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Struzenje navarov z orodji podjetja Walter

The Turning of Overlays Using Tools Produced by the Company
Walter

Milan Brozek

Tehnologija navarjanja se v praksi uporablja za oblikovanje povrsinskih plasti s specificnimi lastnostmi
v primeru na novo narejenih sestavnih delov oziroma pri popravilih obrabljenih funkcijskih ploskev sestavnih
delov. Pri veliki vecini sestavnih delov je glede na zeleno obliko, izmero in povrsino navarjenega predmeta
te treba tudi obdelati. Taksna obdelava ima v primerjavi z obdelovanjem viecenih ali valjanih polizdelkov
nekatere posebnosti. Zaradi optimizacije rezalnih razmer se po navadi izhaja iz rezultatov dolgorocnih
preskusov obstojnosti orodja. Pri njih se eksperimentalno ugotavlja ¢asovna odvisnost obrabljenosti orodja
pri razlicnih stopnjah rezalne hitrosti za vsako kombinacijo materialov navarjenega predmeta in orodja. Iz
te odvisnosti se za mejno velikost obrabljenosti orodja doloci odvisnost obstojnosti orodja za rezalno hitrost.
Tako ugotovijene odvisnosti T - v_ so izhodiscne vrednosti za lastno optimizacijo rezalnih razmer. Ta pa se
najpogosteje izvaja po kriteriju najmanjsih proizvodnih stroskov. Optimalen izracun obsega vse osnovne
gospodarske kazalnike obrata. Sestavni del izvedenih preskusov je merjenje trdote navara HRC (po
Rockwellu) in hrapavosti R in R obdelane povrsine. V prispevku so podrobno objavljeni rezultati obstojnostnih
preskusov orodja, narejenih pri obdelavi navara zice C 508 ob uporabi orodja podjetia Walter. V preskuse je
bilo uvrscenih Sest tipov materiala orodja v obliki izmenljivih ploscic, od katerih se lahko trije priporocijo
kot primerni za obdelavo taksnega tipa navarjenega predmeta. Najboljsi rezultati so bili dosezeni z uporabo
orodja WNMG 080412 WTA 13 (HC K 10). Pri preskusih je bilo ugotovijeno, da se hrapavost obdelane
povrsine v poteku obdelave postopoma pocasi povecuje, pri cemer na koncu obratovalne dobe orodja
prihaja do ocitnega poslabsanja.
© 2002 Strojniski vestnik. Vse pravice pridrzane.
(Kljucne besede: struZenje navarov, hrapavost povrsin, pogoji rezanja, ploscice ostrilne)

Surfacing technology is used to produce layers with special properties for new parts or worn out
functional surfaces. For many parts it is necessary to machine them to fulfill the requirements for shape, size
and roughness. But the machining of overlays is, in comparison with the machining of drawn or rolled semi-
products, specialized. Usually, the optimization of the cutting conditions comes from long-term tool-life test
results. For these tests we have experimentally determined time dependences of tool wear at different cutting
speeds for every combination of overlay and cutting materials. These dependences are the basis for the
determination of the relationship between tool-life and cutting speed for the limit of tool wear. The relationships
between cutting speed and tool-life determined in this way are the initial values for one’s own optimization
of the cutting conditions. It is usual for the optimum to be determined for the minimum machining costs
criterion. In the calculation all the economic indexes of the workshop are included. Measuring of the overlay
hardness, HRC, and the overlay surface roughness, R_and R, after machining was also part of the tests. In
this article we publish the results of long-term tool-life tests, made during the turning of an overlay made by
welding wire C 508 using a tool from the firm Walter. In the tests we used six types of tool material in the form
of inserts. Three of them can be recommend for the turning of this overlay. The best results were achieved using
the WNMG 080412 WTA 13 (HC K 10) insert. During the tests we found that the roughness of the turned
surface slowly increases and that extensive deterioration occurs at the end of the tool-life.
© 2002 Journal of Mechanical Engineering. All rights reserved.

(Keywords: overlays turning, surface roughness, cutting conditions, inserts)

0 UVOD OINTRODUCTION
Navarjanje je z vidika razdelitve tehnologije In terms of engineering technology, surfacing
gradnje strojev uvr§¢eno v varjenje. [zhaja iz njegovih is classed together with welding. This is based on
teoreti¢nih osnov, pri ¢emer so nekateri znaki skladni, theoretical considerations: some aspects are the same,
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drugi spet bolj ali manj drugacni. S postopnim

razvojem se je iz navarjanja razvila samostojna stroka,

ki se Se posebej v zadnjih letih hitro razvija.

Tehnologija navarjanja se v praksi uporablja tako
v proizvodnji novih sestavnih delov, za oblikovanje
povrsinskih plasti s specifi¢nimi lastnostmi, kakor pri
popravilih obrabljenih funkcijskih ploskev sestavnih
delov. V obeh primerih lahko uporaba primernega navara
prinese oéitne snovne in energijske prihranke,
zmanjSanje tezavnosti dela in v veliko primerih tudi
podaljsanje dobe trajanja navarjenega sestavnega dela.

Razvoj obeh zgoraj navedenih podrocij se
lahko utemeljuje s Stevilnimi prispevki, ki so bili
objavljeni v strokovni literaturi, znanstvenih revijah,
na konferencah ipd. Tehnologija navarjanja se
uporablja v razlicnih panogah gospodarstva, npr. v
metalurgiji, jedrski energetiki, medicini, prometu,
rokovanju z materialom, petrokemiji, pa tudi pri
popravilih stiskalnic za opeko, starih kulturnih
spomenikov in v drugih panogah. Ocitno razsiritev je
navarjanje doseglo v kmetijstvu, kjer se uporablja v
obeh zgoraj navednih smereh, in to tako pri
proizvodnji novih sestavnih delov (npr. navari,
odporni proti obrabi na funkcijskih ploskvah pluznih
rezil) kakor pri popravilih sestavnih delov, ki so
obrabljeni zaradi delovanja (npr. navari vreten, zati¢ev
ipd.) ([1], 5], [6]in[9]).

Velik pomen pripisujejo tehnologiji navarjanja
tudi proizvajalci dodajanih materialov. Prakti¢no vsa
podjetja ponujajo v svoji zalogi navadno tudi posebne
navarjene materiale ([1]in [10]).

