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ABSTRACT

In this work, high speed end milling of AISI D3 cold-work tool steel hardened
to 35 HRC and 62 HRC was investigated using CBN cutting tools. Cutting tool
performance was studied with respect to tool life and surface finish of the
workpiece. The effect of material hardness on the tool wear and surface roughness

was also discussed.

Key Words: High speed end milling, CBN, flank wear, AISI D3

SERTLESTIRILMIS AISI D3 TAKIM CELiGiNIN CBN PARMAK FREZE iLE YUKSEK
HIZDA iSLENMESI

OZET

Bu calismada, 35 HRC ve 62 HRC sertligindeki AISI D3 soguk is takim
celiginin CBN kesici takimlar ile islenmesinde, yiizey kalitesi ve yanal yiizey
asinma degerlerinin karsilastirmasi yapilmistir. Kesici takim performansi kesici
omrii ve i§ parcasinin yiizey kalitesine gore degerlendirilmistir. Ayrica, islenen
malzeme sertliginin kesici dmrii ve is ylizey kalitesine etkisi tartigilmistir.

Anahtar Kelimeler: Yiiksek hizla parmak frezeleme, CBN, yanal yiizey aginmasi,

AISID3

1. GIRiS

Uretim maliyetlerini ~ diisiirmesinden dolay1, son
zamanlarda ¢eliklerin yiiksek hizla iiretimi/kesilmesi
(YHU/K) gittikge artan bir kabul gérmektedir. Bu
yaklagim ile ayni parca geleneksel iiretim hizlari ile elde
edilen parcadan daha wucuza {retilmektedir. Ayrica
parcalarin geleneksel bitirme operasyonlarinda elde edilen
ylizey kalitesine bu yontemle biyiik 6l¢iide ulagilmaktadir.

YHU/K’de dékme demir icin CBN ve SisN,, sertligi 42
HRC’nin altindaki alasimli gelikler i¢in TiN ve TiCN
kapli sinterlenmis karbiirler, 42 HRC ve {lizerindeki sert
alasimli gelikler i¢in TiAIN kapli sinterlenmis karbiirler
kullanilmaktadir. Uygun kenar hazirligi yapilmig CBN
uglar Ozellikle 60-65 HRC sertligindeki malzemelerin
tornalanmasinda etkili bir sekilde kullanilmaktadir (1).

CBN kesici takimlarin sertlestirilmis malzemelerin
islenmesindeki performansi, sertliklerinden dolay1 diger
takim malzemelerine gore daha yiiksektir (2-7). CBN
takimlarin performansini belirleyen iki dnemli parametre
baglayict ve CBN miktaridir. Titanyum nitriir (TiN) bazli
seramik baglayicili diisik CBN igerikli takim (%50-70
CBN), metalik baglayicili yiiksek CBN igerikli (~%90
CBN) takimdan daha iyi performans gostermektedir (8).
Bu durum, yiliksek CBN igerikli takimin daha sert ve ayni
zamanda daha tok olmasina ragmen, genel beklenti ile
celismektedir. Ancak, yiiksek CBN igerikli takimdaki
metalik baglayicinin ¢eliklere karsi afinitesi, diisik CBN
icerikli takimdaki seramik baglayiciya goére yliksektir.
Sonug olarak, ¢elik pargalar ile metalik baglayici arasinda
daha yiiksek adhezyon olusmasi s6z konusudur. Baglayici

1. INTRODUCTION

High speed manufacturing/cutting (HSM/C) of tool
steels has recently gained q wider acceptance in industry
as it considerably reduces machining costs, because it
makes it possible to produce the same part in a much
shorter time compared to machining at conventional
speeds and also it usually results in a very good surface
finish so that the need for final operations is reduced to a
great extent.

The cutting tools used in HSM/C of different work
materials include CBN and Si;Ny for cast iron, TiN and
TiCN coated carbide for alloy steel up to 42 HRC and
TiAIN coated carbide for alloy steels with 42 HRC and
over. CBN inserts with appropriate edge preparation can
be used for special applications especially hard turning
with 60-65 HRC (1).

