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Table 2-1 Properties of E-glass.

Young's modulus GPa 76
Poisson's ratio —_ 0.22
Elongation percentage % 4.8
Specific heat kJ/(kg K) 0.825
Coefficient of thermal expiation 10¢/K 5
Thermal conductivity W/(m K) 1.04
Softening point K 1113

Table 2-2 Properties of glass cloth.

Material —_— IPC-EG-140 7628
Diameter of filament pm 9
Warp yarn m 510
Width Py a
Weft yarn pm 580
Warp yarn m 93
Thickness s
Weft yarn um 95
Number of Warp yarn — 400
filaments Weft yarn - 400
Density of glass cloth 49% 32
(Warp yarnx Weft yarn / 25mm)
Table 2-3 Properties of epoxy.
Young's modulus GPa 1.81
Modulus of rigidity GPa 0.671
Poisson's ratio — 0.374
Glass transition point K 435
Thermal conductivity Wi/(m K) 0.669
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(a) Milling machine (b) Spindle motor

Fig.2-1 Experimental unit.

La

SD

Lb

A (deg.) | La(mm) Lb (mm) | SD (mm)

130 38.1+0.1 8 3.175

Fig.2-2 Dimensions of drill.

Table 2-4 Properties of drill.

Material —_ K10
Density g/cm3 14.9
Hardness Hra 92.5
Transverse strength kg/mm3 240
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Table 2-5 Cutting condition.

Spindle speed Cutting speed | Feed speed Feed rate
N rpm V m/min F mm/min f um/rev
24 16
1503 4.7 30 20
36 24
26 5
80 16
100 20
5000 15.7 120 24
154 28
234 46
318 63
112 16
7000 22.0 140 20
168 24
144 16
9000 28.3 180 20
216 24
_ nDN F

_________________________________

f=—x10°
N

Top stiffening plate (aluminum)

One ply lamina

Printed wiring board

Bottom stiffening plate (bakelite)

Fig.2-3 Experimental method.
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Table 2-6 Specifications of picture processing unit.

Resolution 512x 512
Luminance resolution RGB:8 bits 256 level
Aspect ratio 1:1
Picture memory capacity 12 planes
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Table 5-1 Properties of glass cloth.

Material 1080 | 2116 15 7628 | 220G
Warpyamn | al[mm] | 0.24 0.29 0.41 0.51 0.79
Width of fiber bundle
Weftyarn | a2[mm] | 0.30 0.38 0.51 0.58 1.03
Warpyam | bl[mm] | 0.18 0.14 0.08 0.04 0.46
Interval of fiber bundle
Weftyam | b2 [mm] | 0.24 0.09 0.05 0.19 0.27
Warpyarn | t1[um] 35 68 88 93 122
Thickness of fiber bundle
Weftyarn | t2 [um] 33 62 65 95 84
a, b,
all |
A
A
2l )
t, () ]
ﬁﬂ ==
Table 5-2 Cutting condition.
Diameter Spindle speed Cutting speed Feed speed Feed rate
D mm N rpm V m/min F mm/min f um/rev
165 5
660 20
0.4 33,000 415 990 30
1485 45
1980 60
F
_mON f=—x10°
1000
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Table 7-1 Cutting condition.

Diameter Spindle speed Cutting speed Feed speed Feed rate
D mm N rpm V m/min F mm/min f um/rev

170 5
1.0 33,000 103.6 1,000 30
2,000 60
340 5
0.4 66,000 82.9 1,000 15
2,000 30

V= fg;'g' f= Elx 10°
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Fig.7-20 SEM micrographs of outer corner of drill (virgin tool).

O Fig.7-8000000000DO0O00O0O00O0ODO0ODOOOROOOOOOODOODOO
00bo00o0ooob0obo0obDoobOobobobOdORg.7-2000000000000DOO
giowmb0ooobboobobbooobobombobooobooobbooboboo
oboboooboobOobooboobobooooboooobooob0bo0obOonFig.7-19
gL boobooo
gooooobbbobbbboooooooouooooooboobon

0000 Fig.7-180 000000000 FOOO0OOODOOOOORROOODOODOO
goooilo,ooo bbb oobboobboooobooobbooboboo
gdodooooooonbbobobbbbobbbobobobobobbbbbbboooo
gooooooobobbbbbbooooooooooooooboobobon
OFig.7-21060, 000000 00000O00SMO0D0ODO0DO0ODODOOODOODOO
ooy UUU U
godddddddoooououoooooouoooboooooooboooooo

(@) Profile (b) Outer corner ofdrill

Fig.7-21 SEM micrographs of coated drill.

114



grooobooboobobooooon

vdodoooooooooooooooooooooooooooouoooooog
goooooooo

7-4-20 00 00000ooooboon

Ob00booDo0ob0oboobOoobobDobobO0obuoboOo0obbrig.7-22000000
O00b0o0o0o0ob0obOobObo0obOobDU0obob0obbrig.7-220000000D0O0O0O
gobooobobooouoboo2sumd3oumddobooooboooooboooboog
gobtbooobbtboooboboo,oo00bbooobbooobbooobDbg
gobobooobbbooobbbooobbboooouoobobeo,o000bbboond
oumO 4oumb 0000 bboobbo0obDbooobbooUbb oMo
obobOooo0ooobob0obDobOobobOoobobOobOOobObO0ObOn Fig.7-11
(@UUO0ODLOO0O0OORg.7-11(a) 00000000 DODODOODOODODODODOUODbODOO
O00b0o0oO0o0obOo0oo0ob0obooobUb Fig.7-20000000000 60,000
oo ooooooooooooodouogguoug
goodoood

oo ouogoog
O00ob0ooo0obOobodOhg.7-300000000000DbD0OODOoO0DbOobOobOg

120
Number of
i drilled holes
B 4 1,000
1 -
=t I 5,000
€ 60 | @ 10,000
> 4\ 60,000
g B
(1]
) H—”A\A\A—_A__—-A/"A—__A
30 | Coated drill
V=103.6 (m/min)
i f=5(pum/rev)
O | 1
0 30 60 90

Rotation angle (deg.)

Fig.7-22 Relation between damage width and rotation angle.

115



gr70000bO0bOOobDOoO0O0obobOO

116

50 Maxmumm:

Relative frequency (%)

Damage width (,m)

Number of
drilled holes

o1

- 1,000
{3 5,000
@- 10,000
<\ 60,000

Fig.7-23 Relation between relative frequency and damage width.

