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INTRODUCTION

In our days technologies such as high speed machi-

ning, dry machining and the development of difficult-
to-machine workpiece materials will continue to put
the pressure on cutting tool manufacturers for deve-
lopment of new products that can perform at higher
speeds, provide longer tool life and withstand rigorous
operating conditions. Some of the issues caused by
these demands include increased temperatures in the
cutting zone, where much of the energy applied to the
cutting process is converted into heat. And, although
the heat generated during the machining process can
help make the cutting action easier by reducing the
force needed for chip formation, it can also flow into

the cutting edge to negatively impact tool life by cau-
sing plastic deformation of the tool. Every machinist
is striving to achieve the optimal combination of pro-
ductivity and tool life, which can become a complex
task when cutting at high speeds in harder steels. For
operators to take advantage of these machines high
speed capabilities, they must have chemically stable,
heat-resistant cutting tools. We are going to concen-
trate on the role of the insert coatings. The insert plays
a critical role in chip formation the first step to good
chip control, productivity, tool life and reliability.

In this paper one new turning insert coating which
is called Duratomic TM4000 is chosen to study the 420
stainless steel machining process and also one more
coating type TP2500 used to machine the 304 stainless
steel. Stainless steels contain a high proportion of chro-
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mium, generally in excess of 13%. They are generally dif-
ficult to machine due to their high tensile strength, high
ductility, high work hardening rate, low thermal con-
ductivity, and abrasive character. This combination of
properties often results in cutting forces, temperatures,
and tool wear rates, as well as a susceptibility to notch
wear, chip-breaking difficulties, BUE formation, and poor
machined surface finish [1,2]. Alloying elements can be
added to reduce some of these difficulties, however, re-
sulting in freecutting grades with comparatively good
machinability. Stainless steel is usually classified into
four categories depending on their primary content of
the matrix: ferritic, martensitic, austenitic, and duplex
(combined ferritic/austenitic).

Ferritic stainless steels are alloyed primary with
chromium, although molybdenum, titanium, or nio-
bium may be added to some grades to improve cor-
rosion resistance or as welded properties. Ferritic alloys
are generally more machinable then other alloys. Their
machinability generally decreases with increasing
chromium content.

In addition to chromium, martensitic alloys may
contain carbon, molybdenum, and nickel to increase
strength. The machinability or martensitic stainless
steels is influenced be hardness, carbon content, nickel
content, and metallurgical structure [3]. As with most
materials, increasing hardness typically reduces tool
life and machinability. Increasing the carbon content
increases the proportion of abrasive chromium carbi-
des in the matrix and reduces tool life and machinabi-
lity. The metallurgical factor which has the strongest
influence on machinability is the proportion of free
ferrite in the matrix: generally machinability increases
with free ferrite content.

Austenitic stainless steels contain nitrogen, carbon,
and nickel or manganese in addition to chromium.
They exhibit high strength, ductility, and toughness,
and are typically more difficult to machine than ferritic
or martensitic stainless steel. Specific difficulties en-

countered when machining austenitic stainless steel
include high wear rates due to high cutting forces and
temperatures, BUE formation, chip control problems,
poor surface integrity (hardened machined surfaces),
and a tendency to chatter. Poor tool life is related to
the annealed hardness, which increases with incre-
asing nitrogen content. Increasing the carbon content
increases the work-hardening rate and also decreases
machinability. Abrasive carbon/nitrogen compounds
may form in the matrix and reduce tool life; these can
be controlled by adding titanium or niobium. As with
other stainless steels, hardness increases and machi-
nability decreases with increasing nickel content. Im-
parting moderate cold work to the material typically
increases machinablity by reducing the tendency for
BUE formation and improving the machined surface
finish and integrity.

Main general guidelines for machining stainless ste-
els include :use lower cutting speeds and metal remo-
val rates than for carbon steels, use rigid tooling and
fixturing to avoid chatter, maintain feed above a mi-
nimum level to avoid poor surface integrity, use sharp
tools to avoid BUE formation, use proper cutting fluids
with sufficient flow rates for heat removal, use more ef-
fective designed cutting tools with chip-breakers such
as SECO MF4 and MF5 and coatings such as Durato-
mic - for machining stainless steel[4]. That is why it is
necessary to learn more about new cutting tools and
the machining process with some parameters combi-
nations and how does they effect the cutting process
and it’s result. The experiment in turning of the 304
austenitic and 420 martensitic structure stainless steel
on lathe 16K20 take place in RTU by G. Bunga, V. Guta-
kovskis and G. Pikurs.