The performance of CBN tools in machining hard
materials is generally superior to other tool materials
because of their high hardness (2-7). Binder phase and
CBN content in the tool are two main parameters, which
determine the cutting performance of CBN tools. Low
CBN content tool (50-70 vol.% CBN) with a ceramic
binder phase based on titanium nitride (TiN) performs
better than high CBN content tool (~90 vol.% CBN) with
a metallic binder (8). This contradicts with general
expectation because the latter has higher hardness and
toughness. As a matter of fact, the metallic binder in high
CBN content tool has a higher affinity to steel than the
ceramic binder in low CBN content tool. As a result, more
severe adhesion of metallic binder onto steel workpiece
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yapinin yok olmast CBN pargaciklarin kopmasina neden

olmaktadir. Bdylece daha fazla asmmma meydana
gelmektedir.
Literatiirde sertlestirilmis ¢eliklerin  farkli  kesici

takimlar ile islenmesine yonelik bir ¢ok ¢alisma
mevcuttur. Bunlara 6rnek olarak 9-14 numarali kaynaklar
gosterilebilir.

Sertlestirilmis ¢eliklerin  yiiksek hizda iretiminde
yaygin olarak kullanilan gelismis takim tezgahlari,
seramik ve CBN gibi kesici takimlar ile 200 m/d iizerinde
kesme hizlarinda, ~0,1 mm/dev/dis ve lizerindeki ilerleme
degerlerinde ve ~0,2-1,0 mm eksenel kesme
derinliklerinde kullanilmalaria imkan vermektedir.

Bu arastirmada, CBN kesici takimlarin sertlestirilmis
AISI D3 ¢eliginin yiiksek hizda parmak frezelenmesindeki
performansi arastirilmigtir. AISI D3 bir soguk is takim
celigidir. Bu ¢elik soguk ekstriizyon ve delme kaliplari,
kalip plakalari, toz metalurjisi takimlari, seramik
bigimlendirme kaliplar1 ve soguk zimbalarin iiretiminde
kullanilmaktadir.

2. DENEYSEL CALISMA

Bu makalede CBN kesici takimlarin sertlestirilmis AIS
D3 soguk is takim g¢eliginin yiiksek hizda parma
frezelenmesindeki performansi aragtirilmistir. Kesici takir
performansi takim yanal yiizey asinmasina ve pargant
yiizey kalitesine gore degerlendirilmistir. Is malzemes
sertlestirilmis ve 35 HRC ile 62 HRC’ye temperlenmistir.

Bu arastirmada seramik baglayicili diisik CBN icerik]
takimlar kullanilmistir. Kullanilan degistirilebilir tiggen u
ISO TPKN 160308 standardinda ve kenarda 25°x0,1mr
paha sahiptir. Deneylerde kullanilan cihazlar Sekil 1°d
gosterilmigtir. Degistirilebilir uglar 36mm ¢apli tutucuy
(HPF 148 36 R02 16) pabugla baglanmistir. Tutucud
kullanilabilen ug sayisi iki olmasina karsilik, kaldirilan tala
miktarmi en azda tutmak igin tek kesici u¢ kullanilmistn
Takimlama sisteminde kullanilan eksenel ve radyal tala
agist 0° ve bosluk agis1 11°°dir. Tutucu is miline 60mr
boyda baglanmistir. Is malzemesi 300x200x40 mm
boyutlarindaki 35 HRC ve 62 HRC sertligindeki AISI D
celigidir. Malzemenin kimyasal kompozisyonu Tablo 1’d
verilmistir.

Table 1. Chemical composition of the material
Cizelge 1. Malzemenin kimyasal kompozisyonu

occurs. The loss of binder phase enhances the plucking out
of CBN particles, and thus more abrasive occurs.

Advanced machine tools, which can provide cutting
speeds over 200 m/min with feed rates of ~0,1 mm/tooth
and over, axial depths of cut ~0,2-1,0 mm, and cutting
tools, such as ceramics, and CBNs are mostly used for
HSC operations of hardened steels.

In this research, the performance of CBN cutting tool
material in high- speed end milling of hardened AISI D3
steel (35 HRC and 62 HRC) were investigated. Cutting
tool performance was evaluated according to flank wear of
the tool and surface finish of the workpiece.