240
L O- maximum
200 + -A- average
B {JF minimum
€
= 160 ~
E -
'-g 120 Coated drill
4] CW D=1.0 (mm)
e O | v=103.6 (m/min)
S f=5 (L mirev)
CDU 80
40 - —A
og:l::— : : =L
0 20,000 40,000 60,000

Number of drilled holes

Fig.7-24 Maximum, average and minimum damage width.



grooobooboobobooooon

O00OFg.7-30000000000000DO0OO00O3wnOSumbO 00000000
ooy yyUyg g
bbb ogobobeo,0o00ldbboooboboobobbooobbg
O00b00o0DO0o0b0obO0bOoboDo0ob00boboooboOn Fig.7-12()00bOOO
godooboobobobbobooooooooooooooon
goggoboobboooooobbbbodoogunoobboooooouoboobood
O0000000b0000b0bD0b000bDOFig-7-240000Fig.7-240000
goboooobobooobobooob1zoumdbdgobo2sumd oo um oo
gobtboobboooobbooobboobbboooboobbogeo,oo000dbog
oo yUUU g
000000 Fig.7-13()D0000DO0O0O0OO0ODODODOODDOODODOOODODO
ob00b0ooo0ob0obobOOo0ob0obooDoobO0obOobDOo0obObDUOUOFig.7-20
goboooosemiooboboobooobbooobboobbboobobbooobobg
ooy yyUyg g
ooy yyyg g
ggoooboobobbobooboooogogd

OFig.7-250 ¢0.4mO0000000DO0ODOO0ODOODOODOOODOODOODOOODO
ooy UULbUUUUgg

30
-O- WCdrill

i -@- Coated drill
€
2 20¢r o9
<
=1 D=0.4 (mm)
S p V=82.9 (m/min)
% =30 (um/rev)
F;
= 10C
a

O 1 1
0 10,000 20,000 30,000

Number of drilled holes

Fig.7-25 Relation between deflection length and number of drilled holes.

117



grooboooobobooboboooog

goboooooooooooooooooobooooooooooooooooon
gobobooobbooobobooobobobboooboboos,oo00bbooboboo
oo uobbbobooobbbbbbobbbboooon
O00Fig.7-20b) 0000 0000DbO0O00b0b00b0oboobobo0oboooobooDbo
gopogrrmraoididodfdo00fdo0@mod0oo0ooooooooogn
g0y U U
goooggobooobbooobbooobboobobbooobbuoooboo
gobobooobbboobboooaeo,0000 bbb boo
gooooobbbobbbbbooooooououooooooooon
godddodouoooooouooooooooooooooooooooooooon
goooobobbbobbbboooooooouooooobooboobon

7-50 00

oo obooooboobooobbbooooon
gooooobobbobbbbobooogd
(OHhooboobooboooobooboobooboboobobooboooobo
gooooobbobbbboooooooooooooobbooon
@UUiboboobooooboobobOoobobDoobobDoobobooobo
FsOOO0O0oooooooooooon
@(uobbobooboooobobobooboboboobDobobOobDoobobooobo
gooooooooooooobboooboboboooobobooooooooon
goog
@GHoobobooboooobobooobooboobOobobOobDOobOoobooDbOoo
goooooobbobbbbboooooooouooooooooboboon
G)yooboboobooooboboboobOoboboobDoobOobDoobobooobo
goooooooooobbbboobobboboobboboooobobooogoooao
goboobod@oboobbooboobodboobboobooboobbon
g O U
goooooooobobbobobbobod

118



0o 8d

oot

gboboboboboobooboboboobooooboooobDobooobooo
gbobobooooobobobobomoboboboboooooboooDo
goooooobg

bbb obboouoGRRPUD D000 DbO0ODODbDODO0ODDbbOOObDDO
gdodooooooooooobbbbbbbooobooboobbbbbooooooa
gogoouobooobbbbboooogoogd
UGFRPUDUO0ODO0ODOODODO0ObUO0ObO0ObDbOObDDbOObUOUObbOObDbO
ooy UUUUg g
oo ooooobbbbobbobbbobod
gdodododdoooooooobbbooobbbboobbbbbooboboood
dodoooooggooooooooboboboooobbbobobbbbbodood
gogoooboobobooooogogd
go20000v70bdoobbboooobbooooboboooobo
doz2000dobobooobboobobbooobbooobbooobbooobbog
oo yUUU g
ggoooooooooooguooooooougduooodddudoygyggg g
oo bboboooood
goboobooobobooceRPObD0OO0DDOOODDOOOODDO0ODDbOOObDDOO
gdodoooooooooooooooooobobooboooooououuuoa
gogooooooooooooooooooooooooooooooooooooa
ooy YUUU g
oo bbbobobbobbbbodoood
oo yUUU g

119



gsooooo

goboboobooobbooobbooobobbooobbuooubobOoerRrPOUDD OO
googbobobobooooogoboobbooogouoboobooooooonooo
goooooobbbobbbooooooooooooboobobobbbooooog
go3fbgoobbodbobooobboooboooobooobbooboboo
g0 UU O
gy UUU O
0@Mob0obO0oboo0ob20000b000000DbO0D000Db00DbOOIDO0OD O 30deg.-
O00000030deg. 00000000 DOODOOODOODOOI150deg- 00 00OODO0O
gobobooobooobboobeRRPUODODDOO0OODDOOODDbDDOODDOO
googbobobobooooogoboobbooogouoboobooooooonooo
googgoddddddodddodddddodooooooooou b
oo U g
gogoddododddooooooododdoUdUUUUU O
gooooooboooboon
go4000o0o0o0o0o0o0o0o0o0o0o0o0o0o0ooooooooooooobooooon
gooboooboboobboobbooobbooobboobobbogbnboob 2
googbobobobooooogoboobbooogouoboobooooooonooo
gooooooooobooooobbbooboooobooooooooooooooog
goodoooooooooobboooobbboooooobooooboboooon
gododoooooonobbbbbboboobboboobobobobbbbbbboooo
oo UUU U
oo Oo U
oo UU o
goooooooooobobn
gosgoobo200db400bbboobboobobbooobboooboooo
gogoddododddooooooododdoUdUUUUU O
goodoooooboobooobbobboooooboobobboobbbooon
ododdooggggoooooonbobobobobooobbbobboobbbooon
g0 UU oo
goooooooooooobobbobobobbbboooobbboobboooboooon
googododdddddddddddddddddoooouobbbbbooo
oo UU U
gojodddodddooooooodiiUU0UUUU O
O000OD45deg. 00 0D00OO00ODOO0O0ODODODODODODODODODOODODOODODO

