
Acta Materialia Transylvanica 2/1. (2019) 49–54. 
https://doi.org/10.33924/amt-2019-01-08
Hungarian: https://doi.org/10.33923/amt-2019-01-08 
https://eda.eme.ro/handle/10598/31428

Machinability of Ni-based Superalloys by Indexable End 
Mills

Krisztián Kun,1 János Kodácsy,2 Dániel Vaczkó,3 Zsolt Ferenc Kovács4

John von Neumann University, GAMF, Dep. of Vehicle Technology, Kecskemét, Hungary
1 kun.krisztian@gamf.uni-neumann.hu
2 kodacsy.janos@gamf.uni-neumann.hu
3 vaczko.daniel@gamf.uni-neumann.hu
4 kovacs.zsolt@gamf.uni-neumann.hu 

Abstract
The subject of this research is the machining of Ni-based super alloys using indexable end mills. The cutting 
ability of these materials is known to be difficult, even challenging with modern tools, so our goal is to create 
an efficient technology recommendation on an experimental basis. To this end, we have developed an exper-
imental design from which results are used to determine the optimal technological parameters. This research 
took place at John Von Neumann University, Department of Vehicle Technology of GAMF Faculty. 
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1. Introduction

In the automotive industry, especially in aero-
space and aerospace industries, the use of Ni-
based super alloys is becoming increasingly 
widespread. Today’s modern aircraft are driven 
by one of our most advanced energy conversion 
systems; the gas turbine, but these are also used 
in our power plants. The gas temperature at the 
turbine inlet can reach 1650 ° C for high-perfor-
mance jet engines. The turbine blades have to 
withstand speeds up to 10,000rpm at high tem-
perature. Nowadays, turbine blades, which are 
exposed to high temperatures in turbines are 
made of nickel alloys, also called nickel-based 
super alloys [1]. The advantageous properties of 
these alloys are high strength, poor thermal con-
ductivity, and paramagnetism. A further advan-
tage is that they retain their strength and resist 
corrosion at extremely high temperatures. The 
parts they are made of are often machined, (even 
though they can be classified as difficult-to-cut 
materials) and they present a challenge even with 
modern machining tools. Typically, intensive tool 
wear and chip breaking are the biggest problems. 

During the experimental work described, we ex-
amined the possibilities of milling the GTD-111 
nickel super alloy [2–7].

1.1. Applied materials and tools used in the 
experiments

Choosing the right tools requires careful atten-
tion and expertise in each case. With a good de-
cision, we can increase the safety, raise our pro-
ductivity and reduce cycle times [8]. Numerous 
methods are suitable for machining Ni super al-
loy. It’s a fact that we can use EDM [9], but its cycle 
time is long, so research is being done to explore 
alternative options [10] but its cycle time is long, 
so research is being done to explore alternative 
options [11]. In addition to the tool materials, the 
machining strategy used for cutting can also be 
an important factor  [12, 13].

1.1.1. The material used in the experiment
The GTD-111 investigated in the research is a 

special Ni-based super alloy produced by vacuum 
casting. Table 1. shows the chemical composition 
of the material. [14]

In terms of its cutting ability, the nickel super al-
loys are one of the most difficult to cut materials. 
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It is characterized by poor thermal conductivity. 
This is critical, because ideally the separated ma-
terial (chips) carries most heat. Furthermore, it 
requires a very stable and powerful machine tool 
to manufacture, because of the high cutting force. 
The mechanical and physical properties that are 
important for cutting the GTD-111 Ni-based mate-
rial are shown in Table  2. .
Table 2. Mechanical and physical properties of GTD-

111 [14]

Tensile strength, Rm (MPa) 1310

Strain, A5 (%) 5

Contraction, Z (%) 5

Hardness HRC 41,4

Thermal conductivity at 20 °C, λ (W/(m·K)) 12,56

1.1.2. Considerations of the tool- and the in-
sert selection

The indexable milling tools consist of three 
main parts: the tool body, the insert and the in-
sert’s coating. First of all, the coating of the insert 
was selected for the material from TaeguTec® 
tool manufacturer. For this purpose, a coating se-
lection application is available in which all Tae-
guTec® coatings are ranked. These are arrange 
in the table shown in Figure 1., based on their 
toughness and hardness, from bottom to top. In 
our case, the GTD-111 is a Ni-based superalloy, 
which belongs to the group S, which is indicated 
by the brown color in the table. 

