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A Study on the Deep Hole Drilling for Refractory Metals
(STS type BTA drilling for SKDI11 high alloy tool steel)
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1. Introduction Trepanning Association) drilling and gun
drilling.
The deep hole drilling is defined as that the In tip configuration, fluid induction, chip
drilling length to diameter ratio is over 5 and removal and BTA drlling differs from the
can be classified largely as BTA (Boring and conventional gundrill. However supporting bearing
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arrangement is  similar to the conventional
gundrill and the basic guidance is identical. The
tool cuts in a true circular pattern and the tip
follows to the direction of its own axis and is
mounted to a tubular steel shank. The tooling is
designed for deep hole drilling machine or
specially equipped with horizontal lathes. Both of
them must include a large volume and high
pressure fluid system. Such a system can result
in high production rates, accurate depth or
shallow holes with good surface finish. The BTA
drilling was studied by Beisner, Pearson,
Griffiths, Evans, Pfleghr, Rao, Osman. Sakuma,
Taguchi, Osman and et.al about the optimum
cutting edge design of BTA drill which can give
minimum cutting force.” ?
Also Sakuma and Taguchi studied about the
profile of deep hole and its generating
mechanism,
but in those study, the lobe characteristics, the
refractory metals deep drilling phenomenas, were
not investigated for complete theoretical or
experimental results. Accordingly, this study has
tried to investigate more complete characteristics
of the refractory metals and the accuracy of
refractory metal’'s BTA drilled workpiece by
performing CNC STS type BTA drlling with

tool rotating head.” ¥ ¥

2. BTA drill

Fig. 1 shows the direction that the cutting
force acts on the cutting tool edges during BAT
drilling.

The cutting force Fc 1s as follows.”

Fc = Ks f D/2 (1)

where, K Specific cutting force ratio
F. : Cutting force

f . Feed rate

D : Drilling diameter

In this case, if the cutting force 1s F = Ks f r
and acting radius is r, cutting torque M. is as
follows.

’gs £ D? @

£
Mc= fn Fdr=

The friction force is Fs and Fr of the 1st guide
pad and the 2nd guide pad. The creating results
of these factors, friction torque M: between hole
surface and tool edges is shown by next

equation.
Mfzﬂ( Fs+ Fr)—g (3)

The value of Fr as a statistics method
becomes 12—5 Fs value which is same with F.

approximately, therefore, the value of friction
torque My is as the following equation.Z)

Mf = g %Fsg

= 2 4F.D
= 2 LK
16 “
= 25uMc (4)

The burnishing torque M, generated by the
guide pad during drilling should be considered.
The whole drilling torque, M is the sum of M.
Mr and My,

1]

M= M+ Mt + My

(1 +254 + Co)Ke f % ®)

when C, = Mb/Mc.
The thrust T is the sum of T. (BTA drll
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tube’s longitudinal direction component of the
cutting force on the cutting edge), Tv (burnishing
thrust) and To (coolant pressure).

Upper factors are in the next formula formed.

/////////////////
//

: ///

T=Tc+ Ty + To
2

3
= (033~0.35)Ks f D + (0.25~04)Ps D’

F+(0~0.DF -+ D°P,
®)

Where, Pc is the pressure at the oil gap and
equal to (0.25~0.4) P, P, which is the oil

4
supply pressure.

FC=F1+F2+F3

Fig. 1 Cutting force direction BTA drill head”

Fig. 2 shows the three kinds of BTA drilling
method. In this figure, fig.(a) described the solid
type BTA drill head working situation, fig.(b)
shows the trepanning drill head working of the
core remaining from workpiece and fig.(c) shows
the counter boring head working after solid type
predrilling.

—72—~

a,-.‘

//////////////////

(a) Solid drilling

////////51
’//// )

(b) Trepanning

a.{‘____

i

i

)

(¢) Counterboring
ap - Cutting depth

Fig. 2 BTA drilling description””

3. Experimental Method

3.1 Experimental Apparatus

Table 1 is the list of experimental machine
and instruments. In this experiment, deep hole
drilling machine used was the type of workpiece
fixed with angle type device on the table and
tool rotating type CNC deep hole drilling
machine, and the coolant was machining oil




(S-CUT-7E) ' under

conditions.

3.2 Workpiece and Drill
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2.5MPa

fluid pressure

In this experiment, the workpieces and tools

used

appeared

in Table

2

and

chemical

compositions, and mechanical properties in Table

3.

