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Abstract

The subject of this experiment was to produce parts with a specific shape and submillimetre elements. The parts
represented components of commercial sparkplugs and the machined section was made of almost pure nickel. Relatively
narrow required tolerance of parts (hundreds of micrometres), in combination with a large addition of material to the
semi-finished product (several millimetres) and the required number of parts manufactured by one cutting insert for a
very small time cycle led to the implementation of several tests to find ideal cutting inserts and conditions for production.
All of the machining was done under dry conditions and the lowest possible machining time was also taken into account.
Seven inserts with potentially suitable cutting-edge geometries were selected for testing. They were positive ISO C and
ISO D inserts. After initial testing and determining the most suitable conditions for the most inserts, cutting forces during
machining under constant conditions were measured. After the machining, each part was closely inspected by the
microscope and all the critical dimensions, general shape and state of the surface were evaluated. In the course of the
experiment, a significant effect of the geometry of the cutting insert was demonstrated. The best performing of used
cutting inserts for these conditions was 1SO D shape with a nose radius of 0.2 mm and a highly positive rake angle. In
terms of the thin layer used, a TIAIN PVD coated insert seems to be the most ideal as it should significantly increase tool
life. To verify this assumption extensive long-term testing would have to be done. These results confirm the importance
of selecting appropriately positive geometry for turning small features in soft alloys along with the influence of nose
radius with regard to depth of cut.
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1. Introduction

The automotive industry is one of the main drivers of the economy today. The production of parts for this industry is
now widespread and the automotive industry extends into a large range of other sectors. Here too, there is a considerable
amount of innovation and new, unconventional solutions. The machining of such components must also be adapted to
these new developments, both in terms of the machine and the tooling and machining strategy.
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The combination of non-traditional machining materials and workpiece shapes is now quite common. The problem
arises when the component is really small in diameter but large in overall length. In engineering practice, we call such
parts with a large slenderness ratio and machining them is always problematic. These are usually turned parts produced
in large quantities. If this part needs to be machined in a material with high plasticity in a very short time with several
other constraints, the problem becomes very complicated.

The machining of slender components brings with it many problematic factors to consider when designing a tool and
machining strategy. Components with high slenderness ratios are prone to vibration, residual stress deformation or thermal
deformation. All these phenomena are usually associated with dimensional instability or damage to the workpiece or tool.
Another problem can be deformation caused by improper tool geometry. The choice of geometry of a given cutting tool
has a dominant influence on the overall result and should be given considerable importance. [1], [2]

Fig. 1. Scheme of distribution of cutting forces during turning [6]

The geometry of the cutting edge, together with the cutting conditions and the material being machined, or its
mechanical properties, gives us the initial force load. The total cutting force F required to cut the material must be greater
than the resistance R given by the material properties and is influenced by a number of factors. However, the total cutting
force is not very revealing for a deeper investigation of the machining process, so in most cases, it is necessary to measure
the individual components as shown in Figure 1. These cutting force components are oriented according to an orthogonal
coordinate system in a plane labelled by face, back and shear.

The total force can be calculated based on relation 1.

F= /FCZ + E,? + F2 [N] )

Each of these ingredients has a slightly different effect. From the point of view of part precision, the Fp component is
essential - the feed force or radial force. Its value significantly influences the part's push-off from the cutting edge and
thus especially the geometric accuracy of the part. Its value can be influenced by the appropriate choice of tool geometry,
in particular the angle of the face and back and the angle of the main blade setting.

All the influences are described in Table 1 and illustrated in Figure 2. During the experiments described below, all
components of the cutting force were measured and subsequently evaluated with respect to the qualitative results obtained.

