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The use of quick-stop device allows observing a sequence of frozen images focused on the

chip formation area when machining in orthogonal turning tests. This work records the
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development of a quick-stop device employing a servo motor. The present invention relates
generally to a quick stop device, for combination with a cutting machine that is able to
abruptly interrupt the cutting process between a cutting tool and the surface being cut. A
dead metal zone is clearly seen when using rounded-edge cutting tools. In this study,
variation of the dead metal zone is examined with the computer aided quick-stop device
(CAQSD). It is clear from the experimental photomicrographs that as the cutting edge
radius increases, dead metal zone increases.
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I ntroduction

Formation of the dead metal zone plays an impontale in
machining. In the cutting with edge radiused toalssmall dead
metal region is seen in front of the rake facehaf tool. In ultra-
precision or micro machining, because the depth=ubfire smaller
than the tool edge radius, all these applicatitrasvsthe importance
of the understanding of cutting mechanism with edgéiused
cutting tools. The nature of tool-chip interactiam machining
condition needs quick freezing of the machiningicact The
fundamental idea of this method is that the toolkisacted rapidly
from the workpiece thereby “freezing” the proce$s. study the
dead metal zone formation experimentally, a soedatjuick stop
device (QSD) has been constructed. In the pastkegiop devices
have been developed and used for close study gb-tobl
interactions. Quick stop devices (QSD) are a rebearstrument
developed for investigating the plastic deformatiiothe workpiece
material and on the surface between tool and chig cutting
action is stopped suddenly by reducing the relatalecity between
cutting tool and workpiece to zero, leaving a frozéip attached to
the workpiece. The use of QSDs allows extractirgydhip root as it
strains in the real process, but there exists &¢tb@ separation
delay which is dependent on the design of the eyapl@SD.

Quick-stop mechanism designed by Buda (1972) alkonsreak
the chip root instantly. A series of notches aldng sample edges
initiate the severance of the chip from the workeieBy this way, the
material removal process is effectively frozenimet and the chip-
workpiece interface can be sectioned for detailednénation.
Komanduri (1971) conducted experiments at a fixeduti chip
thickness with varying rake angles and depth afCutting tests were
performed by varying speed from 183 to 548 m/mig.lirhited the
speeds to prevent wear of the tool. The speeds e than the
speeds normally used in cutting. However, Koman(i871) raveled
that chip formation mechanism was similar to thathigh speed
cutting. According to Jaspers and Dautzenberg (R0fi2a cutting
speed of 4 m/s, the tool travels approximately idrBthrough the
workpiece material during retraction. This QSDhssg considerably
improved but the process remains, however, natrinabeous.

Chern (2005) developed a QSD for the study of ¢himation
without employing any explosive charges or breakamy shear
pins. The aim declared was to study the chip mdggyo by
considering working parameters and physical progerdf the
machined material.
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Quick stop device based on the shear-pin conagpinath the
impact of a hammer was developed by Yeo et al. 7199 can be
setup for experimental investigations. Deng e{2009) presented
the typical examples of chip roots obtained withe tlQSD.
Microstructure of machined chips from those materiavas
characterized by using optical and transmission ctele
microscopy. Barry and Byrne (2002) have found sliestabilities
at the chip root, from observations made in quicipsamples and
truncated instabilities in the chip segments.

Childs (2006) investigated the nature of the foicticontact
between chip and tool during continuous chip foramatusing
quick-stop experiments. QSD was used for developnwna
friction model. As stated by Sutter (2005), QSDs aery time
consuming, there is a time delay in the tool retoacprocess, and
the experimental arrangement of QSDs is fairly gotatic. In this
paper, the CAQSD was presented as an alternatieteipadormation
studies that employ QSDs.

Black and James (1980) have designed QSD for use in

orthogonal machining and rubbing experiments. Q@esused to
obtain chip root samples that are representativin@fdeformation
taking place during dynamic (actual) cutting coiudis.
Conventional and alternative quick stop devices ehdween
frequently used for studying the chip formation hetisms and the
plastic deformation processes in shear zones aggl lihve been
reported by Griffiths (1986), Philip (1971), Satklea et al. (1990),
Vorm (1976) and Wager and Brown (1980). Moreovefferknt
types of QSDs like electromagnetic quick stop deyEEQSD) were
designed by Wu et al. (2006). Furze et al. (19%&duthe QSD for
the wear analysis.