120



gsooooo

goboboobooobbooobbooobobbooobbuooubobOoerRrPOUDD OO
googbobobobooooogoboobbooogouoboobooooooonooo
goooooobbbobbbooooooooooooboobobobbbooooog
go3fbgoobbodbobooobboooboooobooobbooboboo
g0 UU O
gy UUU O
0@Mob0obO0oboo0ob20000b000000DbO0D000Db00DbOOIDO0OD O 30deg.-
O00000030deg. 00000000 DOODOOODOODOOI150deg- 00 00OODO0O
gobobooobooobboobeRRPUODODDOO0OODDOOODDbDDOODDOO
googbobobobooooogoboobbooogouoboobooooooonooo
googgoddddddodddodddddodooooooooou b
oo U g
gogoddododddooooooododdoUdUUUUU O
gooooooboooboon
go4000o0o0o0o0o0o0o0o0o0o0o0o0o0o0ooooooooooooobooooon
gooboooboboobboobbooobbooobboobobbogbnboob 2
googbobobobooooogoboobbooogouoboobooooooonooo
gooooooooobooooobbbooboooobooooooooooooooog
goodoooooooooobboooobbboooooobooooboboooon
gododoooooonobbbbbboboobboboobobobobbbbbbboooo
oo UUU U
oo Oo U
oo UU o
goooooooooobobn
gosgoobo200db400bbboobboobobbooobboooboooo
gogoddododddooooooododdoUdUUUUU O
goodoooooboobooobbobboooooboobobboobbbooon
ododdooggggoooooonbobobobobooobbbobboobbbooon
g0 UU oo
goooooooooooobobbobobobbbboooobbboobboooboooon
googododdddddddddddddddddoooouobbbbbooo
oo UU U
gojodddodddooooooodiiUU0UUUU O
O000OD45deg. 00 0D00OO00ODOO0O0ODODODODODODODODODOODODOODODO

120



gsgooon

0000000000 bO0bO000b0bD0o0b0oADOD,000D00DO0O 45deg.- U
oo UyUyyg g
gdodooooobb400000ooooggoo .o oouo
oo ooouoooguoa
dodooood . guoooooboboboobobbbobobbbobbbobobobobbbod
oboboooobobboboo w2 oboboobobooboboobog
gogoooooooobobobbboooooooooooooooooooobbbod
goedobboosobuooobobooobbooobobooobbuoobooobbo
ggodoooooooooooooooddgudoddydyyddyyygyg g
oo bobooobbbbbbobbbbbbboooooooooooga
vdogooooooooboobobbbbobbbbbbbbddddoooooooao
oo o 404
oo oooooooooooobbbobobobobbobbilod
gogo400oopoobb4bbbbbbbbooooooooouoooonooon 4
gdodooooooooooooooooob4bboooooooouoooooa
oo ooooooooooboboboogd
gogooobooobbbobboooooooooooooo
gdroooooooooooooobbooooooooooooouooooooa
ggodoooooooooooguodooooooyduooododuduygyggg g
goboobooobobooobbooobbobooo ,6RRPUDDODOO0OODDbOOODDO
ggoboboobboogooobbobbdoooobnobbooooouoboobood
g .googogoddddodddddddyddo ,UUUUUUUUUUUUO g
gogooobobobbobbboooooog .obbobbbbooooooooooooo
gogooooooooooboggdddddduddgdddydyygygyg g
g .googogogdddodddoddodu ,doUuUUUdUUUUUUU g
ggodooooooguuoooooouddoddodddddodouooouod
ggooooooooooooooooooooodoooooodooogguog
gooooon .
ggoooooooooooooooooooooooooooogoooogooo
oo uoog
vdodoooooooobbobobobobbbobobobobobbooobobbbbbbbooo
oo oooouooooooooodooogguoa
gogooodoooguooooooodoodoudduduudodyudyuyuyuUg g
gogoooooobbobboooooogd

121



oo

[L]Exichi AOYAMA, Hisahiro INOUE, Toshiki HIROGAKI, Hiromichi NOBE, Youji KITAHARA,
Tsutao KATAYAMA, Investigation on Damage in Small Diameter Drilling in GFRP,
Proc. Japan-U.S. CCM-VII, Kyoto, (1995), 677-682.

[2]JE. Aoyama, H. Inoue, T. Hirogaki, H. Nobe, Y. Kitahara, T. Katayama, Study on
small diameter drilling in GFRP, Composites Structures, (1995), 32, 567-573.

[3]K.Ogawa, E. Aoyama, H. Inoue, T. Hirogaki, H.Nobe, Y. Kitahara, T. Katayama,
M. Gunjima, Investigation on cutting mechanism in small diameter drilling for
GFRP (thrust force and surface roughness at drilled hole wall), Composites
Structures, (1997), Vol.38, 343-350.

[4]H. Nobe, E. Aoyama, H. Inoue, T. Hirogaki, Y. Kitahara, T. Katayama, M.
Gunjima, K. Ogawa and Y. Okuno, Study on cause of Internal Damage of Drilled
GFRP (In Case of Small Diameter Drilling of Plain Woven Cloth), Key Engineering
Materials, (1998), Vol. 137, 123-130.

[5]Toshiki Hirogaki, Eiichi Aoyama, Hisahiro Inoue, Hiromichi Nobe, Keiji Ogawa,
Youji Kitahara and Tsutao Katayama, PREDICTION OF DAMAGE WIDTH IN LASER DRILLING
OF PRINTED WIRING BOARD USING FEM, Proceedings of ICCM-11, Gold Coast, Astralia,
(1997), Vol. 1V, 343-351.

[6]Eiichi AOYAMA, Hiromichi NOBE and Toshiki HIROGAKI, DRILLED HOLE DAMAGE OF
SMALL DIAMETER DRILLING IN PRINTED WIRING BOARD, Proceedings of the International
Conference on Advances in Materials and Processing Technologies, AMPTO 9 and
16* Annual Conference of the Irish Manufacturing Committee, IMC16, Dubrin,
Ireland, (1999), Vol. 1, 531-538.

[7]Toshiki HIROGAKI, Eiichi AOYAMA, Hiromichi NOBE, Kouichi YAMURA, Hisahiro
INOUE and Tsutao KATAYAMA, Damage Development Diameter Drilling of GFRP for
Printed Wiring Boards, Proceedings of the FRC2000, (2000), 612-618.

[8]Eiichi AOYAMA, Toshiki HIROGAKI, Hisahiro INOUE, Misturu NISIZAWA, Kouichi
YAMURA, Hiromichi NOBE, Tsutao KATAYAMA, Study on Small Diameter Drilling for
Printed Wiring Board, Proceedings of the FRC2000, (2000), 230-237.

