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Abstract: In the presented work, there are investigated tltenges of power characteristics of deep drill-
ing package of printed circuit board’s hard-alloyamo drills depending on the drilling depth, cutjia-

ta and geometry of the drill. In particular are diad the nature of changes in axial efforts andyter
depending on the drilling depth drill with diffeeimclinations of the spiral grooves using spegialle-
signed highly sensitive devices, enabling direchasneement method. On the basis of the analysis-of r
sults of research are made the changes in geonoétilye existing standard drills. New constructidn o
micro drills vari-angle spiral grooves in such a wthat the angle is the maximum value at the tohef
drill and uniformly decreases towards the end @& working parts are suggested. The drills are manu-
factured with different inclinations of the spirgtooves. On the basis of experiments of them chosen
more for its close standing power rates to the dgad drill bit and its comparative test with a stard

drill bit, bringing them up to the breakage, thartkswhich the proven advantages of drills new desig
Taking into account the results of the experimethtste are suggested drill elongated structuregme
prove performance by increasing the processindinigildepth and accordingly the number of plates in
the package of printed circuit boards.

Key words: drill, gradient of spiral groove, variable angldevice.

1. INTRODUCTION economic lossedn production of printed-circuit boards,
idle time is connected not only with the providest r
It is impossible to imagine modern equipment withou  placement of the tool for the purpose of their iafiog,
electronic knots, starting from household and egaifth but also unforeseen, caused by fragile destructoes to
space equipment. Production of printed circuit Hsar  the first repointing. Probability of brittle fract: grows
basic parts of electronic equipment is connecteth wi significantly during deep drilling package of pedit cir-

process of drilling of a huge number of openingsroall cuit boards. Thus, the zone of destruction is iarbg end
diameter holes (about 1mm or less). Drilling isrigat out of a spiral flute.

by drilling of micro carbide drill, which geometat pa- Providing the best mass production processes for
rameters are established by repeated experimemts an manufacture of printed circuit boards, at leastlight
experiences of the corresponding productions. htiqua increase in resistance, including fragile resistamicro

lar: the optimum cutting angle and spiral angleoges drills and consequently increasing productivity gesses,
respectively is 300, and the rear angle 180. Theyrer can provide significant economic benefits.

faced through each hole and 1000 holes are designed
34 regrinding costs.

Production of printed circuit boards is mass preduc 2. MAINPART
tion, where performance is carried out with the aifn
increasing the drilling package, composed of sévera
plates, it has a place of deep-hole drilling, whitee drill

Research work with a view to enhancing the restgtan
of tungsten carbide micro drills and deep holelidg]
process performance package of printed circuit dmar

depth exceeds the diameter 6fl8 times. _ were held in the laboratory precision micro insteuntal
Downtimes of expensive technological equipment, €s- pepartment  “Industrial ~ Technologies  Engineering
pecially in mass production are associated withiSaant Mechanics”, Georgian Technical University in clase
operation with specialists of the Institute of Mé&muiur-
9 Corresponding author: 77 Kostava Str., Tibili€ip875, Georgia ing Technology and Quality Management (IFQ) Magde-
Tel.: +99 532 94 00 52, burg University Otto-von-Guericke (Germany).
Fax: +99 532 94 20 33, Researches were begun with studying of nature of

E-mail addressemform@gtu.ggR. Turmanidze), o _ . )
bachana60@mail.r¢v. Bachanadze), change of power indicators — a torque and axiehgth

popxadzegiorgi@gmail.co(®. Popxadze). ening depending on depth and the modes tifnglof



106 R. Turmanidze, V. Bachanadze &dPopxadze / Proceedings in Manufacturing Syst&tols 9, Iss. 32014 / .05-110

Fig. 1. Instrument for measurg axial efforts

drilling of a package of printedircuit boards from
fiberglass.

For measurement of axial effort the device on ta-
sis of known methods and the existing analogs, men-
ufactured by the measurirelement of which the syste
of strain gages mouad on the elastic case (Fig. 1).

As for measurement of a torque, in our case thst-
ing indirect method at which measurement is cardaet
by means of measurement of power of process ahgt
is ungiitable as we deal with very low indicatc That is
why it is necessary to use this method, which milke it
possible to measure directly the torque with higéci-
sion. To this end, we have designed and manufatta
special device (see Fig. 2), in iwh table for drilling is
equipped with rotating lever mechanisAs a measuring
element here the elastic element with system dire
gages, only higher accuracy of measureme.12 grams)
too is applied.

