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The topic of the article is the increase of cutting conditions in the machining of heat-resistant steel using
exchangeable inserts. The main part is the design of a new technology for machining one of the heat-
resistant materials using replaceable inserts, including a discussion of any defects and economic evalu-
ation. The aim is to reduce production costs and contribute to the elimination of production times. These
modifications of technologies have a positive effect on the overall economy of production and the use of
new methods in practice. Heat-resistant steels have found application in many branches of production,
especially in the aerospace industry for jet engine components. Their specific properties need a more

detailed examination of the optimal conditions for their processing.
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1 Introduction

Production in the aerospace industry includes the
full range of machining methods used. This is both
conventional and unconventional machining. Fach of
these areas has a very wide range of applicability of
technological possibilities. The solved problem of the
article is the machining of one of the types of parts of
the third stage of the nozzle. This part is part of the
jet engine used in private aircraft. The reason for the
machining solution is an attempt to speed up the ove-
rall production due to the replacement of previously
used inserts. The solution is to increase the cutting
conditions when machining with ceramic cutting in-
serts. Suitable cutting conditions with economic bene-
fits are selected. [1]

Today, a wide portfolio of engineering companies
is putting pressure on production speed. Engineering
companies need to speed up production to keep up
and be competitive. Various tools to speed up indivi-
dual processes are used. From the engineering point
of view, it is an effective use of machine times, ie. so
that the individual machine has as little downtime as
possible. Each workplace goes through different ways
of automation. Production automation includes auto-
matic clamping of workpieces, automatic exchange of
used tools and much more. Quick and efficient tool
change is included to speed up individual downtimes.
In order to prevent the operator from having to re-
move an individual tool from the machine after each
blunting of the tool, VBDs are now used. These for
both milling and turning are used. The use of these

cutting materials not only affects the speed of tool
change, but also has a financial positive. The purchase
price of inserts is in the hundreds of crowns. These
tools also have the great advantage that the tool body
remains fixed in the machine and only these inserts are
changed while maintaining the same tool geometry (ta-
king into account the insert tolerance). Another adva-
ntage is that the holder can be used on several types
of cutting inserts with the same cross section. Last but
not least, inserts have the advantage that higher
cutting speeds can be used. [1]

This product is mostly used in engines for passen-
ger aircraft. The types of motors in which it is used are
marked TFE731-20, TFE731-40, TFE731-60. The
part is referred to as the third stage of the turbine noz-
zle. The primary functions of the part in the motor are
non-rotating, ie: effectively set the angle of the rotor
air flow, set the distance to the adjoining rotor, seal for
the secondary flow (honeycomb is used). The main di-
mensions that must not be disturbed to ensure proper
function are: flange profile, flange flatness, flange thic-
kness, flange seal width, front diameter, perpendicula-
rity of all faces and diameters, largest inner diameter,
distance of slots (cuts) from blades (in small inner di-
ameter, riveted honeycomb). [1]

Cutting materials are the subject of many develop-
ment work. In the 90s operations that asted 100 mi-
nutes, so nowadays a minute is enough for this opera-
tion. Development of cutting materials unconditiona-
lly contributed to the production efficiency of today.
There are currently cutting materials that are able to
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optimize the desired operation. Among the wide se-
lection cutting materials, there is always at least one
that material under certain conditions can machine. At
first it was an HSS, the use of which was great. The
evolution of time has they gradually produced harder,
more durable and more adaptable cutting materials.
These cutting materials are began to design so that
hard and expensive cutting material was used as little
as possible, therefore, replaceable inserts have been
developed that can be manufactured today in any
shape with any chip breaker and of any cutting mate-
rial. [6]

1.1 High speed tool steel (high alloy)

e has up to 25% alloying elements (Cr, W, V,
Mo),

o the blade does not dull even at high tempera-
tures => allows high cutting speeds,

o they can withstand temperatures up to 600 °C
at the cutting point.

1.2 Sintered carbides (SK)

e It is made of tungsten carbide and titanium
carbide,

o the binder is cobalt,

e at the point of cutting they can withstand
temperatures up to 900°C,

e they are produced by powder metallurgy (sin-
tering) - at high temperature and pressure the
powders and the binder are compressed into

the desired shape.

