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ARTICLE INFO ABSTRACT

Article history: In the present study, a system for direct observation and quantitative analysis of
Received 14 December 2018 the chip formation process in 2-D orthogonal machining was developed. The
Revised 13 January 2019 system consists of an optical system for high-speed photographing of the shear

Accepted 14 January 2019 zone at high temporal and spatial resolution and an image analysis system for

calculating the strain rate and strain distributions from the acquired images using
particle image velocimetry. The effects of cutting conditions, such as cutting
edge radius and depth of cut on the deformation behavior in the shear zone, were
investigated by comparing the strain rate and strain distributions obtained using
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Sl'lear zone ' the developed system. The results indicate that the developed system can be
High-speed photographing utilized to enhance the understanding of the mechanics of machining and the
Particle image velocimetry (PIV) development and validation of machining models.
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Table 1 Specification of high speed camera (Phantom Miro:
M310)

Full resolutions 1,280%800 [pixel]

Pixel size 20 um
Frame rate in full resolutions 3,260 FPS
Maximum frame rate 650,000 FPS
Minimum exposure time 1 us

ISO sensitivity 13,000T mono-color

Lens mount Nikon F-mount

Table 2 Specification of micro zoom lens (Navitar 26-4195)

X0.7-X4.5

X2 attachment lens
X2 F-mount adapter

Magnification

Optional parts

Maximum available magnification X18

Table 3 Photographic conditions

Range of depth of cut 30~200 um
Optimal frame rate 5000 FPS
Optimal exposure time 40 us

Optimal resolution 640x640 [pixel]

Actual projective area 1.42x1.42 [mm]

Magnification X9

Maximum cutting speed 400 mm/s

Lighting system 100W-LED source
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Fig. 1 Procedure of image analysis

Fig. 2 Images before and after pre-processing
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(c) Effective strain rate distribution

Fig. 4 Examples of strain and strain rate distributions calculated
from the vector field
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Fig. 5 Cumulative effective strain along the chip flow path in
the deformation zone (line ABCD) in Fig. 4(c)

2A7L A FYs A o2 wiEHY A A He 1
F (€oppia- )= H A (flow) 2= (Fig. 4(a)?I4] & ABCD)
S mEphEA 2 AR FARPESS(e, (i) AR ARE
(At) = &3 & FANCEN 7 7 JTHEq. (3)). Fig.
5% Fig. 4c)°ll o] WHE A83l 74 74 FEHFES Ko
=T

€effla—n = Zeﬁff(i) = Eéeff(i) X At 3)

Castiron
column

Precision stage —

Force dynamometer icrometer

3

A AE A
B AT At A 9ldl Fig. 67 o] Ay &l
(linear slide)$} mlo]AZ 2H|o|X|2 FAH & 221 Ha A
g AR ARSESI 220l 25| 9L Haslsly] S5 F
A AL columns AHESFATL 7o) Hold ki Sejol=
(FFMID MVRU9210)E F-2atsict. 3k 245l ofg Frid &
glo|=o] YslE WA|sly] 93] dllo] AHHE HAjsle] 71
YAAE TSI 283 1 ume] EallsS 71 tAE nle]
AZNEIE X5 nlo] a2 Thelo] A U £ IEE
399t T2 A 1,000 mm/se] S5 $21Y £ de &
o|=o HaE|Rlom, o &5 MR T AEEF 3] Alo]
Ak

ok

3.2 Mg =A
& 221 AAL Aol 99.95%9] B £EE HAE T
1.5 mm9] o}A(AZAL Goodfellow) FA7} T2 2 AHH A
ok F7EE dokamelA Ak AAkE 27 IXMET} AR E
A=, 3 ol FLEUS o 37 HA(rake angle) 0°,
T A 7%t
Ade F 7 Aah 2719 Y AHE F JES AAEA
o WA I W] 9Ee AuRy) A3 Fe iES
o]

t} o] AL AHglgke 53 ymE 1AL eoRE HYH
(depth of cut)ell et Faks Aurr] s S Al 714
T35, 70, 105 um) 22 WS 7|HA AES T8I,
7 WS 70 imE AT A £5 100 mm/sE
TR

S, Aak Z 3] A e EYs] Aaide A, 3,



Journal of the Korean Society of Manufacturing Technology Engineers 28:1 (2019) 1~8

Tool insert

Workpiece

Glass plate

'

Deformation LA

field —
Camera

Fig. 7 Optical arrangement for photographing the deformation
field in 2-D orthogonal machining
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Fig. 8 Variation of the strain rate and effective strain fields in
the deformation zone with the increase of cutting edge
radius (cutting speed: 100 mm/s, depth of cut: 53 1um)
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Fig. 9 Effective strain rate along the chip flow path in the defor-
mation zone with the variation of cutting edge radius
(cutting speed: 100 mm/sec, depth of cut: 53 pm)
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Fig. 10 Effective strain along the chip flow path in the defor-
mation zone with the variation of cutting edge radius
(cutting speed: 100 mm/sec, depth of cut: 53 um)
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