MODERN CUTTING INSERT
COATING DESCRIPTION

Coated carbide inserts have long dominated the

majority of metal removal operations in job shops due
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to their wear resistance, chemical stability and high
hardness. With the ability to remove large amounts
of material across a range of applications while re-
taining a long tool-life, about 80% of inserts used in
machining today are coated carbide grades. Coatings
improve wear resistance, increase tool life, and can
broaden the functionality of a particular grade as well
as allowing for higher machining speeds. The coating
is important, but the coating must also be applied
to the appropriate substrate for the insert to achieve
the desired characteristic. This multilayer coating te-
chnology means that each layer has its own function,
be it toughness, wear-resistance, lubricity, etc. So, alt-
hough the substrate is protected by the coating until
there is significant tool wear, its properties have a sig-
nificant impact on the way the tool and the coating
perform. Within this realm, there is a variety of subs-
trate and coating compositions and it’s thickness in
1 um to 10 um. There are a numerous approaches to
improving the performance of coated products. All
these combinations are designed to improve quality,
productivity or reduce cost.

Advancements in coatings technology have ty-
pically been incremental. The rare revolutionary
change did come about with Seco Tools' unique
Duratomic® methodology; a unique chemical vapor
deposition (CVD) applied coating. Through exten-
sive research and development, Seco learned how
to control the crystallographic texture of the alumi-
num oxide (ALO,) substrate layer. By modifying the
coating deposition techniques, the individual crystals
that make up the coating are “tilted” to bring a more
favorable crystallographic direction into the cut. To
use an analogy, think about how diamonds can be
cleaved relatively easily in certain crystallographic di-
rections, producing the facets that reflect and refract
light and make gems so attractive. However, in other
aystallographic directions diamond is very resistant
to any form of breakage. Through this technique,

Seco has learned how to control the alumina crystal
growth. Essentially, this structural alteration creates a
coating that offers improved mechanical and thermal
properties in combination with better wear resistan-
ce and toughness.

Compared with conventionally produced ALO,
the Duratomic coatings shows less crater wear, less
deformation of the cutting edge, and longer tool life
When compared with titanium carbonitride Ti(C,N)
coatings produced by MTCVD, or conventional AlLO,
coatings, the Duratomic developed grades consis-
tently show increased flank wear resistance and im-
proved toughness.

The optimized Duratomic coating structure is
composed of two functional parts. The inner Ti(C,N)
(thick-ness is 4 um) base layer is responsible for ex-
cellent adhesion and the basic cutting edge strength
while the top layer of ALO, (thickness is 3,5 um)

acts as an effective thermal barrier to permit higher
cutting speeds (figure 1, 2).

Substrate l Coating

TP2300 s intended for 2 wide range of uming
applications in both steel and stailess steel and
iz alzo 2 good choice forcast iron. The wear
resistance and sdge strength together with the
high versatility make the grade the first choice
m 2 large number of applications. THC.N) +
ALZO3 DURATOMICT™

TAM4000 s mtended for machimmg of stamless
steel. The wear resistance and together with the
4 | superior edge toughness make the grade the

. | firstchoice i staimless steel applications.

. | THCN)+ ADO3 DURATOMICT™
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EXPERIMENTAL PARAMETERS
AND CUTTINGTOOL SELECTION
The aim of the experiment is to study the mac-
hining parameters and machined result, directly
the surface roughness, cutting forces, chip forming
process (Fig. 4,5.) and tool wear. The machining pa-
rameters are chosen to make the metal cutting pro-
cess in middle/finish operation with different cut-
ting speeds, different amount of the metal removal
rate, but on the one cutting edge (Fig.3.). For our
tree factor experiment was chosen the 420 and 304
stainless steel with high chromium content, mo-
dern Duratomic coated (figure 1, Table 1) turning
insert TNMG 160412-MF4, TM4000 , TNMG 160408-
MF5, TP2500 with cutting edge radius 1,2 mm and
0,8mm. Machining parameters combinations (table
2) are: feeding - 0,1 mm/Rpm and 0,35 mm/Rpm;
cutting depth is 0,5mm; cutting speed 90 m/min.,
and 112 m/min. The chosen chipbreaker MF4 (Table
3), experimental rig is shown on the Figure 6,7, chip
breaker MF5,for medium/finishing turning (table 3)
with TM4000 and TP2500 coating , two holders with
cutting angle @ = 90° and ¢ = 60° (figure 8) and
recommendations from manufacturer (table .4).

44



Parameter
ombNe | V121345678
Feeding, | o1 1035| 01 [035| 01 |035| 01 | 035
mm/Rpm ! . ' - ' - ! z
Cutting
depth, mm 05105/05,05,05/051051/05
Cutting
speedm/ 1 90 | 90 1 112f 1121 90 | 90 | 112 112
mm
Cutting o o | eno | wpe b anolisne iore o
edge angle 60° | 60° | 60° | 60° | 90° | 90° | 90° | 90

?N&?G-h?ﬁ!