[9]Eiichi AOYAMA, Hiromichi NOBE, Tadayuki IKUTA, Tsutao KATAYAMA, Toshiki
HIROGAKI, Hisahiro INOUE, A NEW METHOD FOR DRILLING SMALLER THROUGH-HOLES IN
PRINTED WIRING BOARDS USING A DIAMOND COATED DRILL, Proceedings of IPACK 01,

122



oooo

The Pacific Rim/ASME International Electronic Packaging, Technical Conference
and Exhibition, (2001), Manufacturing, IPACK2001-15862.

(00000000 b0b0b000o0b0b00o0ob0obObO0ob0bO0O0bOUODOcGRRe
0000000000000 00b00D00DIO199%)0 Vol 450 No. 500 522-5260

[11]0000000000DLO00000b00b0000b0bObO0o0bO0O0bOODOcGRRP
O0000000Db0000b0b00b0b00b0DO0O0DODOa9ee)dvol. 450 No.
50 577-58101

[12]C000000000DO0O00O00bO0obOO00oobOobObODOoobOobobOobOoOn
doboooGeGRPOODOUOODDOOODLDDODUO0OIDDOOUODDODOODDbDDbDOOODbDDOO
OMo0ob0oooobo0obchO1997) 630 608 0 0 1371-13770

[WB0O000b0000o0b00obobob0obooooboboooocGRRPODODODOO
O0000o0obOobobOobD0obOO0o0ob0obOoboo0bO0b0o0obO0bOoOomaeena
Vol. 460 No. 110J 1329-1334[]

[4]0C000000000bO0obO00oO00bOobOD0ooobobObOoobUobobUobOoOon
doboooGeGrRPOODOUOODDOOODDODO0ODDOOUODDbODDOODbDDbDOOODbDDOO
00000000 DO0D0@oo0obO0obODOoch 1999650 6290 1382-3880

[(sjoo00b0dobooboobobbooobooboboooboobbobooDon
gdodododooooooooooooooooombboboobooboboooooon
000000 0OO(1999)0 Vol . 4800 No. 500 467-47200

(6000000000000 b0obobOob0oooboboooocGRRPOUDODODOO
000000000 b0ob0ob0b0b00bUDOoOiz001)vol . 500N0.
ooooooo

[17]jcoo0b00boobb0obooo0bob0ooobobbooobobobobOoOon
g oooooooobooooboooooboooooon
OMO00DbO0O00000DOCDOOY2000)066 0 00644 0 O 1355-13610

(800000 o0ob0b0b000o0b0b000oob0obObOob0bO0O0bUOnOcGRRe
gobbooobobooobbooobbooobobooobbo240bbboobb g
0000000 O0OI1999)097-980

[9Coo0boobooboobobboooboobobooobobbobooDon
0000000 b0o0b00o0ob0obob0oobo0obob0bO0o0oDbOne9es)dvoL.3sn
No.34[] JANUARYO 271-285[1

[20jC00000000b0b0obO0oOo0bOobO0oobobbOoobobobUobOoOo
goboodGRPODUOO0ODODDOOODDOOODLDD OO0 RPODODOODDDOO

123



gooo

0 0O [0 200110 351-3540

[21]00000000DO00000DLOO00bO0OODODO0o0bO0o0obOobOoooboDOon
GFRPUD O UOOUOODbUOOoU0bbmmboobbuooobbooobooobbbooo
oo0moboboooorooy)DbooO

[22]00000000DO0O00000000DLO00O00o0obObOOobDOoOobOoobOoDOon
gogoboooboboobobuoodobooubbooob bbb booo
(1994)0 Vol .470 No.50 110-1170

[23]0 00000000000 0DO00O000O00b0obDoob0obobDooboobooon
000o00o0bO0b00o0ob0b0ooo0obOoboOo0bOoDOnees)dvol. 90No. 30
190-1980J

[24]G. T. Kohman et al., Silver Migration in Electrical Insuration, Bell System
Tech., (1995), Vol. 34, 299.

[25]D. J. Lando et al., Conductive Anodic Filaments in Reinforced Polymeric
Dielectrics Formation and Prevention, 17th IEEE Ann. Proc. Rel. Phys., (1979),
51.

[26]T. Kawanobe, K. Otsuka, Metal Migration in Electronic Components, 32nd IEEE
Electron Components Conf., (1982), 220-228.

[27]000 00000000 O000O00000050MO0000000000000
0 [(1987)0 No. 150 36-3700

[28]0000 OODOOOOOODOOOOOOOODDOODOOUOUODOODOOOOO
(1990)J Vol. 9001 No. 9UJ ECM90-501 22-350]

[29]0000000000000000000000000000000000000
0000000000000000000MO0000000000000000000
(1994)0 Vol . 90 No. 30 199-2050]

[soj00o0o0boooobobooboboooobobobDobobobooDooo
0 0O 0 [(1993)0 Vol . 80 No. 200 172-1810

(31000000 0o0bdob0obooooboboobobDoobobo 20000
000000 O987)0 550

[32]W. H. Willott, IX-The Hardness of Glass, Journal of the Society of Glass
Technology, (1950), Vol. 34, 77.

[33]000000000000000000000000000000000000
(1993)0 Vol . 80 No. 20 182-1920]

124



oooo

(40000000 0ob0ob00o0obo0ob0b0o0ob00bobDo0ob0bOoDOaees)d
Vol. 80 No. 100 1-50

[35]0000000000000000000000000000000000000
0 [(1993)0 Vol . 80 No. 10 47-5700

Bl 000000000000 000000000 b0b000bO0DOnees)nvol.
8L No. 100 60-730

[B7ljc00bo0b0boo0boo0b00bOD0o0ob0Ob00R400000D0D0O0DO0OO
O00000D0DON1990)0 70 No. 1500 29-3200

0o oob0obbobooboooooboboooDooboboboooboDOon
0000000000000 00D0OI(1998)0 Vol. 30No. 40 212-21901

B0 00bobo0bdbooooboboboboooboboooooboboooon
0000000000 0Db0000bD40000000000D0O01O1989)075

[dojcoobob0o0b0obobooob0boobooobobobooobooDooboon
O00D00000D0O0ONI1993)0 Vol. 80 No. 100 74-840

[41]H. Tsizaka, Resin-smear on Drilling of Multilayer Printed Wiring Board, P.
C. World Convention 5, (1990), C3/1.