2. EXPERIMENTAL WORK

This paper investigates machinability of hardened AISI
D3 cold-work tool steel in end milling operations using
commercially available CBN cutting tools. The work
material was hardened and tempered to 35 and 62 HRC.

Cubic boron nitride cutting tools were used in this
research was a low content CBN tool with ceramic binder.
The tools were in the form of indexable inserts. The
inserts were triangular with 16 mm edge length, 3 mm
thickness and 25°x0.1 mm chamfered cutting edge. The
equipments used in the experiments are shown in Fig.1.
The inserts were screw-clamped to an end milling tool
holder with a 35 mm nominal diameter. It was possible to
clamp two inserts on the tool holder, but only one insert
was used in milling tests in order to keep the removed
volume of workpiece material at minimum. Combination
of the insert and the tool holder resulted in a 0° axial rake
angle, 0° radial rake angle and an 11° clearance angle. The
overhang of the tools was 60 mm. Workpiece was a
rectangular block of through hardened AISI D3 steel with
dimensions 300x200x40 mm® and hardness of 35 HRC
and 62 HRC. Chemical composition was given in Table 1.
AISI D3 is a cold-work tool steel used in applications such
as cold extrusion dies, blanking dies, die bases (impact
extrusion), powder metal tooling, ceramic mouldings, cold
punches, etc.

C Cr Fe Mn P Si S W A%
11,5 Kalan/ 0,6 max 0,03 max 0,6 max 0,03 max 1 max 1 max
Balance

Parmak frezeleme deneyleri Mazak VTC 20-B diisey
isleme merkezinde gergeklestirilmistir. Yanal yiizey
aginma degerleri JSM 5600 (30kV) Taramali Elektron
Mikroskobunda (SEM) ol¢lilmiistiir. Kullanilan SEM
cihazinin 6zellikleri asagida verilmistir:

- Ivmelenme voltaji: x0.5 to 30kV (53 steps)

The milling tests were conducted on a Mazak VTC-
20B vertical machining centre. Flank wear was measured
with Scherr Tumico 98/0001 toolmaker’s microscope.
Tool life was evaluated according to a maximum flank
wear of 0.3 mm. Workpiece surface roughness R, was
measured using Mitutoyo MetuSurf 310 equipment (0.8
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- Biiyiiltme: x18 to 300.000 (in 136 steps) mm cut-off length).

- Numune boyutu: <150mm

- Elektron tabancasi: W hairpin filament

- Analitik fonksiyonlar: IXRF sistemi ile ¢aligan EDS
(Sirius SI 10 x-15111 cihazi)

Kesici 6mrii degerlendirmesi 0,3mm yanal yiizey asinma

kriterine gére yapilmustir. Malzemenin yiizey piiriizlilig,

R,, 0,8mm filtreleme boyunda Mitutoyo MetuSurf 310

cihazinda 6lgiilmistiir.

Milling tests were carried out in dry conditions with a
cutting speed in the range Ve= 200 m/min, a feed rate
/=0.1 mm/tooth, an axial depth of cut @,=0.4 mm and a
radial depth of cut ¢,=30 mm.

Deneyler kuru kesme sartlarinda Ve= 200 m/d kesme
hizi, f=0.1 mm/devir/dis ilerleme degeri, a,=0.4 mm
eksenel kesme derinligi ve ,=30 mm radyal kesme
derinligi ile gergeklestirilmistir.

|
E HPF14836R0216
Oﬁ/—\ s pargast ve ;
. takimlama —
. Workpiece and v
: tooling

B o Mitutoyo
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Takim tezgahi(Mazak VTC 20-B)
Machine tool

Figure 1. Equipments used in the experiments
Sekil 1. Deneylerde kullanilmis cihazlar

