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microscope

Fig.2 Measurement of tool position

Tablel Resultsof displacements measurements

Setup displacement Punch [pm] Die [um]
(um] Displacement o  Displacement o
5 48 03 47 01
3 34 05 29 01
2 21 04 18 01
1 11 04 12 01
1 10 04 10 01
1 1.2 04 1.0 01
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piezo—electric transducers

Fig. 4 Small punch press
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Fig. 6 Shape of cross-section
1000 N FEEE L BREL T A, Fiz, A MU woNigidsy
FDOHA K& ATBRIF 2 O&RE 2 - Tn 5.
7ok, KT VR T O 405X 340X 440 mm (H
XWXD) THV, T4 A7 by FICRBEARERKE S L
o TN,

4. RPHITINTRER

4. 1 MIEH
IMTHEEZTAET D202, #INTHELTH AFH
(IS C5191 H), #4f (JISC2801 1/4H), 7 /v =7 A4 (JS
A1050H18) ® 3FEMEZFN L7z, F/=, 6 OREIL
02 mmTH— L7, TEIZIIME RN 2RO
BRdh & AV, X FAMEA 1.000 mmiCEE L, Z# A1 NEE
% 1.010~1.180 mm®O [T 6 FHHIZ L S 'T-. %D,
JUT T UATRET DL 25~450%tE 25, 2k, EE
FEIC K DB ER S 9720, ISR 2 B2 5 I,
R4 THEFMEBMYEERTZ. £/, A MY vk
L2 I, RREABREOK 20 %L eb L5, K
S5IRENTVWDA NI wNEEOATY 7 %KM
THIZEDLETER L. 228, M3 1.00 mm/s,
IMTIRFEIT=IE & L, S AR TR ISR KIF T 2
oL D, EY - BFAEH 5.0 mmil EA R L7,
Fio, MEAORSD) - RiEEHN OB LD FOLT

Fig. 7 Small 3D-CMM

\

5 lines at intervals of 25 um
— <

/ sample

about 4 deg. =

Fig. 8 Measurement point by asmall 3D-CMM
NOZRET 572D, WM ORIE TN T &7 - 7=

4. 2 MMIFFEOFFEAZE

FAWM TS O OmEFRIE, K6IrRT LI,
72, AW, B, 2220 ORI D.

AWFFETIE, 5 5N RO NEIROFM AT 5 7=
B, L—YEEEER L O 7 IR~ A 7 a SR TR -
SHERE RS (LUF, /M 3D-CMM L ISR 5) & Fu
7o LTS CIMTEEOBERO MW & R L, AW
BREZ IS o T AT, BRI 23S B 72 (X 5 D X e < —Ek
WAL TOBD, £72, 2 W AW ORARILOHHER
WEA L. —J5, /M 3D-CMM TIHEE O B O i
WZHi=28910 N4, K 8IZRT & 91T 25 umf#lfE T 551
DOREFNIZREL, BHIPIIBDTHRIES I 2 pmiE
THER OIS EIT o 7. 26 OFRERN LI, 75h,
WA, BRI, 20 OWEICEDAEEEAEHL,
FNENOFHER L OERFZEEZ RO .

Fiz, ROHEEEIXZANC LED Y%= HEL, N
TN Rzl L=z Nn 2 Vs CCD I AT &=
WTHREB L7-. £ LT, 5Nl O mi{§0LER
T hNy =T ERHOTHEBUEZETZ L2800, RERZD
SEME &R RZE 2SR -, 738, T O EORIERE %
BT 272012, TIROAZET25 um TH T AIKES
TV 5 IFFEOERO M Z RO IFIETENZEN 10 {E
FTORE L, OEEHHE L FHERZEE TORDT. TORE
BEF2IORT. ZhEv, ERFETHEREEZ XL um
FEEOREE CHIEMRETHD Z EPMRTE S.



Table2 Measurement results for a standard test circles

Measurement vale [um)]

Diameter [pum]
(Tolerance: 2.5 pm) Mean value c
250 2498 03
500 5002 04
1000 999.7 02

(a) 5.0 %t (b) 20.0 %t
Fig. 9 Machined surface (C5191 H)

() 5.0 %t (b) 20.0 %t
Fig. 10 Machined surface (C2801 1/4H)

(a) 5.0 %t (b) 20.0 %t
Fig. 11 Machined surface (A1050 H18)
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Fig. 13 Therelation of clearance and proportion of
cross-sectional shape (C5191 H)
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Fig. 14 Therelation of clearance and proportion of
cross-sectional shape (C2801 1/4H)
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Fig. 15 Fig. 14 Therelation of clearance and proportion
of cross-sectional shape (A1050 H18)
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