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Micro/Meso Cutting with Micro Turning Lathe
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ABSTRACT

In this paper, a micro-turning lathe is introduced for micro machining of aluminum rod. To give feed motion, stepwise

motion[2] actuators are used instead of the conventional inchworm mechanism. These are consisted of two Piezoelectric

ceramics; one is for feeding the slider, and the other is for clamping the slider in the guide way of the body. The guide is V-

form. The linearity and positional accuracy of the actuators is good enough for high precision motion. Since the system is

more compact than the conventional system using three Piezoelectric ceramics, it is applicable for the micro-machine or

MEMS unit. To fabricate the lathe, a small spindle unit with ball bearings of diameter of 10 millimeter is built-up on the top
the slider. The motion is feed backed with miniaturized linear encoder attached each axis slider. The diamond tool bite is used
for cutting tool. The machining is tried to make small diameter rod. The possible diameter that can be machined in this

machine is presented as well as chip formation, surface roughness, and machinability.

Key Words : Piezoelectric ceramic (%4 47}, Inchworm (1 %) 9), Micro-feeding mechanism (7] 4} o] %71 F)

LA E

E =R HE NanoMicro & Macro & 53 @4
ol Micro/Meso Z7]2] AEo dis] H2r7Fe=z
AEFE 7HEE7) A5 2428 FAVIAR hEd
FPF F Y A2dy AU @it AdF
stz gk @Al o213 Micro/Meso 719 AE
< 7}&3t7] HsilA p -EDM, Elid, Micro injection,
Micro extrude, Precision grinding, Ion beam, Laser,
Etching(lithography), Electrochemical machining,
Diamond machining 5 T%38 713 W Eo] A
Hoxd g sy AFAANY A s
T 9 A¥EA uiFd dA7tFe] 2% Micro/Meso
7hgol dig "aido] 90 W FubEE EFd|lol
A7 ek olegt BEANA 71E9 FFAUA
£ o]43 Micro/Meso 7}FHRT} U] Hof, FI
def, 24 7% R AERy Y 9
Micro/Meso 7139 BHAEQ HdS G487 93
248 FFAVA dg AT YEE AFe=
22 MAFAAM ThgstAl dAFEHm k2] WA
g FAVAE FASE RS A FEFA,
A, F7AZ YE £ 39 o] FAA TR
A 2835 2 nALI}E S48 Hg MR

2 BAgol ol4A 2o Hrh Hz Ay

Positioner, Micro pump, %48 ZAH7F F9
MEMS £opollA 118 Y A7t 753 =7
Aoz 714 PFAHQA HHOF Piezo actuator
7} FH A Q) Piezo actuator & YHAXHIE
B JAH odyAg A7 QUAE M2 ¥
PP 2 WBE 9o F Y= o 757 @
AREA 25 8" F Ah(5] £3F Piezo
actuator = AFo|HA FF EFo] ofF EHE
EAL 1A o Piezo ceramics 9 AlZEo]
atomic process O] 2 £Fo] REH: A4 A 0]y
W&ol stick-slip ©) {13 stainless steel 2 B FA}MEH
FZE vE 20% olde 23 ZAAL X u
ZA, @ 2AHol Ax FF AUA(powen)7t F
milli-watts 2 oA AB|Fo] H& FHoz &aA
Ak, 22y 52 WY ddxs mE Fas $
28 Az JYAT vlHdPHoln, & daHzE A
Z(hysteresis)’t EAET FHAA LA HWHs}
HY 0.1% strain 2.2 AFH7] "o thd Y&
d9S EFY & At A= AHAAZAA &
23 R & EAFEoZ Jolgdrh1] oldE &
e FE37] 938 1075 @ Burleigh Instruments ol
A AAY FeFAe)4] AEHAR o] ¥ A
AE o] BE FF AAYFES MEFHAA
gt B =RoMe 242%, 332 93 A
A8 2 M FHAAE o} &3 Stepwise

- 1025 -



Motion[2] €& H£3to] Micro ANEE Az 3w
At o AlAR) st mlolaz YAUME
ol-g¢ HA=d Aolg Bl FEEHE AFdn
ol HBoz %4¥ FAVNAE ol&3Hd
Micro/Meso HAt718 & HEsnzr de Ho] &
Ao} B3 olt,

2. Stepwise Motion 2| & ¥2| ¥ F=

2.1 Stepwise 24|29 7 A2

Stepwise Motion ¢ A, ¥ HHgkoll i@ TH A

£ Fig.1.(a)%} Fig.1(b) oAl el .20, Fig. 2 oA
A5 E =AFET. 7tol= Yo &lol=
IR FERE UNoAe M2 84 IAREH
AZHAJYD. Al nPRE G-ALA] S
o wa}t & stoj=e] uAel E F YEE 2 9
E5o] B#A4RAZ dZASY At A, T wite
ol T 9 dALA ¢AHoz HYE v
ARG 2HN olgo] o] o|F & YT
g 2AFd wE F49 YFNFE A
Fig.l 94 BoFTo] ©g Alo]E7 TEYE = 4
MNe] Aoz FAAL FHEYE 27 Ay
A nRF tAAzI S wol WM st @A
st o]2 Qs &eto]=rt ¥ Jto]l= Alole) £
FE e GANN TERY dRAAI B
b aexn, PR GHLA} £E2F F, T
TR HA2At FEFGoZA FAgHoz x7)

FEjol M AR THEY ojFo] PsE Aot

Extension Clamping Contraction Unclamping

Clasping Extension Unclemping Contraction

Start

)]

Fig. 1 Stepwise Motion of two Piezo actuators;
(a)Forward, (b)Backward
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Fig. 2 Signals of two Piezoelectric elements for
stepwise Motion
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After deformation
Fig. 3 Finite element analysis of the mechanism with

Before deformation
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Fig. 4 Slider displacement according to the input

voltage
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Fig. 6 The feedback test of each voltage

_?AwA_l

0 1 A N A

60V v 80v ooV 100V
Voltage[V]

Fig. 7 The position error of the slider
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Size : 45mm(W)x 44mm(D)X 35mm(H)
Fig 8 Photograph of micro turning lathe

(a) under machining  (b) machined part
Fig. 9 Micro machining of the small rod
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Fig.10 Chip shapes during machining
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