3. SONUC VE TARTISMA 3. RESULTS AND DISCUSSION

CBN kesici takimlar miikemmel talas kaldirma CBN tools showed that they have superior chip
kabiliyeti  gostermislerdir. 62 HRC  sertligindeki removal capability. Flank wear on CBN tool progressed
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malzemenin islenmesinde CBN kesici takimdaki yanal
ylizey asmmast Sekil 2’de goriildigii gibi ~55000
mm”’lik talas hacminde VB=0,15mm oluncaya kadar
yavag bir sekilde gelismistir. Kaldirilan talas hacmi
~65000 mm® oldugunda yanal yiizey asimmasi kritik deger
olan 0,3mm’ye ulagmistir. Bu noktadan itibaren CBN
kesici takim Omriinii asir1 ¢entiklemeden dolay1 hizli bir
sekilde tamamlamistir. Bu, CBN kesici takimin
kirilganh@ma baglanabilir. Isleme esnasinda mekanik
yiiklerden dolayr mikro c¢atlaklarin olustugu ve bu
catlaklarin ilerleyerek asir1 g¢entiklemeye neden oldugu
diistiniilmektedir. (Sekil 3’e bakiniz). Bu sonuglar CBN
kesici takimlarin AISI D3 soguk is takim geliginin (62
HRC) YHK’de belirli bir smira kadar giivenle
kullanilabilecegini, fakat bu sinir asildiginda aniden
fonksiyonunu yitirdigini gostermektedir.

slowly to VB=0,15 mm as shown in Fig. 2 until ~55000
mm® was removed. Until reaching the critical flank wear
of 0,3 mm, it removed a metal volume of ~65000 mm?>.
After that point, CBN tool rapidly completed its life
because of excessive chipping. This can be attributed to
the high degree of brittleness of the CBN tool. It is
believed that micro cracks were developed during
machining due to mechanical loads.

—a—G2 HRC

—e— 35 HRCI

/../'

330 -
[
[
I

200 .-,./v
130

yanal yizey agnmasi [ 4m)

flank wear { qm)

rnetal volurme remoy er o)
kaldinlan tag hacmi ()

Figure 2. Flank wear results obtained with CBN tool
Sekil 2. CBN kesici takimda olusan yanal yiizey asinma sonuglari

Then they progressed and resulted in excessive
chipping (see Fig.3). This result shows CBN tools can be
used confidently up to a certain limit in HSC of D3 cold-
work tool steel (62 HRC), but after that sudden failure
occurs. This limit may change with the type of workpiece
material. Especially chemical composition and the
hardness of work material are the dominant factors. As a
matter of fact, a much better performance was obtained
when the workpiece hardness was 35 HRC. The wolume
of material removed was 260000 mm®. There is almost a
perfectly linear relationship between the flank wear and
metal volume removed with CBN tools for the material
with 35 HRC. No chipping was observed on the tool.
These results showed that, CBN tool with ceramic binder
undergoes excessive chipping when workpiece hardness is
very high because the ceramic binder does not withstand
the loads generated at high speeds. For low or moderate
hardness values, on the other hand, no chipping occurs and
the abrasive wear becomes the dominant wear mechanism.
The wear on the tool, in that case, increases linearly with
increasing cutting time with no sudden failures. A worn
sample of CBN tool was shown in Fig. 3.

Bu sinir is malzemesinin cinsi ile degisme gosterebilir.
Ozellikle is malzemesinin  sertligi ve kimyasal
kompozisyonu baskin faktdrlerdir. CBN kesici takim 35
HRC sertligindeki malzemenin islenmesinde ¢ok daha iyi
performans gostermistir. Bu malzemeden kaldirilan talag
hacmi 260.000 mm® degerine ulasmistir. 35 HRC
sertligindeki malzemeden CBN kesici takimla kaldirilan
talas hacmi ile yanal ylizey asinmasi arasinda neredeyse
dogrusal bir iliski s6z konusudur. Kesici takimda her
hangi bir ¢entikleme goriilmemistir. Bu sonuglar, seramik
baglayicili CBN kesici takimin is malzemesinin sertliginin
yiiksek oldugu durumlarda asir1 gentiklenmeye maruz
kaldigin1  gostermektedir. Bunun da sebebi seramik
baglayicinin yiiksek hizlarda meydana gelen yiiklere
dayanamamasidir. Diger yandan, diisiik ve orta sertlikteki
malzemelerde ¢entikleme olusmaz iken, asindirict
aginmasi baskin aginma mekanizmasi olarak devreye
girmektedir. Bu durumda takimdaki aginma zamana bagl
olarak dogrusal olarak meydana gelmektedir. Bir CBN
kesici takimin aginma 6rnegi Sekil 3’de verilmistir.
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Figure 3. SEM picture of used CBN tool