At present, most SK inserts are coated with high
hardness and abrasion resistance. The following for
coating are used: titanium carbide TiC, titanium nitride
TiN, titanium carbonitride TiCN, aluminum titanium
nitride TiAIN, alumina (ceramic) ALOs. For coating,
two methods are used, namely the CVD chemical
vapor deposition method and the PVD method phys-
ical vapor deposition. The CVD method consists in
the chemical reaction of compounds in the gaseous
state, which are heated to a high temperature. The
PVD method takes place at low incident pressures
particles. The coatings are formed by sputtering, vapor
deposition and ion implantation. Inserts from SK for
machining around 900 © C are used. [6]

1.3 Cutting ceramics
e produced by sintering of alumina (ALOs3),
e they can withstand temperatures up to
1200°C at the cutting point,

e CA - alumina-based oxide ceramics,

e (N - non-oxide ceramics based on silicon nit-

ride - CM - mixed ceramics.

Cutting ceramics is a material that does not have a
metal base. These cutting materials are distinguished
high hardness even at high machining temperatures,
around 1200 °C. Cutting ceramics has low weight, do
not chemically react with machined materials and have
a high blade life and they at high cutting speeds (300 -
1600) are used. Cutting ceramics is one of the most
powerful tool materials, but some of them need to be
followed when using it prescribed rules. Ceramic
cutting materials should not be used for unstable ma-
chining, ie. in case of unstable removal of the surface
layer. Cutting ceramics should also not be use for in-
termittent cutting. When machining with this cutting
material, the rigidity of the machine must be tool, the
workpiece in the best possible ratio, so as not to cause
adverse shocks that would could result in chipping of
the ceramic insert edge. Cutting ceramics can be divi-
ded into two types, namely alumina Al,Os and nitride
ceramics SizsNa.

1.4 Cermets

e transition between SK and cutting ceramics,
e withstand higher temperatures than SK and

are less brittle than cutting ceramics.

1.5 Superhard cutting materials

e BN - Polycrystalline boron nitride,
e DP - Polycrystalline diamond.

1.6 High thermal resistance super alloys

Under this term is a number of different metals
such as refractory based alloys iron, nickel-based ref-
ractory alloys, cobalt-based refractory alloys. These all-
oys were formed from metals that have been develo-
ped by metallurgists in order to improve the strength-
to-weight ratio heat resistance and corrosion re-
sistance. In connection with this development, con-
cepts have become known superalloys and metals for
spaceflight. The materials developed in this way had
to meet high standards requirements for resistance to
external influences. When these conditions were met,
the materials became harder to machine. The proper-
ties that the new alloys have are: low thermal conducti-
vity, which affects the cutting edge temperature during
machining, the tendency to form an increase, high
shear strength that requires high cutting forces during
machining, therefore greater blade wear and therefore
shorter service life Tools. These alloys do not lose
their strength even at high temperatures. This results
in exerting great pressure on the blade. It is therefore
necessary to select for a suitably selected cutting edge
geometry suitable pressure distribution so that the gre-
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atest heat is adequately distributed over the surface fo-
rehead to maintain the sharpness of the cutting edge
of these abrasive metals. Cast and forged steels con-
tain high amount of abrasive particles, which negati-
vely affect our machining and therefore it is necessary
reduce cutting speed. The most commonly used ma-
terials are nickel and titanium alloys. These durable
materials have a long tradition in the production of
aircraft engines. Refractory materials are in aviation is
mainly used for the construction of aircraft engines,
where very high temperatures operate together with
the high pressure of the air passing through the tur-
bine. When burning aviation fuel high temperatures
develop which these materials must withstand. Nickel
alloys last up to 1300 ° C (Inconel 718) while maintai-
ning properties (permitted losses). The production of
semi-finished pro ducts is mostly casting technologies.
This method of production is difficult to shape be-
cause of some parts are of the so-called blade type.
This casting requires the articulation of different types
of cores such as for example wax. The technology of
machining material with these properties is currently
at a high level, but higher demands are placed on pro-
cessing speed and so-called production time individual
components. The specific cutting force of titanium all-
oys is around 1300 - 1400 N/mm? and hardness from
200 to 400 HB, for special refractory alloys then 2400
- 3100 N/mm?2, resp. 200 - 300 HB. [6,7]

2 Machined material

Tab. 1 Chemical composition of AiResist 319 /2]

