razmere treatment conditions are optimal [7], [8].
optimalne (71, [8].
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Sl. 5. Odvisnest globine modificiranega sloja od vnosa energije
Fig. 5. Depth of the modified layer versus energy input

L izbranimi optimalnimi obdelovalnimi pogoji
"smo izvedli toplotno obdelave s prekrivanjem
nataljenih sledi. V preglednici 3 so prikazane

Under these conditions, chosen as optimum,
the heat treatment by overlapping the melted tra-
ces was then performed. In Table 3, we can see
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Preglednica 3: Rezultati meritev nataljene in kaljene cone
Table 3: Measurement results of the depth of the melted and hardened zones

Globina / Depth  (mm)
Material Nataljena cona Kaljena cona
Melted zone Hardened zone
Enojna sled Prekrivanje Enojna sled Prekrivanje
Single trace | Overlapping | Single trace | Overlapping |
SL200 0.17 0.29 0.35 0.57
NL400 0.25 0.3 0.58 0.62

maksimalne globine nataljene in kaljene cone za
izbrani vrsti litine pri izvajanju toplotne obdelave
z enojno sledjo in s 30-odstotnim prekrivanjemn
nataljenih sledi.

Zhrani podatki v preglednici 3 potrjujejo, da
so globine nataljene cone in kaljene cone vedje v
primerih, ko izvajamo toplotno obdelavo s prekri-
vanjern nataljenih sledi. Izjemno velike razlike se
pojavijo v sivi litini z luskastim grafitom, kar
pripisujerno vplivom predgrevanja materiala, Ki
ublatijo neugoden vpliv luskaste oblike grafita na
toplotno prevodnost.

4 TRDOTA

Z meritvami mikrotrdote smo dokazall uspe&-
nost laserskega kaljenja z nataljevanjem povrsine
in potrdili strukturne spremembe v materialu. V
nataljenem sloju se trdota giblje v obmofju med
700 in 1100 HYm. £ metalografsko analizo samo
potrdili, da je povefana trdota posledica fine dis-
perzije cementita v ledeburitu. V kaljenem obmod-
Jju se je povedala trdota le delu matrice, ki je pred
obdelave imel perlitne strukturo, in sicer na
vrednosti okoli 830 HVm. Trde lupine okrog gra-
fitnih nodulov v NL400 imajo trdoto martenzitne
strukture (800 do 900 HVm). Rezultati mikro-
strukturne analize in izmerjene trdote v kaljeni
coni potrjujejo, da je pri kKaljenju s prekrivanjem
nataljenih sledi prislo pri SL200 do wpliva pred-
gretja materiala, ki se kafe v povedani globini ka-
ljene cone (sl. Ga). Utinek predgrevanja je pomem-
ben le pri neugodni luskasti obliki grafita. Pri
ML400 je priglo do ufinka popuitanja martenzita
v fino bainitno strukturo, na kar v veliki meri
vpliva dobra toplotna prevodnost feritnega dela
strukture matrice. Rezultat popustanja je viden
na sliki 6b v znizanju vrednosti mikrotrdote.

3 OBRABA

Preizkus obrabne odpornosti smo izvedli na
stroju Amsler, kjer je bil preizkuzanec iz SL200
in NL400 z nataljeno povrsino v drsnem mazanem
stiku s kaljenim jeklom za poboljganje C1531

the maximum depths of the melted and hardened
zone for the two investigated casts, once for heat
treatment with a single trace and then with a
30°% overlap of the melted traces.

The data pathered in Table 3 confirm that
the depth of the melted zones and the hardened
zongs are greater in cases when heat treatment
is done by overlapping the melted traces. Extre-
mely big differences occur in the gray iron with
flake graphite, which is attributed to material
preheating effects that lessen the detrimental ef-
fects of flake graphite on heat conductivity.

4 HARDNESS

The measurements of microhardness have
proved the success of the laser surface melt-
hardening method and confirmed the structural
changes in the material. In the melted layer the
hardness ranges within 700 and 1100 HYm. The
metallographical analysis has shown that the
increased hardness is a result of the fine dis-
persion of cementite in ledeburite. In the har-
dened region hardness increased only in the part
of the matrix, which befaore the heat treatment
had a pearlite structure, i.e. around a value
of 830 HVm. Hard shells around the graphite
nodules in NL400 have a martensite structure
hardness (500 to 900 HVYm). The results of the
microstructure analysis and the measured har-
dness values in the hardened zone confirm that
in hardening by overlapping the traces, in SL200
an effect of material pre-heating can be noted
which is reflected in the increased depth of
the hardened zone (Fig. Bal. The effect of pre-
heating is important enly in the case of unde-
sirable flake graphite. In NL400, on the other
hand, an effect of martensite annealing into
the fine bainite structure can be ohserved, which
is to a great extent the result of good heat con-
ductivity of the ferrite component of the struc-
ture matrix. The result of annealing can be seen
in Figure 6b as lower microhardness values,