The goal of this study is focusing on what happamaind the
cutting edge when machining with rounded cuttinge=d For this
aim, CAQSD is presented as an alternative to tleeaiQSDs for
the analysis of the dead metal zone formation andt$ use in the
improvement of mainly numerical machining modelsd athe
definition of equations. Cutting of workpiece wagsopped
automatically and abruptly by servo motor systerhe Tabrupt
stoppage leaves a chip root in the workpiece. Tize sf the
stagnated workpiece material at the cutting edgeimzestigated by
CAQSD with quick-stop tests.
manufactured for this work.

Nomenclature

F. = cutting force

F, = thrust force

t = uncut chip thickness
V. = cutting speed
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r = cutting edgeradius
Greek Symbols
y =rake angle

Computer Aided Quick-Stop Device (CAQSD)

CAQSD is a research instrument developed for citigcthe
chip-root samples in shaping based machining. ihesessary to
effectively freeze the cutting action without swmtally disturbing
the state of the chip. The chip root can then loerately studied for
various phenomena, such as the plastic deform#tetnoccurs with
chip separation in the metal cutting (Ozturk anthA) 2012b).

The image of the CAQSD is given in Fig. 1. There tavo basic
motions in the device designed for this study. Ohthem is cutting
and the other is sensitive depth cut motions. Tlagimum cutting
speed of the CAQSD is 17.5 m/min. The maximum widtd
thickness of the chip that can be machined is oisedy 1.5 mm and
2 mm. A Mitutoyo 543-450 B digital dial gage is dst® ensure
parallelism of the work material and to provide theting depth. A
servo drive from Control Techniques is used on apsity based
machining device for controlling the cutting speadd stopping
distance of the single axis cutting. The servo mahive applies
power to the motor at different frequency rangetcviare varied by
the user. The CAQSD control system is designedigiray accuracy
and reliability without the need for an additiofilC. Cutting speed
is determined easily by the software installed fre ttomputer.
Furthermore, cutting and thrust forces can be meddwy single axis
strain gages bonded to four facets of the toohgumachining.

Figure 1. Computer Aided Quick-Stop Device (CAQSD).

A variety of quick stop devices are used to suddémterrupt
the cutting process. These devices change theiveelaelocity
between the work material surface and the cuttogy to zero, to
preserve the workpiece chip formation as accuraslgossible.

Conventional quick stop devices provide rapid cleasndgn
relative velocity. In one of the type, a cuttingltéis moved along a
workpiece held by a shear pin. At a predeterminiede,t an
explosive material is ignited and the forces geteerébreak the
shear pin and abruptly drive the cutting tool aviiem the work
material. But this type of QSD works with mecharacsl life of the
device is limited with the pin broken. Some of tevices break the
cutting tool, either mechanically or by using tteece against the
tool. Other devices combine the cutting force veitBpring force to
quickly move the tool away from the workpiece dgroutting. This
type, however, is subject to the relatively smallirsg and cutting
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forces, but showing insufficient acceleration oé tiool relative to
the workpiece.

The QSDs have some problems which include theivelgt
long time required and the difficulty involved witketting up the
devices for experimentation and cutting. It is adéfficult to adapt
the quick stop designs to a variety of differeritiog machines and
tools. It can be desirable to use the QSDs witaréety of different
machine tools and cutting conditions.

Some of the QSDs work for examining the metalluabic
configuration of a longitudinal cut along a work texdal. However,
the quick devices are inadequate for investigatireg cutting of a
work material. Assessments of the performance efdévice in its
general design revealed to have serious faultssd liaults were
rectified by modification of the quick-stop system.

Comparing the conventional quick stop devices aheé t
CAQSD, the CAQSD has shown to have longer life, ensafety,
and less response time than the conventional oreayjveed on a
skeleton of the device with the help of the FEMIgsia. Finite
element simulations yielded very good predictiongerms of forces
and elastic strain analysis; however, deformatioas wunder-
predicted by the finite element software. The getoyrend structure
of the cutter holder is necessary for machininghviite CAQSD.
The performance of this device was analyzed ariddes

The present invention relates to works without ppaaatus. The
vice includes a mount adapted for attachment tostraple. The
first sensor is a position sensor for the carrigayking and the other
is for the emergency stop. The workpiece holdee Vscfitted on the
screw shaft and driven with servo motor. After thevice starts
working in the park position, then the carriage ifos is
determined by the servo motor. The CAQSD shoulg stih the
computer comment. If the CAQSD does not stop, ttensensor
system will turn off the device.

