creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[ UCI ]1804: 24011- 200000265761

20163 8¢

SRR

T AW S o] &3t
Deep Hole Drilling |4 5=

7l gt



O_= o
TN S o

o

gk
Deep Hole Drilling 3|4l xdl
7

Deep Hole Drilling analysis model developed
using Finite element method

2006 @ 8 ¥9 25 ¢

Collection @ chosun



Deep Hole Drilling 3|4l xdl

7

o

o
Mo

AR
HJ

04 €

2016

2l

o}
ol

o

o 8

Qi

N

ald

Collection @ chosun



54

20163

Collection @ chosun



ABSTRACT
e T TR |
1.1 A" Bl7d B BB s 1
1.2 Q" T e 3
S EE N [ 6
2.1 TG HFA 6
2.1.1 78 H Y A v 6
212 AFSHO] FHEO WA GG e 7
22 5588 FAMHE T e 11
R P L O —— 12
r e R 14
PR R Rl 15
Y 1 B 17
2.3 9& =4 9% (Deep Hole Drilling Method) - 22
R 0)8) 11 [ 22
PRI 01810 3 I R 25
233 A5 o] g FY A 26

Collection @ chosun



3.1 FEM A 270 o 27
311 Z 7] L BIEZD e 28
3.1.2 B A FED s 29
3.1.3 SR ZFID e 30
1A A FTD v 31
315 ZREl 7] e 35

3.2 Parametric 271 o 37

3.3 DHD %} iDHD=E O] £ 35F FEM - oooveeeremeemeeneninenn 38
321 FAAF SH 3 FAD oo, 38
322 31 LB B FPAD e 42
323 22 SHo] 3 FAD e 46

AAFF D B 50
ZE 1 T B 51
T

Collection @ chosun



=5
a9 21 ANA RFSES A BFEY e
¥ 22 S£HAFE9E E e
a8 23 FY9 Roo 28 FBELE BEE e
2% 24 w3 ge} v

¥ 25 FAo WE IHSE SHHPH
2% 26 Z=AAE] AWM QF] e,
a3 27 =He L4 LTS -: JETTRRNa
18 28 TGFWE T O] QF] s
¥ 29 v g2 Hy | O] K| FLZF e
1% 210 S k] wE Ao]H] fIA] s

Halek (¢ ) Kl

219 212 DHDWH e 9

1% 213 Drilling® Trepanning IFA «eeeeeesseeeennne
1% 214 Trepanning 734 273 2] WG e
28 215 B A ] AT da, dh ereerereereesrsesssiessiiininns
S8 31 AAS FEY S EZ] s
18 392 23 s & 7] s
18 33 23 T FE O] LB ZET] s
8 34 7 20mm EDE B AF o
78 35 HEo] T E O] ] e

— i -

Collection @ chosun



31

31

32
.39

i
!
il

a9 39 AR 75 A 7oA

SRR IETR

19 3.10

33
.33

4

17 3.11 Fo]A

)
<

o
M

)
<

o
M

i
!
il

a9 314 =¥ 1

35
36

a9 315 2§ 1 459

i
!
il

=
=)

19 316 =¥ 10 4%9 &
19 317 29 10 A% &

36
.38
.38

T

& 2719 Drilling

o
[¢)

1917

iLO

3
9

1
1

d 3.

M

& 2719 Trepanning -5

[e]
N &

]

o

pis

d 3.

M

39
w40

M

T
pugd
=

—_—

=
T

olo

o}
e

N
T

olo
0
o

—

5

—
[N}

o3
™
m

41
49

M

N

M

42

94 Trepanning

43

—

M

44

—

M

_iV_

Collection @ chosun



1% 327 T3 S8 FY QIFA T e 45
28 328 23 28 279 Drilling LB EEID e 46
2218 329 23 S8 Z 7Y Trepanning - 46
19 330 23T 2# Z719] Z Y] BIBFEE s 47
1% 331 23 o8 A0 L' AAFA T e 48
28 332 23 28 ZALY QAT e 49
x5
32 31 AT Y] TAJ ] v 30
F 3.2 DHD®} Drill# EDM Z 70wttt 37
% 33 iDHDY] Drill#F EDM F 71 rerereeeemenmiseeienssiesssneisins 37