Experiments were conducted with drills from d al-
loy VK60M diametere = 0.9 mm long spiral groov
| = 10 mm. Rake angle and spiral angle grooves ic-
tively ® = 30°, rear angle was 18°.

Drilling was carried out a package of printed cit«
boards of fiberglass thickness 1m@m composed of
plates with a total thickness off@m (see Fig. 3

Drilling of blanks is carried out on different malef
cutting depth up to 7 mm and 1 mm the depth ofréc-
orded testimony every depth controlled readinggehi-
mental results are shown in Figs. 4 &nd

From these results, it is obviously visible that,veell
as it is expected, power loadings with increaselapth
progressively grow. Thus if the axial effort groasout
1.5 times, the size of a torque increas—4 of time.

Fig. 2. The devicdor measurement of torqt
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Fig. 3. Package diagram |nted circuit boards of 5 plates:
1 - copper foil, 2- fiber, Z - double layer of copper foil.
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Fig. 4. The charfor standard drill: w= 3C.
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Fig. 5. The charbf axial efforts for standard dr w= 3.

The question is raisetyhal such growth of power in-
dicators is caused tdCutting conditions at the cuttir
edge of drills with increasing depdo not change. The
only reason for this could be the increased cordaed
abrasive chips with the surface of the hole andrget
from its frictional forces.

It is necessary taote that sharp falling of axial effc
on sites of depth-B and -6 (see Fig. 5) it is caused by
absence on these sites of the processed prepa(Fig.
3) copper layerThe main factor of increasing of probl-
ity of fragile destruction of the cutting tool frotihese twc
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power indicators there cannot be the growth of laeda
fort, and more progressive increase in a torquerasgth
indicators of hard-alloy materials on compressionsid-
erably exceed indicators on torsion.

Accelerating the removal shaving from the cutting
zone would contribute to the reduction of the foafe
friction and, consequently, improve the reliabilay the
drilling process. The problem of removal of chiphen
drilling deep hole in different cases is solvedifferent
ways. For example, when drilling by drills of thelid
sizes it is carried out by a washing away method by
means of lubricant cooling liquid, which moves in a
opening via channels, executed in the body of & dni
other cases, when the drill bit sizes do not giessbility
of coolant above method to remove shavings usdithdri
method intermittent, where after a certain depthinty is
periodically carried out by the fast course.

The application of these techniques in our casets
accepted. In the first we deal with microdrillsheTuse of
coolant in the manufacture of printed circuit baaisl not
allowed. Also the method dihtermittent drilling as it
brought - to strong falling of productivity is ingedient.
When processing deep eyelet micro drills accelsgati
factor could be an increase in chip removal steipakp
grooves, i.e. reducing the angle, but it would drto a
deterioration of the cutting conditions, so-as wiicrease
the cutting angle drills.

If to carry out a design of a drill in such a wémat at
top to keep the necessary forward corner, anderditec-
tion of the end of a spiral flute to reduce its gihgle, that
is to cut a spiral flute with a variable corner arddually
to increase its step, it would lead to process lacaton
shaving of removal and would facilitate drilling rah-
tions.

Figure 6 shows the scheme of drills with vari-angle
spiral grooves where the angle of the grooveseatdp of
the drill isw,, and at the end of the working part-0é;.
The width of the grooves in the normal secti&non all
length doesn't change, but the change in the Bedtion

By

cosy,
BI"I

coswy,
Also the useful face section of a drill changesefuk

m® 25,
4  coswy,
: m™? 2
working parts: §=——- S
4 cowy
grooves in the normal sectiod,- is the diameter of the
drill.

If we consider thaiy > o4, it turns out that toward the
end of the working part of the useful cross-sectioiis
amplifies. That is such drills in comparison withet
standard have to sustain the raised loadings.

