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ABSTRACT

Development of a Scan Type Magnetic Camera and Intellectual
Nondestructive Evaluation for Health Monitoring of Express Train
Wheels

Jiseong Hwang

Advisor: Prof. Jinyi Lee, Ph.D.

Dept. of Information and Communications Eng.
Graduate School of Chosun University

As the global climate changes, green growth has emerged as a new value so that railroad is
considered to be the technology that leads the green growth in the transportation sector.
Railroad is an optimal and environmentally friendly means that consumes less energy and emits
less carbon. However, railroad train that weighs in thousands tons has enormous kinetic energy
when moving at the speed of hundreds kilometers per hour. In addition, some damages may
have been caused to train axle, train wheel and rail due to many operating hours, quick braking
and other problems. Unfortunately, railroad train can stay only for less than two hours in a
maintenance depot for maintenance and management. Consequently, it is really necessary to
adopt a technology for measuring damages in a high speed, a high precision and a real time. In
the meantime, the existing nondestructive testing technology indicates that there can be some
changes in capability of detecting defects due to internal factors such as operation mistake,
involuntary action, misunderstanding, nervousness, and loss of motivation and to external
factors such as work intensity, unsafe environment, natural disaster, defects in machinery
equipment, and insufficient supervision. There is an error or risk when a worker determines
whether or not damage has been caused due to internal and external causes.

The testing method by using electromagnetic phenomenon is useful to detect defects on



the surface of or in the vicinity of the surface of ferromagnetic structure such as train wheel.
For this study, we developed the scan type magnetic camera to resolve issues on shortcomings
and restrictions of the magnetic particle testing (MT), the magnetic flux leakage testing (MFLT)
and the eddy current testing (ECT) among nondestructive examination methods for train wheel
that utilize electromagnetic phenomenon. In addition, we suggested the algorithm to detect
defects automatically, locate them and make an estimate to quantify their shape, size and

volume with a view to reducing man-made error and risk.

First of all, we conducted the researches as below to examine express train wheel that
rotated at the speed of approximately 30km/h, which was equivalent to the speed of railroad
train entering into a maintenance depot.

(1) We explained magnetic source useful for ferromagnetic materials such as train wheel
and verified the usefulness of magnetic source type and magnetizing method by making
numerical analysis.

(2) We compared the existing magnetic sensor arrangement method and the improved
arrangement method that is, sensors are arranged according to wheel profile and flange shape.

(3) We developed the amplification circuit with the high signal-to-noise ratio and the filter
circuit for removing noise. And we also developed the high-speed signal process circuit that
included parallel comparison type A/D converter.

(4) We analyzed magnetic images from the scan type magnetic camera by using the dipole
model. And we compared the experiment results with the numerical analysis results to compare
and analyze the effects of length, width and height of defects on magnetic field distribution.

In addition, we developed the intelligent damage evaluation algorithm as below to
minimize man-made errors such as worker's misunderstanding and operation mistake due to
inexperience.

(5) We analyzed the relation between signal and noise by making frequency spectrum

X1



analysis. And we performed the histogram analysis to examine the relation between existence
or non-existence of defects and size distribution of the defects. Based on such analysis of the
relations, we suggested the algorithm that could readily and quickly acquire the coordinate,
length, shape, direction, and volume of defects. In addition, we proposed the method to express
location of defects in measured object in a three-dimensional way. The method can improve
worker’s understanding of damage analysis.

If the scan type magnetic camera technology developed in this study is used, it is possible
to make an estimate to quantify in a high speed and a higher precision defects that existed on
the surface or in the vicinity of the surface of ferromagnetic materials used for large equipment
and various structures in petrochemical plant, iron and steel manufacturing plant, heavy
industry, and vessel as well as nuclear and thermal power plant. In addition, the suggested
algorithm and the three-dimension tangible software can help a worker make a more precise