Collection @ chosun



ABSTRACT

Deep Hole Drilling analysis model developed
using Finite element method

Moon, Min Ju
Advisor : Prof. Park, Jeong Ung, Ph.D.
Department of Civil Engineering

Graduate School of Chosun University

Cracks in a structure take place due to long use and excessive load. These
cracks affect the safety of a structure. Korea started concentrating on bridge
construction from 1970s when industrial development was on a right track.
Those bridges built then have aged to 10 to 20 years and they take 709 of
the total bridges in Korea. Therefore, theses old bridges have been a serious
social problem. As steel materials are more used for a bridge and those
bridges age, their safety is getting more important. particularly, old bridges
are very vulnerable to cracking. In general, residual stress relaxes and is
redistributed due to the amount of applied load, repetition and crack progress.
For safety assessment on cracks detected in safety inspection or when
designing allowable crack length, it is very necessary to know the
distribution of residual stress in welding spot. To estimate the stability and
remaining life year of a structure more accurately, it is necessary to evaluate
residual stress more precisely.

Therefore, this study is aimed to develop Deep Hole Drilling Analysis
Model, which is one of the methods by which residual stress can be
measured in the through-thickness direction. To achieve the goal, this study
attempts to analyze the impact of the boundary conditions of core, the
diametrical relation of Drill and EDM, and Step conditions on analytical
accuracy, using finite element analysis (FEA).

_Vi_

Collection @ chosun



=

A

A1

8
e

BK

T 7

B

1.1

ol

10-201d o] 74 %

R

O -

-

o 7
AA mwke] 70%(= EalE 5, 2015)

=
=

= O
WHEL

- &
-

e

-

o
H

o
A

e

| N2 36%7}

o] ¥t °]

= Al
o

R

I

7}ak

=
5]

SEEES

ol

A

O

=
5]

=
5]

T

R

o
T

271.7%, 20

o =

Fol 106 ¥

©

30 ol A

[e)

R

A
=

g A

3L

]

e}
il

#upe}

Vet AL, A 57%7)
66.72%6 2. %

t& 7]}
th(1lee. YB %, 1997).

S

o] 4

"

oo

.

o

T
oo
x0
Ho

—_
"o

M= 84

k)

9

=

=

7F

]

b}
JO

ot} wheA

, 1987).7-

BN
T

[€)

=9 i
j

s

ur
=

o]tHKim S.C

|
&

BN
T

a4 w7}

3

of 2]
4

7ol

==
=)

5

Collection @ chosun



R A9 ARSEE FHA FAeAY) A A7 APHelen Yok AFEY

o 2E FEEY FHALEC wet v 3y, Ansky) kA vy wyges BRE ¢ 9l
a4l wWH o 2AE X-ray Method, Neutron Diffraction Method,

n
)
5

Magnetic Method”} o™, Awulss] W o 2+ Hole Drilling Method, Ring Core
Method, ¢tz 3z ¥H o 2= DHDYH(Deep Hole Drilling Method), Contour Method,
Inherent Strain Method %©¢] Ut} o] Fo A= DHDW (Deep Hole Drilling Method)
< oA g Ed o, dEoMn s g dAed vk FElvei s b ok
W F stuel DHDWE iAoz Avetal ArE 75duy a8 dq-4olA

ZHAIAL Sl A AR o] AAA R s T AR Ve

Hepd B dpdldE FANFen URSHL AT + b

=)
BN
)