Based on this guide, the following coatings are 
available: TT9080, TT9030, TT8080 and TT8020. 
All four optional coating qualities are Physical 
Vault Deposition (PVD) coatings, the difference 
being the quality of the coating layers, and the 
field of applications. The manufacturer does not 
manufacture all insert geometry with every kind 
of coating. The next step was to select the possible 
tools and inserts. Our experiment requires Ø20 
mm corner mill with Weldon clamping, and we 
had to choose an insert capable of a 3 mm depth 
of cut. When selecting the tool, the insert geome-
try used in practice was taken into account. The 
0-degree back rack angle was chosen, since with 
this property the inserts are much more stable 
and have a longer cutting edge. Based on this 
information, the 4NKT 060308R-ML and 6NKU 
040308R-M inserts were selected from the cata-
logue (Figure 2.).

Table 1. The chemical composition of the GTD-111 [14]

Addition  
(GTD-111)

Percentage  
(%)

Ni 62.37

C 0.08

Cr 13.7

Co 9

Al 2.8

Ti 4.7

W 3.5

Mo 1.4

Ta 2.4

B 0.05

Figure 1. TaeguTec® coating selection application [15]
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After selecting the inserts, two types of coat-
ings were chosen for them, which differ greatly 
in their properties. We chose TT9080 and TT8080 
quality coatings.

Since our objective was to test the tools while 
roughing, we chose the TT8080 coating as recom-
mended by the catalogue. Since we planned to 
use tools with the same number of teeth for each 
geometry, we chose the 3-toothed cutter. They 
are marked 4N TE90-320-W20-06, which is a mill-
ing tool for the 4NKT 060308R-ML insert, and 6N 
TE90-320-W20-04, which is for the 6NKU 040308R-
M insert (Figure 3.).

During the experiments, the tools were named 
as „A” and „B” tools. The „A” tool had the 4NKT 
060308R-ML insert and the associated 6N TE90-
320-W20-06 milling tool body, while the „B” tool 
had the 6NKU 040308RM insert with the 6N TE90-
320-W20-04 milling tool body.

2. The experimental design

We used the Taguchi method to perform the ex-
periments, which was designed by the Minitab17 
software. This experimental design method helps 
to find the most defining factors and their pos-
sible combinations of experimental results and 
their effect on the experimental results. It helps 
to find the right combination of factors for opti-
mal results. Levels for milling factors, including 
the levels of Cutting speed (vc) and feed per tooth 
(fz), are given based on the TaeguTec® catalog.

Figure 2. a) 4NKT 060308R-ML  and 
 b) 6NKU 040308R-M inserts  [16]

Figure 3. a) 6N TE90-320-W20-04 and  b) 6NKU 
040308R-M indexable milling tools [16]

Table 3. Milling factors and levels for experimental 
design

Milling factors 
Levels

1 2 3 4

A vc  (m/min) 10 20 30 40

B fz (mm/tooth) 0.03 0.07 0.11 0.15

C Tool A geometry B geometry

2.1. Details of the cutting experiment
The workpiece was fixed in a vice, on the table 

of the NCT EML850D CNC machining center (Fig-
ure 4.). 

The depth of cut was 3 mm, and repeated eight 
times with the A and B tools along the 130 mm ma-
chining length. Since the maximum depth of 24 
mm was too deep for to the geometry of the B tool, 
and the outlet of the chips would have been more 
difficult in the 24 mm deep grooves, two grooves 
were machined with one tool at 12‑12  mm depth.

So that the workpiece was clamped enough and 
the technical parameters were optimally. The pa-
rameters of the experiment are summarized in 
Table 4. 

Table 4. The used experimental parameters for GTD-
111 material milling by Taguchi-method

#. vc 
(m/min)

fz
(mm/tooth) Tool Mark*

1. 10 0.03 A AB1

2. 10 0.07 B BB1

3. 10 0.11 A AB2

4. 10 0.15 B BB2

5. 20 0.03 B BB3

6. 20 0.07 A AB3

7. 20 0.11 B BB4

8. 20 0.15 A AB4

9. 30 0.03 A AJ1

10. 30 0.07 B BJ1

11. 30 0.11 A AJ2

12. 30 0.15 B BJ2

13. 40 0.03 B BJ3

14. 40 0.07 A AJ3

15. 40 0.11 B BJ4

16. 40 0.15 A AJ4
*The marking of the grooves:

AB – „A” tool and „B” left-side groove.
BB – „B” tool and „B” left-side groove.
AJ – „A” tool and „J” right-side groove.
BJ – „B” tool and „J” right-side groov
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Figure 5. The inserts of the tool A in the AB1 ex-peri-
ment after cutting with microscopic pictures 
of edges

Figure 4. The experimental method designed in CAD software

3. Evaluation of results
In order to evaluate the toolware, we have creat-

ed a list of criteria that we have compiled on the 
basis of the tests and the expected criteria. The 
list of criteria is evaluated from 1 to 9. The list is 
summarized in Table 5., where number 9 is the 
best, and 1 is the worst result.

The best experimental result is proven by AB1. 

Figure 5. shows the microscope image of the 
three inserts. The tool wear on front and backside 
of the inserts surface are uniform. On the cutting 
edge of the inserts, it is clearly visible that the 
coating is worn, but there are no other damages.

For the sake of clarity, Table 6. summarizes the 
assessment of the technological parameters of the 
experiment according to the criteria system of 
Table 5. 

4. Summary
The cutting effect (vc) was the greatest impact on 

the lifetime of the tool during machining, followed 
by the feed per tooth (fz). It is noticeable that the ef-
fect of tool geometry had a negligible influence on 
the life span. 

The most effective technological variables with 
the experimental values are: 
–– cutting speed vc=10 m/min,
–– feed per tooth fz=0,03 mm/tooth,
–– Tool geometry: „A” tool.
The groove made by these parameters is shown in 

Figure 6. 
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Table 5. The used inserts evaluated by the created list 
of criteria

Rating 
(value)

Viewpoints

1 It couldn't go through the machining length.

2 It went through the length, but it critically 
fractured the edges and the inserts were bro-
ken.

3 It went through the machining length, but 
critically fractured the cutting edges of the 
inserts.

4 It went through the machining length, but it 
fractured or broke the inserts.

5 It went through the machining length, but the 
cutting edge- and the flank of the insert were 
cracked.

6 It went through the machining length, but the 
cutting edge of the insert was cracked.

7 It went through the machining length, but the 
flank of the insert was cracked

8 It went through the machining length but the 
wear was significant.

9 He went through the machining length and 
the tool wear was even.

Figure 6. The AB1 groove’s surface with protruding 
ragged edge (burr)

Table 6. Evaluation of the parameters of the experi-
ment according to the criteria system

# vc 
(m/min)

fz
(mm/tooth) Tool Value

AB1 10 0.03 A 9

AB2 10 0.11 A 5

AB3 20 0.07 A 6

AB4 20 0.15 A 2

BB1 10 0.07 B 7

BB2 10 0.15 B 4

BB3 20 0.03 B 8

BB4 20 0.11 B 5

AJ1 30 0.03 A 8

AJ2 30 0.11 A 1

AJ3 40 0.07 A 1

AJ4 40 0.15 A 1

BJ1 30 0.07 B 3

BJ2 30 0.15 B 1

BJ3 40 0.03 B 1

BJ4 40 0.11 B 1

References
[1] Sajjadi S. A., Nategh S., Isac M., Zebarjad S. 

M.: Tensile deformation mechanisms at dif-
ferent temperatures in the Ni-base superal-
loy GTD-111. Journal of Materials Process-
ing Technology 155–156. (2004) 1900–1904.  
https://doi.org/10.1016/j.jmatprotec.2004.04.273

[2] Bhadeshia H. K. D. H.: Recrystallisation of 
practical mechanically alloyed iron-base 
and nickel-base superalloys. Materials Sci-
ence and Engineering A 223. (1997) 64–77.  
https://doi.org/10.1016/S0921-5093(96)10507-4

[3] Kodácsy J., Viharos Zs. J., Kovács Zs.: A forgácsol-
hatóság meghatározásának módszerei Ni-bázisú 
szuperötvözetek horonymaráskor. Gépgyártás 
55(2). (2015) 125–129.

[4] Zhu D., Zhang X., Ding H.: Tool wear char-
acteristics in machining of nickel-based 
superalloys. International Journal of Ma-
chine Tools & Manufacture 64. (2013) 60–77.  
https://doi.org/10.1016/j.ijmachtools.2012.08.001

[5] Lendvai János: Szuperötvözet egykristályok–
drágakövek a gázturbinákban. Fizikai Szemle 
2006/10.