4200000000000 0000bO00bO0obOD0o0bOobOobDOoobOobOoDOon
0000000000000 b0b00b0O00DbOne9)dvol. 60 No. 600307-3140

4300000 bo0boooobobobDooboboooooboboboobooDOon
O0000000D0ODOONI1991)0Vol. 60 No. 40 215-21901

[44]0000000000000000000000000000000000000
000000000000 000000000000000000000000000
0 0 0(1990)0 Vol . 50 No. 20 67-72C

(4510 0000bo0boo0oooboobooooboobooboobooooboooo
O00000D00O0D0D1990)0 Vol . 50 No. 200 82-8901

4ejC00boiboo0o0b0oboboo0boooobobobDoobobooDon
00000000000 Db0000b00Db0DO0OO989)0Vvol. 40No. 50241-2440

[4/]j0o0o0bo0b0b0ooboboboboooooboboobooobobobooo
gooboodbbooobboobooos.ggobbooobbooobboooboon
0000000000000 DO0OD 019890 Vol 40No. 30 129-1500

125



gooo

[46]0000000000000000000000000000000000000
00000000 0(1988)0 Vol. 30 No. 60 354-3580

[49]0000000b0dboob0oob0bobooobobooobo0oboooboooo
000000000000 NI987)0Vol. 20 No. 40 224-2310

[soj000000b0bb0boboooboooboooboooooIvibobboon
00000000 D(1998)0 vol. 10 No. 200 119-1230

(10 000000000000 00D000 00O N1998)J Vol. 130No. 20 79-840

(2000000000000 0DbO0bO0bOO0obODOo0ob0obobDoOobOOobDOoDOooD
O00000D0ODOOI(997)0 Vol 1200 No. 600 425-42801

[0 00000 b0bo0bobooooooboooobooboobobobooon
O00MMDOO0O000D0DOONI1998)0 Vol . 1100 No. 400 248-25001

(4]0 000000000000 00bO0bO0O0b00obOobDOobObOOobOobDoOoDOon
00000000000 mOoobO0DODOaees)dvol. 100 No. 200 80-860

[55]000000PBOOOOOO0ODOOOODNI199)0 70 58-600
(5610 000000000000 O N(1994)0 60 94-950

[57100000000000000,0000000000000000000000
0 [(1994)0 110 9-150

[58]00000000000* 000000 00000000000000000
(1994) 0 110 22-260

(ol 000oPwBO D00 0O0ODODO0O0ODO0ODOO00DODON1994)011027-
300

[0 0000000000000 000000D00D0O0O0D0ON1994)0 110 62-640
[61]0 00000000 PBLOODODOOODOODOODODOODINOM993)0 40 22-260
[62]U D0 0000000000000 D000DLO0OD000DO0ODON1993)0 40 27-300
[6e3]U 000000000000 DLO0D0000DODODONA993)0 40 77-800

[64]0000000000O0ODO0O0O0DO00O0DDO0ODbOO0ObDOoO0DbO0ObDbDO10bbOD
00000000000 00b0ob0O00b0ODODOaee4)dvol. 600 No. 12[01796-
180001

[s5]0 000000000 boooobobooooboobooobobooooo

126



oooo

0 O [(1991) 0 400 10 17-230

[l 000000000000 0DLO0ODO0ODOO0OO0 RPODODOOODOODODOO
0000000000000 00DON1994)0 Vol . 4300 No. 4870 451-45600

[67/]0C 000000000000 boRPOODOODODODOOODOOODODOOOODOT
0230 FRPOOOO0ODOODOODODO(1994) 0 151-1550

[eslC00bo00b0bob0booooooboboooobobob0oobobooDOon
0000000000000 D00DO0ODOO993)0590 10 119-1240

[e9]0 00 00OCRPOODODODOOOODODOODOODOOODODODOODOO 300
000000000000 0Db0D000Db0OD0O0OD0O991)0570 30 491-4960

[70]0000000000000000000000000000000000000
00000000000000000000000000000000000000
(1978)0 40 30 112-1180

[71]CO000000000000000b00bOobOoobOobOOobOooboboDooOon
0000000000000 DO1991)d 570 70 1253-12580

[72]00000000000O000bO0bO0O00bO0oO0bOOobOoOobOobObOoboOo 200
FRROODOOODDOUODOODOOO0ODOODOD1991)00570 801 1437-14420

[73]0000000000000bO0bD0o0b0obObO0obOOobobOobDOGRRPOOODO
0000000 0ONA991)0 570 1200 2187-21920

[74]0000000000OCRRPUDODO0ODODOODODO0ODbDODOOODbODOODbO
002000 0000000000000000D0O00DO 0D O1990)05606011058-
106301

[75]00000000000DO000bO0b0O00bO0oO0bOobOoobOobobOoboOo 200
GFRRPOUDUODDUDODOODODODDO(1989)0 550 40 709-7140

[76lJ0000000000OCRRPUDODO0ODODOODO0ODbDODOOODbODOODbO
0010000000000 000b00b0b00o0bobOnDODies9)ssrgirase-
14610

77100 0000000000000 0OGRRPOODOO0ODOODOO0OD O [Y(1988)054030
594-59901

[78lCO00000000000DO00bD00b0O0DbO0ObOOobDOoOobDbeRRPUODOO
0000000000000 DO987)0 53090 1447-14520

127



gooo

[79]0 0000000000000 RRPOODODOODODOOODODOODODOODNOO199)D
Vol .43 No.48901 679-6830

[soj0 00000 b0dbOoob0ObOoCRRPOODDO0ODOODODOODOODODOOO
00 0O 01994) 0 Vol .43 No . 4870 445-45001

[81]0 000000000 D0O0ODU0OD0ORRPOODDOODDOODDOODOO199)D
Vol .43 No.48601 290-2960]

[s2]0 00000000 b0b0Ob0OcCRPOUDDUODDODODODODOODOOODODOD
00 0CO [I11994) 0 60 [0 00 569 [0 0 297-3020J

(s3]0 00 00boooob0boooobobooobobobDoobobooDooo
gobobooobbtbooobboobbcUbd ety 510 0471 0 0 2929-29350

(40000000000 booooboooobobobooobobooDoon
goobooobobboobbuomuoubbuooobochoDo eo 5100463
U 0 656-66301

[s]10 00000000000 Db0Db0000Db0Ob0D0O0bOOGRRPOCFRPODDOODOODO
goobbobooobbooobmbboobbuoobcom O s8M490 04660 O
1799-180601

[l 000 0bb0b0dbobOobooobOobooGRPUDODODDODODODODOOODODn
goobbooobbtbodmiouobbooobchOogosro4sb4a3s
656-663L

(7100000000 b0b0bO0oboo0bOobooGRPUDODODDODODODODOOODODn
oobooobbo@mbioobbuoobooch 0D b 55046 0 10408 0 1J990-9970

(sl 0 00boboooodboobobobooobobobDobobobooooo
O00000D0O0ODI1995)0 610 700 1006-10100

[0 0ooobooooooboobooboooooobooooboobooooo
030000 3627001780 [ 816-8250

[90]S. J. Lee, K. F. Eman, S. M. Wu, An Analysis of the Drill Wandering Motion,
Transations of the ASME, Journal of Engineering for Industry, (1987), Vol. 109,
297-305.