=
Deep Hole Drilling A E2 & 7|Estaizl gt ol & 98] Qs 09 4
fr gt

o
e

Drill#} EDM®] #1749 #7, Step 50| A E R A= 3

5 g ol gele] Bre wAET

Collection @ chosun



ﬂﬂ%ﬂ«ﬂ%% T 2 B O T oo oo B OB N TR M
"N m o H e = W K W R T - R Y oW W
T . S S 5 T o 2w o o
= o o F B g B S BoLg R = oo WO W o
* _mﬁ R o o o Wo T W g =2 % o d B oo T oo
ay T odo T o o E W o S W W L OF 2 F RO G ogm
E 2 el o w8 mmmm& R S
%0 S = © S . N = 00 e
eﬁ ‘Wﬂ T @ s N m R MM oy m - %0 S & T MG_H ol _zxru o))
PewES e EFTFRTIESsSF T EET Gy
PR 8 = | ° il i 5 R oo @ T0
»@_ B A T L MM &om m m mﬂo . M,HU_ Mﬂrw _quom MWL MM ﬂﬂ_vlm 0 NrooE o W _zxru
™ o} ' i X - o ' = 3|
G R T R A T - B A
20 B T 2o B XN gy oM g
_ — ~ [z} . pane
T om o S g oo o mm m m = RE T o o Nr M =i 30 ‘_.,mo i) WW oo
s XN AR E A = @ B o o ar 0 o> B o™ owm Ko
S R Booe — )y 9 oo ERRC By
o ¥ - 3 =~ X 8 2% 5 " E T oo x TR og
£ T oy o B o 5§ = o U eIy oo — o
oo G g 0 M T W " ~ & = X FT X = uw AR it o)) oo Gn
P X T u g o S ATEIE DT RS o
o m woms oo ok o™ ®m oo oo S o ) = ™ cS do o ol
T T g e qw ol uEnd el Ea oo w oy M
MMﬂﬂET%@HmH; w M D B B o = b w
o e Dao = - do © wm ® £ m Jﬂ ~ MG_H 5 ﬂ,ﬁ o) oox oA o oju
— r ol —, o Q J o i e il
%Wﬂ%ﬂmﬂm@%%h@%%ﬁ%%@%%%mar?mo
z X © ! T~ D _E
Z e RS o n e o BEPE g R0
o~ <o W2 T8 oy o8 o™ 2 omw W K = _ = o 2
ol o B Y do ® W < = ol e e o LT = )
PR oo w8 o o~ B oa Ty Xom X Dy
PEIp P TRyl FT B ¥ ™ w o
X ) — 0 0 N L) — ~N
P L S S - = - AR D I T - 01
P TEI a8 S5 Ew e lFw R B
TP ER e S 2EAREFT R g PP CF T
T o go ® O = = Nr oo U =T c
O RO S R == LI L YR~ Cct =
W W SO I C  B = BT R Y 25 P
™ 5 o K ok B o & £ do N ¥ W I T T T R A B

Hf ot

)

A
L

A4 ATt

3

1930 J. Matharel ¢

T

R

AT

lex
il

Collection @ chosun



dE&=d8 W (Deep Hole Drilling Method)d 7190& oFaljste] TtHER. Lee,
1964). tAel AlFE sl 799 HEE EdE A &HE FAHSAT oY
S#8 FAs= 9H<L Borehole % over—coringe 3o 71 W3S EUE $HE S

Aste Ao tHC.D. Martin 5 1991). Borehole®} over-coring® o] 7= A ulwk

o FAYE TARE 5 2L ERPRBR Ago] ¥ga, g g Ta
ol B S A8o] HUL o WU FHEL TRENN EWoERH FA W
Foz WA FUASHAT, FHOIG #5, FeuwolA ¢

Atk 7 & Ao wradE DHDYH (Deep Hole Drilling method)2 ¢1-838fe] of&f 4

oA A7 WA Aol e IFHSH(DA. Ferrill, 5 1966)3 Wl F-of 4]
o] FFE&HSHEM. Beany 5 1978) o A7k JAHHJ. o] & A{F&HFNE
¢t DHDHE Algste] 9 #3438 FHste d(AA. Gracia Granada &,
1998)7F ol Fof Heow, 2005 27e] 412mmelal F77} 196mmSl 85 d 3o
#He =Aslrk. A8 AISI Type 316HE ARE89aL, &4 Girth,
WR W2 AREsEth 1 AdE S84 3 Hlatek it 20061 ol = DHDY & &5t

zo]

o 9T FEo AfEE dFvEEeY FEEHE S-S AT o] F AT
(X. Ficquet %, 2006). 200733 2008 3¢+ =AHe] AHI}AHE Fol7] ¢gt =2
vloltEo] AAHQTE 20073 FFLAHES AFESY IncrementE o] &3 A EE

WS A A8 H THA HMahmoudi 5, 2007). ©] o, Increment®] @} Trepanning2
st AL A7 ®sEE ol&ste] WHIAES thEA AYsArE. Foje AV|E
575mm, &~¥2 258 A&t 2008l s e LA T2 13 abaqusE ©| &5t
A2 DHDYH-S A A8 HA HMahmoudi 5, 2008). o] w, w2 200731 A
37 IncrementE ©]-&3le] AZL DHDHES AF&3% 2w, Hole® 7] 3mm, o7}