Element Element Percentage
[%]
Carbon 0.16-0.22
Cobalt 1.0 max
Chrome 12.0-14.0
Copper 0.5 max
Iron 0.25 max
Manganese 0.25 max
Molybdenum 3.8-5.2
Phosphorus 0.015 max
Sulphur 0.015 max
Silicon 0.5 max
Titan 0.5-1.0
Zircon 0.05-0.1
Niob+Tantal 1.8-2.8

The semi-finished product for the workpiece is
made by the casting method. This method is shape-
demanding, because the part is the so-called blade
type. Wax cores to create the required shape and po-
sition of the blades are used. The initial machining of
the casting is performed on a manual lathe. By means
of a special clamping jig which is designed so that the
subsequently created surfaces are in the exactly
required position for the future shape of the part.

These created surfaces for clamping for the CNC lathe
and for the examined operation are used. The material
is marked AiResist 319. AiResist 319 are weldable nic-
kel-based steels, superalloys for static components for
aircraft engines that are corrosion resistant and re-
sistant to high temperatures while maintaining stren-
gth at operating temperatutes up to about 980 °C. The
chemical composition of AiResist 319 is shown in Ta-

ble 1. [2]

3 Overview of current machining technology

The machine on which the investigated operation
is performed is a Daewoo Puma 450A CNC LATHE
with serial number PM450120. Using this machine for
this operation is standard. The Puma 450A is not only
used for this type of operation, so the usability is more

diverse. The technical parameters of the machine are
listed in Table 2.

Tab. 2 Technical parameters of the machine tool 3]
Machine tool parameters

Length 4900/6200 mm with chip
conveyor

Width 2000/2520 mm with con-
trol panel

Height 2570 mm

Weight 9800 kg

Power 3x480V/60Hz

Safety bus 125A

Main fuses of the ma-
chine

100A. Bussmann

Maximum current 140A
Machine Power 531VA
consumption

Main engine 30kW
Coolant motor 0.75kW
Lubrication motor 0.1kW
Hydraulic motor 2.2kW
Transformer power 75kVA
Mammum turning 630 mm
diameter

Maximum flow length | 1575 mm
Number of seats in 12

the revolver head

Maximum speed 1500 rpm
Hortse Yes

Control system

FANUC 18-T Series

Ceramic and sintered carbide inserts for machining
are used. Ceramic inserts to remove the hard surface
layer of the casting and to quickly remove additions to
the necessary dimensions for the finishing sections are
used. The investigated sections only concern machi-
ning with ceramic inserts. Currently, inserts from
NTK with the designation RNGN 12 07 00 T 005 20
WAT are used. This cutting ceramic is based on silicon
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nitride with good resistance to thermal shocks and
shocks. Recommended cutting conditions for inserts
from NTK for heat-resistant alloys with nickel base
(140 - 475 HB) (<48 HRC) are:

Tab. 3 Recommended cutting speeds for nickel-based alloys for
VBD from NTK [4]

Cutting
Feed per | Depth of
NTK | sp eed. rev.[min] | cut[mm]
[m.min"]
Roug | »00-500 01-03 |About3
hing to D

Workpiece turning is divided into several sections.

Tab. 4 Cutting conditions for sections 1 104 [1]

These sections are face turning (sections 1 and 2), in-
ner diameter turning (section 3) and outer diameter
turning (section 4).

Section 1,2 Saitlons i
2.595
L 6591 » »

= | x
©17.010 016.940
432,05 0430,28

. "
08.894
|~ P | 022590 |/

BT

4,80

Clamping surfaces Workpiece Machined surfaces

Fig. 1 Machining of sections [1]

Name Section 1 (NTK) Section 2 (NTK) | Section 3 (NTK) | Section 4 (NTK)
Cutting speed 160 280 280 280

[m.min"]

Feed per rev.[min-] 0.127 0.127 0.15 0.127

Cutting time [min] 3 2.15 3 5

Cutting depth [mm] | Variable due to 13 Variable due to Variable due to

1. Track casting tolerance ) casting tolerance casting tolerance
Cutting depth [mm] 2.54 to D 0.75 on

2. Track 1.3 L0 the forehead 0.5t D

When machining this surface with the TO1 tool
(section 1), shocks occur. These are caused by uneven
sampling areas and small risers in the cutting area. The
spindle load fluctuates, but is up to 20%. The surface
does not show

obvious mechanical damage. Particles of cutting
ceramics are often chipped at the cutting edge of the
insert. The service life of one cutting edge is only the
cutting time of one section in the program, another
possibility of use

could result in the rupture of the insert and pos-
sible mechanical damage to the surface of the ma-
chined material. An example of damage to the cutting
edge after passing the section is shown in Fig. 2. [1]