V nekaterih primerih je mogoce sestavni del z
navarjeno povrsino uporabiti brez dodatnih posegov,
drugje je treba navar izravnati, nekje pa je zopet nujno
potrebno navarjeno povrsino iverasto obdelati.
Razlogi za mehansko obdelavo navara so predvsem
zahteve po obliki in izmerah sestavnih delov,
morebitno hrapavost povrsine izdelka.

Navari pa imajo v primerjavi z vleCenimi ali
valjanimi polizdelki nekatere razlicne lastnosti, ki
izhajajo iz znacaja tehnologije navarjanja, predvsem:
— povrsina navara je neravna —zaradi tega nastopa

prekinjevano rezanje, kar pov€a obremenitev
rezalnega robu,

— kemicna sestava navarjenega materiala se pod
vplivom segrevanja in mesanja navarjenega ter
osnovnega materiala pri navarjanju razlikuje od
kemicne sestave navarjene plasti,

— lastnosti navara so obcutljive na razmere pri
hlajenju po navarjanju — to povzro¢a spremembe
mehanskih lastnosti in njihovo ve¢jo razprsitev.

Do sedaj Se niso bili objavljeni povzeti
normativi o obdelavi navarov in pri iskanju rezalnih
pogojev moramo izhajati iz posamezno objavljenih
informacij ali pa iz rezultatov lastnih preskusov. V
nekaterih objavljenih prispevkih pa zal niso navedeni
potrebni podatki. Avtorji so se na primer omejili samo
na ugotovitev, da “je bil navar obdelan”, vendar niso
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some are more or less different. Today, the surfacing

has become a separate field of engineering that has

developed very rapidly in recent years.

Surfacing technology is used in practice for
both the production of new parts with laxers that
have specific properties, and for the renovation of
worn out surfaces. In both cases the use of a suitable
overlay may result in savings in terms of material,
power and work, and in many cases in an increase of
the overlay’s service life.

The development of both the above-
mentioned fields is evidenced by the number of
contributions in special literature, scientific
journals, and at conferences, etc. Surfacing
technology is used in many different fields, e.g.
metallurgy, nuclear-power supply, medicine, traffic,
materials handling, petrochemistry, renovation of
brick moulding presses, old cultural monuments
and other fields. Surfacing is also often employed
in agriculture, where surfacing is used for the
production of new part, e.g. wear-resistant overlays
on the functional surfaces of plough shares, and
for the renovation of worn out in-service parts,
e.g. overlays on shafts, pins, etc. ([1], [5], [6] and
[9D.

Manufacturers of filler materials are also
involved in surfacing technology. In practice, all such
firms offer coventional and special filler materials in
their range ([1] and [107]).

In some cases it is possible to use the part
with an overlay without any additional finish, but
sometimes it is necessary to machine the welded-on
surface. The reasons for the additional machining of
the overlay are based on the requirements for the
shape and size of the part, and on the surface
roughness.

The overlays have, in comparison with drawn
or rolled semi-products, some different properties,
which follow from the principle of surfacing
technology. These are as follows:

— major uneveness of the overlay surface — the
cutting changes in the zone of the interrupted
cut, which taxes the tool heavily,

— the chemical composition of the overlay is
different from the chemical composition of the
wire for welding owing to loss by burning and
by mixing of the basic and the wire materials,

— the overlay properties are sensitive to the cooling
conditions after surfacing — it affects changes to
the mechanical properties and so introduces
significant scatter in their range of values.

So far there have been no complete standards
published, and so when deciding on cutting
conditions it is necessary to start with partial
published information or with the results of one’s
own tests. But in some published information the
necessary data is not included. The authors only
state that “the overlay was machined”, and do not
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navedli morebitnih pogojev za to obdelavo. Zato je
uporaba teh rezultatov v praksi problemati¢na [1].
Na nasi katedri se s problematiko obdelave
razli¢nih tipov navarov z razli¢nimi rezalnimi materiali
ukvarajmo ze vrsto let. V tem obdobju smo preskusili
orodja iz karbidnih trdnin, kubi¢nega borovega nitrida
in rezalne keramike ([1] do [4]). Namen izvedenih
preskusov je, da na osnovi dolgotrajnih preskusov
obstojnosti orodja pridobimo temelje za dolocitev
optimalnih rezalnih parametrov za struzenje navarjenih
plasti. V naslednjem prispevku so povzeti rezultati
preskusov, narejenih z orodji podjetja Walter.

1 TEORIJA
1.1 Preskusi obstojnosti

Eden od temeljev, potrebnih za izvedbo
optimizacije rezalnih razmer je poznavanje odvisnosti
med obstojnostjo in rezalnimi parametri: 7 = f (v )
oziroma T = f (v, f, ap). Ta spada med
najpomembnejSe odvisnosti teorije rezanja. Iz teh
matemati¢nih razmerij izhajamo tako pri izbiri
optimalnih rezalnih parametrov z vidika varénosti
postopka obdelave kakor tudi pri ugotavljanju
rezalnih sposobnosti materiala orodja in
obdelovalnosti obdelovanega materiala ipd. [8].

Odvisnost obstojnosti od rezalne hitrosti
ugotavljamo eksperimentalno, s t.i. obrabnimi
preskusi. V bistvu razlikujemo dva osnovna tipa teh
preskusov — dolgotrajne in kratkotrajne.

Postopek pri dolgotrajnih preskusih je
naslednji [7]:

— dolo¢imo ¢asovni potek obrabe (sl. 1), npr. VC =
f(¥), za razlicne rezalne hitrosti Vei, Ve, Vs, ..
(drugi parametri so nespremenljivi),

— dolo¢imo dopustno obrabo, npr. VC , in iz
znacilnih krivulj obrabe odberemo vrednosti
obstojnosti za posamezne rezalne hitrosti in

publish the machining conditions. Making use of such
results is problematic [1].

In our department we have engaged in the
problems of machining various overlay types using
various cutting materials for a number of years.
During this time we have tested tools with cemented
carbides, cubic boron nitride and ceramics ([ 1] to [4]).
The aim of the long-term tool-life tests was to
determine the basis for finding the optimum cutting
conditions for the turning of overlays. In this paper
we present the results of tests made using Walter
tools.

1 THEORY
1.1 Tool-life tests

Knowledge of the relationship between tool-
life and cutting conditions 7'=f(v ), resp. T=f(v, f,
a,) is one of the basic elements needed for optimizing
the cutting conditions. This relationship is one of the
most important relationships in cutting theory. These
equations are the basis both for the selection of the
optimum cutting conditions, from the point of view of
cutting economy, and for the determination of the
cutting property of the tool material and the
machinability of the machined material, etc. [§].