judgment.
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A1d A4

AgdHe] Jeel AFe TRl el WAk 2SR (C-MFL, Cross-type magnetic
source), 25+ A3} (DC-MFL, direct current magnetic flux leakage), &3 #}3}H (P-MFL,
plate-type magnetic flux leakage), W <&dl:-o]= A}3H(IS-MFL, in-side solenoid
magnetic flux leakage), =2 A3} (V-MFL, vertical-type magnetic flux leakage), ==
Z5FH(STIC, sheet-type magnetic induced current), 7JA ¥ FEW  AFH(G-STIC,
improved sheet-type induced current), &3 L AF T4 A4 (CIC-MFL, combined
induced current-magnetic flux leakage), AHd -3 3% (MFPT, magnetic fluid penetration
testing)Zt 2> o2 7}A] 2pdo] s w lrh. [28-35]

w2} A3 (C-MFL, Fig. 2-1(a)) FAASEAN 8 ALedHe 49 4

T Aol WFol APt £HY W, AFE BNy e AL nAH] 9

=

AAskal Ml AFE dgsid, A7) 9 AdHES MR HZo] vz wFdow
Hrh ol Agte] o] ko] o= Folgti v, FHEALS F

Zate] g & ol HH, AgAHor AdE Hrtg F& v AR A

(DC-MFL, Fig. 2-1(b))2 &3t F /|9 #A=Foz FAEH

A mdE A7) AA e ofHel AXato] A WEke] A SHA A3}glt.

FE AEAANGT 34 A HE 2 15 AE AE9 vy fgAatel AgH @
F A F Edeols At wid uiRe] A3 e dAle SAcke
AE AES] A Ad%d A ghvete] Adoew AREE 4 Qv wE AEH
(P-MFL, Fig. 2-1(c))& #i#3 2 453 AFA 9)Fo Aol AT uf A
Pl Folel ZUS #a, o] E AFH AP UFel A AA Az} FHA A
st fEske Wolth EE, uF-Edlol= A (IS-MFL, Fig. 2-1(d)< A4
A5 Aghel| ZLdS fhol #3leta A5F Al P AddE AESe B
woltk
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(b) A5 AH8HH(DC-MFL)

(a) Ak A3} (C-MFL)

(d) HF-E2 0] = A5} (IS-MFL)

Fig.2-1 A49] FF/HA)

(c) &3 =3} (P-MFL)
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Specimen (d)

r/ Primary Coil

HallSensor

Specimen (d)
Core (b)

2nd Copper Sheet (¢)

(a) & A3 (V-MFL) (b) 5= A FH(STIC)

\

Coil
Fero magnetic core
4
s
LIHaS
Copper Sheet
e
M'{/ ”f '/‘{/'/“/ Sheet type ininduced current
Distortion of current
b -
(¢) MAE FEH1AFH(G-STIC) (d) 5% FE=87F FAEAEH (CIC-MFL)
(e) A4 ¥ H(MFPT)
Fig.2-2 A49 FFQ)
2 AT 2xe nkoz st AR AR 9w 9 A4 AL
3517 Sl A9 Ade] Fosht AT EAS Av wd F An

GFe AAYA ARE WEIAY, A5G FHOR AF GHd FaAe 34
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Table2-1 A9 BF
Magn%l;jource Abbreviation Sl\r/}:l::rlilzln Character Application
Cross type Crack inspection .
magnetic flux C-MFL Ferromagnetic regardless of crack ISI of streel and iron
. . structure
leakage direction
Direct current S SSI:;;H Sslﬁ?t;iTin PST in the steel-iron
magnetic flux DC-MFL Ferromagnetic Y ) . production line. IST in
scan type mangetic .
leakage train wheel
camera
Plate type magnetic . IST of steel structure.
flux leakage P-MFL Ferromagnetic NDT of pipe. ISI of wire production
In-side solenoid Suitable ip area type
magnetic flux IS-MFL Ferromagnetic magnetic camera IST of steel pipe
leakage
Vertical type
- NDT of metal.
maig;ekt;c é‘lux V-MEL Suitable both of ISI of aircraft and
Sheet tvne ign Tnced scan- and area-type nuclear power plant
yp U STIC . magentic camera.
current Ferromagnetic,
ITP r:\i/:((iiuscléedet L.STIC Pzgadml\a/l[%::(tjlc Suitable in scan type ISI of aircraft and
yp current ferromagnetic & mangetic camera nuclear power plant
paramagnetic NDT of metal .
Combined induced regardless of kinds. mani?;cltrlllrsitnmlline
current-magentic CIC-MFL Suitable in urng fme.
. IST of aircraft and
flux leakage scan-type magnetic
nuclear power plant
camera
Magnetic fluid MFPT All material Opened surface ISI of aircraft and
penetration testing crack nuclear power plant
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oA A% WS HAW, Agel AT A Aol 2
Fol 2o o] S wob AL FH Akl WA Ak wep] Ax
53 ol YA AR ABHNA AR Ask P AsPgF o) T 7}
of A& A% AT A% FH A%o| o} AUz Fo| Fofo} AW, AT