Fig. 2 Demonstration of damage to the cutting edge of the
VBD from NIK to section 1 101 [1]

When machining this surface with the T03 tool
(section 2), no sharp shocks occur, the surface is
already machined, and therefore the spindle load is no

longer fluctuating and is also around 20%. Machining
is smooth, the surface does not show obvious
mechanical damage, but often there is a slight push of
the machined material under the machined face.
However, this is not a negative phenomenon; excess
material is removed when the dimension is completed.
The service life of one cutting edge is only the cutting
time of one section in the program. [1]

When machining this surface with a tool (section
3), shocks occur again due to the unevenness of the
casting. The spindle load is fluctuating, caused by
shocks, but it is up to 15%. In the second tool path,
machining is calmer without obvious shocks, the
spindle load is no longer fluctuating and also ranges
up to 15%. In most cases, the cutting edge of the insert
has more mechanical damage than in section 1. The
machined surface therefore has a greater surface
roughness and an Archimedean spiral is more visible
on the front surface. The service life of one cutting
edge is only the cutting time of one section in the
program. [1]

When machining this surface with the TO05 tool
(section 4), no shocks occur, but the cut is unstable
due to the variable chip cross section. The spindle load
during the first tool path fluctuates, but is up to 15%.
In the second tool path, of course, the cut is calmer,
but due to the large machined area, the cutting edge of
the insert is mechanically damaged. The damage is
visible to the eye, but this does not have a significant
effect on the quality of the machined surface. An
example of damage to the cutting edge after section 4
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is shown in Fig. 8. The service life of one cutting edge
is only the cutting time of one section in the program.

1]

. 4

[CM: TR0 &, vroru 2614212

Part Humibser: hrana plian
“Popis: pikeh 8 12
Leptncia: Twdebani: 15x — ————

Fig. 3 Demonstration of damage to the cutting edge of the in-
sert from N'TK after section 4 105 [1]
4 Design of new machining technology

The new machining technology consists of the ex-
change of inserts from RNGN 12 07 00 T 005 20

Tab. 6 Cutting conditions for sections 1 to 4 [1]

WAT to RNGN 12 07 00 E KYS25 and RNGN 12 07
00 T 010 25 KYS25 from Kennametal. KYS25 is the
latest development product for machining heat-re-
sistant steels, nickel-based steels and high-strength ste-
els. This ceramic has a CVD coating with a silicon base
with special surface treatments that significantly im-
prove the surface proportions and performance,
which can be compared with Whisker ceramics.

Tab. 5 Recommended cutting speeds for nickel-based alloys for
Kennametal inserts [5]

fen- Cuttglg Feed per Depth of
> speec rev. [min'] | cut[mm]

metal | [m.min"]

Roug | 500-500 0103 |/bout:3

hing to D

Turning the product with RNGN 12 07 00 E
KYS25 is divided into the same sections as with
RNGN 12 07 00T 005 20 WA1. These sections are
face turning (sections 1 and 2), inner diameter turning
(section 3) and outer diameter turning (section 4). [1]

Name Section 1 (NTK) | Section 2 (NTK) | Section 3 (NTK) | Section 4 (NTK)
Cutting speed 280 280 280 280

[m.min-1]

Feed per rev. [min -] | 0.127 0.2 0.15 0.2

Cutting time [min] 1.875 1.35 3 3.125

Cutting depth [mm] | Variable due to 13 Variable due to Variable due to

1. Track casting tolerance ’ casting tolerance casting tolerance
Cutting depth [mm] 2.54to D 0.75 on

2. Track L3 L0 the forehead 0-5t0D

When machining this surface with the TO1 tool
(section 1), shocks occur. These are caused by the dis-
proportionately removed area and small impurities in
the cutting area. The load on the spindle is fluctuating,
but compared to the load during machining with VBD
from NTK, it was half lower, ie 10%. After the com-
pletion of the section, the cutting edge was not chip-
ped in any way compared to the insert from the NTL,
as is the case in most cases. The machined material did
not show visible mechanical damage. The service life
of one cutting edge is only the cutting time of one
section in the program. An example of damage to the
cutting edge after section 1 is shown in Fig. 4. [1]

