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Abstract:

Deep hole drilling methods such as BTA-deep hole drilling are machining processes to
produce boreholes with high length to diameter ratio as well as boreholes with high quality.
Nevertheless, if prism-shaped workpieces or workpieces with eccentrically placed boreholes
have to be machined the product attribute hole straightness deviation can lead to a main
problem. The non-compliance of the tolerances of hole straightness deviation can cause a
rectification of rejects or the loss of functionality of the workpiece. These kinds of workpieces
can only be produced by an exclusive tool rotation with a non rotating workpiece. Within this
paper a new method, developed at the Institute of Machining Technology, is described to
reduce the hole straightness deviation. This method bases on a thermally influencing, in
particular on induction heating at the workpiece. Furthermore, the essentially variables for an
effective influencing of the orientation of the tool are analysed.
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1 Introduction

If boreholes with a high length to diameter ratio and with a high accuracy regarding to the
compliance of the tolerance of the bore diameter, the roundness or the surface roughness deep
hole drilling methods are applied. State-of-the-art are three different deep hole drilling
methods such as single lip deep hole drilling, BTA (Boring and Trepanning Association) deep
hole drilling and the ejector drilling. Lately, new twist drills with a special geometry and
relieved flutes are used for deep boreholes. For diameter d > 20 mm and above and a high
length to diameter ratio the BTA deep hole drilling is to be used for example to machine
hydraulic cylinders.

The BTA deep hole drilling tool is characterized by an asymmetric cutting edge arrangement.
The working principle of a BTA deep hole drilling process is furthermore characterized by an
external cooling lubricant supply through the annular space between the boring bar and the
produced borehole. For a deep hole drilling process the coolant lubricant supply is essential
on the one hand for the lubrication of the guide pads and on the other hand for the reliable
removal of the chips. During the drilling process the resultant radial force composed by the
cutting force F. and the passive force F, are achieved by the guide pads which results into a
self guide effect of the deep drilling tool. The working principle is shown in figure 1.
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Figure 1: Working principle of BTA deep hole drilling [1]

If workpieces have to be machined which feature a prism-shaped contour or which have
eccentrically placed boreholes, the mode of operation for this processing is an exclusive
rotating tool with a non rotating workpiece. This kind of mode of operation increases the hole
straightness deviation. It is also well known in the literature and in the industrial praxis [2],
[4]. Therefore several devices are developed to reduce the hole straightness deviation These
devices are often based on mechanical load and influence the deep hole drilling tool [3]. A
new method developed at the Institute of Machining Technology bases on a thermally
influencing by using an external inductive converter.

2 Experimental setup

The experimental investigations were carried out on a CNC BTA deep hole drilling machine,
type Giana GGB 560. For the thermally influencing during the BTA deep hole drilling
process a special device was necessary. The special device is designed as an external feed unit
with a push rod connected at the headstock of the tool spindle. Therefore, the external feed
unit exists of two ball-bearing longitudinal guides, guiding wagons and a linear positioning
system. With the hand wheel the radial position between the inductor and the workpiece is
adjustable. In preliminary tests the position of the inductor was investigated [6]. The best
distance between the inductor and the workpiece is aj =2 mm. A commercial available drill
head with a nominal diameter of 26 mm, equipped with one TiN coated cemented carbide
(P25) cutting insert and two cemented carbide (P20) guide pads were applied. The workpiece
material was steel C60 with a special shape to produce eccentrically placed boreholes. The
process parameters for the BTA process were constant: cutting speed
Ve =90 m/min, feed f=0.13mm and the oil flow rate Voir = 105 I/min. The process
parameters for the induction heating were verified. Furthermore, two different strategies of
the heating were carried out. In figure 2 the feed unit for the inductor is shown.
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Figure 2: Developed feed unit for the induction heating during the deep hole drilling process
3 Strategies of the induction heating

The experimental investigations were designed by using two different strategies to analyze the
main effects of the thermal influencing during the drilling process. One of the heating
strategies is the heating at the thick-walled side of the workpiece. The other strategy is the
heating at the thin-walled side of the workpiece. The aim was to verify the working
hypothesis that the asymmetrically temperature gradient inside the workpiece can be
composited by the external induction heating (see figure 3).
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Figure 3: Explanation of the two strategies of induction heating [7]

Previous experimental investigations were carried out to analyze the orientation of the BTA
drill head. Therefore several experiments were carried out on the CNC BTA deep hole
drilling machine, type Giana GGB 560. In order to machine eccentrically placed boreholes on
the horizontal BTA deep drilling machine a special shape of the workpiece was necessary. By
using a statistical experiment design the main variables cutting speed v, and feed f were
varied. According to all experiments the orientation of the BTA drill head is ever towards the
thin-walled side of the modified workpiece. Furthermore, the influence of the process
parameters was analyzed. Thereby, the influence of the chosen feed is more significant than
the influence of the chosen cutting speed. The reason are the higher cutting forces which
causes higher elastically deformation of the thin-walled side. Because of this deformation the
hole straightness deviation increases by the option of the feed f [4]. Nevertheless, the
influence of the workpiece geometry and the measured asymmetrical temperature field have
the highest effects in order to the value of the hole straightness deviation.