The relationship tool-life to cutting speed is
determined experimentally by so-called durability
tests. In principle, we distinguish two basic classes
of these tests: long-term and short-term tests.

The procedure for the long-term tests is as
follows [7]:

—  we determine the time course wear (Fig. 1), e.g.
VC = f (¢) for different cutting speeds Ve, Ve,
Va, ... (the other parameters are constant),

—  we determine the terminal flank wear, e.g. Ve ..
and from the characteristic wear curves we read
the tool-life values relevent to single cutting

Sl. 1. Shema merjenja obrabe rezalnega robu orodja
Fig. 1. Measuring diagram of tool edge wear
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meritve,

— vrednosti obstojnosti, ki ustrezajo posameznim
rezalnim hitrostim, prenesemo v logaritemske
koordinate 7'- v_(primer nasl. 7).

Zaradi veéje natanc¢nosti ugotovljenih
odvisnosti je treba ves postopek izpeljati veckrat, da
bo vsaj delno izlocen vpliv nepri¢akovanih nakljuénih
pojavov, ki povzrocijo razprsitev vrednosti
obstojnosti. Rezultati, pridobljeni z dolgotrajnimi
preskusi, so razmeroma natancni, vendar zelo dragi
zaradi porabe Casa in materiala.

1.2 Optimizacija rezalnih parametrov

Optimizacija rezalnih parametrov predstavlja
enega od najpomembne;jsih ¢lenov vse optimizacije
proizvodnega procesa (optimizacija tehnoloskih
postopkov, orodij, strojev, strege ipd.). Optimalni
rezalni parametri so tesno povezani z gospodarskimi,
koli¢inskimi oziroma kakovostnimi vidiki proizvodnje
in vplivajo tako na ceno posameznih sestavnih delov
kakor tudi na ves izdelek.

Optimizacijo rezalnih parametrov razumemo
kot dolocitev optimalnih rezalnih razmer s poudarkom
na tehni¢nih in organizacijskih omejitvah in kriterijih
optimalnega poteka oziroma rezultata rezalnega
postopka.

Obdelovalni postopek lahko presojamo z
razliénimi merili optimalnosti glede na zahtevo
njegovega poteka oziroma rezultata.

Zaizracun se lahko uporabijo tile kriteriji:
kriterij najmanjsih proizvodnih stroskov,
kriterij najmanj$e produktivnosti,
kriterij najvecjega dobicka.

Kot najpomemebnejsi od vseh kriterijev se
Steje kriterij najmanjsih proizvodnih stroskov [8].

Grafi¢no je kriterij najmanjsih proizvodnih
stro§kov ponazorjen na sliki 2. Clen K,/n, ki pada z
rezalno hitrostjo, izraza stroske za delovanje stroja,
¢len K,/n- T, ki se povecuje z rezalno hitrostjo, izraza
stroske za uporabo orodja. Clen K izraza stroske, ki
so neodvisni od rezalne hitrosti (npr. vpenjanje in
izpenjanje obdelovanca, merjenje ipd.), katerih
velikost pa ne vpliva na izracun [1].

S slike 2 je o€itno, da ima kakrsenkoli odmik
od optimalne rezalne hitrosti k manjs$im ali vecjim
vrednostim za posledico povecanje stroskov za
obdelavo Zelene dolzine navara. Iz oblike krivulje
skupnih stroskov lahko presodimo velikost rasti
stro§kov ob neupostevanju optimalne rezalne hitrosti.
Najpogostejsi nujni razlog odmika je uporaba
obdelovalnega stroja s stopenjsko spremembo
vrtljajev, na katerem ni mogoce natan¢no nastaviti
vrtljajev, ki bi ustrezali izraCunani optimalni rezalni
hitrosti. Zato, ¢e je to le mogoce, uporabljamo
obdelovalne stroje z ve¢jim Stevilom stopen;j vrtljajev
ali moderne obdelovalne stroje z brezstopenjskim
spreminjanjem vrtljajev.
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speeds and measurements,

— we plot the tool-life values of single cutting
speeds using logarithmic coordinates 7" - v_ (cf
Fig. 7).

For an increase in accuracy it is necessary to
repeat the whole process in order to eliminate at least
some of the influence of unforeseeable random events
that induce scattering when determining tool-life
values. The results acquired by long-term tests are
relatively accurate, but in terms of time and material
they are very expensive.

1.2 Optimization of the cutting conditions

Optimization of the cutting conditions is one
of the most important elements in the manufacturing
process (optimization of the technological process,
of the tools, of the machines, of the handling etc.).
Optimum cutting conditions are closely connected
with the economic, quantitative and qualitative
aspects, and in this way they affect the price of
individual parts, and so the price of the whole product.

Optimization of the cutting conditions is
understood as the determination of the optimum
cutting conditions with regard to technical limitation,
organizational limitation and the criterion of optimum
course of the cutting process result.

It is possible to consider the cutting process
according to different criteria, the requirement on this
course is the result.

For the calculation it is possible to use the
following criteria:
the criterion of minimum production costs,
the criterion of maximum productivity,
the criterion of maximum profit.

The criterion of minimum production costs is
considered as the most important [8].

The criterion of minimum production costs is
graphically represented in Fig. 2. Line K,/n, decreases
when the cutting speed increases, this represents
machine-tool service costs; line K,/nT, increases
when the cutting speed increases, this represents
tool service costs. Line K represents costs that do
not depend on the cutting speed (e.g. workpiece
clamping, size measuring etc.), which have no
influence on the calculation [1].

From Fig. 2 it follows that any kind of deviation
from the optimum cutting speed to lower or higher values
results in an increase in the machining costs of a given
overlay length. From the form of the total costs line it is
possible to judge how the costs grow when the optimum
cutting speed is not achieved. The most common reason
for deviation is the use of a machine-tool with a speed
that changes in steps, when it is not possible to set the
exact spindle revolutions according to the calculated
optimum cutting speed. If possible, therefore, we use
machine-tools with more revolution steps or modern
machine-tools with stepless speed variation.
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Sl. 2. Graficna ponazoritev kriterija najmanjsih stroskov proizvodnje
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Matemati¢no je mogoce kriterij proizvodnih
stroSkov pri enoizmenskem delu in operaciji na
namenskem stroju, ob uporabi orodij z izmenljivimi
ploscicami, izraziti z enacbo:

szin(

kjerstan=/v), T=f(v).