Chipbreaker intended for medium/finishing of stainless steels.
Very open and highly positive geometry. Machining range: f
(feeding) = 0.15 - 0.5 mm/rev, ap (depth of cut) = 0.5- 4 mm

TM4000

Seco material Feed rate, f (mm/rev)
group No.
0,2 04 06
8 240 175 140
9 190 140 110
10 155 115 90
1 115 85 65

= Rosullant coting force
Ff=Feedforce

Fp= Transverse farce
Fo= Cuting foree.

EXPERIMENTAL RESULTS

The experiment was done using machining parame-

ters combination of 8 variants with repeating five times
each. Here are represented the part of the results directly
for the dry- machining process of the 420 stainless steel
with TM4000 coated cutting tool. The main idea was to
study the machining parameters and machined result,
directly the surface roughness, cutting forces, chip for-
ming process and tool wear in machining process. There
are measured surface roughness and hardness parame-
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ters: Ra- average roughness, arithmetic mean deviation
of the profile; Rt - maximum height of the profile; The
machined surface hardness values are shown on the
Figure 10. Surface roughness parameters are shown in
table 5,6 and figure 11,12. It is seen how experimental
parameters differ theoretical result (figure 13, 14). Cut-
ting forces measurement result is shown on the figure
15. The direct measurement result of the surface rough-
ness is shown on the figure 16 a, b.

The results of the chip-forming process are shown
on the figure 17. No significant cutting insert wear was

noticed after this experiment (Figure 18).

Hard-
block ness,

Machining | .| g0 | Rt | Ry | Re | RSm,
number | MM | HM | UM | um um fum e
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4 572 | 714 1408831891507 375 | 264
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CONCLUSION

The experimental results show us how theoreti-

cal results differ the experimental results. During the
experiment no critical tool wear took place, only a little
flank wear and chipbreaker back face wear were seen,
because of continuous chip flow contact with it. Main
conclusion is that to get a better result it is necessary
to change the cutting edge angle, but not increase
cutting speed and decrease feeding, because of the
high cutting forces which affect the cutting tool sig-
nificantly and deform the previous machined area. The
result of the surface roughness values are used to de-
velop the mathematical model of the cutting process
for the middle-finishing machining process using this

‘'selected cutting tool. As the cutting tools are syste-

matized in the standards for the machining operation
with some other manufacturers and their cutting tool
grades and parameters, this model will be helpful for
each manufacturer to get the direct roughness value,
not performing the experiment and calculating the re-
sults once more.
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ABSTRACT
In our days technologies such as high speed ma-

chining, dry machining and the development of dif-
ficult- to-machine workpiece materials will continue
to put the pressure on cutting tool manufacturers for
development of new products that can perform at
higher speeds, provide longer tool life and withstand
rigorous operating conditions. Some of the issues
caused by these demands include increased tempe-
ratures in the cutting zone, where much of the energy
applied to the cutting process is converted into heat.
The insert with different type and thickness combi-
nation plays a critical role in the chip formation first
step to good chip control, productivity and tool life.
In this paper one new turning insert coating tech-
nology, which is called Duratomic is chosen to study
the 420 and 304 stainless steel machining process.
Coated carbide inserts have long dominated the ma-
jority of metal removal operations in manufacturing
plants due to their wear resistance, chemical stability
and high hardness. With the ability to remove large

amounts of material across a range of applications
while retaining a long tool-life, about 80% of inserts
used in machining today are coated carbide grades.
Coatings (also called as nanocoatings) improve wear
resistance, increase tool life, and can broaden the
functionality of a particular grade as well as allowing
for higher machining speeds. This multilayer coating
technology means that each layer has its own func-
tion, be it toughness, wear-resistance, friction.