5 WEAR

The wear resistance tests were made on an
Amsler machine where the specimens from SL200
and NLA00 with melted surface were in sliding
contact with a hardened heat-treatable steel C153]
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Sl. 6. Rezwltati meritey mikrotrdote materiala modificiranega sloja na obdelovancu
pri enojni sledf in pri ved sledeh s prekrivanjemn natalfenih sledi

Fig. 6. The results of the microhardness measurements in the modified layer on the workpiece
far a single trace and for overlapped traces

(Ck 45 — standard IS0) s trdoto 920 HVm. Nor-
malna sila cbremenjevanja je bila 700 N pri drsnem
pritisku 7 MN/m?. Obrabno odpornost preizku-

Zancev smo prikazalli z meritvami izgube mase in

z dolo¢itvijo obrabnega koeficienta k, ki je defi-
niran takole [3]:

W

k=
FHS

kjer so: W — prostornina obrabe (mm?), Fy —
pritisna sila (N), s — obratovalna pot (m).

mm3/]

(IS0 Ck45) with a hardness of 920 HVm. The
normal loading force was 700 N at a sliding pres-
sure 7 MN/m®. The wear resistance of the spe-

cimens was established by measuring mass losses
and by defining the wear coefficient defined as [3):

(mm?/J) (2),

where: W— volume of wear (mm ), F; — pres-
sure force (N), & — operating path (m).

SE-08
5E-08 1
4E-08 |
3E-08 1
2E-08
1E-08

0 !

Koeficient obrabe
Wear coefficient

0 18

lzguba mase / Mass loss

Obratovalna pot / Operating path

l-m obrabe/wear coeff. SL200 [ koef. obrabeswear coeff. NLAOD

— izguba mase/mass loss NL400

Sl. 7. lzguba mase in koeficient obrabe litin SL200 in NL400 z laserske nataljenc povriine s
prekrivanjemn nataljenih sledi v drsnem kontaktu s Kaljenim jeklom za poboljsanje
CI531 (IS0 Ck45)

Fig. 7. Mass [oss and wear coefficient of SL200 and NL400 with a laser melted surface by overlapped
traces in sliding contact with a hardened steel CI531 (IS0 Ck45)
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Na sliki 7 so grafiéno predstavljeni rezultati
o nakopiteni izgubi mase in o vrednostih izra-
#unanih koeficientov obrabe glede na spreminjanje
obratovalne poti. Trdota nataljene povriine je pri
SL200 za skoraj 100 HVm vedéja kakor pri NL400,
kar se mo¢no kate na obrabni odpornosti. Zato se
ML400 bolj obrablja kakor SL200. Pri obeh litinah
se obrabni koeficient po zatetni dobi utekanja
obéutno zmanjsa in je v wseh primerih mnogo
manjsi od dovoljenega, ki ga priporoca strokovna
literatura za strojne dele (k < 10°®% mm®/J [4]).
Zato lahko sklenemo, da se obe vrsti litin po ka-
lienju z laserskim snopom ugodno obnaSata v
obratovalnih razmerah za obravnavano drsno dvo-
jico.

6 SKLEFI

Eksperimentalni rezultati so potrdili, da
lahko z laserskim snoporn majhne modi dosefemo
zadostno debelino modificiranega sloja, fe kalimo
2 nataljevanjem povriinskega sloja. Siva litina
je zaradi morfologije grafita zelo zahtevna za
toplotno obdelavo, saj dolge luske zadrZijo veliko
toplotne energije na povriju in s tem bistveno
spremenijo temperaturne razmere v materialu
To se kafe v manjsi globini modificiranega sloja
in slab%i kakovosti nataljene povrdine. Povidana
trdota nataljene in kaljene cone (do 1000 HVm)
pa bistveno poveda obrabno odpornost povriine.
Dobljeni koeficienti obrabne odpornosti oziroma
izgube mase potrjujejo, da se siva litina v kom-
binaciji z jeklom C1531 (ISO Ck45) znatno bolje
obnasa kakor nodularna litina. To potrjujemo
predvsern z vigjo trdoto povriine po laserskemn
kal jenju. Zal pa smo ugotovili, da je siva litina
z luskastim grafitom bistveno bolj zahtevna glede
dolotevanja optimalnih pogojev kaljenja z nata-
ljevanjem povrsine. Glavni vzroki za to so nasta-
janje brazdavosti nataljenega sloja in morebitnih
razpok v njem, ki se pojavljajo med procesom
ohlajanja.