Posamezne stroskovne postavke se The single costs are calculated from following
izracunajo iz naslednjih enacb: equations:
K1=—.NsCm
L
K> = 7.(t102.N102Cm + NnT)
Tro Ra N
Nscm = kcL 1+ 7) + :
6 100 60
Nis = Os.kus + CE
C
Os=——
Zs. Cf
Cd.zd C
NaT = + (1 k). =2
Zb.Sb Zo

kjer je pomen simbolov podan v preglednici 1.
Graficni rezultat izra¢una je prikazan na sliki 2.
Racunalniski program omogoca, ob kakrsnikoli
spremembi katere od zgoraj navedenih veli€in, zelo hiter
izracun spremenjenih optimalnih rezalnih parametrov.

2 EKSPERIMENTALNIDEL
2.1 Osnovni in navarjeni material

Preskusni vzorci za navarjanje so bili
narejeni iz jekla 14 220 (po CSN 41 4220). Kemi¢na
sestava jekla po normije: C=0,14-0,19,Si=0,17
—-0,37,Mn=1,10-1,40,Cr=0,8 - 1,4,P__ =0,035,
S, .. = 0,035; kemicna sestava po analizi pa je bila:

Ehfﬂkj (1),

The minimum machining costs criterion during
single-shift operation, single-machine operation and
using tools with inserts can be expressed
mathematically with equation:

n.T
where n=fv), T=f(v).

where the symbols are identified in Tabel 1.

The graphical result of this calculation is in
Figure 2. The PC program enables the rapid
calculation of changed optimum cutting conditions
for any change of the above-mentioned inputs.

2 EXPERIMENTAL SECTION
2.1 Basic and welded-on materials

The test samples for surfacing were made from
the steel 14 220. The nominal percentage composition of
the steel (according to CSN 41 4220) is: C=0.14—0.19, Si
=0.17-037,Mn=1.10-1.40,Cr=08-14,P _ =0.035,
S, = 0.035; the composition according to the analysis

77777777777777777777 STEOJINISKI L
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Preglednica 1. Pomen simbolov v enacbi (1) (simboli so uporabljeni po [8])
Table 1. Symbols used in equation (1) (the symbols are used according to [8])

L dolzina obdelave / section length, mm n vrtljaji / revolutions, min™

D premer dela po navarjenju / section diameter Ve rezalna hitrost / cutting speed, m.min”
after surfacing, mm

f podajanje / feed. mm.rev’ T obstojnost orodja / tool life, min

ke dodatek za delo v izmenah / addition to shift Tt urna postavka delavca / workman’s wages
time, - tariff, CZK.h"

Ry stro$ki rezije obrata / shop overhead, % ks koeficient vzdrZevanja in popravila strojev /

machine maitenance and repair coefficient, -

Cg stroski energije / electrical energy costs, G nabavna cena stroja / machine price, CZK
CZK.h"

Zs obratovalna doba stroja / machine service Cr razpolozljive ure / time fund, ura.leto™ /
life, leto / year h.year”

ti2 | Cas za zamenjavo ploscic / insert changing Nioaem | ali / here = Nyoi (ali je strugar ali hkrati tudi
time, min skrbi za stroj / turner is also tool setter)

Cq cena ploscic / insert price, CZK Z4 stevilo plosc¢ic v drzalu / insert number on

toolholder, -

Zp Stevilo rezalni robov plos¢ice / number of Sb izkoristek plos¢ice / insert utilization factor,
cutting edges on the insert, - -

ke koeficient vzdrzevanja orodja / tool Cn stroski drzala / toolholder price, CZK
maintenence coefficient, -

Z, domnevno $tevilo obrabljenih robov / supposed number of cutting edges worn out, -

C=0,156,Si=0,32,Mn=1,18,Cr=0,97, Ni=0,04.
Mo=0,034,V=0,009,P=0,014 and S=0,008. Jeklo
14 220 priblizno ustreza npr. jeklu TYPE 5 po normi
ISO 683/11, jeklu 16MnCr5 (po normi EN 10084),
jeklu 16MnCr5 (DIN 17 210), jeklu 18ChG (GOST
4543), jeklu 16MCS5 (NF A 35-551) ali jeklu Gr. 5120
(ASTM A506). To jeklo je bilo izbrano glede na
njegovo uporabo pri gradnji kmetijskih strojev. Za
preskuse so bile uporabljene palice z navari s
premerom 55 mm in z dolzino 400 mm. Oblika in
dimenzije preskusnih palic so razvidne s slike 3.

Navar je bil izdelan z uporabo pulznega MIG/
MAG varjenja v zascitni atmosferi ogljikovega
dioksida (CO,) z zico C 508. Deklarirana kemi¢na
sestava zice je: C=0,3,Si=1,1,Mn=1,0,Cr=1,0[10];
kemicna sestava po analizi: C=0,302, Si=1,13, Mn=
1,01,Cr=1,03,Ni=0,03, Mo =0,007, V =0,005,P =
0,018 and S = 0,008 (material C 508 priblizno ustreza
npr. materialu OK AUTROD 13.89 podjetja ESAB ali
materialu FOX DUR 250 IG podjetja Bohler [10]), s
premerom 1,2 mm. Uporabljen je bil avtomat za
navarjanje NVE 301 z virom varilnega toka Kv 200 in
pozicionirno napravo PSH 02.

d— . c— .

1021

400

is:C=0.156,Si=0.32, Mn=1.18,Cr=0.97,Ni=0.04. Mo
=0.034, V=0.009, P =0.014 and S = 0.008. The steel
approximates, for example, to the steel TYPE 5, according
to the standard ISO 683/11, to the steel 16MnCr5,
according to the standard EN 10084, to the steel 16MnCr5
(DIN 17210), to the steel 18ChG (GOST 4543), to the steel
16MC5 (NF A 35-551) or to the steel Gr. 5120 (ASTM
A506). This steel was chosen because it is used widely in
agricultural machinery. For the tests we used rods with
overlays of 55-mm diameter and 400-mm length. The
shapes and dimensions of the tested rods with overlays
are evident in Fig, 3.