[P1]00000000b0b0ob00o0o0b0ob0ooOooboob1o0obobDooboog
o0 oobbboobboch OO 5901150 0 0453 0 U 898-9060

128



oooo

[2lC 0000000000000 O000O00b0bOD0obO0b 2000b0bDO0DOO
goboboooobooobboobboobbbomoobboobobocecoom g
591150 [0 0 453 0 [0 907-9140

[93]D. F. GALLOWAY, Some Experiments on the Influence of Various Factors on
Drill Performance, TRANSACTIONS OF THE ASME, FEBRUARY, (1957).

[94]S-Ema, H. Fujii, E. Marui, Whiriling Vibration in Drilling. Part 3: Vibration
Analysis in Drilling Workpiece with a Pilot Hole, Transactions of the ASME,
Journal of Engineering for Industry, (1988), Vol. 110, 315-321.

(S0 0000000 oobobooDooboboobDoobobLO0o
gobooooboboobobboobboodbohooobooomeg m o 57
480 04320 [0 1275-12820

[96]S.FUJIl, M. F. DeVRIES, S. M. Wu, An Analysis, of Drill Geometry for Optimum
Drill Design by Computer. Part I-Drill Geometry Analysis, Transactions of the
ASME, Journal of Engineering for Industry, (1970), 647-656.

[97]S.FUJll, M. F. DeVRIES, S. M. Wu, An Analysis, of Drill Geometry for Optimum
Drill Design by Computer. Part Il-Computer Aided Design, Transactions of the
ASME, Journal of Engineering for Industry, (1970), 657-666.

[ 0obobooobobioooobobooobobob0oobobooooobooo
0 0O 0 [ 199211 580 40 655-66001

(900000000000 DLO0O00OAED0D0ODODOO0ODbOODOObODO0ODbOoDObOD
U0D00000CO T 19911157 0 U 542 0 O 3352-335701

[0 0ofobdbob0ob0o0ob0obobDo0oboboo0ob0obOobOcO I 1991
570 0533 0 U 320-3250

[01j00ooooo0oboboooboboboboboobobooboboboooobooo
0000000000000 Db0D0O0D00bL0@bObO0bODOa991)ds57030485-
49001

[102j0oocodbobooboboooboobobobOobooobOoboooboobooDo
000000199000 5600 80 108-1130

(1030 0ofobobooo0o0oo0oborRPODOODDOODODODOOODODOOODOOO
0 0 [(1991) 0 5700 60 1029-10340

[14jo0oocobboboboboboobobooboboobobobDoobobooDOon
gogooobbiligoooooooooobbobobbbooooooooooooooo

129



gooo

(1993)0 5907 100 1695-17000]

[io5]j0 0000 boooob0boboooboooboooboooobooDoD
10000000000 00Db00000b00D0DOA991)0590 110 1827-18320

[106]0 00000000000 DbO00b00bOOO0bO0ObODOobObOOoDODOobObOoDOooD
0 [(1975)041 0 0120 0 1141-11460

[107]0 00000000000 DO0O00O0bO0OO0bO0ObOOoObOOobDOobObOobDOoon
0000 0O1991)0 570 1201 2163-216801

[108]j00C0o00boo0ob0b0obo0oboob0oboobobobooobooooo
000000Db00b0b0obD0o0b0ob0ob00@uobOobDODOae91)nsro3ma8s-
49001

[109j000o00bobob0o0obobob0obooobooooboboobobOoonooo
gboo010b00000b0obo0ob00o0bob0obob0o0obOoboo0o0bODbiesr)us3n
20 288-29401

[110]j0 0000000000000 borRPOOODDODOOODOODOODOOODODOO
000200 0000000000M0000000O00OD00OADOOY199%)064 00622
0 0 1501-15080

(111000000000 o0oobo0oborRPOO0ODODOO0ODOODODOOODODOO
0010000000000 000000D000b00b0bD0O0ADdOy1998)0640 0
622 J [J 1493-15000

[112]0000000000DO00000O00DO000bO0bDOo0obO cRRPOUDODOD
0000000000000 D00D0ADO1998)064 0 [0 627 0 U 2686-269301

(13000000 b0bobob000orRPODODOO0ODOODOODOOODOODODOOO
0003000000000 oboobobooboboOoAdO 963
615 00 [ 2332-23370

[14j00000b00b00b00b00ob0b0Oo0orRPOODOODODOODDOODODOOO
000000000000 0ODOADOY199%)062 0 0594 [ [ 382-3340

[115]0 00 0000000000000 0b0o0b0oooobobooobooooo
OFRPOODDODOODOODODOODON997)0 Vol 4600 No .81 981-98801

[116]0 00000000000 DO000bO00ODO0O0bOoDODOoOoDbOobDOobobOoDooD
0000000000000 D0OD(1998)0 Vol .470 No. 10 68-7200

[117]000000000000000000000000000000000000
0 00 0 [(1994) 0 Vol . 430 No. 4890 684-6890

130



oooo

[118juo0ooboooboobobooobooobbobobDoboboobOooo30ooon
O00D00D00O0DODO995)0 Vol .44[0 No.5020 921-9260

[119]0000000000000000000000030000000000000
0 0 [0(1995) 0 Vol . 440 No. 4990 390-3940

[120]0 0000000000000 0000O0O0b00OGRRPOODDOODOODODOO
OOOFMOOO0O0O0ODODODODODOOD O OO O995)0 Vol 440 No.499(01 470-47600

[121]000000D00000DO0O00000OD0DO0bOFRRPODODOOODOODODOOO
0000000000000 D0OD00OADON(1994)060 0 05790 [0 2498-25030

[122]0 000000000000 bO0DbO0bO0O0o0obO0oOooOobOobObOoOobOoooboon
0000 01994)0 Vol .43 No 48601 265-27001

[123]S. J. Lewis, The use of carbon fibre composites on military aircraft,
Composites Manufaturing, (1994), Vol. 5, No. 2, 95-103

[124]R. F. J. McCarthy, G. H. Haines and R. A. Newley, Polymer composite
applications to aerospace equipment, Composites Manufacturing, (1994), Vol. 5,
No. 2, 83-93.