For the

removal

of

internal

stress,

heat-treatment was taken and the BTA drilling

3.3 Experimental Method

In BTA drilling experiments, an angular type
fixture was installed on the CNC deep hole
machine table, and then the work piece was
loaded on the V type clamping block within the
tool alignment *£0.025mm adjusted.

At the same time, the BTA drill head and drill
tube fixed were assembled with the collet chuck.
Finally, those penetrated through guide bush, and

was performed suitable to the experimental then performed the deep hole machining
conditions. according to macroprogram operation. In
additional  experiments, deep hole profile
Table 1 List of experimental apparatus measurement was performed with profile
No. Name Model Maker measuring instruments and also roughness tester,
| Deep hole drilling BTA Shin I M/C etc. Fig. 3 shows the exprimental deep hole
machine 1500CNC Co. drilled workpiece shape.
9 it;x;f;ce roughness 1S0/6 g;l);;g; B N
o Table 4 BTA drilling condition
3 | Roundness tester TR150 Cutting Revolution Feed Feed
4 BTA drilt QI;?E,)(.)ZS Tun}g(;)tr:: Co. No (rsn‘;::) (rpm) | (mm/rev) | (mm/min)
| o o | e | BT, e
6 Hole test m%go%zo Mitutoyo i o7 gfg :g;gz
7 Lathe 1800 I:Ininh;::::yn S 60 - 017 168.76
Co. Ltd. 6 " 020 198.54
7 1158.17 0.14 162.14
8] 70 ’ 017 | 19688
Table 2 List of drill and workpiece g 0.20 3163
Drill Drill Workpiece | Workpiece 110 | 1240.90 0.14 173.72
diarneter | material size material 11 75 ,, 017 210.95
o025 | Pa | 2370 | skpul 12| ' 020 | 248.18
13 1323.62 0.14 185.30
4] 80 " 0.17 | 22501
Table 3 Chemical compositions &  mechanical 15 | P 0.20 26472
properties of workpiece (SKD11, round bar) 16 1480.08 0.14 | 20847
Mechanical E 0 " 0.17 253.14
Chemical compositions(Wt. %) properties 18 " 020 207 81
HB 19 165453 | 014 | 28163
C|Mo| Si|Mn| P |Ni) Cr |Mo) V| Cu 253 E 100 p 017 | 28127
1.50{0.80]0.400.60(0.030 [0.50{12.00 {1.00]0.15]0.25| 955 21 " 0.20 330.90
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Fig. 3 Experimental deep hole drilled workpiece

4. Experimental Results and
Considerations

4.1 Surface Roughness

Fig. 4 described the surface roughness of
BTA drilled workpiece. As results of surface
roughness(Ra) versus cutting speed, feed rate,

the whole trend is under the 059xm Ra
value.
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Fig. 4 Surface roughness Vs. Cutting speed

This result is an appropriate value on the
machining efficiency. We can consider that the
result is displaying of burnishing efficiently by
guide pad behaviour, and this reveals that the
reaming or post machining is unnecessary. On
the side of the cutting speed, under the cutting

condition of 60, 70, 75, 100m/min, the surface
roughness should be below the 020uxm Ra
value. Thus, we can consider the finest
productivity, the result is suitable, and also this

resal 2 <ticdeformationof _the

BTA drill’s guidepad behaviour. At this time, we
can suppose that the plastic deformation energy

is minimizing value.

4.2 Straightness

The straightness is related to accuracy with
cylindricity in Fig. 5 The cutting speed
V=75m/min, 80m/min and feed rate
£=0.20m/rev. are the least numerical value of
straightness. It is possible that we can
consider that the cutting speeds V=55, 60, 70,
75, 80 m/min, feed rate f=0.17mm/rev. are very
fine to select in field.
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Fig. 5 Straightness (peak to valley) Vs, Cutting speed

4.3 Cylindricity

Fig. 6 shows the cylindricity of BTA drilled
hole. The cylindricity results which appeared
most suitable in value at the cutting speed
V=70m/min, the feed rate f= 014, 0.17,
0.20m/rev. are very fine drilling conditions, but
the selection of suitable cutting condition is
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feed rate f=0.l14mmv/rev. cutting speed V=55~
90m/min, as the cause of the S¢m value of
cylindricity. In the view of whole accuracy of
cylindrical very

adaptive that the amount of numerical value is

phenomena is considered

less than 50 ¢ m.
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Flg. 6 Cylindricity Vs. Cutting speed

