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Abstract

Electrochemical Machining (ECM) is a processing technology, in which the metallic workpiece
as anode is produced based on anodic dissolution in electrolyte. It appears to be a very promising
metallic micro-manufacturing technology, because the process could machine the material ion by ion.

Methods of machining multiple micro-holes are described in the dissertation. The method to
produce micro-holes by electrochemical machining with reused template is proposed. Key techniques
of machining group holes are mainly investigated. The works have been done as follows:

1. Mathematical model of the Photographic ECM electric field has been established. Electric
field distribution on the anode surface has been analyzed by using finite element method (FEM).The
results show that the electric field distribution of the processing region is weak in the center while
strong on both sides. The thicker the insulating layer is, the more uniformity of the electric field is and
the smaller taper the holes are. With the same size insulating layer, the greater the cathode aperture is,
the smaller taper the holes are.

2. An ECM system for electrolyte circulation has been established. The fixtures of ECM and
chrome-plated layer cathode template have been designed and produced.

3. The roundness error, size uniformity, and average taper of multiple micro-holes have been
used to characterize hole’s machining accuracy. The effects of protruding space, duty cycle,
electrolyte pressure, flow channel depth, and insulation thickness on machining accuracy have been
investigated. Results indicate that the machining accuracy could be improved with smaller protruding
space, smaller duty cycle and higher electrolyte préssure. Appropriate flow channel depth and
insulation thickness are also necessary. Under the same experimental parameters, the greater the
cathode aperture is, the better the processing accuracy is.

4. The Flexible protuberances have been introduced to enhance the adherence between the
workpiece and the fixture. The experimental results show that the machining accuracy of

multi-diameter micro holes could be obtained with elastic clamping.

Keywords: multiple micro-holes, ECM, photographic ECM, double-sides ECM, FEM

II



FREME MR KFER L F AR 3

S~

L]
PEEX
I THREE
MIEEELHEE
TENRERMFHE
EHEEH
ARy
R
X R T RE
i LB ]
R ESE
TAFhRRERE

0T IR R B B L

B 0 TR BR
EELAR N T
BEFLARHEE
EAFLMR
BILCFYER
BN
TANFLIHERE
WML NME
WML KRR
THERE

BEFL IR

i AFLRHERE

M. FHARZ A B H
VEL % e, 22 90K P e
HAL AR VR P 5 3R

S PR

R 3R

mm

mm

170
Gpa

mim

°cm

IX



R M MR RFEREFAR

H 3k

I L e e e e e 1
L B T e i AR RS iR AR N A e eS8 1
el - BRI Bl e el B e B 1
SIAERIIMET A . i e s 1
122 LIGA B LIGA TR o i ictisois s oo coisssst i s 2
123 WHBIMTINR . e i 3

T A TR I LA o it oot ovess 5 e i bk ot s 4
125 BRI THR e isimimin s s ays s 5
AT S LRGeS LR L G L e 6

13 BAERLGB R IUN T B ..o miiomssssisssns L e 7
13] WL B B . e it s 7
182 B R RITIT T i i s aiintins bl tis soossias il nis 8

T s e e D B L T 11
141 BTN EH I e s s iniinsn 5 ok st s od srsussssnis 11
182 BRI BT e RS o 12
5% S R LR i w13
21 B IBRIENG .. i Gt 13
210 B s e e 13
D12 BRI REEE . s i S i 14
R G 15

20 VRAT TR R B o b it b S e S el 16
DAL IR LB B e 16
she Bl T nBEL SRl e e L 17

eheg irioa L v gl SR (RL e BB L 18
23 BRESRARENEN LB i i s b s 18
23.2 Wi ESHIR AR I TIRBERIEE ... nssnassssnsmssssassnsns 19

P2 el ST L s e e L 21
B8 R o T 24
D R T R R e e 25
B BRI R s il i b kR S s 25

III



TE SRR D BEFL R AR I T HEARBT R

L = R B e e e 25
S B T B e e 26
100 EEIT o iioininims i s o i i i s sisi s b s A S s S s fihs 26
L T e e o 26
elalicl Gl G BRI R s e 28
SIS0 BUEBRE N i e ekl e 28
el b e g Ll Bl s D L 30
2133 IR B IR oo e i 31
S B, L e 33

e o RISl L W e e Ll e L 34
S B e s e i i s st e e b e e 35
LBl e U L i L 35
30 THEEIIIE . o noin aie i v rs o s st e 36