[125]S. R. Frost and A. Cervenka, Glass fiber-reinforced epoxy matrix filament-
wound pipes for use in the oil industry, Composites Manufacturing, (1994), Vol.
5, No. 2, 73-81.

[126]M. K. Chryssanthopoulos, V. Giavotto and C. Poggi, Characterization of
manufacturing effects for bukling-sensitive composite cylinders, Composites
Manufacturing, (1995), Vol. 6, No. 2, 93-101.

[127]Erik Persson, Ingvar Eriksson and Leif Zackrisson, Effects of hole machining
defects on strength and fatigue life of composite laminates, Composites, Part A,
(1997), 28A, 141-151.

[128]JIAYU XIAO and CLAUDE BATHIAS, Fatigue Damage and Fracture Mechanism of
Notched Woven Laminates, Journal of COMPOSITE MATERIALS, (1994), Vol. 28, No.
12, 1127-1139.

[129]SCOT D. ANDREWS, OZDEN O. OCHOA and STEVE D. OWENS, The Effects of Fastener
Hole Defects, Journal of COMPOSITE MATERIALS, (1993), Vol. 27, No. 1, 2-20.

[130]DORON SHALEV and K. L. REIFSNIDER, Study of the Onset of Delamination at
Holes in Composite Laminates, Journal of COMPOSITE MATERIALS, (1990), Vol. 24,
42-71.

131



gogo

[131]C. SOUTIS, N. A. FLECK and P. A. SMITH, Failure Prediction Technique for
Compression Loaded Carbon Fibre-Epoxy Laminate with Open Holes, Journal of
COMPOSITE MATERIALS, (1991), Vol. 25, 1476-1498.

[132]Meng Hou and K. Friedrich, Resistance welding of continuous glass fibre-
reinforced polypropylene composites, Composites Manufacturing, (1992), Vol. 3,
No. 3, 153-163.

[133]1. Crivelli Visconti, A. Paesano and M. Penasa, An investigation of antiwear
coatings on fibre-reiforced plastics, Composites Manufacturing, (1992), Vol. 3,
No. 1, 7-13.

[134]P. T. Curtis and D. L. Whitehead, The effect of fabrication-induced surface
roughness in the compressive and flexural properties of carbon fibre-reinforced
plastics, Composites Manufacturing, (1990), Vol. 1, No. 4, 235-241.

[135]Albert S. Tam and Timothy G. Gutowski, The Kinematics for forming ideal
aligned fibre composites into complex shapes, Composites Manufacturing, (1990)
, Vol. 1, No. 4, 219-228.

[136]MENG-KAO THE AND CHUNG-MING TAN, Buckling of Elliptically Delaminated
Composite Plates, Journal of COMPOSITE MATERIALS, (1994), Vol. 28, No. 1, 36-52.

[137]G. CAPRINO and V. TAGLIAFERRI, DAMAGE DEVELOPMENT IN DRILLING GLASS FIBER
REINFORCED PLASTICS, Int. J. Mach. Tools Manufact., (1995), Vol.35, No. 6, 817-
829.

[138]R. STONE and K. KRISHNAMURTHY, ANEURAL NETWORK THRUST FORCE CONTROLLER TO
MINIMIZE DELAMINATION DURING DRILLING OF GRAPHITE-EPOXY LAMINATES, Int. J.
Mach. Tools Manufact., (1996), Vol.36, No. 9, 985-1003.

[139]Alan Chambers and Gordon Bishop, THE DRILLING OF CARBON FIBER POLYMER
MATRIX COMPOSITES, Proceedings of ICCM-10, (1995), Vol. 11l: Processing and
Manufacturing, 565-571.

[140]G.CAPRINO, V. TAGLIAFERRI and L. COVELL, CUTTING GLASS FIBER REINFORCED
COMPOSITES USING CO, LASER WITH MULTIMODAL-GAUSSIAN DISTRIBUTION, Int. J. Mach.
Tools Manufact., (1995), Vol.35, No. 6, 831-840.

[141]Shin-Chieh Lin and Jun-Ming Shen, Drilling Unidirectional Glass Fiber-Rein
forced Composite Materials at High Speed, Journal of COMPOSITE MATERIALS,
(1999), Vol. 33, No. 9, 827-851

132



oooo

[142]C.W. Wern, M.Ramulu, K. Colligan, A Study of the surface texture of
composite drilled holes, Journal of Materials Processing Technology, (1993),
37, 373-389

[143]S.K. MALHOTRA, SOME STUDIES ON DRILLING OF FIBOUS COMPOSITES, Journal of
Materials Processing Technology, (1990), 24, 291-300.

[144]G. R. Bishop, N. N. Z. Gindy, An investigation into the drilling of
ballistic Kevlar composites, Composites Manufacturing, (1990), Vol. 3, No. 3,
155-159.

[145]S. Abrate and D. A. Walton, Machining of composite materials. Part I:
Traditional methods, Composites Manufacturing, (1992), Vol. 3, No. 2, 75-83.

[146]T. Radhakrishnan and S. M. Wu, On-Line Hole Quarity Evaluation for Drilling
Composite Material Using Dynamic Date, Journal of Engineering for Industry,
(1981), Vol. 103, 119-125.

[147]Joseph A_Miller, Drilling grapfite/epoxy at Lockheed, AMERICAN MACHINIST &
Automated Manufacturing, (1987), 10, 70-71.

[148]S. Jain, D. H. C. Yang, Effects of Feedrate and Chisel Edge on Delamination
in Composites Drilling, Transactions of the ASME, Journal of Engineering for
Industry, (1993), Vol. 115, 398-405.

[149]V. Chandrasekharan, S. G. Kapoor, R. E. Devor, A Machanistic Approach to
Predicting the Cutting Forces in Drilling: With Application to Fiber-Reinforced
Composite Materials, Transactions of the ASME, Journal of Engineering for
Industry, (1995), Vol. 117, 559-570.

[150]M. N. Srinivasan, C. L. Hough, R. W. Bolton, F. M. Davis, Evaluation of
Drilled Hole Quality in Printed Circuit Boards, Transactions of the ASME,
Journal of Engineering for Industry, (1995), Vol. 117, 248-252.