[6] Qi Y., Zhang Y., Zhang W., Gao J., Yuan Z., Bu W., 
Li Y., Guo S.: Hydrogen storage thermodynamics 
and kinetics of RE-Mg-Ni-based alloys prepared 
by mechanical milling. International Journal of 
Hydrogen Energy 42/29. (2017) 18473–18483.  
https://doi.org/10.1016/j.renene.2018.07.134

https://doi.org/10.1016/j.jmatprotec.2004.04.273
https://doi.org/10.1016/S0921-5093%2896%2910507-4
https://doi.org/10.1016/j.ijmachtools.2012.08.001
https://doi.org/10.1016/j.renene.2018.07.134


K. Kun, J. Kodácsy, D. Vaczkó, Zs. F. Kovács – Acta Materialia Transylvanica 2/1. (2019)54

[7] Ulutan D., Arisoy Y. M., Özel T., Mears L.: Empiri-
cal modeling of residual stress profile in machin-
ing nickel based superalloys using the sinusoidal 
decay function. Procedia CIRP 13. (2014) 365–370. 
https://doi.org/10.1016/j.procir.2014.04.062

[8] Mali H. S., Unune D. R.: Machinabili-
ty of Nickel-Based Superalloys: An Over-
view. Reference Module in Materials Sci-
ence and Materials Engineering, (2017). 
https://doi.org/10.1016/B978-0-12-803581-8.09817-9

[9] Kang X., Tang W.: Micro-drilling in ceram-
ic-coated Ni-superalloy by electrochemical 
discharge machining. Journal of Materials 
Processing Technology, 255. (2018) 656–664.  
https://doi.org/10.1016/j.jmatprotec.2018.01.014

[10] Obikawa T., Yamaguchi M., Funai K., Kama-
ta Y., Yamada S.: Air jet assisted machining of 
nickel-base superalloy. International Journal of 
Machine Tools & Manufacture 61. (2012) 20–26. 
https://doi.org/10.1016/j.ijmachtools.2012.05.005

[11] Sajgalik M., Czan A., Drbul M., Danis I., Mik-
los M., Babik O., Joch R.: Identification of 
Technological Parameters when Machining 

Ni-Alloys by Monolithic Ceramic Milling Tool. 
Procedia Manufacturing 14. (2017) 51–57. 
https://doi.org/10.1016/j.promfg.2017.11.006

[12] Pleta A., Mears L.: Cutting Force Investigation 
of Trochoidal Milling in Nickel-Based Superalloy. 
Procedia Manufacturing 5. (2016) 1348–1356. 
https://doi.org/10.1016/j.promfg.2016.08.105

[13] Luo M., Lou H., Zhang D., Tang K.: Improving 
tool life in multi-axis milling of Ni-based super-
alloy with ball-end cutter based on the active 
cutting edge shift strategy. Journal of Materi-
als Processing Technology 252. (2018) 105–115.  
https://doi.org/10.1016/j.jmatprotec.2017.09.010

[14] Raznjevic K.: Hőtechnikai táblázatok. Műszaki 
könyvkiadó, Budapest, 1964.

[15] TaeguTech: Grade Chart. (accessed on: 2019. 
05.12.) 
http://www.taegutec.co.kr/Media/DownloadFiles/
grade_en.pdf

[16] IMC Companies: TaeguTec e-Catalogue. (accessed 
on: 2019. 05.12.)  
http://www.imc-companies.com/TaeguTec/ttk-
Catalog/Index.aspx

https://doi.org/10.1016/j.procir.2014.04.062
https://doi.org/10.1016/B978-0-12-803581-8.09817-9
https://doi.org/10.1016/j.jmatprotec.2018.01.014
https://doi.org/10.1016/j.ijmachtools.2012.05.005
https://doi.org/10.1016/j.promfg.2017.11.006
https://doi.org/10.1016/j.promfg.2016.08.105
https://doi.org/10.1016/j.jmatprotec.2017.09.010
http://www.taegutec.co.kr/Media/DownloadFiles/grade_en.pdf
http://www.taegutec.co.kr/Media/DownloadFiles/grade_en.pdf
http://www.imc-companies.com/TaeguTec/ttkCatalog/Index.aspx
http://www.imc-companies.com/TaeguTec/ttkCatalog/Index.aspx