4w Hrje] FA Aol wAHo A

iy
o
o2
19\‘_‘
o
_>;L
s
o2
o
k)
o
Ju
rlr
N
o
N

(a) Air: Core:
MAT 1, REAL1.TYPE 1, MAT 4, REAL4, TYPE 4,
ET 1(SOLID117) ET 4 (SOLID117(KEYOPT 1))
SMURX(L) *MURX(250). *RSVX(1.6E-7)

(AN S

l

Coil: Specimen:
MAT 2, REAL2. TYPE 2, MAT 3, REAL3. TYPE 3
ET 2 (SOLID117-4C, ET 3 (SOLIDI17(KEYOPT 1))
SOURC36-DC) Steel [*MURX(4000),
*MURX(1) *RSVX(8.0E-6)]

Tnconel [*MURX(1.01),
*RSVX(0 986E-6)]
Magnetic Fluid [*MURX(20)]

5

*MURX (Magneric relative ities)
*RSVX (Elecrrical resistivities)

@ a4 v

(b) -

(c) :

(b) Aspgel 4 A
Fig.2-3 £% 239 AS|E ol &3 A7 A3y A4
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Wakolw] 2Ee AlFH FAT WEolvh. Ashr]e] Hol(yWd)E 150mmo] i
ZxWEH)E 30mm, =ol(zWE)E 39mme] AV|E AP o, zstr)e A
el FAE= smmolth. Fo]9 FAEL 4x10° (S/m), FAE-E 8x10° (F/m)olw, =}
71 wide Ao wiwe] XA YL 48mm T 19.8mm Eo|E
ol 7 Fe Atk mdel AF 1AE A& S W Fig. 2-4(a),(b)2] AHEl
e A7 o] Atk AES H7o] 860mme] Z7|olH, AF FA-EI
FAEE 47 4x10° (S/m)9k 8x10° (F/m)e A A A2 7Pg sl 4 oA 9
lift-offs= 1mmo|t}. A3g2 ZlolE 5mm, & 4mm, Z°]&= 20mm=z =9 3Fe] 343}k
Atk okAl slA Aol o] Agto] Apsiake] FAY Wi, FEAd W FAKS A
le Aot slds Fall doizl dlolE 9 eB/exA e F ¥ AW x4
e AT A% dol Wk &3k WEke] AU vl Fig. 2-4(c)9] 3
2 Avgl go] Agte] FF tipel Be ZEHP QTS & F 9o, 3}
W =Y s (Fig 2-4(d)9k #ol 74 ALKo]l HastE s o 5 Qlvh wh
A #pgr)9 ool Abael @il F o] tha pRYAEE A% AES
At ANEE o7]eked & FFE FA doH, 71 2a3 A9 A%
WA fFARES 4 5 olth
A7) fretas diMs SE (1) 1EHeR Fdsts A e @Y 9 Zd
A9 Adte gately] galldeE DA liftoffel AP A3 9L AAE o] gt
2717 et felske, (2) AAF 9ol A wHd FWEARE 1
AAsHA kS Aol 7€ 238 A9 F AaE HS5A ] @i FAo
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A 22 A7IAA HE B AZ A 32