10mm $ 316L Steel® H4dlo] AR Lee =FaAw, 1 S FAAPOR =

Ast Aol vk 2011 0]+ DHDYHol A AAEHE augste] 2013 /S
Hol| B3t ATE 1 PAHAH Mahmoudi, 5 2011). 24 EHE Zol7] Y& 4
ol9} o] AAe AV|E 1¥ sl IncrementyS A& T ¥ Q&S AltstAth

©,

=2
any

o]
Fol 2012l = Zol9] 7]27]% Drilling®} Trepanning 2% 1% &4 o
Hek 22 weoks AAsteE AF7 Y E A2 (Houichi Kitano &, 2012),

ot
o
I

_4_

Collection @ chosun



ol wl AEA AAE Wt A G Ao W}

A Ao th Hgk DHDH &

fee

e wawe ned FAL

2 Z2 a3 abaqusE o]&3te] Al 71H|

7

Rectangular beam, Hollow cylinder, Solid cylinder-to-cylinder& 316L stainless steel

o BHAE HEshel AFeol
¥ AgeE A
AS4/3552 E3HE
DHDY & A83he] 2788 &
EHE Foly] AAE diille]

S EASAHC. Garza 5, 2015).

Collection @ chosun

Z& A% tHD.]. Smith &

A7 EAsE F9L 7I€2] DHDY E == iDHD
2012). 201599l= FA7F 18mm¢<!

j

ol HJrE ARt IFEHE 54U o] W Lamiated &



A27 ol &2 w7

w Z A = o

okol o,
s A=

3= A

3ol 7

A

A"k 919 oleh 2ol

=
=

Ell_

.o
==

A A RS

2 Hygs

o]

W

X

J

|
&

72 vro] AT led, AA
258 (Mirco-residual  stress) 22 o]z}

zk

A=A E

& (Marco-residual stress), 7|44

==
=

= O
Ty

"k

e
ol

Collection @ chosun



o M o) W de o R
o ®ROT O 4
R
ﬂ Q
— ala A_ﬂ ) mzﬁ ol 0 S =
S = 3 °w R
& W o o g
Nowmow o 9 ¥
g o | U0 LR Vo B
g - NoE o
" @ il 2 B ) W W i
2 5| = oo o w
g d P i = T ey 0w DW
5 w g g = o B o A oo K ozr
a B o= T om M F o at
foaxe) 0 ~ o~ B
%m =) A o ﬂ_OF o0 W
= . 9w o ™ 2 do
¥ p 2P LETS
= I o uowos
R T T . TS
X S g G
= e B -
i -
alo = 0 I L
<+ E o' M
g I R R
K M B e TNy G
= . W O® L ow m = O
% &r (i5) ™
. W il = I A A
< 3
=l = ) H 5w g
— 4o Uost m oY
N ar S : B
° oﬁo W% T o ey .
il oy oG T oy Wy W
M = aox oM WO de TR
- ﬂAr_._ do M N O TR @.H CI0
gl
N L agxgs T g
- T ww H oM T R
o~ do 1 R ® o @ oo

of wlz, HAu, ddl s

=
=

A

©
T

/Collection @ chosun



7}, 2%

HFHom FAZE e

LAyt
o7 Hof Aol

°]

B

Sk

Eias

= dde dzEa

3|

A

gk
=2

LA
3

o

1
A

B

i

Ayl V2 o)g Fho] %

A

=
-

o)

Aol = g7

=
L, =

=l

&

RERRERRY

°
w
-4
®O
o4 T
/ L
1
=
=
=
+ yl
HH e
o
\\W Vi
L
= -4

, 2014)

lo

00
RO

ol

o0

80

ol
o
0l0
nE
KJ
KD
oo

0

ol
N

ol

Al

Collection @ chosun



g9 9

@3 t2A et @

. #d

o7 A dt.