Figure 7 iz a bar chart illustrating the re-
sults of cumulative mass losses and calculated
values of wear coefficients as a function of the
operating path. The hardness of the melted surface
of SL200 is almost by 100 HYm higher than that
of NL400, as is strongly reflected in wear re-
sistance. Therefore NL400 wears down more than
SL200. In both casts, after the initial running-in
period, the wear coefficient drops substantially
and is in all cases much lower than the allowable
one recommended in the professional literature
for machine parts (kK < 10°® mm’/J, [4]1). Thus
we can conclude that both kinds of laser hardened
casts behave favourably in the operating condi-
tions of the sliding couple.

6 CONCLUSIONS

The experimental results have confirmed that
a low- power laser beam can achieve a sufficien-
tly thick modified layer provided that hardening
is performed by surface layer melting. Gray iron,
due to its graphite morphology, is very difficult to
heat treat since long graphite flakes hold back a
great deal of heat energy on the surface and thus
essentially change the temperature conditions in
the material. This is reflected in a lower depth of
the modified layer and poorer quality of the mel-
ted surface. The increased hardness of the melted
and hardened zone (up to 1000 HVm) substantially
increases the wear resistance of the surface. The
obtained wear coefficients or mass losses other-
wise confirm that gray iron in pair with C1531
(IS0 Ck43) behaves in a much better way than
the nodular iron. This is explained mainly by the
greater hardness of the surface after laser
hardening. Yet we were disappointed to find that
gray iron, due to flake graphite, is a much more
demanding material in terms of determining the
optimum conditions of surface melt-hardening.
The main reason for this is the occurrence of
furrows in the melted layer and possible cracking
during the process of cooling.



380 STROJNSEKI VESTNK — JOURNAL OF MECHANICAL ENGINEERING, LJUBLJANA (41) 1995/1112

7 LITERATURA
T REFERENCES

[11 Tsujikawa, M.-Hino. M.-Kawamoto. M.-
Okabayashi K.: mnHard Eye« Ductile Cast Iron and its
Treatment by Laser Quenching. The 8th I[nternational
Congress on Heat Treatment of Materials Heat & Sur-
face'92, Edited by Tamura [.. 441444,

2] Hawkes. LC.—Steen. W.M.— West. D.R.F.: Laser
Surface Melt Hardening of 5.G. Irons: Proceedings of the
1 st International Conference on Lasers in Manufacturing.
Brighton. Velika Britanija. 1983, 97=108.

131 World Lasers Almanac 1988: Vol. 1. Sprechsaal
Publishing Group. 121-122 .

i4] Blau P.J.: ASM Handbook. Vol. 18. Friction.
Lubrication and Wear Technology. ASM Tnternational.
printed in the USA, 1992

[5] Bergmann H.W.: Current Status of Laser Sur-
face Melting of Cast Iron: Surface Engineering. Yol 1
198572, 137-166.

(6] Mathur A.K.—Molian P.A.: Laser Heat Treat-
ment of Cast Irons — Optimization of Process Variables.
Part 1. Transaction of the ASME., Vol 107, 1985,
200-207.

I7] Grum. J.=Sturm. R.: Laserska toplotna cbdelava
sive in nodularne litine. Konferenca Inovativna avtomo-
bilska tehnologija IAT®95, Radenci, Slovenija. 1995,
355-362.

8] Grum. J=Sturm. R.: Laser Surface Melt-harde-
ning of Gray and Modular Irons. Konferenca Laser Material
Processing. Opatija. Hrvagka, 1995, 165-172.

Maslov avtorjev: prof. dr. Janez Grum. dipl. inZ.. Authors - Address: Prof. Dr. Janez Grum. Dipl. Ing..

mag. Roman Sturm. dipl. ind. Mag. Roman Sturm. Dipl. Ing.
Fakulteta za strojnigtvo Faculty of Mechanical Engineering
Univerza v Ljubljani University of Ljubljana
Afkerfeva B Afkerteva 6
61000 Ljubljana Ljubljana. Slovenia

Prejeto; Sprejeto:

Recelved: 15.6.1995 Acceptad: 21.12.18495