ojf g HA oA e ANY AT Fets Tl AEow dwjE= 7]
AlE A HE, HEI2AFIU12)E AREsHGITE alAwE 244 wjde] 37 Ealls
2 AlAe A g} w7)A 9] A7) wlEe] FAFOo R vropxm, pCBe] wjdd Al
M7kl o] Aol AAR Qe wlolojx ok Bl FE 9AE ¥E £ Qith
wEb E&4 9 Aelgl 1¥33F BElee 271 98 Ni-zn Aol E ol §
of InSb ZAAE Aoz FWUslA 1] L (LIHaS, linearly integrated Hall sensor array)
Stk 2 Ao Wl AR =9lE vF A% AES 58 A F A
e W, () dEskE w7A S wid () WHEA] B A dofR
LIHaSE W] aFlvh Al ekt Wl Al (SCM435) . 24 132 x 125.5 x
20mme] F7|% 7hEstel W Ak A2]F Figo 258 22 thFd Av]el WIS

zhs A9} &359 Ago® WA sbwskeldh. Ao dH, 27), Ask Wl

FAE Table 2-2¢] YepATE $HH, SAAE A4 Wl AR QA= oAt
el A7) el nl#Este] &8 oFddel M xfolrt wAASHA, 2 2] Al ek =9
APV Tt B BAE gk
V,=k-1-B-cos@ (D)
71A ke & dFold, IE AR, BE 9% A A7l 05 AAHe
QAR A7 e AEE eIt k1, 07 QAT A9, B AV 9%
2] AZIB)ye A8d BAE zreth webd, B =AM BY s 435
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o Ahgach,

Table2-2 ZEE 37|19 AA

Crack size, [mm

3
Shape Radius Depth width Volume, [mm]
0.4 0.08
0.25 1.0 0.19
1.5 0.29
0.4 0.31
0.5 1.0 0.79
1.5 1.17
0.4 1.25
Hole type 1 1.0 3.14
1.5 4.71
0.4 2.83
1.5 1.0 7.06
1.5 10.60
0.4 7.85
2.5 1.0 19.63
1.5 29.45
Crack size, [mm 3
Shape Length Depth width Volume, [mm]
0.2 0.2
5 0.2 0.4 0.4
1.0 1.0
Slit type 02 28
0°. 45 90° 10 0.4 0.4 1.6
> ¥ 1.0 4.0
0.6 0.2 1.8
15 0.4 6
1.0 1.0 15
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yEFoR A2 £ FH7F Btk Ed 2379 Ae] 7)Qlste] A&UE &
Vi 7F AA 71&AAA e vlste], Ao TAle] o A AL oA

O % wjefate] Ajhe] Fhalstel] W2 Aleke] wkEth AR Fig. 2-7(b)l A A7)
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2 A7 1ommolAE 2ol Lomm7hA el 3 4 ok A8 Ag dlo|
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i A% Bug 9 Aol whx £ b, A3 PFre] EAltnE
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R golstAl 7hA &S = vk B [GIH][1]9] A Fol Abst WEH 45090 4
2 % 04, 1.0mm, Ao] 15mmellA FFE &l & 5 gk sARE ]K]L]elA
v A wEkn Aske] do] Whako] 009l A2 A Aol A o 5 Sl

sk, Fig. 2-9(a),(b)8] ovuloyll e Ads 7HA st & = gl o]Zl2 A A
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Z MRS offset A 2ol wiEolth o] A2 Al
o BEHEE vlololx W e o3} WA (B-Vyh 479 AM7L PCB Wl F3
ShAl kAl A= A, Packaging #Hd Fo) FER el €Jste] 7AHA I package™

o] FastA] A FA7] Wil WA RAow FHErE AAZ PCBYlO] AR

o

AN A% BEE htel EAMY ANow dojn Exsl shle] A B

ole gk Wl Aol dolA v W9 FH/E olgekel Fig 2109 279

Alx ek PCBH Atol o] A WSS S48kl AlA] we] A 1.96°71&o1 4 23]

o

N/ Ev, [V/imm]
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Fig.2-7 PCB$9) #l€@ A7|AAME o] &3 7194
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Fig. 2-8 oVy/oxS A7 94
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2. #ATY AL IH