S B IIMES st ot s R S S i i s 37
e AN T 39
Al D LR PR R o i b s e e e 39
R eeslnB e S e L 39
412 Bl Ll BRI . e e 40

42 o H ML LRI BT i 41
Bl I e e e e e 41
127 EEREMM ISR e 42
4201 TR TEST BRI . oriimnaim i apiveemsimaiins 42
4.2.2.2 FIERER I TERATEI ..covvenininineiscneaseinne Lol L L 44
405 e EEn VB R E 47
434 Fr A T e BRI i i e i 50
425 SRRt TR N, 7]

4.5 g se g B B L TITT oo i oo st wnsisises s sitin 54
A ABIEE o s R A S A S e 55
CERBCI el L e G L s 56
S BRI e i i s e s 56
S I o i e e e 56

v



FRMEMRKFR L FALIR

cepe B B s B L R e
B b e e S S S S A i s St
gt gne ol e S esae B ISE Gl e . s



E SR N FL AR I TEORT R

ExRE5
Bl B T 2
B Rl 2l L i s b e s 3
B ALIBA o i et e e s 3
B 14 P BT IO i ciionio st s cn it ot i st 3
B B A L TR e o i i it ot v s o s siris 4
B 16 BRI L IDIEIN . o ocinis v s ittt s b s eSS A e 5
D ey p e e B L 6
Bl eloo BRI e G e L 7
B 19 FHS N s T 8
B 110 iR ied LR R B oo i s s 9
B 111 R TERE T o iiiminsi i wouestiessis st issismissssin i sisamios s sans s eiaia 10
2 e L L o e e e G 10
B LIS TRl BRI T T T i aiimncbiiieun i e 11
B 11 R e T FYIIREEE B o i 11
B IR B e s e s i 14
2o SRR s 15
B2 BRI TR . s e e s 16
log iR e B e 17
G e c e e e L 18
B 2.6 BB TIRE oo e L 20
Bl 27 Bl PRl s e 21
F28 AR BRI CERIIR, s it i i s s s 22
B oy R R I I T o 23
Bl BRI TR o s e i e e e 25
L ls sl G e e e L 26
N R e i e e 27
PRl et i e B B L e 28
peksc et el BE Gl e L B L 28
B ALRY DBl TR s i s o s s s 1o oo SR i 29
SRR e g e LU L B e L e 30

VI



FE MR K FEREF A8 3

g gEREES RS L L L 30
[ 39 ER I THIEIIL it i i s arionstags s e o S o s 31
HAMER T L e L s 31
Hin =MERalE IS 33
S R T BB s in i e s s 34
B B R ] s
CRREl e g el BB B e L L 35
B a0 LRI i o i e i 37
ERLaECTSE T b B e e L L 37
BaBUR . e 37
B4 el e A I o i i b i s S S e e e e 40
B 4.2 I 772 A A Bl R TR XTI . cochinsmsomhininiuas i i s s it snsnosns 41
a3 TR AnE SHERRBIEE. i e i 42
HAd D Ll o e e e e s 43
B 45 B ale AR BEIEF BRI . i i 43
B as AT L IR e e e i s s 44
A7 D T L PRI o i st et s omesssias s it bbbty ook 44
BAS SR IR o iiesmnn i oo bt Sostiss s it aiss it 45
Bap mammainl e aitiew . 45
B4.10 GHERE AR P LHEBEH BRI o s sinin cnin s 46
BRali TN e 47
412 =R Rt R N oo e s e s 48
Ba13 BB B PRI et eieme s 48
B 414 B E BRI P B D R ot s 48
B415 e ME A FI T B E R L 49
Balad U L TR e 50
R e e Sl CE R B e L 50
WaIs R BRI e 50
B 410 et i LI i men i e s s v 51
Blaz0 s I BRI R e et 52
B a21 iR it S PR TR, ..o sermmmnins eoness v s ssiss Gnamsaninscioa sstassitiniis 52