The overlay was deposited pulsed MAG surfacing
under a carbon dioxide (CO,) shield using C 508 wire. The
nominal percentage composition of the wire is: C=0.3, Si=
1.1, Mn= 1.0, Cr= 1.0 [10], the composition according to
theanalysisis: C=0.302,Si=1.13,Mn=1.01,Cr=1.03,Ni
=0.03,M0=0.007,V=0.005,P=0.018 and S=0.008 (the
material C 508 approximates, for example, to the material OK
AUTROD 13.89 of the firm ESAB or to the material FOX
DUR 2501G of'the firm Bohler [10]), 1.2-mm diameter. The
NVE 301 automatic welder, the Kv 200 power supply and
the positioner PSH 02 were used.

il

Sl. 3. Oblika in izmere preskusnih palic z navari
Fig. 3. Shapes and dimensions of tested rods with overlays
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Zico C 508 proizvajalec priporoéa za pulzno
navarjanje (predvsem valjanih) povrsin sestavnih
delov z manjsimi premeri (min. 20 mm). Navarjanje je
potekalo pod pogoji, ki so obi€ajni v praksi (pregl. 2).
Povprecna trdota navarjene plasti je bila 44 HRC.

2.2 Material orodja

V celoti smo preskusili $est rezalnih materialov
podjetja Walter. Vsi testirani orodni materiali so bili
dobavljeni v obliki IP, vrste ,trigon“. Njihova
natanénejsa opredelitev je o€itna iz preglednice 3. Pri
preskusih so bile IP pritrjene v drzalo podjetja Walter,
tipa PWLNR 2525 M 08.

Za vsa ta orodja so bili izvedeni orientacijski
preskusi obstojnosti. Zadovoljivi rezultati so bili
dosezeni pri rezalnih materialih WAK 10 in WTA 13,
s katerimi so bili izvedeni preskusi dolgotrajne
obstojnosti. Njihov namen je bilo dolociti odvisnost
obstojnosti 7'v min - od rezalne hitrosti v, v m.min™.
Na temelju rezultatov, dosezenih pri drugih, v preskuse
uvrscenih rezalnih materialih, lahko poudarimo, da za
obdelavo navara zice C 508 niso primerni.

3REZULTATI

Preskusi obstojnosti IP so bili pri obdelavi
navarov izpeljani na struznici C 11 A (najv. premer
obdelovanca=425 mm, najv. dolzina obdelovanca 1050
mm). Struznica ima vrtljaje razdeljene po stopnjah v vrsti,
s koeficientom 1,4. Realne vrednosti obstojnosti IP so

Preglednica 2. Parametri navarjanja
Table 2. Surfacing parameters

The manufacturer recommends the wire C 508
for pulsed surfacing of worn out (especially cylidrical)
parts with a small diameter (but a minimum of 20 mm).
The surfacing was made under the usual conditions
(Tab. 2). The mean overlay hardness was 44 HRC.

2.2 Tool material

Altogether we tested six tool materials from
the firm Walter. All the tested tool materials were
delivered in the form of “trigon” inserts. More
details can be found in Tab. 3. The inserts were
clamped in the PWLNR 2525 M 08 holder from
Walter.

For all these tools we tested the short-term
orientation tests of tool-life. For the tool materials
WAK 10 and WTA 13 we obtained favourable results.
Using these tool materials we made the long-term
tests. The aim was to determine the relationship
between tool-life 7'[min] and cutting speed v_[m.min"].
On the basis of the test results of other tested tool
materials it is possible to state that for the machining
of'a C 508 overlay these materials are not useful.

3RESULT SECTION

When machining the overlay the tool-life tests
were made on C 11 A lathe (maximum workpiece
diameter 425 mm, maximum turning length 1050 mm),
enabling the gradual setting of the number of
revolutions with a multiplier of 1.4. The real tool-life

Tok navarjanja / surfacing current regulacijska stopnja / stopnja 6
current setting step 6
napetost polkroga / voltage \% 12.5
frekvenca vibracij / vibration frequency Hz 70
podajanje zice / wire feed m.min” 2.3
vrtljaji vretena pricvr§cevalne priprave / positioner spindle min”' 53
revolutions
pomik vozi¢ka / carriage feed mm.rev’' 2.07
koli¢ina CO, / CO, feed rate L.min" 11
premer varjenca pred navarjanjem / sample diameter before surfacing mm 52.0
premer varjenca po navarjanju / sample diameter after surfacing mm 55.0
debelina navara / laver thickness mm 1.5

Preglednica 3. Pregled preskusenih rezalnih materialov [10]

Table 3. Summary of tested cutting materials [10]

Tip NOP / insert type oznacitev materiala orodja / tool oblika orodja / chip former

material shape

WNMG 080404 WAP 10/HCP 10 NM4

WNMG 080404 WAP 20/HCP 20 NM 4

WNMA 080404 WAK 10/HCK 10 X

WNMG 080404 WMG 20/HCK 20 -30 NM4

WNMA 080412 WAK 10/HCK 10 X

WNMG 080412 WTA 13 /HCK 10 NM 5

STECJINISKI L
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bile za preskusne rezalne materiale ugotovljene pri vrtljajih
n=710min", n=1 000 min" oziroma »n = 1400 min™. Iz
rezultatov preskusov izhaja, da bi se pri obdelavi z
struznici dosegle nerealno majhne oziroma nerealno
velike vrednosti obstojnosti IP. Zaradi tega je bilo vedno
izvedeno nekaj meritev pri vrtljajih n=710 min", = 1000
min"' oziroma n = 1400 min™'. Tem vrtljajem ustreza (pri
premeru obdelovanca 55 mm) rezalna hitrost v, = 122,7
mmin”, v =172,8 mmin" oziromav =241,9 m.min". Vsi
preskusi so bili izvedeni pri podajanju /=0,2 mm.vrt" in
globini reza a,= I mm.

3.1 Merjenje obrabe prirezanju

Pri preskusih je bila izmerjena obraba cepilne
ploskve orodja (parameter J'C'v mm, ki je bila z vidika
obrabljenosti pri rezanju prevladujoca) in hrapavost
dokoncane povrSine (parametri R v um a R, v um) v
odvisnosti od trajanja obdelave. Obraba pri rezanju je
bila izmerjena z orodjarskim mikroskopom. Pri preskusih
je bila izbrana mejna vrednost VC , = 0,8 mm. Pri
prekoracitvi te vrednosti je prislo do zelo naglega
povecanja obrabe in taksna obdelava ni bila varéna.

Casovna odvisnot obrabe cepilne ploskve IP
iz materiala WNMA 080412 WAK pri rezalni hitrosti
v, =172,8 m.min"' je prikazana na sliki 4.