¥ Aol A= Packaging g F FIEHCIU PCBWO 414 ARAIL] 7]
ol @ zo] zolF Ay f%k AA WA WS Absteh Alekd WA W
WM& Nizn H2glo]lE ¢lo)s fo] APgH oz wjdd mSb E4ME PCBol HlA
shal gho]o] Et(Wire ball bonding)ell oJ&l Axstct Felel ajd Wi ze] njw
23e] Fig. 2-11(a)°ll 1.9l »Fe} o] 0.52mm &7 BalsS Z2E= 647019 LIHaS
o]-§-3F3th Fig. 2-11(b)x LIHaSe] FHell Axg &3 &= #Agtrjolw kA A
Folldel e AFAS AsstA #vk Asre A=9 7ElE 12mmol 1,
1110w FLe] 250mAS] AF AFE U8l liftoff= 0.5mmo]th.

il

i

Fig. 2-1237} Fig. 2-132 Z}7Z} oVy/ox e}t oVy/oy el AH71937Fo]™ Fig. 2-6(b)S] 1174
U o]FAAE o] &38to] 0.5mm FiHEE G AV 58t 9 Ay s
v} Fig. 2-12(a)2] $1%:2] [A]B][C]oNA Yebd vhs} o] avy/oxel 7199734

o 43S JA4T 4 ok vAF 025mm, Zo] 0.4mme] #2 AFE LIHaSE ©

L
Fig.2-11 A% #lg® A7)4r 9 48 A4
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oVy/oxe] A7/l Aste] o] wWaky zks} Wk Alo]e] Zho]
2-12(a), o} Z[D]E][F])S}F 455 (Fig. 2-12(b)] 1%, [GIHIINY wle] &8

 Qlth d=o] Fig. 2-12(b)9] otelZ:e] K][L]l= AEe] do] W

g. 2-13(2)8) 9%, Fig. 2-13(b)2] oF g &l A
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ko] 0° (Byaa = 002 T2 Agte] o] Wakm o HwielN =
3} mow avyaxs A7)l Wakt) o] AL Fig 212 A% 2

& Hlseekal FEEk] o HAIRE Fig. 2-6(a)2] Sl vl G ol A

4
AR Ao M, LIHaSE Algsto a2 Ag HE s9S

2-6(@)2 T MY W= AFE & 5 Sl vkete] LHaSel A= oViey D

AET £ QIQlvh. 39 Fig. 2-13(a)2 $1Z9] vy A7) 949

o

il

Fig. 2-12(b), [J]K][L]®] Ouag of 0°%1 oVi/ox 719732 €3d Ao}

= T

F A¥E F3l LiHaSE ol &atd AlA zh7he] W9 ko9 7171
AL Ed, FA A EY ¥ w2 ¥t ez AA
W, A% AEvE Y 2E ¢ 7 A =¥ A¥E Ao
T T ovyoxsh ovyeyd BE FASE]7L folstER,
& AL A s 17 AAMF2A LIHaSE 4383l
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ol ZE&atA Heol A Exe) dto] WAEA Hrk o] A ¥ el
A9 a7h st olef st Aol AlA W FHOT JAbet: HAEL] AV
of mlElstA Hk oles & AV ded mbel o] Eq (1)oE ypebdh
71 k= & AdFold, 0% LAY AAE = A7) Zho) )

rlr

V,=k-1-B-cos@ M

S
ke

AN Gk oleld A A% Bxe] wE TAAY FYAL 3, A9 Aol
%

= 252 AAEFEZT] (03 OP-Amp)E o] E3te] ZAsvt 1AW AF FES
9ate] =2 %A T A 78] (CMRR, Common Mode Rejection Ratio)S ZH= INA128P
5 %9J8ke] Fig. 2-159F 22 32E FASSTH INAL28PE & 7S] 91 A (Rg)
S ddste AReRE HA 0~-80dBe] )5S d= F Utk A FTFH 3o
AAHE F Y M EEO(AL AYES A AE ZovWARE 2 oY 97