viI



BN GNREFL AR I THRARB A

B 4.22 BEFRBENARMTHAZFAREETL. oo B o s T 53
423 BRERIE L TR O L. e i asasssssssmsisnas 54
W ANMIE T B UOMBATIISRI L i e 54
B 425 BRI DI LTI R o i i i i imns 55
31 R ARIREL (FRA) BEEEIRIR o nssmmcusisnsimmsimnmsinsrmsemsissisiesissssarisessss 36
PR e ey i oo G e R L 44
R 4.2 ANEFUELREE T XF R BRI . ....ooovoemrerecnarenns e e 45
A TR B P e o st s 47

VIII



B MEMARRFELEFALE

F—F 4ig
1.1 BHE S

BEEARIFEA T HERARK AR, BFEARHEH AL IEE. BE%. ML
TERRE, BUNRSTEHMINABE Z. BNBLEESED—F B MMM S, NS
F. R MIEMR. BERGAFTUMERBRES, MRS MRBERERHNER
TofE. BOEATEIVLBEEIR . S SFEEERESR . THLR. MZRINEEESIESFEN
FIFBHE. MAMEENDIR. BHAE. SRR AR fAE MBS,

N T (Electrochemical Machining, ECM) 2% T H Rt 2 I FHAR R R E H- & Bh T
REKIAR, B THE— SRR TR —# TSR MENERTRERUET
RBEHATHY, PRI TSR LU F R BRI R M T R B A na g rmT?,
K AR L7 B HE N LG X TR AWM ALSWRM TEEM N LR EAFERER
M

1.2 M T HA

PRAR N TR TR0 4 0 B SERLEE R B R G4, RS A FIHEL B hiE R T e —Pl,
MAMTEART EEM T REEPEMKES, S TEHENRTRE, NTEMXFRRMN
EBEREER, HBEDS PR ESER R,

RN E ARG, KB AU RFAE R T R R 0 0.001~1um FIGKALE,
0.001~1mm FIBERIHIBAT 1~10mm BN EIHURDY; AR R AR YR TR AE R T AT 2 A gk R
(0.1~100mm) K FRBE(0.1~100um)FI AT 22 482 18]y = 18] )RBE(0.1~100mm) ™. H AT, 448 im
THEATEGEREMA M TEA . BEEVMN L. LIGA fiv LIGA £ UL RFFF 340 n T+
y, =38
1.2.1 BEEREAM TR AR

EERA 0 THOR, BoRIE T B IN THA, £ IC HIEHANYT BEA, ©RMIE .
WHITRURMILE RS (MEMS) M58 THARC, B TEAR TR IE REM B S

EERHEE S MR, R A B 4P I 0 TS R R T A B = 4 T
AN, HEZNEH: FEMANLEAR, REEMAN CERFRBEEAR . XL AL SLIRMN



BRI BEFL BRI THARBIR

FET S TERBENT TS, Wl . BTEA S ENRRSHA, 4
BRI TH AR DU SRR I TS, B R R & 1 B R & F LT 44, &
ST A AR P A RE RIS W2 A7E— R TU AL B . 245 b A s A7
BRI, BN AN A TR, B L1 R T, REEME
MTHARUREA B2, FAMBTEATORL. FB. 2. BRSTE, ERARE
RS EREER, AEEFEOREERME, LURE EROMEHEBY, AR
UAFEA RIS B T E A R ERBI TSR, SR T MBI A s N, A
RAHAR, BHRAEA, RIS AR ERTI PSR E b B — 2 B AR
PR A T EARRA R — RN T 7, TEOEG R A MR AT,

S

RBHRERE

(a) B (b) HFFHIE (o) HE (d) MZih
B 1.1 BRI RTEZ

1.2.2 LIGA ¥ LIGA A

AT RBERRELN=EMEH, \TERRERFRIE/REFARFLOW. Ehfeld
IR AN G KR TLGAB AR, X#HX-ray-LIGA. /5, EEH.GuckelZ AL LLE i) LE
BRIFOIFR M T ARSI AP XA & HIAELIGAE AL, LIGAFIH#ELIGAH A B i A il
ERRE SRS EET .