3.2 Meritev hrapavosti obdelane povrsine

Hrapavost obdelane povrsine je bila izmerjena
z napravo SURFTEST 301 podjetja MITUTOYO.
Rezultati merjanja hrapavosti obdelane povrsine za
tri preskusane orodne materiale so navedeni v
nadaljevanju.

Rezultati meritev Casovne odvisnosti
hrapavosti R in R, po obdelavi navara Zice C 508 z

values for the tested tool materials were reached at
revolutions of n=710min", n=1000 min"', and n=1
400 min™'. From the test results it follows that the
machining at the next higher and the next lower
revolutions would result in unreasonably low and
high tool-life values. Therefore, we made
measurements at revolutions # =710 min’, n = 1000
min™ and n = 1400 min™'. The corresponding cutting
speeds were then (at a workpiece diameter of 55 mm)
v, =122.7mmin", v. = 172.8 m.min" and v, = 241.9
m.min'. All tests were made ata feed f=0.2 mm.rev"'
and a depth of cut a,= 1 mm.

3.1 Chip wear measurement

We measured the flank wear (parameter V'C
[mm]), which was, from the point of view of chip
wear, dominant, and the machined surface
roughness (parameters R [um] and R, [um]) related
to the machining time. The chip wear was measured
using a toolmaker’s microscope. The limit value was
yC, = 0.8 mm. Exceeding this limit resulted in a
large increase in the wear, and the cutting was
uneconomical.

The flank wear of the insert WNMA 080412
WAK 10 related to the time can be seen in Fig. 4, for
a cutting speed v_ = 172.8 m.min™'.

3.2 Machined surface roughness measurements

The surface roughness of the machined
surface was measured using the SURFTEST 301
apparatus from MITUTOYO. The results of the
roughness measurements for the three tested tool
materials are shown below.

The surface roughness measurement results
R and R, after machining the overlay from C 508 wire

1,0

Ao r

0,8
0,6

i

0.4
0,2 1 5

-/

e

flank wear VC / mm

0,0

obraba cepilne ploskve /

0 5

casrezanja / cutting time t/ min

10 15 20

—e— meritev §t. 1 / measurement No. 1
— m— meritev §t. 2 / measurement No. 2
- -a- - meritev §t. 3/ measurement No. 3

S1. 4. Casovni potek obrabe pri 1., 2. in 3. meritvi (WNMA 080412 WAK 10)
Fig. 4. Wear versus time during measurement No. 1, 2 and 3 (WNMA 080412 WAK 10)
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rezalnim materialom WNMA 080404 WAK 10 so
prikazaninasliki 5 (R , v, =172,8 m.min™") in sliki 6 (R,
v, =172,8 m.min™).

3.3 Ovrednotenje preskusov

Iz krivulje Casovne odvisnosti obrabe cepilne
plsokve so bili za vrednost dopustne obrabe VC , =
0,8 mm dolocene vrednosti obstojnosti orodja. Te so
navedene v naslednjih preglednicah: za orodje WNMA
080404 WAK 10 v pregl. 4,za WNMA 080412 WAK 10
vpregl. 5 inza WNMG 080412 WTA 13 v pregl. 6.

Z vstavitvijo izmerjenih vrednosti (Preglednice
4,51in 6), v logaritemski v -7 diagram (sl. 7), smo na
osnovi premic lahko ugotovili odvisnosti obstojnosti
orodja T od rezalne hitrosti v, za tri preskuSene
kombinacije material navara— materiala orodja (pregl.
7).

with the tool material WNMA 080404 WAK 10 related
to the time are illustrated in Fig. 5 (R , v, = 172.8 m.min™")
and Fig. 6 (R, v, =172.8 m.min™).

3.3 Tests evaluation

From the flank wear course related to the time
we read values of the tool-life for the flank wear of
o = 0.8 mm. These values are shown in the
following tables: for the tool WNMA 080404 WAK
10 in Tab. 4, for WNMA 080412 WAK 10 in Tab. 5
and for WNMG 080412 WTA 13 in Tab. 6.

These values (Tab. 4, 5 and 6) were plotted ina
logarithmic diagram for time 7 and cutting speed v.,.
After the straight line interlining (Fig. 7) we established
the equation for the relationship between tool-life 7
and cutting speed v, for the three tested combinations
of overlay material and tool material. (Tab. 7).

) *
3 A
4 A
2 A
c AA R
& 2 . - —--‘--;-‘——————, - A i
s : _:"'l‘——-r--—-o-—i_____.
s §, ’ — :
Hh ©
g ° 2 4 6 8 10 12
= ¢asrezanja / cutting time t/ min

- = = = meritev §t. 4 /| measurement No. 4

meritev &t. 2 / measurement No. 2 — —meritev §t. 3 / measurement No. 3

S1. 5. Casovni potek hrapavosti R pri 2., 3. in 4. merivi (WNMA 080404 WAK 10)
Fig. 5. Roughness R versus time during measurements No. 2, 3 and 4 (WNMA 080404 WAK 10)

25

20

15

hrapavost / roughness Rt/ um

0
0 2 4 6 8 10 12
C¢asrezanja / cutting time t/ min
meritev §t. 2 / measurement No. 2 — — meri;ev $t. 3 / measurement
0.

meritev §t. 4 / measurement No. 4

S1. 6. Casovni potek hrapavosti R pri 2., 3. in 4. meritvi
Fig. 6. Roughness R, versus time during measurements No. 2, 3 and 4
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Meritev / rezalna hitrost / cutting speed obstojnost orodja / tool-life

measurement v/ m.min’’ T/ min
1 172.8 21,67
2 172.8 23,72
3 172.8 29.97
4 241.9 5.75
S 241.9 6.95
6 241.9 8.37
7 241.9 11.50
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3.4 Optimizacija rezalnih razmer

Optimizacija rezalnih razmer na osnovi kriterija
najmanjsih proizvodnih stroskov je bila izvedena z
upostevanjem odvisnosti navedenih v teoreticnem
delu prispevka. Za izracun smo uporabili osebni
ra¢unalnik. Pri izraCunu smo uporabili dejanske
dekonomske kazalnike struzilnega obrata in cene,
veljavne v Ceski republiki (stanje v februarju 2002).
Racunalniski program je omogocil zelo hiter izracun
optimalnih rezalnih pogojev ob spremembi
kateregakoli od vstopnih parametrov.

