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Studies on Microplastic Working
(One-Shot Piercing of Many Fine Holes by VM Process)

Yasushi KUROSAKI and Yasushi FURUKAWA

Recent developments in the electronics industries require a piercing technique for many fine holes
at a high production rate. The present research attempts to apply to such piercing a manufacturing
process using a viscoplastic pressure medium process (VM Process) previously proposed by one of the
authors. The appearance of the holes pierced through copper foils is observed microscopically, and
the effect of the working conditions on it is examined. Although only for a specific condition, the
process is shown to be successful in piercing the circular holes of 50 um in diameter with 75 pm in
pitch, unobtainable by the conventional shearing process. Besides, a new technique (AFM method) for -
precise piercing applicable to general working conditions is proposed.

Key Words: Nontraditional Processing, Fine Hole Piercing, Viscoplastic Pressure Medium, VM
Process, Abrasive Flow Machining
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Nominal * * Tensile Total
thickness n F strength| elonga-
t, mm HPa HPa tion %
0.005 0.404 532 186 9.2
0.01 0.412 576 232 16.0
0.10 0.445 519 217 29.3
* g F el
# 2 HEMOBERNE
Thickness In plane Thickness
t, mm R.D. T.D. direction
0.005 0.009 0.008 0.005
0.01 0.009 0.008 0.008
0.10 0.031 0.035 0.027
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Nominal Pt/D
diameter
D mm 1.5 2.0 3.0
1.00 0.999 1.004 0.997
0.10 0.100 0.098 0.097
0.05 0.050 0.051 0.050

Unit: mm

$ds
1666
4o,

Pt

B2 714 ARDER

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

2208 v 4 7 oBMEMT BT 3 HFR

BEALT, RBROOE TR N XTI RTOLE:
BREE L 7-.

3. R B & R
3-1 mMIEH 9, REHAR=10T—E &

LT, REDLEYyF PO IBEEOESEIINLT,
RHFCETEZENp 2O THENR, 2, B
BEBHEEMEZEORFERL DEEL 2, —Flk
LT, D=0.05mm DFPEOHEREK4RT. 22
TRNIROMREEbZwI L, IBTRTD
RO & Wtz & O T, TR 9 B iz
oS AENCT, £, Rsx o712 s h
RO RBEXENCT, FRFNREN TV, EH
DODEEMD D DFEWD>HTHIERL, 9BT T
DRBBRERENDEFREN por BRARTHEREH S5
ERIZTRT, K5 OREENE por OEBEM DFIRE S
Sr T A ERTRICTRENT VS, BERORE
ZHoLdRIPTVEEZSNSPRORICEE
L, 2D pa/Sr DO THNRLERE S 5 ISR
TRF.EED, R BRELIS, po/SricLTD
DEENPRE L, DHI/PNSOIEE pe/Sr D3EINT 2
bbb, PO¥EBIDICEDELREM D=
0.05mm D & &, IR, FRRDFE L I, P A
KEVIZE, po/Sr IZHIML T3, ZhoDFERE
D, INIECEL THEEEDE &3, RE/NE
{RBIZY, MIICET 5 EHLHEIOEE & HXH
WRELS Y, MIEACE» SMIHEENEL KD
TeofEmEhn g, MERAMEIILAVLEBEELT,
(D1 2ABCBT2HTICREHNRESES T 3,
(2) RIEROBREBH S REICIKET 5, (3)REX
INR BIE YRR OEESBRIC KT 3, & Ean#E
ZAoNb, IhsiR, UTICBXaMIAER»S 4
#RmTE S,

32 MIROME FIHRVTE, BHEEENE
DRFEMEOWMNR D T2 A, 1 AABIZEBIT 55|

X 3 54 ADHNEEHA (D=0.05mm, P.=0.075 mm)

BT B EMBBIC L > T/AMERENL I
KL, ZOFEOERNIEUTICRRLAY 4 7D
LtoBEsn, Lol, BEREEOCHRBELBVLIAE
BTRIEEOIA TOMIROBEBES N, Z0OF
»SEMEHICTEG6(a)~(c) iR T, Zhsixs
AAFEDBELLE-LDOTHS, F41ABEACTH
HaBESREZD, ERCEBARBER SN HES (’
6(a)) BAZATOREERI LTS, ZDiEH»
2, BT A AAKESEL, RELTHERET S
By 47 (&6(b)), B&U N ITHASE TN 4
U, RE0Eas ¥BBEFETLCr 1 7 (6 (c))D
BET S evbhorz. B4 RLZEBE(OR)
oOFCiE, e SEHEDS A THRBELTHWS, &
B, ROV 4 7 ROMBBEFRCHEIMERAD oz
hotz,

AZ A4 7ORIZDNWT, REDSEMIEKEAE %K
7T(a)~(c) iRy, H7(a) Tl EASEERTH

90 — OO OO oo
- 010 OO OO
Q.
=30 —~ OO o0 JAWAN
a JAWAN FAWAN JAWAN

0~ AN JAWAN A X

X X AN X X

60 X X X X X X

1 ! 1
1.5 2.0 3.0
Pt/D
Number of pierced holes:
@] 9
A less than 9
X 0

B 4 R&TAEMIESOME
(D=0.05mm, AR=10)

0.5

D = 0.05 mm

Pcr/ST
(I
/ VY !
\I
I\ 3
i
|
]
I
l

0.31 ~— e

——— Nine holes
—~-— Central hole

0.2 1 1 Il
0 1.0 2.0 3.0

Pt/D
s MILEACKRIZT P.BLU D DOEH(AR=10)