(31, [41. [3]
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Fig. 2. Scheme of cutting angles in the cutting process [6]

Individual cutting angles Influence on the machining process
effect on the strength of the cutting edge
effect on the friction between the back and the workpiece
effect on the strength of the cutting edge
effect on thermal conductive properties
effect on plastic deformation in the area of chip formation
Yo effect on friction between the chip and the cutting edge face
effect on the strength of the cutting edge

Qo

Bo

Table 1. Table the effect of cutting angles on the cutting process [6]
1.1. Large-scale production of parts

As already mentioned, the entire research was focused on turning very small parts for automotive applications. This
meant in this case that the production of a large number of parts was expected. For this type of production, machines
referred to as long-running machines (swiss type) are normally used. This type of machine is very suitable for the
production of thin parts, as the part is continuously ejected from the spindle, thus eliminating most of the problematic
phenomena occurring when machining parts with a large slenderness ratio. Unfortunately, this type of machine cannot be
used in this experiment because the parts to be machined based on the results below are already in piece form after
previous manufacturing operations and do not have a full-length rotational shape. [7]

Therefore, for the mass production of this type of workpiece, a machine with a vertical spindle was designed so that
the part faces downwards after automatic foundation. Here, the parts are inserted and clamped by air and the whole
machining cycle takes 8 seconds. This very short cycle time results in a clamping time of approximately 3 seconds after
deducting the clamping time in which the part must be machined. With this in mind, an experiment was designed so that
the entire part is machined to completion with only one pass of the tool.

The last limiting factor is that the parts will be machined without process fluid. The only possible cooling method is
pressurized air. Due to the material to be machined, this is a rather complex issue, the solution to which is outlined in the
next section of this article.

2. Materials and methods
2.1. Workpiece and setup

The workpiece used for this experiment was the centre electrode of a combustion engine spark plug. The goal is to
create a shape on the end of the electrode that can be seen on Fig. 1 in less than 3 seconds under dry conditions as this
operation will be a part of high volume automated production. The exact dimensional tolerances can not be revealed, but
they are in the 0.05 — 0.1 mm range. This part has several specific characteristics that can make machining a complex
problem. Firstly, the mechanical properties of the material are very close to a pure nickel (the exact alloy is classified),
which means a high ductility, low tensile strength, and austenitic structure. Secondly, the machined features should not
have any burrs, which is always a challenge when working with austenitic materials.

Lastly, due to the shape of the blank part, the overhang from the work holding must be at least 6 mm, this combined
with the diameter of the part means a 3 times diameter extension. Therefore, the lever is significant, and the cutting force
and their distribution will have a large influence on the final shape of the part.
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Fig. 3. Drawing of the blank workpiece (a) and the final part (b).

The parts were machined on an Emco MAXXTURN 25 lathe and held in an appropriate collet. Both of the tool holders
SDJCL 1212F-11 and SCLCL 1212F-09 were held in a Kistler 9119AA2 dynamometer to measure the cutting forces.
Suitable cutting conditions were determined as a result of pre-experiment, the feed rate per revolution was set to 0.07
mm/rev, the speed to 5000 rpm and the maximum depth of cut was 0.6 mm. After machining the parts were inspected on
the Keyence VHX-6000 microscope. Before starting a cutting force measurement for each insert a test part was machined,
measured and the inaccuracy was compensated in order to keep cutting conditions the same for each insert.

2.2. Cutting tools

The performance of inserts 1ISO C held in SCLCL 1212F-09 and I1SO D held SDJCL 1212F-11 holder was tested.
Inserts of varying geometries and coatings were sourced from one of the world’s largest manufactures of cutting tools.
The geometry of the cutting edge greatly influences the shearing action when material is removed and therefore, the
resulting cutting forces and deformation of the workpiece. For this reason, the microgeometry of each insert was measured
on Alicona ifm g4 (see Table 2).

Insert Grade Edge radius [pum] Rake angle [°] Clearance angle [°] Nose radius [mm]
DCGT - AS IC 20 4 16 7 0.2
DCMT - PF IC 807 43 5 7 0.2
DCGT - AS IC 907 6 20 7 0.2
DCGT - AF IC 20 5 13 7 04
CCGT - AS IC 320 8 18 7 0.2
CCGT - AS IC 520 11 20 7 0.2

CCMT - F3M IC 807 39 12 7 0.2

Table 2. The microgeometry of each tested insert was measured on Alicona ifm g4.
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3. Experiments

Ininitial tests, it was found that all 1ISO C inserts tend to undercut the initial few tenths of a millimetre of the cylindrical
part, creating a significant radius at the edge. The part with the undesirable geometry is shown in figure 4. 1ISO D-shaped
inserts with a significantly positive face geometry (AS designation) and a tip radius of 0.2 mm proved to be more suitable.
These VBDs were subsequently tested at several variations of cutting speeds and feed rates. This comparison was made
with the VBD - DCGT 11T302-AS 1C907, which appears to be the most suitable for production. The 1C907 grade is
coated with a thin layer of TiAIN + TiN, which should provide longer cutting edge life.