Cutting Parametersand M ethod

Materialsand cutting parameters

In the experiments brass workpiece material wad;ugeemical
composition of the samples was as follows: Cu% 8@3 Zn% =
30.138; Sn% = 0.0029; Pb% = 0.005; Fe% = 0.0219094019.
The hardness of the workpiece material was 70 H\ dimensions
of the supplied sample material were 32 mm x 30X mm.

The workpiece material CuZn30 was shaped. Triamgnkerts
were described as follows: (1) TPGN 160308-005; TBGN
160308-010; (3) TPGN 160308-015 and relief anglestomn
manufactured by a tool company. The cutting ins@g mounted on
the tool holder by mechanical tightening. The edagius values
were 50, 100, and 150m. Cutting speed of 0.25, 0.5, and 0.75
m/min were used in the tests. The experiments wenelucted for
different uncut chip thickness rates of 50, 10@ 460 um. Cutting
fluid was not used during the tests. The cuttingcdsr were
measured during the experiments.

Experimental method

Orthogonal cutting tests were conducted in ordevenfy the
formation of the dead metal zone. Relief angleutfieg tool inserts
was 11 degrees. The cutting edge radii have beasuned using a
two-dimensional profilometer with a high sensititThe cutting
tool bonded on the tool holder by mechanical cosgom. The
uncertainties of the measurements were lower tham.1Stopping
distance of the single plane cutting motion couédadljusted with
the PLC program software. The time taken during thel-
workpiece separation process should be as smalossible. We
carefully avoided temperature effect. At these dpeemperature
effects are likely to be negligible. In order tanghate the effect of
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high freezing time, a small value of stop freezeetiwas chosen.
Freezing time was selected 0.001 s. Response fithe device was
very short. This is the main advantage of the CAQ8Bsponse
time is much better than the other conventionalggant.

Results and Discussions

It is observed from experimental result that theuinchip
thickness and cutting edge radius have signifiedfeict on cutting

The procedures of the experiments can be summarmed force. In addition, the interaction of dead metahe and cutting

follows: (1) preparations of workpiece and cutttigngular inserts;
(2) setting of the cutting velocity and quick stdjpstance with
software; (3) cutting with CAQSD; (4) freezing tlatting action
automatically; (5) grinding and polishing the saegl(6) etching
the polished surface; (7) analyzing the specimére Jamples were
examined under optical microscope. Only continuocisip
formation was studied; this ensured constant for@lees during
steady-state cutting.

Figure 2. Photomicrograph of a new cutting insert e
magnification (r = 100 pm).

dge at 100 x

dge used for once at

Figure 3. Photomicrograph of a new cutting insert e
100 x magnification (r =100 um).

We used the cutting insert in the cutting actioeehing only
once to avoid distortion on the cutting edge. A mawting insert
edge is given in Fig. 2. After the metal cuttingeogtion at the
cutting parameters r = 100 pum, t = 150 um, apd=\0.5 m/min,
profile of the cutting edge was not distorted by fleezing process,
as shown in Fig. 3. Because wire erosion offersesap
repeatability and consistency, examination of thiireg insert edge
geometry was performed by wire erosion. The sanfipigtrated in
Fig. 3 was obtained parallel with the cutting edgalistortion has
not appeared in this insert. Nevertheless, cuttiaj inserts were
used once per one metal cutting operation. Conséiguevhen the
new cutting inserts are used, dead metal zone eaedn clearly.
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edge radius is also significant. In the beginnirfgtlee cutting
process, the stagnation zone started to form, &ed its size
stabilized when steady state cutting was reachedmall dead
region is seen in front of the rake face of tootfiniy cutting with
rounded edge tool (Ozturk and Altan, 2012a).

Chip roots obtained through micrograph images amva in
Figs. 4-7. Figures 4-7 demonstrate the stagnationt position on
the tool tip at different cutting velocity. The gteted region is
almost a part of a circle in shape, and the argheofone increased
with edge radius. It is expressed that dead regiisted and built up
edge did not come into being at machining with fras

It is important to note that the dead metal zonenpimenon is
considered in these figures. This study consideesexistence of
dead metal zone. The increase in plastic deformatith tool-edge
radius can be explained in terms of the formed deathl zone. A
dead metal zone is clearly observed when using etiesed tools.
Moreover, it is obvious from these images that dgeeradius
increases, dead metal zone size increases. Posséislens for this
increase may be due to the enlargement of plasfmrmation zone
as edge radius decreased. Subsequently, stagrestndsal zone
covers greater range of the tool tip in all cuttegges as shown in
Figs. 4-7.