25 Btk T3 %5 A Fo] Reo|FOE EE HE AE e Utk

9] o]52 Eq. 2)° YEbd kel o] Ry= R, Rg= Rod W R

ot
r =l
2
offt
ofN
||
hu

Gaine B 1, 2R|  _40kQ( | 225k
R R, 40kQ) R,

50kQ
S
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A} 5 % A : http://content. honeywell.com/sensing/prodinfo/solidstate/technical/hallbook.pdf
Fig.2-14 & 539 437
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4 Vi | [Gvervorage
= VWY j 0 Protection
1
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4. 2 H

7} old 21 IH

dubAoR ofdRT AE e 5 oA AR, THAC, AYELY] A7HA
71 s Agete] AART oled aAE e ThA o FHE widste] 54
g 850 dHE WE £ Utk gubdow old dH 9 v
bl

b FENE FUkste] AE @ bR e obd R SR Qhell A g

= 5717171 9

Fo® 4T S 2 PYuEAn, ol At A5 UL}t Doji}]
Aol A5 AHe 28 AN Qg ow AgEo] Kt of7]elA A5 abe el

<
2ol AESh A, Aw B AXHN HEAEHS folats] A BHow
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=
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U gxd ZH

UAd dE= A GrF Y AdAe Ao w, AV 7 e T
7 vEA R @Rl Rz Egofel A AT wofof pAIRE Fo V]eo] opdE 2
o} AR FE Al ER 2 oM sty 2 Aol St ohs
AEr5E F5s A7str] slsto] opdm A9 Wast] vxd FEE AL

43t} A" FEl:= A7 FIR(Finite Impulse Response) ¥} IIR(Infinite Impulse

i)

Response)7} S1th.

FIR = A9 94 &85 2=tk dide] IR BH= dwbgow njddg

pay 3

FIR ¥ 242 oF BB AFE 2Asts Aotk FIRZH e A4
2 HEHES Sy gov, AEH S HF Convolved 5 TEITE A
st AE Q] AlGTE o™, E Y AEA glo] Ao R TRAES AMEE F
UTH FIR BEE] A W & dx24 ZF A 71WE ol &ste] g4 2 & 4
AT 4 ot v At o7 AME-¥ = 34 (Window Function)E 9 S (4]

9} Aol EH@'E—.‘Z‘)% LEFJITE  (Attenuation (dB) Transition Bandwidth (fs/n); (1)

i

Rectangular 21, 0.9, (2) Triangular 25, 1.18, (3) Hanning 44, 2.5, (4) Hamming 53, 3.13,(5)
Blackman 74, 4.6). ¢ ¥ A4 @9 45 B3l olFE F dov, &k A
of thefFel oM At o] thelHS AGE A Fapgol A TRl |
AA#S 471 S8 g Ak & Aol Y EHHS BE B U2 AHE AT
=
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thgom RE QHs $9el IRMEHE poHoR thee A9 gy 7

Yi :zbkxxi—k_iakxyi—k S

I
o

ANA a % b & BEO AFolch AAl BE Y Z yi= @Al o
T, ks oA gl v oldel Eeglelth. wek vt 00] ohebd,
s A A% el WA Asteln wEe] oleld AElF T YA~
S gee e,

IRZE = & 4o opdeT A fE ydclon, 3y A8 e 47t

al

>,\I
rlo

i

Aol =23k Fele] HE| =2+ Butterworth filters, Chebyshev filters, Inverse Chebyshev
filters, Elliptic filters”} 1t} Z+Z+S] Lowpass, highpass, bandpass, and bandstop filters 2
Hel Jej2 AAdch