LIGA A (## X Lithographic,Galvanoformung,Alfolmung (46 5) & —Fh&r& i = 4B 12
MITE, EH#TIEREME =SS AMAN THEE TSR, ©hEERSES XL,
MEBBENIBE = K EE T ZHA, BE SR HREZ R X SR B AR B EZ ki KT,
RIEFIH % EEE L 5 ZIRERAAR & BER, FRHMBES &M,

LIGAEABIEEBHEMN LZRERMNEIL2FR, FEEHERKR —XHEREE XL —E
% — R A — Z PR XKALIGAKAR M LUN CAESEEPBRME ), Gefs R
1X1500um. FEFEHKTS500. IEEHEE A9 L L& R =4 T b4, MM THERY
EEMTFER. E1.3()2HLIGABAGIERATA O, [EEES3um, HEE28um, HAER60
X 60mm"®); [E1.3(b)2 FHLIGAE R HIEMES & &M R,



A RMEMRKEM - F AR 3

VA A AAVAVRAVAAVAN
L o

ATt S
Ennn SEAOCTL .o
e TR
ERm AL G

1.2 LIGA AR T ZHiE

(a) frstetiionssta (b) WMkHRY:
A 1.3 LIGA EiAHIE R ME

1.2.3 {4 TR

AL TEAR R A TR SRR R R Z, BAYIB B R RRkiE 2 pr &
KEER. HEt2d, AN TRERH —HENRTE, BEEREVIE. EXNEE LR
ARG AR TS, SO TR B R A T SSME R =S RN T, STt
YEH R~F 10~100um /N =4M4C). B 1.4 (a). (b) 45k HA%#E Y.Yamagata FI¥E %
R AN T I E R 100um 484 SR LU BAIHE R 10um KRBT

(a) H: 100um B4 (b) Hh¥mE 42 10um KM AR
K 1.4 BREZER I LMK




TE B RBAR R FL R AR N THOARTT A

1.2.4 (4B RN ITHEAR

HA#IN T (Electrochemical Machining, ECM) 7 F £ /& 7E AR+ 7T LUK A PH AR 7 7
MEE, B4 E2REMERERE, MENELIERUETFRERITH, EBRETHIRYT
BHEDTFHHZ 40K, BB THXRM U7 E B BE RN T R EEHA S
T, e e THARF A AR IR, TR, ML EIx
ZHHRR. REMMTEEER. BABBMTAFUTRA: MIIBRFITAEIHAR R
EESEM, TREREHE: nIXER NWIRERES:; THAREAS=EMINA.
A5 LA R g X 1202,

T EIBR R R AR N TR R T 2S5, BRT, 1275 A in TR AT LA SR ER
Rk g . SEBNRHAR . (VKA BV NI L. RIS I TSRk >, HW
BTRIEFBR.

sk, BRl. RE. BEKHASEFI THA BRI TER#ET T RENPIR, I
BTKEMHRE. B 1.5 Pk &BRE TSR R MA BB EN TRMAEH. BE%E
Kozak F13%E %% Rajurkai T T A AR T AR ARFHENK A AR I TS HIKEE, IFF
FE T SRR AR PO BB ZIHEAT T BN T, 8 1.5 (2) BiRP. MRS MAAFMEBE
FEEE RN B AR N TR AL, BT T A B AR N AR, FIA B A SR BRI A AR I I
TR RN 4SS

— 0.5mm

(@) (b)
B 1.5 mssik e H R N TR

HZ<#) Chikamori 54 FHRIREE AR, AN T e FOBk i YR, IR SREUbK i 56 B 1)
WMEM TS, Bkep(E) BRIARE TR A 7 E AT G B AR N L, BRI R B R IR, W
PLUX BB R TR, B TARER, B 1.6 (a) RRAEITEMTEBMMTAY, &
[E ) Forster 257 F T R BARLERE4E T (o) _ERITRGESN IR T AR YIRHEL, 3B T M4 B g
T RIRR RS BE, FH48 F = 4E R 8 s AR T i 1.6 (b) BRI B fERE, R 4% A S0Hz,
PROEA 200um?®,