—r

0

ol
0

Goe,

0

4

g

Tx

FE(Z0ze)

0.2

0.1

(X ‘7)'3)
08|
04

alls}

o

HHolA 9 A x

oo

A 2LZ(HIIA, 2010)

010
Uk

—_

KJ

KD
o0

nJ
I+

oll
I3

ni0

)

DR
%

=

o]
e
iz
T

oo
X

o7
B
31

aul
e

\_lryl

B

ol
0

ol

HE7E WA A

Collection @ chosun



o A4 5t

"k

"

E X
= T

)
2 5

g ak = A

141 spfe] ol 2= Aot

9

o] A}

Awel 57943

2.4+

=2
=

o 1

53 o]

T
R

|+ o], Phase 3

= o

Z1 0. 2 X Phase 12 #49¢, Phase 2+

Veh

Foll Al g w7} =

S

2

/\o]-

=R
&

&

R

FE7E ot

—

W EIULETN ],

—_—

Temperature

tetolEe

=

ol
ar
=

b

g 2.4 1t

Collection @ chosun



e
o

)
FR
=0
"0
N
B
oo
e
X

FAel ot

o
T

o 19 25

3|
«

237 817

3]

9 F7 @

H

iy

g

A

A

= O
T

P

ol

o
=

t}

o]

Ko

o}
o

i
0

Nr
B
oo
X

il

Depth of penetration in steel, mm

0.01

100

10

0.1

0.001

Meutrons

Synchrotron X-ray
Magnetic

X-ray

Non
Invasive

Ultrasonic

Ring core

Semi

Invasive

Deep-hole Drilling

Inherant

SUB-SURFACE

Totally
Dastructive

SURFACE

Xt

a8 2.5 S0 OE

-ray <

o slen, X

-
<

2, X-ray

—_
"o

ol

B

11

Collection @ chosun



221 FAA 3 AWM (Neutron Diffraction Method)

A A2 By WAHeR ARdr Hejne HAL 19124 =Y B2

CECIEL I

2dsinf = nA

Collection @ chosun

2)
At B WHe 4o Az

nominal Schematic layout
scattering
volyme

sample . — T~

beam
stop

beam . defining

optics
==y

detector

i)

8 2.6 SdtslEge &L



(2.2)

il

21(2.2)& o]&3slo] +
W3] 4237 2ol AeA7W 2 Qo] Bxa 2ReEe 24 57
FE v
0= 1+1/[8+ 1—2u (8:1::1:+8yy+‘gzz)]

Collection @ chosun



3L A "M (Contour Method)

=3
(<]

2.2.2

L
o

)

—_
"o

A

A

%

HE= 1954 e~

1e]o 72E FATH BFA 9

[e]
2
R

H.AMH], J.

ERNES

BEAI} o]

Egjo} KA.

orce cut surface

;

back to original state

art cut in half,

£

stresses relieved
on face of cut.

=
=
=
7]
@
=
™
£
(=]
=
&

=
=
=
0
=
=
Ly
=
w
7]
£
W

+ is tension
- is compression

+C

(Micahael &, 2000)

(=]
=

2clol st s

o
T

a8 2.7 34

WA AL A

g ot}

T
R

SR
JepllelFa Atk o7

k=

2

o)

Qg ekl

T
R

ol

T
R

2 HEolrhA o

o 9

FHEA A" s ¥ el

O] -
BA -

—

<
ol

AZIA w3

2405

(2.4)

P (x,y,2)+ 0 (x,y,2)

ot (z,y,2)

depga gl

Collection @ chosun



3¢l

1 9)

3F
-

A

ot

2 (0) Apolel =

W= A[D] Abolo] t}e)

[e]

€]

)3 g (e,

*

TG S R e R

k)

3 393 =9 (Inherent Method)
S5 <

2.2

;OL
™

0

—

<
ol

©

$¥-u

e

]

H

[

Eal

(2.5)
(2.6)
(2.7
(2.8)
(2.9)

[HT] « €
e =(HTHD " « [H]" «m

o=[D] « e=[D] [HX] . e

I o] A

€
[e)

=

Y o

Collection @ chosun



A o

oG 9P N o
o W ST o W :
S w G :
E ; 2
o TH o T B : 1]
e [ NH IR
TR dlo s 3| 25
T S of - Rt i
0 Zﬁ + e n o
—_ o W - : s |
mﬁ uy Erd * S o [ .
o MH mo = i i ! L. :
o op o o) ~ K " mm H L
< TP it ;|
: 5 T - £
£y oo XM . - =
o
o

o

Wire A¥7] & o] &
=
=

s A
ko 2 Strain GageE 29 tf
o
=
5 o] gl
# o] o =
R | [ S T
o) g
423} skt
—> = 1RSSR 4L S
(Ty specimen)

v o]
e w kN ®
! — Y ol
a 5 S o o
g o
ETRE B S ! B
B/owoog = % = 0w NN
B L 7o ‘ﬂl mmo
X —_ s = [
OW X Ny ‘q HE E ,
AR s T ] |
ol R B : |
[nre) l N I'
R T S TR |
™ M R L. / |
i T N X T T
ol T My oo T
T TR OB O R
o oo BN W