4 Results of the induction heating

The results of the interdependences induction heating are important for the understanding of
the thermal and mechanical sequences inside the eccentric workpiece. The bases of operations
are two separate processes, on the one hand an asymmetrical temperature gradient inside the
workpiece during the BTA deep hole drilling process and on the other hand an external
contribution of heat by the induction heating with own adapted parameters. For the analyze of
the induction heating parameters, the process parameter of the BTA deep hole drilling process
are constant. Only the rated power of the frequency-converter for induction heating was
changed to analyze the influence of the generated heat, in particular the amount of heat and
the heat flux, according to the orientation of the BTA drill head during the deep hole drilling
process.
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Exemplarily, the results of the investigations are demonstrated for the strategy of induction
heating B. For the results of the different settings of the rated power of the converter the
experiments were repeated two times. The orientation of a not influenced experiment shows
that the drill head tend towards the thin-walled side of the eccentric workpiece. The results of
the experiments with p,= 2.5 kW and 5 kW show that the influence is low. The orientation of
the drill head after a feed travel L= 700 mm is nearby the orientation of the not induction
heating influenced workpiece. If the rated power of the frequency-converter arises the
orientation of the drill head tend more towards the zero point of the x-axis (see figure 4).
With an increasing rated power of the frequency-converter more generated heat flows through
the eccentric workpiece. Because of the strategy B the heat is generated at the thin-walled
side. That means that a heat accumulation arises by the deep hole drilling process and the
external induction heating. The material at the thin-walled side was very quickly heated
through. Metallographic preparation of the workpiece microstructure was done. The structure
of the thin-walled side which was thermally influenced by a high rated power shows a
structural change in the form of grain refinement and a rise of hardness. That could be the
reason for the orientation of the drill head against the inductor during the deep hole drilling.

Material: C 60 Inductor: Square —
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Figure 4: Orientation of the hole straightness deviation towards the axis of a Cartesian coordinates
system

In figure 5 the hole straightness deviation depending on the feed travel for two experiments
are exemplary pointed out. On the left hand side the result of an influenced workpiece by
using a frequency-converter with a setting of variables such as distance between inductor and
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workpiece aj = 2 mm, distance between inductor and drill head aj= 30 mm and rated power
pu=12.5 kW is demonstrated. On the right hand side the result of a not influenced workpiece
is compared with the influenced workpiece.

As expected, the measured data of the hole straightness deviation increase with an increasing
feed travel. The first phase of drilling is the most important phase for the hole straightness
deviation because the drill head will be guided by using a boring bush. In this phase the drill
head with its guide pads is not complete in the borehole, so a deviation of the drill head from
its intended path is possible. After this phase the quasi-stationary drilling process starts in
which the deviation increases. On the left hand side are the results of the absolute hole
straightness deviation depending on the feed travel of the thermally influenced workpiece are
pointed out. After each 100 mm a measurement was carried out to analyze the absolute hole
straightness deviation according to the thermally influenced with the not influenced
workpiece. Within these investigations the induction heating with a variable rated power of
frequency-converter p, = 12.5 kW lead to a significantly reduced hole straightness deviation
over the complete feed travel. The measured data from the not influenced workpiece are about
the factor three higher as the measured data from the thermally influenced workpiece. All
measured data of the hole straightness deviation from the thermally influenced workpiece are
under the preassigned value of m = 0.4 mm.

Material: C 60 Inductor: Square

Shape of workpiece: Eccentric Distance gucior /sample: @1 =2 mm
Tool diameter: d, = 26 mm Feed: f =013 mm
Cutting speed: v, =90m/min Qil: Deep drilling oil
Oil pressure: Pxss = 25 bar Qil flow rate: o = 105 I/min
Feed velocityngueor Vi = 143 mm/minHeating time: t =180s
Distance;qucior / drit head 8g = 30 mm/min  Drilling depth: I =700 mm
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Figure 5: Measurement data of the absolute hole straightness deviation about the feed travel
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5 Conclusion

In this paper the influence of the induction heating with an external feed unit is pointed out to
achieve an advanced understanding of the BTA deep hole drilling process. Based on the
major influencing factors such as the cutting parameters, the shape of the workpiece and
particularly the temperature the new method of a thermally influencing by using inductive
heating is investigated.

Within the presented investigations the potential of thermally influencing in BTA deep-hole
drilling by using a frequency-converter is pointed out. Therefore, the layout of the process
parameters for the frequency-converter is an important factor for the success of the method. In
this context a short overview of the influence of the generated heat with a frequency-converter
is given. With the choice of the right strategy of induction heating such as the strategy B and
the accordingly rated power of the frequency-converter the increasing hole straightness
deviation can be significantly reduced.
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