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Design of Tool Clamping Device Based on a Shape Memory Alloy

Dong-Ju Lee’, Woo-Cheol Shin*, Hyung-Wook Park™, Seung-Kook Ro",
Jong-Kweon Park™, Jun-Mo Chung™"

|r Abstract j

This paper describes a tool-clamping/unclamping mechanism for application of a micro-spindle. The mechanism is
based on one-way shape memory effect and interference-fit. The corresponding mathematical models and a few
considerable design parameters are mentioned in this paper. Especially, necessary conditions for the clamping and
unclamping operation are investigated through finite element analysis. The analysis results show that the differences
between the diametral deformations of the tool holder in high temperature and that in low temperature are increased
according to amounts of the interference. Thus the less interference between the tool-holder and the ring, the less
tolerance to allow the clamping and unclamping operation because the inner diameter of the tool holder in high
temperature should be smaller than the diameter of the tool shank, and that in low temperature should be larger than
the diameter of the tool shank. In addition, the design for maximization of clamping force are investigated based
on finite element analysis. The results show that the more amounts of the interference, the more clamping force. As

the result, the interference should be considered as a important factor to maximize the tool clamping force.

Key Words : One-way shape memory effect($H) HI3FA &Al7| &3, Shape memory alloy(F 471 92h), Tool clamping
device(FT-2HH AA).
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Fig. 1 Basic configuration of SMA-based tool clamping
device
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Fig. 2 Deflection model of tool holder

Fig. 3 Cross-section element of tool holder

AU PO BREF o the A3 2 WA 9k
q=2P aoos@d@ )
0
wety F7EY F Pt 283k o) MEE 4,002
B0 1 asls gg Aoe el 4 g

q. (5L — 24L2L;7 + 16L,)

4, 384E, [ S)

3.2 M7 B4

YAl An 2PEGY A 9RE ol o
2 Z730e) W] B o84 (N-(3)S HA g
S5o] ZATE & 4 Gtk A AAHOR FT 2
B Ao BAT AARSE T 22 ol f 2 BA
Atk A, BRI $£50) YEo)] B2l 4, % B,
£ 5% 42 B40R 2390 4,5 A49% 7 42



ro
H
ok
2
N
=
o
o
i

+%& Vol.17 No.5 2008. 10.

2 233 MG A9RE 3

Ae nejele] Zget B3
2 9% D, & FEAUY AAoA YR AR
=of digh F3 7 Al 4«1 7}4301#—*5 g ey
3t é;@EMOF gict @798 A AE AAE A
WA FET B Y s SAMTE HE317] o
o 2= F7198a 99 474 D, T FHEELY A
o] f{amount of interference)& 1T WA 4, I3
£20] G4T} atio] AANSE TeiE 5 oeh. 2 =
oA FTLETt FA7IAT ¥ Aol AE o
ol dgt E4e 8408 J—ZLE}"“E} £ =RoflA 14

=

2ol %

W WSS 7 HEYES Table 1] Hesieick
3.3 BUY Y oYY 750 ohet 4
FY7I0T 7 37 299 409 239 L 98

B A5l tsto] F471oR Y Yphase)o] THE 37E

99 AAYF 53

By 48 f3tasdld 22Oy
(ANSYS)Z o]&3t 3|4 daE %ﬂ@l a&stgh dojrt
13mmo] T £o] ImmQ) £%0] 9% 71402 9= myat
Sl Bdlof disiA Ao fof ut2 2HE Y 2o W

Table 1. Parameters comresponding with SMA-based
tool clamping device

. value
Part item parameter .
(unit)
inner dia. 3.01(mm)
. . outer dia. 5.30(mm)
dimension
Tool length of a slot 4.00(mmy})
holder the number of slots 4
mechanical |Elastic coefficient 200(Gpa)
property  |Poisson’s ratio 0.3
Interference| .. . amount of .
dimension |, variable
-fit interference
inner dia. 5.0(mm)
dimension |outer dia. 8.0(mm)
thickness 2.0(mm)
.. |Elastic
SMA ring high coefficient 75(Gpa)
temp. [~ -
mechanical Poisson’s ratio 0.3
property Elastic
low coefficient 28(Gpa)
temp. [— -
Poisson’s ratio 0.3
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Fig. 4 Finite element model with four slots(a) and
finite element mode without a slot(b)
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—& - model with four slots in high temp.
—&— model with four slots in low temp.
—A— model without a stet in high temp. "
—W¥— model without a stot in Jow temp.

PRI -

200 A . —

=

Max. deformation (um)

T T
I 2z 04 06 c8 1o 12
Amount of interference (mm)

Fig. 5 FEM analysis results about diametrical defor-
mations of tool holder according to amounts of
interference
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Fig. 6 FEM analysis results about radial deformations
of tool holder according to widths of slots

Fig. 7 Finite element model with four slots including
part of tool shank

Max. contact pressure (Gpa)
®
!

T T T
0.0 02 0.4 0.6 08 1.0 1.2
Amount of interference (mm)

Fig. 8 FEM analysis results about contact pressures
between tool hole and tool shank according to
amounts of interference
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