(Measure relaxed strain)

(Attach gauge on surface)

(Lz specimen)

Collection @ chosun



goZH 1

[e]

(Hole Drilling Method)

o] Drilling

R

j

LPAR:

=4

"o
rze]

A
ol

Jol ¥} a7l 2Ed

S

2.
=

Drilling

ko3
T

aqr

o]

B
B
=

-

m

U

ol

71

[e]
e

+ A& A Drilling 7+

=
T

ol

A

[e]

=

T B

T

R

He] FA, AZ

[e}

]

=

T

R

e Z

=

=

A o1A

T

R

Fa1, G1,G2,G3

©

Collection @ chosun



Ae (o) =K (a)o, A, (2.10)

2 29, ot 1Y 209149 29 F3 Yo

&
N
R
Q
[S3
rir
N,
0,
2

2¥He 4
Aurapatole] 7w wEhle Ac (0)E Drillinge o2 4G e Ae) W
()& Z AZ st a9 gol AAHE Hefugolth o] sehule Agd o

M AR o)A

33

31

2

GAGE
CIRCLE

8 2.10 222 2ol & AHOIXI ?AXI(Rendler S, 1966)

Collection @ chosun



A1 o Huege] wiow FHEAT, dutHon Fgu Fof w
Fe orelAl QA vk 1y 2904 S oo AowA X&F} o, Abeld] Zto]
thoREe 09 tFd golA B 98 b 24N e LT o] ey
4 slth

a=0-p3 (2.13)
Yy y
m\a\
d a
PN *
STRAIN
(b} CIRCLE
Ki(a)
-80°__ @m\ a oy 7 g0r ™ 180°
L)
\_/ %_
(e)
22,11 (a), ()=S0l M2 2FLE H2lHAH B5e, (c) K)o Bl2ists
X2 X E (Rendler S, 1966)
a9 2118 A (g (el sFshs Kle)g F4o= vehdad 4(213)%
gom, o] 7reks] vEhuE 42147 2t}
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Kla)= ZAnCOS 2no, wheren =0,1,2... (2.13)

K(a)= A+ Bcos2a (2.14)

2137 AQ210E ol 4ad 42120 Wehd A@215)T 2e Ao oA @
o,

ela)= [A—l—BcosQ(@—ﬂ)]amaX +[A+ Bcos2(0—B+90° )]O’min (2.15)

A A AR e A WL S HEd, ol 4219 A
FET] A8 6, 6 ¢ o 0=0,45,90° 9} AASA WGAIAG WA Aol Eh

tlso] A& s wer] fd —20=~2 A&sivh. A gty dojdl whAgA e

=

2 0=0,45,90"< o A 7Y AgFAAL A

Z
A7 98l 4(2.16), 2217, A4@21)AH EAE & Ut

€, (A+ Bsiny) — e, (A — Bcosy)

Tmax = 2AB(siny+ cosy) (2.16)
€, (A+ Bcosy)—¢, (A— Bsinvy)
oo T a (2.17)
min 2AB(siny+ cosy)
€, — €, TE.
y=tan ' [————] (2.18)
€17 €
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A= ey

(2.19)

(2.20)

%o}

%t

shof &g

o £]A

Sz gEd 57 o

(2.2

€max = (A+ B)amax +(A— B)Umin

(2.22)

€rmin = (A+ B)amin +(A— B)O'max

(2.23)
(2.24)

(k1 - HkQ)
(k1 + Nl‘b)

1
2F
1
2F

A=
B
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2.3 3E=9 3 A (Deep Hole Drilling Method)

2.3.1 DHDY (Deep Hole Drilling Method)2] € ¥

DHDY & TN 257¢d S48 stz BRsaid dyiygosn B3
o]tk DHDY & S99 vhabd 2 Driling® $o=4 F99 ¥de £y

2 AREUL SR Wyoln, v ol drhd o714 o velsl FA FAS

Front & back bush Front & back bush
” |« «
v v
B : -
u ) | 3 n
Gundrill (a) Electrode
()
Net sample
Front & back bush Net sample Front & back bush
| - 1 €
- v ‘
——— e — |
I | A ) ; |
Alr probe ‘ Air probe ‘
. | )
Net sample Net sample