Production of such drills is connected with certaifia
ficulties. At production of standard drills withcmnstant
tilt angle of a spiral flute the special adaptati@mries out
the mutually agreement two movement — rotations of
preparation of a drill and its movement in the bgiaec-
tion at a size of a step of a spiral flute. Thbss interrela-

and at the top i, = ,and at the end of the work-

ing parts— By =

section at top: § = , and at the end of the

,where S,- square
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Fig. 6. Drill scheme with vari-angle spiral grooves.

tion is defined by linear function. In case of aishle
step, this interrelation is defined by difficultngential
function. Because of it was necessary to modertize
modernize the equipment and its mechanism of axial
giving of an element with the Archimedean spiralrée
place elements with a tangential spiral, made hyspe-
cial calculations [25].

Besides, because of a variable tilt angle of aabpir
flute, at polishing of these flutes should changeria-
tion of a grinding wheel relatively to an axis akpara-
tion of a drill respectively to change of a tiltgda of a
flute. It can be carried out in two ways: at a rookess
axis of a grinding spindle to turn a preparatiomdgfe
axis around a point of intersection of these axes eor-
ner sizew=uy—w (see Fig. 7), or mationless to leave

an axis of a spindle of preparation and to turra@s of a
grinding spindle (see Fig. 8) [7].

Proceeding from constructive reasons the preference
was given by us to the first option (Fig. 7) andtlwe
course of modernization of the equipment it waspgupd
with the additional mechanism of turn providing whe
cutting spiral flutes, turn of an axis of prepawatiof a
drill relatively to an axis of a grinding spindlé @ corner
size w=wy —wy thus depending on are long the cutting

part of a drill turn is carried out by the linear
law: w, =/, K, wherew, - the current size of an
angle of rotation of an axis of preparatiah, — the cur-
rent coordinate of length of the cutting part afrdl, K,
- the size of change of a tilt angle of a spiraldlper unit
length the cutting part of a drill.

We have designed constructed prototypes of drills
with vari-angle w=30-17°, w=35-20, w=40-22
and w=43-23.

All of these included circuit boards same experitaen
as the standard. Experimental results for drills
w=30-17 and w=35-20 are shown on Figs. 9-12.
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Fig. 9. The charbf change of a torque for dis w=30-17°.

Fig. 7. Schemes of change of orientatiminaxes of a spindle of
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The analysis of these schedules shows the follav ;30
for drills w=30-17 indicators of axial effort almo: Z 25
don't differ from a standard dritb=30°, it was expected, 220
as at these drills an identical frardgrner and respectivel T s
cutting conditions at the cutting edge. As for tergnd- 10
cators, they on a drill ¢eending on the modes of cultti 5
are underestimated by 416%.

For drills w=35-20 performance of axial effor! 0 ) 5 3 4 s P .
relatively understated, as rake angle increasef%hyand Depth of drilling (mm)
this facilitated the process of cutting, but indica of
torque withincreasing depth drilling grows more in- I:gggg :;::; g:g: mﬁfg:z
sively and exceed indicators of both previous desitf is 20000 rpm 0.01 mm/turn

clear that the understatement of torque to ¢
w=30-17 compared with standard dr w=3C, due Fig. 11. The chart of torque for dril w = 35— 20°.
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Fig. 12. The chart othanges of axial efforts fdrills
w=35-2C.
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Fig. 13. The chart of change oftarque for a drill
w=40-22.

to the gradual increase in step spiral groovesrdougly
reduced contact area formed by chips withcessed
apertures. Increasing the angle of inclination tuedefore
a decrease in pitch of spiral drill&=35-20 again
causes the return procesdorque indicators intensive
raise.

When drilling by drills of w=40-22 and
w=43-23 these power indicators are rather undi-
mated (see Figs. $36) that is explained by improveme
of conditions of cutting because of consider (5-8°)
increases in a forward corner at the cutting eétgavev-
er, reduction of a corner of a point at further ragpien
causes increase in intensity of wear, and they owit
repoint reach only 66800 openings.

Obviously, to get a cleargicture further experimel
it is necessary to continue wistandard drillsw=30
and drills with variangle spiral groove:w=30-17.

Experiments were continued until tbreakage of drills.