Pri izracunu, ki ga je avtor izvedel z lastnim
programom [1], so bile doseZene naslednje vrednosti:
L=40mm, D=55mm,f=0,2mm.rev',n=710; 1 000 in
1400 min”, v =122,7;172,8in241,9 m.min", 7'=(2),(3)
in(4)vpregl. 7,k = 1,1, T, =60 CZK.h', R =400 %,
k,=1,3, C, =0 (pri optimizaciji ni bila upoStevana), C,
=450 000 CZK (vkljuéno 22 % davka na dodano
vrednost, DDV), Z = 6 let, C,=2 008 h.leto™, t, , = 0,5
min,z,=1,z,=6,5,=1, C,=377,0 CZK (WAK 10), 380.6
CZK (WTA 13) (vklju¢no 22 % DDV),K =0,25,C =
3035,40 CZK, z,=1000.

3.4 Optimization of the cutting conditions

Optimization of cutting conditions for the
minimum production costs criterion was calculated
using the relations mentioned in the theoretical part
of'this article. The calculation was made using a PC.
We used the real economic indexes of a turning shop
and the prices valid in the Czech Republic (February
2002). The PC program enables a rapid calculation of
the optimum cutting conditions for any change of
the input parameters.

In the calculation, using the author’s own
program [1], the following values were used: L =
40 mm, D=55mm, f=0.2 mm.rev', n="710; 1 000
and 1400 min', v =122.7; 172.8 and 241.9 m.min"',
T=(2),(3) and (4) in table 7, k, = 1.1, T, = 60
CZK.h', R, =400 %, k = 1.3, C_ = 0 (it was not
taken into consideration), C_ = 450 000 CZK
(including 22 % value added tax, VAT), Z =6 years,
C,=2008 h.year',7,,=0.5min,z,= 1,2, =6, 5,=1,
C,=377.0 CZK (WAK 10), 380.6 CZK (WTA 13)
(including 22 % VAT), K =0.25, C_=3 035.40
CZK,z,=1000.

Preglednica 4. Rezultati preskusov (C 508, WNMA 080404 WAK 10)

Table 4. Test results (C 508, WNMA 080404 WAK 10)

Meritev / rezalna hitrost / cutting speed obstojnost orodja / tool-life
measurement v/ m.min’ T/ min
1 122.7 68.1
2 172.8 11.26
3 172.8 9.87
4 1728 10,68

Preglednica 5. Rezultati preskusov (C 508, WNMA 080412 WAK 10)

Table 5. Test results (C 508, WNMA 080412 WAK 10)

Meritev / rezalna hitrost / cutting speed obstojnost orodja / tool-life
measurement v/ m.min’ T/ min
1 172.8 13.86
2 172.8 16,26
3 172.8 13.50
4 241.9 2.33
S 241.9 2.65
6 241.9 2,17
7 241.9 2.95

Preglednica 6. Rezultati preskusov (C 508, WNMG 080412 WTA 13)

Table 6. Test results (C 508, WNMG 080412 WTA 13)
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S1. 7. Odvisnost obstojnosti T od rezalne hitrosti v, (C 508, WALTER)
Fig. 7. T- v relationship (C 508, WALTER)

Preglednica 7. Odvisnost obstojnosti T od rezalne hitrosti v,

Table 7. T - v, relationship

Izmenljiva ploscica / insert T-v.

WNMA 080404 WAK 10 T=23.5798.10"2 v )
WNMA 080412 WAK 10 T =6.7542.10" v 3)
WNMG 080412 WTA 13 T=11169.10° .v>*"* (4)

Grafi¢ni rezultat izracuna optimuma je za IP
WNMA 080404 WAK 10 naveden na sliki 8, za IP
WNMA 080412 WAK 10 na sliki 9 in za [P WNMG
080412 WTA 13 na sliki 10; skupaj za vse tri
preskusene IP pa na sliki 11.

4RAZPRAVA
Skupni rezultati optimizacije rezalnih razmer,

izracunani na osnovi podatkov gospodarskih
kazalnikov struzilnega obrata v pogojih Ceske

The result of the calculation is graphically
represented in Fig. 8 for the insert WNMA 080404
WAK 10, in Fig. 9 for the insert WNMA 080412 WAK
10and in Fig. 10 for the insert WNMG 080412 WTA 13,
and a summary of all three tested inserts is in Fig. 11.

4 DISCUSSION

The summary of the results of the cutting-
conditions optimization calculated on the basis of
the economic indexes of the turning shop for the

WALTER WNMA 080404 WAK 10

4 N\
- \\ R
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rezalna hitrost / cutting speed vc / m/min

Sl. 8. Graficna ponazoritev kriterija najmanjsih stroskov obdelave
Fig. 8. Graphical expression of minimum machining costs criterion

STECJINISKI L
stran 511 VESTRNIK



Brozek M.: Struzenje navarov z orodji - The Turning of Overlays

WALTER WNMA 080412 WAK 10
4 N\ /
- N e
z AN P
8 E ~ T~ -
—— i - N
- E 2 N~ 7 — — K1/n
= = -~
’82‘)1 \'~~__‘o_~§‘ = = = =K2/n.T
] .7 — - =K
(] _—— —— - __-T,.::__-_-_.
0 L. =-
50 100 150 200 250
rezalna hitrost / cutting speed vc / m/min
Sl. 9. Graficna ponazoritev kriterija najmanjsih stroskov obdelave
Fig. 9. Graphical expression of minimum machining costs criterion
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S1. 10. Graficna ponazoritev kriterija najmanjsih stroskov obdelave
Fig. 10. Graphical expression of minimum machining costs criterion
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Sl. 11. Graficna ponazoritev kriterija najmanjsih stroskov obdelave
Fig. 11. Graphical expression of minimum machining costs criterion
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republike, so navedeni na sliki 11. S slike je o€itno, da
ima odvisnost skupnih stroskov od rezalne hitrosti
obliko ¢rke “U”. Za stvarne razmere gospodarjenja
torej vedno obstaja rezalna hitrost, pri kateri so skupni
stroski za obdelavo najmanyjsi. Oblike krivulj za razlicne
materiale orodij pa so razlicne. Iz oblike krivulje je
prav tako ocitno, da ima vsak odmik od optimalne
rezalne hitrosti za posledico povecanje stroskov
obdelave. Za obdelavo je torej najprimernej$a uporaba
modernih obdelovalnih strojev, ki omogocajo
brezstopenjsko spremembo vrtljajev (rezalne hitrosti).
Starejsi stroji, ki so se do sedaj uporabljali v manjsih
delavnicah, te moznosti nimajo. Zato je treba v stroske
za obdelavo vracunati tudi strosSke zaradi
neupostevanja optimalne rezalne hitrosti.