Fig. 4. Part machined with ISO C insert has unwanted curvature on the face
3.1. Measurement of cutting forces

The next step of the experiment was the measurement of cutting forces and their subsequent evaluation. Four
measurements were recorded for all inserts, from which the resulting average and maximum machining forces were
evaluated in the form of graphs (see figures below). The evaluation was performed based on the maximum cutting forces
for Fp, Fc and Ff. The first graph describes the maximum cutting force components for each insert. The following graphs
then show the cutting force components as a function of the edge radius on the insert. [8]

Cutting forces [N]
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Fig. 5. Maximum values of measured forces
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dependence of forces Fp on the edge radius
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Fig. 6. Influence of cutting edge radius on Fp force
dependence of forces FC on the edge radius
350,0 50
45
300,0
40
250,0 15
30 E
= 200,0 =
B3 3
g 25 5
: B
o 150,0
2 X 20 %
R=
2
100,0 15
10
50,0
5
0,0 0
DCGT-AS-IC20 DCGT-AF-IC20 DCMT-PF-IC807 DCGT-AS-ICS07 CCGT-AS-IC320 CCGT-AS-IC520 CCMT-FM3-IC807
Fc max 117,1 157,7 216,3 130,3 1349 232,3 336,5
Edge radius 4 5 43 6 8 11 39

Fig. 7. Influence of cutting edge radius on Fc force

It is clear from the graphs that there is an increase in cutting forces when using a larger nose radius for the same
DCGT-AS-1C20 (nose radius 0.2 mm) vs DCGT-AF-IC20 (nose radius 0.4 mm) inserts. The reason being that the DCGT-
AF-1C20 has a larger nose radius which effectively changes the side cutting edge angle when using small depths of cut.
The large increase in forces is then evident when using inserts with a large edge radius, especially the DCMT-PF-1C807
and CCMT-FM3-1C807 types. This large difference in cutting forces only confirms the original finding that inserts with
a larger nose radius but also with a larger edge radius tend to undercut. This results in large cutting forces and undesirable
rounding at the face of the manufactured part. The graphs continue to show that the DCGT-AS-IC20 and DCGT-AS-
IC320 with a nose radius of R 0.2 and an edge radius of 4 and 6 um achieve the lowest cutting forces. This only confirms
the results obtained during the measurement and inspection of the manufactured parts. When parts produced with these
inserts achieved the most accurate dimensions and the best surface roughness parameters.

4. Conclusion

Research on machining strategy for machining the tip of a combustion spark plug was presented in this paper. This is
a section with a large slenderness ratio produced in large batches from nearly pure nickel. This strategy will be
implemented on a special single-purpose machine with no process fluid supply, with a single tool pass in a very short
time of about 3 seconds. The problem was addressed mainly in terms of tooling and also the choice of suitable cutting
conditions. Several conclusions can then be drawn from the experiments concerning the choice of tool geometry and the
choice of cutting conditions. The choice of the edge radius is of fundamental importance. The larger the radius, the greater
the cutting force and thus greater workpiece deformation and consequently increase in geometric inaccuracies.
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Furthermore, the size of the edge radius is very crucial from the micro-geometry point of view. The smaller the value
of the edge radius the better the resulting surface roughness. The results of the experiments give us the most suitable
combination of cutting tool, cutting conditions used and machining strategy is chosen. These results will then have to be
verified during real production and other important parameters such as tool life will have to be measured. The result of
the whole development is of considerable benefit not only to the customer but also to the research department and the
results will be used as starting point in further research activities.
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