ABSTRAKTS

Musdienas tehnologijas attistiba, pieméram, atrgai-

tas apstrades, sausas apstrades un gruto apstradajamo
materialu attitstiba turpina spiest uz griez&jinstrumen-
tu raZotajiem, lai attistitu jaunus produktus, kas var
veikt lielaka atruma, nodrosina ilgaku instrumenta dzi-
Vi un izturét stingras ekspluatacijas apstaklos. Dazi no
jautajumiem, ko rada 3is prasibas ietver paaugstinatu
temperatlru griedanas zona, kur rodas daudz ener-
§ijas, kas rezultata griesanas processa tiek parvérsta
siltuma. Mobila griezejplaksnite ar dazadiem nanopar-
klajumu tipu un biezumu kombinaciju spélé nozimigu
lomu skaidu veidosanas procesa pirma sola un skaidu
veidoganas kontrolé, raziguma un instumenta kalposa-
nas laika , instrumentu dzives un uzticamibu. Saja raks-
ta viena jauna griezéjinstumentu parklasanas tehnolo-
§ija, kas nosaukumr ir Duratomic izveléta lai isstudét
420 un 304 nerliséjosa térauda apstrades procesu. Par-
kiatie karbida ieliktni, jeb griezéjplaksnites jau sen do-
miné vairums metala atdali$anas operaciju ripnieciba,
nemot véra to nodilumizturibu, kimisko stabilitati un
augstu cietibu. Ar sp&ju nonemt lielu materiala dau-
dzumi, pielietojot vesela vrikné apstrades parametros,
vienlaikus saglabajot ilgtermina instrumenta kalpo-
%anas laiku, apméram 80% no griezéjplaksnitém kas
pielietojas razo3ana Sodiem ir parklatas cietsakausé-
juma griezéjplaksnites. Parklajumi (ar saucamie par
nanoparklajumiem) uzlabo nodilumizturibu, palielinot
intrumenta kalpo3anas laiku un var paplasinat funkcio-
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nalitati noteikta kategorija, ka ari nodrosinot lielaku ap-
strades atrumu. So daudzslanu parklajumu tehnologija
nozimé, ka katram parklajuma slanim ir savas funkcijas,
vai tas btu stingriba, nodilumizturiba, berze.

ABCTPAKT

B Hawm gHu TexHomorum, Takue Kak BbICOKOCKO-

pocTHOW 06paboTky, cyxoii obpaboTkm u passutie
TPYAHbIX AnA 06paboTKK MaTepranos 3aroToBkn byayT
NPOAOMKATb OKa3blBaTh AABIIEHIe Ha NPOU3BOAUTENEI]
PeXyLLero MHCTpyMeHTa [ns  pa3paboTku  HOBbIX
MPOZYKTOB, KOTOPbIE MOTYT paboTaTb Ha 6os1ee BbICOKX
CKOPOCTAX, 0OeCreunBaloT CPOK CIyKBbl MHCTPYMEHTA
N BbIEPXMBATb CypOBblE YCNOBMUA SKCMTyaTaLuM.
HekoTopbie 13 npo6nem, Bbi3BaHHbIX STVM TPe6OBaHAM
BKJIIOYAIOT MOBBILLEHHYIO TEMMNEPATYPY B 30HE Pe3aHuis,
rie 6oMbluas YaCTb SHePruM NpeobpasyeTcs B TeMso.
CTPYXKOMOM C Pa3nnyHbIM TNOM HAHOMOKPLITUS 1
KOMOMHALWI TONLLUMHBI UTPAIOT BaXHYIO POSb B NEPBOM
lare npotiecca GopmMUPOBaHMA CTPYXKKI W KOHTPONS
CTPYK00BPa30BaHNsA, MPOU3BOAUTENBHOCTI 1 CTOW-

KOCTb WMHCTPyMeHTa. B fjlaHHOM paboTe HOBas TexHo-
NOTA MOKPbITUA, KOTOpas HasbiBaetca Duratomic
BblbMpaHa 1A M3yyeHus mpouecca o6paboTki 420-
1 304- HepxaBeloLlent cTanu. MoKpbiTble BCTaBKaMm
n3 Kapbuga yxe [aBHO AOMMHWPYET GOMbIIMHCTBO
onepauuii no yaaneHus MeTanna Ha MpPOM3BOACTBE
6narofaps UX M3HOCOCTOMKOCTH, XUMUYECKOW CTOM-
KOCTV 11 BbICOKOW TBEPAOCTU. biarofapa BO3MOXHOCTU
yaanuT, 6onbluoe KOMMUYECTBO Matepuana B LEMOM
pAfe KOMBUHaLMA nmapameTpoB 06paboTkM, coxpa-
HAA BONBLION CPOK CATYXObl MHCTPYMEHTa, OKONo 80%
BCTaBOK WCMONb3yloTcA B 06paboTke 3TO MOKPbiTbie
TBEPAOCTNABHbIE MAACTUHDL. TMOKPbITUA (Takke Hasbl-
BaeMble HaHOMOKPLITEM) YNYULLAET N3HOCOCTOMKOCTD,
MOBLILLAET CTOMKOCTb WHCTPYMEHTA, @ TaKKe MOXET
pacluMpuTb GyHKLMO-HanbHble OCOBEHHOCTU Knacca
VHCTPYMEHTa, @ Takke MO3BONAET WCMONb30BaHME
Bonee BbICOKUX CKOPOCTelt 06paboTKM. 3T0 MHOro-
CIOMHaRA TEXHONOMUA MOKPBITUA O3HAYAET, UTO Kas il
CNOt MMeeT CBOI COBCTBEHHYIO (yHKLMIo, Byab TO
MPOYHOCTb, U3HOCOCTONKOCTb, TPEHME O MOBEPXHOCTH.
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