4, 4 Roundness

Fig. 7 is the experimental result of roundness.
In this figure, the most suitable cutting
condition is the cutting speed V=90 m/min, and
feed rate £=0.14 mmy/rev. This trend is increasing
as every speed of tool revolution by the reason
of roundness increasing the principle of metal
cutting defined. But in the conditions of the feed
rate f=0.17mm/rev, cutting speed V=55,60,70
mm/min, the roundness is between the 1.2pm and
2.1ym. Hence, the second time machining such as
grinding or mirror machining is unnecessary.
This results are proved that the high turning
namely high RPM the
roundness of drilling hole profile.

velocity, increases

4. 5 Profile of Lobe

We can find 2 to 5 lobes mostly in this
experimental results. In the case of the upper 4
lobes it can be known that fine profile is mostly.

In the Fig. 8(a)(b)(c){d)(e)D), 2 to 8 lobes were

found.

The lobe creating
D456

is obtained from following

formula.

=V X%+ Y?

R
=LVID T+ DT+2 D, Dicos((me~ 1) w 1+ (05— 65)))

N

The above formula means that the |#nz— 1|

lobes are formed. In this case, n= integer, wa=
tool axis angular velocity, wt=tool angular
velocity, Da=revolution diameter, Dt-tool

diameter, ‘;‘ vector locus by work piece

lobe radius, ¢4, @ (= initial phase, Z= number
of cutting edges. By the above formula, we
could calculate as appeared in Fig. 9 graphics.
Hence, we can find that the lobe creating is
obtained from frequency behaviour too (as
shown at the presentation in 1997 ISOPE
Conference.”

In the experiment, we found above 5 lobes

of BTA drilled workpiece. This result means

that the BTA drilling condition, tool
alignment, coolant, etc. were within the best
environment,
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Fig. 7 Roundness Vs. Cutting speed
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Fig. 8(d) Experimental locus of 5 lobes profile
for BTA drilled hole
(©19.25, V=75m/min, f=0.20mm/rev)

Fig. 8 (a) Experimental locus of 2 lobes
profile for BTA drilled hole
(©19.25, V=75 m/min, f=0.20mm/rev)

Fig. 8(b) Experimental locus of 3 lobes profile Fig. 8(e) ‘Experimental locus of above 6 lobes
for BTA drilled hole profile for BTA drilled hole
(@19.25, V=100m/min, f=0.14mm/rev) (@219.25, V=90m/min, f=0.20mm/rev)

Fig. 8(c) Experimental locus of 4 lobes profile Fig. 8(f) Experimental locus of above 8 lobes
for BTA drilled hole profile for BTA drilled hole
(@119.25, V=70m/min, {=0.20mm/rev) (@19.25, V=70m/min, f=0.17mm/rev)
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Fig. 9 Theoretical locus of lobe®

4.6 Hole expansion

Fig. 10 shows the BTA drilled workpiece hole
expansion phenomena.ln this figure, the largest

12
Foud,fmovrey)
- 10} = —m- 0. 14{mmvre]
g ~8—0.17[mmfrev}
—d&— 0.20jmmirev]
~ sl
K \ . A .
6F e N >
w ~~ - - Sl T T - ~
@ A a7 T .
§ 41 AT [] ~.
[=]
5
B
a
1} 1 1 1 N 1

5 ® & ® B ® & © »H o
Cutting Speed, V(m/min)

Fig. 10 Amount of hole expansion Vs. Cutting
speed (©19.25%180)

expansion is 10 #m and the least amount of
hole expansion is 1zm.Therfore, it is provided
that the cutting condition was very fine
adaptabe, tool alignment was very accurate
within £0.025mm, also, BTA drill tube rest was
the finest location and bearing condition was
best one too.

5. Conclusion

The conclusion of ¢ 19.25 BTA deep hole

driling on the SKD11 high alloy tool steel, CNC
deep hole drilling was as follows

1) The Machining surface roughness numerical
value is very small amount from fine BTA
drill cutting and guide pad activities.

After BTA deep hole drilling, the cylindricity
of the workpiece was fine under the best tool

2

~

aligment, coolant, etc. It is proved that the
fine cylindricity comes from tooling enviroment.

3) As the same situation, straightness cylin-
dricity, roundness and hole expansion were
fine in the case of V=50~100m/min cutting
speed, f=0.14~0.20mm/rev feed rate approx-
imately in this study.

4) The lobe profile was similar to the calculated
result and appealed above 5 lobes of BTA
drilled hole mostly.
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