2l 2.12 DHDEH 2l 22| (Mahamoudi S, 2007)

% 21294 (@) =EZ Drillingg 3 t& (b)oll A Air ProbeZ W& 4

ot

o} 2tS ()9l A EDM2 & Trepanninge 3F %ol (d)ol|#4] t}A] Air Probe® W7
Aot} olg A SA4E HEEL AAste] JAFSES AAksih

o
A
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(b)

(c)

& 2.13 Drilling2t Trepanning & (Dewald S, 2003)

Al FAE t, Drilling 59 W72 42 dgt stal, Trepanning &5 ¢ W74

A473% deb b o] WAAG ol 422B)AY tebd & k.

=

AdO,z)=d—d

4714, T AdE o] &

€0,2)=

CERS
AEED Opyr Oy Oy 4

AdO,z)

d

a3

2 A2S g 7 sk Ast
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0.2)0,, +9(0,2)0,, +1(0,2)0,
02, T (2.27)

€0,2) =

f(0,2) = A(2)[1+ B(2)2cos (20)]
g(0,2) = A(2)[1— B(z)2cos (20)]

h(6,z) =4A(z)B(z)sin(26)

AdB,z) [f0,2)0,,+90,2)0,,+n0,z2)0,,

€,2z)= J = i (2.28)

o 7|4 zle] zol| wet WEE 42282 FE=E vebd £ gtk dEE e
s

22 ZFEE S oty 8] olFAA HAHAS dE M AFSES 7 7
=
6(02’>:i'M'O' (2.29)
) E .

(0,2) = [e0,2,) |, M= [£0,.2,) 9(0,,2)) h(b,2)], 0= 0

€0y, 2, f 92@’2) g(01,21 h(0y,2, Oy

6(0n52n> f<0n52n>g<0n’zn> h<0’fl’z’fl> '
G=E+c0,2) « M (2.30
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2.3.2 iDHDY (incremental Deep Hole Drilling Method)2 €+

ot

iDHDY < DHDWH} ulashd e(6,2)5 e A eolerl. DHDHS Drilling <

sof ZA% b Trepannings ¢33 €4 & WHdA74d F4HE stA|7F IDHDH 2
Drillinge 331 4S8 3§+ € Trepanninge FAYEoZ GA Ao Z SU7FHA

AAAL =242 3} AHE A5 A HW 182149 2 FEe Iy Erp U

= 1

Mo WIS A28 o] Fe AAAW, DHDYIA thea

I;]

Measurement depth

e

o

E for diameter
o

3 i S

N — L

Trepanning depth

2 2.14 Trepanning S& Al 2ZAE| Higtat

AdB,z)= Ao — d (2.31)
A
€,z)= w (2.32)
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of WAy WEAE o AFTHL ZAPL W 0AT WA o]

Alz], Blzl2 HAE s}zl sto|t},

o

yLX

el

g 2.15 erEMS &Z& da, db

Alz] = M:db[z] (2.33)
_ da|z] — db[z]
Blz] = 5(dalz] T b)) (2.34)

9 AellA da,db &= Drillings & 4% A FHo] sgdAZ g w gAY
71 AAT Fe AAL Jgu|sirt, #Husk =R oty e sdaATd AlZlE B

5 12 Abgss Blzle F77) 20mm 2w 0.86-0.98, 100mm wi= 0.85-0.942 2

2
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Fde v slew (e EEY FAE vea vk 19 35% Drilling®
Trepannings & W& W sloltt o] W= A= e AgE 3st7] $sto
A3} o] gFgH oz Zdy L ¢} Drilling % Trepanning Was Zrgo =z 7|

T2 Ak &Y A ARgE EAAe 2L v i 313 2

T 3.1 AlgHE2 24X
: Young’s . ) . Yield
Material Modulus [MPa] Poisson’s Ratio Stress[MPa]
Steel 20000 0.3 500
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w
]

4=

SAHAE g gk 00, 15° 30°, 45°, 90° LelA SA = sklen, £ k&

A AYE Ttk 19 3568 EHe x= FAHAEES JER it (a)E AA
Fd (b9 EAEe 7 Mk 00, 15°, 30°, 45°, 90°91A1 S5 AAsh .
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3.2 Parametric
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