Sekil.3. CBN kesici takimlarin SEM resimleri (a) 35 HRC sertligindeki malzeme (b) 62 HRC sertligindeki

Asmmamis ve asinmis kesici takimlar ile elde edilmis
ylizey puriizlilik degerleri Sekil 4’de verilmistir.
Asmmamis  kesicinin  sagladigt  yiizey  kalitesi
degerlendirmesi, takimin iglemeye basladig: ilk 20mm’lik
kesme boyunda olusturdugu yilizey kalitesi olarak
degerlendirilmigtir. Asimnmamis kesici takimla 62 HRC
sertligindeki malzeme iizerinde elde edilen yiizey kalitesi
milkemmel olarak olugmustur (~0,02um). Yiizey kalitesi,
aginmanin artmasi ile bozulmustur. Asinmis kesici takimla
saglanan yiizey kalitesi 0,38um olmasina ragmen, bu da
kotli olmayan bir degerdir. 62 HRC sertligindeki
malzemede elde edilen yiizey kalitesi, 35 HRC
sertligindeki malzemeye gore daha iyidir. Bununla
beraber, 35 HRC sertligindeki malzeme yiizeyinde
aginmamis kesici ile elde edilen 0,22pum ve aginmis kesici
ile olusan 0,44pum piiriizliiliik degerleri iyi yiizey kaliteleri
olarak degerlendirilebilir. Bu sonuglar, CBN kesici takimi
ile sertlestirilmis AISI D3 ¢eliginin iglenmesinde iyi yiizey
kalitesi elde edildigini gdstermektedir.

The surface roughness results obtained with unworn
and worn tools are shown in Fig 4. Surface roughness
measurements for unworn tools were taken within the first
machined area through which the cutter moved an initial
cut length of 20 mm. The surface finish of the material
with 62 HRC obtained with unworn CBN tool was
excellent (~0,02um). Surface finish deteriorated with
progressed wear, as expected. The worn tool produced a
surface finish of 0,38um, but this is not a bad value at all.
The surface finish of the material with 62 HRC was better
than that of the material with 35 HRC. Actually, the latter
also had a good surface finish which was 0,22um for
unworn tool and 0,44pm for worn tool. These results show
that CBN tool produces very good surfaces when
machining AISI D3 steel.
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Figure 4. Surface roughness results obtained with unworn and worn tools
Sekil 4. Asinmamis ve aginmis kesici takimlar ile elde edilmis yiizey piiriizliiliik degerleri

4. SONUC

Is malzemesinin sertligi, CBN kesici takimlarin
performansinda hayati dneme sahiptir. Bu kesici takimlar
62 HRC sertligindeki malzemeden 60 cm® talas kaldirma
kabiliyetine sahiptirler.

Bu deger, 35 HRC sertligindeki malzeme igin 260
ecm’‘e  kadar artmaktadir. Diger yandan 35 HRC
sertligindeki malzeme igin, CBN kesici takim g¢entikleme
yerine  asindirict  aginma  mekanizmasina  maruz
kalmaktadir. CBN kesici takimla memnun edici ylizey
kalitesi elde edilmistir. 0,02 pm gibi ¢ok kiigiik piiriizliiliik
degeri 62 HRC sertligindeki malzemede saglanmistir. En
kotii ylizey piriizlilik degeri 0,44um olmasmna ragmen,
bu deger bile kotii olarak degerlendirilemez. Yiizey
plriizliliigl, artan ig malzemesi sertligi ile belirgin bir
sekilde azalmaktadir.

Sonug olarak, sertlestirilmis AISI D3 takim g¢eliginin
seramik baglayicili CBN kesici takimla islenmesinde

takim Omrii ve yiizey Kkalitesi agisindan degerlendirme
yapildiginda, memnun edici sonuglar alinmigtir.
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