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

RAZoBHEMITICETIFR 2209

D,E7(b), (C)ZF1ABIOBEL-LDTH
5. B7(a)p D=1.0mm, t,=0.1 mm DS, &
SR T4 v TABBE AN, KA FORE - S
SEMBBIC L DRI I b, 1,
RN, THCERLZDBBEDONL, —F
B7(b), (c)CRBX31Z, DBX U t, dha <
L LREOKRFIE—ETS, ZITRT4 7tk
{, REIIZIZEEL DFEBABAILBEE2NS, =
noOBECIE, WEAMNCE SR | BREEET
S120THY, 77 v 7 REARICETRT VWS
CELNS. &7, ICHERNASBESN, KROHK
FHESRRLHAE L TTAANCE LT 26 F03E 2. 5.
PlED & S, ROBEBEIZRE (Lizht-> TR
BE)ickoTEML, BHIcz21E Y, INTRMER
WA OO BB BB KRBT 5 & L HhiggR S
n5,

33 MIRDSTAFIZRIZTTHEERF TR
DIATELTIROBIAATATHEELLOTH

1(b) 747B

|

(¢) #47C

%

B 6 MIRDY A 7D (D=0.1mm, AR=10)

55, INHEDEIREATCHEEINELITONWT
HNRTAHS, B8 (a)~(d)izg, MIRY A 7DHE
B R(%) #BEMIEHECOOTRLIILDTSH 3,
RO iz 18 e Lz, B8 (a)d D=1.0mm,
L=01mm®DFE AY¥ AL FDRDRIE100%T,
BEFRRBEoN, LL, DB LU b d/hE 1
52, B8(b)IRT LI, A¥ A FORIEHEL,
B, CA47DORMBHEKT 5. K8 (b), (c)mit#kx
D, RELL AR /IS BB E (Lo T to B3R E
7B k), MIZAY A 78T 5 2 L3505, &
NoDBREIFA AACBTsHIFOKL 2 cEH
U, te WRZZIEEHITOT AL, Lizai>T
FAABTHEBENELR T kB E#E23, K8
(d)ErFay P Hhr<EBYLHOCHBINES{T-
THBEERLTHS, M8 (b)) L8 (d)DiEkL b,
MIHAEERELTEILRBLACT A 7DROKE
KELIHL, AV MR WI EBbO»S, MEE
DOEFEEHZ oo, B2 E LATOBEEHFRIZ 2BV

(a) D=1.0mm,
to==0.1 mm

(b) D=0.1mm,
t=0.01 mm

(c) D=0.05mm,
t,=0.005 mm

0.002 mm
e |

B 7 HMIR&ED SEM EH(AR=10)

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

2210 v 4 7o BEMITCET 2FR
A
100 - o—Oo—0 100
B
BR
= 50F > sof
A o
C B
0 i ﬂ_# 3 J 0 1 1 1 ']
0 1 2 3 4 0 1 2 3 4
Pt/D Pt/D

(a) D=10mm, t,,=0.1mm, AR=10

100
O\O{O
ve 50|
o
@
0 L N, Y g
0 1 2 3 4

Pt/D

(c) D=0.05mm, t,=0.01 mm, AR=5

(b) D=0.05mm, {,=0.005mm, AR=10

100 r
C
™ 50t D\\
‘j:i?ép‘
B
0 L X ,
0 1 2 3 Y

Pt/D

(d) D=0.05mm, t,=0.005mm, AR =10,
Drop hammer

8 HITRS A 7OREE L MTEMAFOMMK

X9 BEESFIZ T IRDIIRBRER
(D=0.05 mm, P,=0.075 mm, AR=10)

TREGEBEToNER, AZA T7DRBEDDT
BRTWIesboot, BTy Y 7 rof%
T A, HEWBEFRRBEREIN TS, ZDLD
LT, BHORETCEd 258, RESOpm, €y F
75um (S AW 25pm) £, HRD 7V AMLTH
/NG Y FORMAIL 2 EBETE 7,

4. MIROBERNKRET

AR X S, —MHWiE VM ot A2k 50
TRIEERLEFR+ZTHD, @AohrDBERSLEE

Piston —
Cvlinder
Abrasive B Piercing
e — il — die
medium ‘ |
Specimen [ l Spacer
Platen

& 10 AFM #kiC & 3 (i i 0 #HHA

Ez ORI EoT, 2ZTRFLVERALLT, D
oz fAshTonsBEBRFEHMNT (AFM
) YLz FEEALLEAENIERRRT 5.
AFM #EOSHAEK 10 ICRT. O HEIMETHD,
FES A EBALEDAM VM Y0 R &
WAL, MIOYIHHEE T VM Yot R & bR
ATV, Z0%, AFM{ERIC L DBRETEH =S
THLUNADEBRET LI AR5 5. VM, AFM
EHIZ9OMPaEATTRITEIToLBEROY >
TFUEEZK 11(a)~(C R T, 2L, R
#8000 D7 I F AR, BEL (BRI Xy ) -~
vEYR L FALIFER =41 L MED, EX

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

RA7 2 BHEMNMIT BT 2HE 2211

(a) S=0mm (b)

5$=0.25mm (¢) S=05mm

11 AFM & & 2 ITROHERE (D=0.05 mm, P, =0.15 mm, AR =10)
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