To povecanje je odvisno od oblike krivulje
odvisnosti skupnih stroskov od rezalne hitrosti. 1z
grafi¢ne ponazoritve rezultatov preskusov je ocitno,
da bo pri ravni krivulji stroskov to povecanje manjse
kakor pa pri strmi krivulji stroSkov. Rezultati
matemati¢ne analize tega problema za preucevane
materiale orodja so navedeni v preglednici 8.

5 SKLEPI

V prispevku so objavljeni rezultati preskusov, ki
so bili izvedeni z namenom, da bi dolo¢ili uporabnost
izbranih rezalnih materialov podjetja Walter za obdelavo
navara, izdelanega s tehnologijo pulznega MIG/MAG
varjenja zice C 508 v zasCitni atmosferi ogljikovega oksida.

V preskuse je bilo skupaj uvrscenih 6 tipov
orodnih materialov. Po orientacijskih kratkoro¢nih
preskusih so bili iz preskusov izloCeni trije materiali.
Preskusi dolgotrajne obstojnosti so bili izvedeni ob
obdelavi navara z orodjem WAK 10 in WTA 13 v
obliki IP tipa WNMA 080404 in WNMA 080412
oziroma WNMG 080412. Po obdelavi izmerjenih
podatkov so bile izraGunane enacbe odvisnosti
obstojnosti 7' od rezalne hitrosti v . Na podlagi znanj
teh odvisnosti je bila z uporabo racunalniskega
programa izvedena optimizacija rezalnih razmer za
osnovne gospodarske kazalnike obrata in za cene,
veljavne v Ceski republiki. Rezultati vrednotenja
izmerjenih vrednosti in optimizacije rezalnih razmer
na osnovi kriterija najmanjsih proizvodnih stroskov
so navedeni v preglednici 9.

conditions of the Czech Republic are shown in Fig.
11. It is evident that the relationship between total
costs and cutting speed has the shape of the letter U.
For concrete economic conditions there always exists
a cutting speed for which the total machining costs
are at a minimum. However, the shape of the curve for
different tool materials can vary. From the shape of
the curve we can see, that any kind of elevation from
the optimum cutting speed results in an increase in
machining costs. Therefore, it is advantageous to
use modern machine-tools with a stepless speed
variation. Older machine-tools in use up to this time
in smaller workshops do not have this possibility.
Therefore, it is necessary to include the costs increase
in the machining costs when the optimum cutting
speed is not achieved.

This increase depends on the shape of the
curve of the relationship between total costs and
cutting speed. The graphical representation shows
that for a flat curve this increase will be less than for
a steep one. The mathematical analysis of this
problem for the tested inserts is shown in Tab. 8.

5 CONCLUSIONS

In this paper we present test results on the
usability of tool materials from the firm Walter for
machining of the overlay made by pulsed carbon
dioxide shielded surfacing technology using wire C
508.

Six types of tool material were tested. After
the short-term orientation tests three tool materials
were eliminated. The long-term tests of the overlay
machining were made using the tool materials WAK
10 and WTA 13 in the form of inserts of the type
WNMA 080404, WNMA 080412 and WNMG 080412.
After processing the data we calculated the
equations of the relationship between tool-life 7and
cutting speed v . On the basis of these equations,
using a computer program, we calculated the
optimum cutting conditions for the basic economic
indexes of the workshop and the prices valid in the
Czech Republic. The results of the evaluated
measured values and the cutting-conditions
optimization at the minimum machining costs
criterion are shown in Tab. 9.

Preglednica 8. Povecanje stroskov zaradi neupostevanja optimalne rezalne hitrosti
Table 8. Costs increase resulting from a less(more)-than-optimum cutting speed

IP / inserts rezalna hitrost vrtljaji vrtljaji povecanja stroSkov
cutting speed revolutions revolutions costs increase
Veopt ! m.min’' nopi/ min” n / min’' AN/
WNMA 080404 130,00 752,4 710 +0.5
WAK 10 1 000 +19.3
WNMA 080412 138,10 799,2 710 +2.1
WAK 10 1 000 + 11,1
WNMG 080412 168,75 976,6 710 + 8.5
WTA 13 1 000 +0,1
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Preglednica 9. Rezultati preskusov
Table 9. Test results

IP / insert enacba obstojnosti rezalna hitrost | obstojnost orodja stroski obdelave
T - rezalna hitrost v cutting speed tool life machining costs
T - v¢ equation Veopt Topt Numin
m.min’" min CZK.40mm’’
WNMA 080404 T7=3,5798.10"% . v 130,00 45,9 2,58
WAK 10
WNMA 080412 T=6,7542.10" . v>2'¥ 138,10 46,6 2,45
WAK 10
WNMG 080412 T=1,1169.10° . v** 168,75 27,0 2,33
WTA 13

Pri preskusih je bila prav tako izmerjena
hrapavost povrsine, dejansko parametra hrapavosti
R in R, Iz vrednotenja izmerjenih vrednosti izhaja, da
se s povecano obrabo (torej s poveanim ¢asom
delovanja stroja) oba parametra hrapavosti povecujeta.
Hrapavost povrsine se je v vsem obdobju trajanja
gibala v sprejemljivih mejah, le na koncu vsakega
preskusa so se izmerjene vrednosti naglo povecale.

Na koncu lahko poudarimo, da je uporaba
preskusenih orodnih materialov podjetja Walter, v
obliki IP, za obdelavo navara zice C 508 primerna in
ekonomsko utemeljena. Najboljsi rezultati so bili
dosezeni z uporabo orodja WNMG 080412 WAT 13.

ZAHVALA
Prispevek je nastal ob podpori Ministrstva za

Solstvo, mladino in teleseno vzgojo Ceske republike v
okviru resitve raziskovalnega nacrta J03/98:41300016.

Along with the tests we measured the surface
roughness and the parameters R and R. From the
measured values it follows that with increasing wear
(and so with increasing working time of the tool) both
roughness parameters increase. During the tests the
surface roughness was within acceptable limits, only
at the end of each test did the measured values
increase significantly.

We can conclude that the use of the tested
tool materials from Walter in the form of inserts is
suitable for overlay machining of an overlay made
from C 508 wire. The best results were achieved with
using the insert WNMG 080412 WTA 13.
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