[151]G. DiPaoro, S. G. Kapoor, R. E. DeVor, An Experimental Investigation of the
Crack Growth Phenomenon for Drilling of Fiber-Reinforced Composite Materials,
Transactions of the ASME, Journal of Engineering for Industry, (1996), Vol. 118,
104-110.

[152]S. Abrate and D. Walton, Machining of composite materials. Part Il: Non-
traditional methods, Composites Manufacturing, (1992), No. 2, 85-94.

[153]M. Dell’ rba, L. M. Galantucci and S. Miglietta, An Experimental study on

133



gogo

laser drilling and cutting, of composite materials for the aerospace industry
using excimer and CO, sources, Composites Manufacturing, Vol. 3, No. 1, 14-19.

[154]Janet K. Lumpp and Sudhakar Raman, Electrical Characterization of Laser
Machined and Metallized Vias in AIN with Thick Film Interconnect, IEEE TRANSACTIONS
ON COMPOMENTS, PACKAGING, AND MANUFACTURING TECHNOLOGY, PART C, Vol. 21, No. 2,
(1998), 118-125.

[155]Kazunari Nawa and Masakazu Ohkita, Reliability of the Laminate from Advanced
COPNA-Resin/E-Glass Fabric System, IEEE TRANSACTIONS ON COMPOMENTS, PACKAGING,
AND MANUFACTURING TECHNOLOGY, PART B, Vol. 20, No. 1, (1997), 75-86.

[156]Ho-Cheng, H. & Dharan, C.K.H., Delamination during drilling in composite
laminates, Trans. ASME, J. Eng. for Industry, (1990), 112, 236-239.

[157]M.Ramulu, C.W. Wern and J.l. Garbini, Effect of fiber direction on surface
roughness measurements of machined graphite/epoxy composite, Composites
Manufacturing, (1993), Vol.4, No.l, 39-51.

[158]Dipaolo G., Kapoor S. G. and Devor R.E., An experimental investigation of
the crack growth phenomenon for drilling of fiber-reinforced composite materials,
Trans. ASME, J. Eng. for Industry, (1996), 118, 104-110.

[159]Andrews S. D. and Ocha 0. 0., The effects of faster hole defects, J. Comp.
Mat., (1993), 27, 2-20.

[160]Caprio G. and Tagliaferri V., Damage development in drilling glass fiber
reinforced plastics, Int. J. Mach. Tools Manuf., (1995), 35, 817-829.

[161]J.A. 000O0O0000O0C0O0O000O0C0O0O000000000000000000
(1992)0 2680

[162]A. Cambers, G. Bishop, Proc. of ICCM-10, (1995), 565

[163]0 0000000000000 0000000O0O0I01966)0 43-490J

[164]0 00000000000 000000000000O000 0O00(1988)[1102-1050
[165]0000000000000000001991)0 1480

[166]0 0000000000000 0O0O00O000O0O0O0O0O0O0OM0O0O 620190
[167]0 0000000000 000N1990)0 940

[168]0 00000000000 DO0O0DLO0ODO0O0bLODODOO0DbOobODOobObOoDOooOD

134



oooo

000 0(1999)0

[169]0000000000000000000000200000000000000
00 0 (1994) 0

[(a7ojpwe0 00 0000DODODOOOOODOOOODOODOO3OOODOOOO
000000000000 0D00D0D0OO19%)0O

[A71]0 000000000000 00D00 2000000000 01989)0
[172]0 0 0000000000000 0000DO0O0O00D0O0Oa993)0

[173]000000000000000000000000000000000000
0 O 0(1995) 0

[174]000000000000000000000000000000000000
00000000 01991)C0

(7o ooboboooooboooobobooDoobobooogd
0 0O 0O [(2000) 0 Vol .510 No . 500 473-47801

[176]0 00000000000 DO0O0O0O0DO0ODOOD0O0O0ODOODOO2000)0 Vol 510
No.50 479-48301

[177]0 000000000000 DOO0OO0O0OODDODOO0O0ODODODOOO2000)0
Vol .51[0 No.500 484-4890

[178]0 00000000000 DO0O00O0DO0ODO0OO00O0ODOODOI2000)0 Vol 510
No.500 490-4940]

oo oob0bodobo0b0oboo0obOOdnni2000)Vol .51MNo .50
495-499(1

[180]0 000000000000 00000000000000000000000
0000000000000 0000000000000AOOOODOOOOOOO0O
(1998) 0 Vol . 1180 No.7/80 838-8450]

[181j0 00000 o0boob0ob0ooooboob0obooboobooooooo
O0000000000ORDOODODOOI(1991)0 Vol .4100 No -3 38-41001

(120000000 boboob0ob0obobobobobooDooDbo
O00MDO0O000bO0000ob8sb0nOnD1997) No-260 800 49-510

[183]j0 00000 o0ob0oboo0obobooboboboobooboboboobooooo
O00000D00000D00OD0OI1990)0 No.50200 6.1100 279-2810

[184]j0 0000000000000 0DbO0OO0000b0bOobOobOoboOoOGkFRPOO
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDI?)DS
000000000 DO2001)0 VOL.120 No. 20 81-890J



HREEN

gopoobooooobobooooooobob oo oood goguobobbooo
oo UUU U
gooooon

gogooobooobobooobboboot oo oooboooob booo oo
oo ooouooo
gooooon

gopoobooooon goob obhbbboooobobbbooooobobboooo
goooobooobbbbbbbooooooouoooobooobboboboon
gopoobooooon oob obhbboooooobbobooooboobooo
gooooooobobbobbbbooooogooo

gopoobogooooobobd b0 boooobobbboooouobbboooo
gooooobbbobbbbooooooooouooooobooon
gopooboooooon bbb bbhboooobbbboooouobobboooo
goooobobbboboooooogd

gopoobooooon goob obhbbboooobobbbooooobobboooo
gooooooobbbbbbooooooogo

gopoobooooon oob obhbboooooobbobooooboobooo
goooobooobbbbbboooooogg
googbobobobooooogoboobbooogouoboobooooooonooo
gooboooowchbbooobbuoooobbooobobooobboboooo
gopoobogooooobobd b0 boooobobbboooouobbboooo
goooobooobbbbbboooooogg
ggobobooubboouoobboonbboouoobnobooobnbooobnooo
gogoobobbooguoobdooooonoooon boogogooboooubobo
goggobboogooobbobbbooooooooooooon
gopoobooooobbbogooooobooooboobbodn boogo oo
gooooooobobobobbbobooooooooooooooobooboon
goddddddooooouououoooouoooooobboooooobobooooon
gooooooooboon

goddooooooooooouoooooooooooooooooooooooon
gooooooobbobobbobooooogo
U

136