Photomicrograph of chip roots obtained at therogiiarameters r =
100 pm and t = 50 pum is shown in Fig. 4. The deatalrzone
formation is obvious from this image.

Figure 4. Photomicrograph of samples at 100 x magni
0%r=100 pm, V¢ =0.75 m/min, t =50 pm).

fication (Cuzn30, y =

Figure 5 illustrates the dead metal formation a tutting
parameters r = 100 pm and t = 100 pum. Material vioetbe
stagnation point is compressed by the roundednguétdige to form
the machined surface while material above the siiémm point is
separated as chips. For many photomicrographsdiear that the
material removed as a chip was restricted withenztne which was
in front of the dead metal zone. Thus dead metakzolays an
important role in the chip formation.
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Figure 5. Photomicrograph of samples at 100 x magni fication (Cuzn30, y =

05r=100 pm, V. =0.25 m/min, t =100 pm).

In Fig. 6, dead metal zone can be seen under thEngu
parameters r = 100 pm and t = 150 um. On the stagnaone,
grain size is completely changed. Grain boundac@mdd not be
seen at the dead metal zone and chip formation. dremn be
clearly seen that dead metal zone exists and bpitdge does not
generate during machining with brass.

s e > pe. y -

Figure 6. Photomicrograph of samples at 100 x magni
05r=100 pm, V. =0.75 m/min, t =150 pm).

fication (Cuzn30, y=

Dead metal zone can be seen under the cutting pteesir =
150 um and t = 150 um, in Fig. 7. To the photongcaph of cross
section of the cutting zone, a small zone can ke séectly on the
tool. Dead metal zone enlarges as the cutting sgeerkases. Due
to the fact that increase of this distance is toalk effect of the
cutting speed on the process is negligible.

It is clear from the experimental results that,eage radius
increases, area of the dead metal zone increatss clAanges inF
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machining. The clear images of the dead metal zmeehe further
proof of this conjecture. Nevertheless, it woulduseful in future
experiments to attempt to study dead metal zomadtion at high
speeds. Increasing cutting edge radius increasesutiing force.
Moreover, the effect of rake angle on cutting ferbecomes more
noticeable when the edge radius increases.

It can be seen from the photomicrographs presenttds work
that the CAQSD can be used as a research instruoretite study
of chip formation for all the samples to be cut.

A\ . %
‘ <, : A 7 A W
Figure 7. Photomicrograph of samples at 100 x magni
05r=150 pm, V. = 0.5 m/min, t =150 um).

fication (CuzZn30, y=

Conclusion

The paper describes the development of a new canpided
quick-stop device (CAQSD) for metal cutting reséarthe results
showed that the CAQSD meets much better performahaa
requirement of conventional quick stop device. @pen of the
device is very simple and CAQSD has been foundive celiable
performance. The design consideration of the CA@&ents was
explained. All parts of the device were analyzedF®M software
package, ANSY® WorkbencAM. A new type tool holder was
designed and manufactured.

One prospect of the metal cutting research is piiyna
concerned with the activity occurring between tlwkamaterial and
the cutting edge of the tool. It can be seen frole t
photomicrographs that the new device can be apm@asily as a
research instrument for the study of chip formatior instance, it
is often necessary to study the contact zone bettheecutting tool
and the chip root. The present invention solvegithebacks of the
conventional quick stop devices. It was demonddratierough
experiments that edge radius of the cutting todiecé the
machining and dead metal zone.

Acknowledgements

The authors would like to thank the Yildiz Techhica
University’s Scientific Research Projects CoordiratDepartment
for the financial funding for this project (No: Z-01-02).

(thrust force) and F(cutting force) were measured by using quick

stop device for various cutting speeds and CuZn8tkwnaterial,
and at a range of edge radius 50 - 150 Although cutting speeds
exercised in this study are lower than the speedmailly used in
metal cutting, a small value of freezing time wakested as 0.001 s
to eliminate the effect of lower cutting speeds.n€eguently it
appears that the formation of the chip will be &amto that in the
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