When machining this surface with the T03 tool
(section 2), no shocks occur. The spindle load is no
longer fluctuating, it was also around 10%. After the
completion of the section, the cutting edge was slightly
mechanically broken, but in comparison with the
VBD from NTK it is negligible. The service life of one

cutting edge is only the cutting time of one section in
the program. An example of damage to the cutting
edge after section 2 is shown in Fig. 5. [1]

€. vzorku: 291424

2vétsani: 15x

Fig. 4 Example of damage to the cutting edge of the insert by
Kennametal after section 1 101 [1]
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€. vzorku: 201422

2vétdeni: 15x

Fig. 5 Example of damage to the cutting edge of the insert
from Kennametal after section 1 103 [1]

When machining this surface with the T04 tool
(section 3), shocks occur again due to the unevenness
of the casting. The spindle load is fluctuating, caused
by shocks, butitis up to 15%. In the second tool path,
machining is calmer without obvious shocks, the spin-
dle load is no longer fluctuating and also ranges up to
15%. The service life of one cutting edge is only the
cutting time of one section in the program. An
example of damage to the cutting edge after section 3
is shown in Fig. 6. [1]

B g

D

€. vzarku: 291421

2Zvétgeni: 15x

Fig. 6 Demonstration of damage to the cutting edge of the in-
sert by Kennametal after section 3 104 [1]

When machining this surface with the T05 tool
(section 4), no shocks occur, but the cut is unstable
due to the variable chip cross-section, but the cut is
more stable than with NTK inserts. The spindle load
is up to 10%. In the second tool path, the cut is

smooth, but due to the large machined surface, there
is a fine mechanical damage to the cutting edge of the
insert, but this does not have a significant effect on the
quality of the machined surface. An example of
damage to the cutting edge after section 4 is shown in
Fig. 7. The setvice life of one cutting edge is only the
cutting time of one section in the program. [1]

CMR:578091 €. vzorku: 281423
Part Number: hrana plitku

Popis: platek €. 3

Leptadio:- 2vétseni: 15x

Fig. 7 Demonstration of damage to the cutting edge of the in-
sert by Kennametal after section 4 T05 [1]

5 Economic benefits

Consumption of inserts is high in the company, so
savings of every value are welcome. The price of the
inserts from the NTK company is CZK 279. The price
of the inserts from Kennametal is CZK 268, ie a
saving of CZK 11 per inserts. With an average con-
sumption of five pieces per six pieces produced, with
annual orders of 215, the saving is CZK 2.315 per ma-
chining operation per year. RNGN 120700E KYS25
has the best production results depending on the
speed of all cutting ceramics. The cutting conditions
of these inserts increased by about 60%, ie in a ma-
chine time of 7 minutes for a given operation. The an-
nual savings are therefore CZK 26.230. In the future,
the implementation of these cutting materials is plan-
ned for all operations that are performed at the work-
place, the number of which is 17. On average, five pie-
ces of inserts per five pieces produced are consumed.
If the implementation into all these operations was
successful, the savings would be calculated at approx.
CZK 500.000. A longer time horizon is needed for im-
plementation into the entire production unit of the
company, but after the successful introduction of
high-quality and cheap inserts, the savings will go to
millions of crowns per year. [1]
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Economic benefits

300 000

250000

200000

Costs [CZK]

150 000

100 000

50000 -

0 = 1 T 1 T 1 T 1 T 1

10 30 50 70 90

130

Quantity [Piece]
=== Annual production costs with VBD from NTK

150 170 190 210

Fig. 8 Economic benefits [1]

6 Conclusion

Of the mentioned types of tested cutting inserts,
the inserts with the designation RNGN 120700E
KYS25 achieved the best results. The quality of the
machined surface showed no damage, both mechani-
cal and structural. Machining acceleration is approx.
60%, ie shortening the maker time is 7 min. for a given
operation. Implementation into other production ope-
rations is planned in the future. Reducing production
times means an economic benefit for every company.
A slight reduction in the time of one operation will
reduce production costs overall. These reductions are
most pronounced in series production. Savings and
efficiency help the overall economy.
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