Thus through every the 200th ofreg power indicator:
which with increase in wear of the cutting edgedgedly
increase were checked. After 1000 openings, ches
carried out through each 100 openings as the piily:
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Fig. 14. The chart othang: of axial effort for drills
w=40-22.
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Fig. 15. The chart othang: of a torque for drills
w=43-23.
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Fig. 17. The chart oforque graph for drill: =30 and
w=30-17 before the breakdown driw=30.
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Fig. 18. The chart othang the torque diagram for dril
w=30-17° before its breakdow

of breakage of a drill increaseShroughout a series |
experiments for both types of drillsp= 30" almost iden-
tical were indicators of wear of the cutting edge axial
effort. As for torque, its value on the standard drill-
ways exceed the value of drills with varie angle of the
spiral groovesw=30-17.

The statistics showed that breakage of standatd
w=30° happens from 1200 to 1300 openings, and ¢

to a variable cornern=30-17 from — 1400 to — 1500.

Torque sizandicators before breakage with the indicat
of quantity of he drilled openings of N passways of L
and sizes of wear on a back surface of a drill a8
shown on Fig. 17 and 18.

3. CONCLUSIONS

Solid Carbide micro drills with ve-angle spiral
grooves in deep drilling package provides improehipb
control process intensity of hole, promoting thigleres-
timates the force of friction and consequently theue
on the axis of the drill.

Implementation of the spiral grooves with a grac
lowering of thew-angle from the top of the drill towa
the end of the workingar provides useful cross-section
reinforcement drillsincreasing the reliability of the It-
tle.

On the basis of the foregoing, it becomes possi
manufacture drills with elorated working part at-2.5
mm and in the package circuit boards add anottee,
which will make it possible to improve the performa
of drilling process on 20%.

REFERENCES

[1] B. Karpushewski, R. Turmanidze, L. Dubner, O.
Kushnarenko.  Erhohung der standzeit und
prozesssicherheit vomikrobohrerr durch die entwicklung
neuerwerkzeuggeometrit (Increasing the service life and
process reliability of microdrills by developing weool
geometries)Collection of scientific works"Modern tech-
nologies inmechanical engineeri”, Publishing House of
the KharkovNational Technical Universit"KPI", Release
2, Kharkov, 2008, pp. 282.

[2] D. Adamia, Z.Gviniashvil, V. BachanadzePeculiarities
of formation of shavings grooves of spiral drill tedrd él-
loy with variable inclinatiol, Scientific technical journal
“Transport and Machinebuildin, 2009, Edition No. 3(15).
Publishing House Transport ad Machinebuilding",
pp. 133-140.

[3] R. Turmanidze, O. Kushnarenko, [ Adamia, Z.
Gviniashvili, Smallsized hard metal spiral drills with vi-
able angle of inclination chip grooy, Collection of scien-
tific works "Modern technologies in mechanical engr-
ing", Publishing House of the Kharkov National Techn
University "KPI", Kharkov, Release 5010, pp. 318327.

[4] R. Turmanidze, DAdamia, Z Gviniashvili. Peculiarities
of Manufacture and Tests of F-Sized hard-metal Spiral
Drills with Variable Setting Angle of Chip Groo,,
Proceedings of the 17th international scientifid aach-
nical conference Mechanical Engineering and Techni
Sphere of the XXI centu", 13-18 September 2010, in
Sevastopol, DonétsNational Technical Universit Vol. 3,
pp. 18+184.

[5] R. Turmanidze, O. Kushnenko, D. Adamia, Z.
Gviniashvili, Fine-sizedhardmetal spiral drills with vaa-
ble setting angle of chip groo\, 10th International scien-
tific conference New Ways in Manufacturing Techro-
gies — NWMT 2010", 1719 June 2010, PreSov, Technical
University of KoSice, Faculty of Manufacturing Texto-
gies, KosSice, Bvak Republic pp. 217226.

[6] R. Turmanidze, Z. Gviniashv, Fine-sized hard metal
spiral drills with variable setting angle of chip apve,,
Selected, peer reviewed papers from 6th International
Congress of Precision Machining ICPI2011, 13-15
September 2011,Liverpool John Moores Universit
Liverpool, pp. 253258.

[7] D. Adamia, Z.Gviniashvil, L. Tediashvili, V. Bachanadze,
Destination of swingput mechanism on special device
chip groove fluting with variable angle spiral, Scientific
technical journal Transport and Machinebuildi" Vol. 1,
No. 23, 2012, Publishing house "Transport and
Machinebuilding”, pp19€-205.