HE Y= FH9 Fo5dES Be Tl mnde S99 A9
A FiaEREE dxee 240 5AE vehdvh =3 A7) SHel e
A Aoz FBsta, AAHAQHEEEAAE 0olvh sHAIRE Faol s A=A
tfelatol 9] rolloffst= €RESlol, whe- bS] WEIY = AHE o4 dH e £
DAMES AlEEA g

g, ARAE dEl= T3 diojelA FElE SRS 2, AXY A %
SRS S7FekA kL Ak o] AE = HEHN = dEHEG © 23 rolloffsE

AV AZ B A BE e GARSHE, AA TG HEYe] A9
CERE S E A EEREE RS

wrer Ealvied s AR velel s FE $HE 5 geta ATk, Bllipie UE S
Abg-alok Sk Elliptic: MEIAIZ BE S AWAL Ae e vlwstel 2 A4

= 93 2@ rollofsS 7FA I Utk A7) AlF SEel ol HH9 75e
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Itk Z1euh o] HEl= SAulelelA] v B A A1 9 SRS Zet o
oy &AM nrAEA] o= Folt FIRFE| o8 &

IRZY o] A AYS & 5 glvh fufstd IRIE = FEE
of HElQ] AFE F4H7] witolrh

2 Aol MY Hx9t A B dFE A= HEY A} do]
A& AAsh= A 548 st IRIEEHE AEssith FIREE S A
A9, e A VIMES fae Aol dHelgd ds 2HY F 4
8 AF 9 Ses dERAY Argbeeke] A B dEl ovgex

glo] FAFA JFs vAE #HE SHE veERA gk gide] NREE S @
AA T F s APAA AGeES AT Wk ol B el ¢
E&ol fla, ANEF AP {FAVE FFA] e HAow AT Qvh
g txd e E WEY= dEHE A

stolow, AE Ao st Yid AAEFHAE AK(National Instrument Co. Inc.)
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2] Measurement Studio Analysis Library®] 3t 9182~ $% HE{(IIR) % Butterworth
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A 38  A/D ¥HEY

Ao m Ry s w4 A& By dde AL 9 Ay SE3E, of
G2 LPFel 93] =& SNWE 7h3 A7AE e Ex e wddn. ddE
g

Tl A& Fig. 2-170] WreEbd nkel Zko] 8bit ™ B] 1 ¥ (Semiflash) A/DH 7]

2

71415 o] mjde A/D W79} p-processorell &3] A, A4 2 A

(e

=

SONYALS] CXDI175AME X8 A/DW 7|2 A3ttt CXDI175SAMYE T2 W
Al £57F e7EE 9 AE A, gAY AR edzazeE ol A
FHTE obFET Y AEE 30 AT deE 24 JEdgd e v
712 vlashs BaE Abgeth ulie] 3 dAR vlart gRse] He wE W

W, U eaks 2 24 e IE A, A vlay], Gain AFsel 9

o

5 LSB @27} Ayt #H o W3k A|7H(Conversion time) 35MS/So|H, &F

el A/DH ] 18ns x| lo] WAl St
SHH, p-processori= A/DHEE Az BT} WAFHE dlo]HE ¢lo] ol 11 Al
ol AQEPR 3% A5 Aes: oA sk Q<lo] ¥k webA ADWHE H
2 A Zo] %7]8F9] SRAM(32k X 8bit, SAMSUNG, K6T0808CID)oll 2% A 4% &=

shol, BEY Sk WS ME A% AEele] 48 A DMARAS =9 3

olelgh A/DHEY] U w Kol fato] 1 ~4vel ] WA 11.7mve] &3

5 29,
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A 42 QEFHo|A

24717 k2] A/D W3] 9L p-processore]l 9]Fe] HMEE H7|4l% = USBRUE]
o] el st HiFE o AFHETE AEH o] A= Fig. 2-180] 1K<l niel Ho] 710
X 450%1.6mm 1712 170 Main H =9} 295x 180X 1.6mm =712 12712 Sub X
EE 438kt Main board= i 16719 &4 &35 7HA AL Q1o F 256129 9]
Ag AEE FAC ADHEE W At 4 gloew, HYAY,  u-processor, PLD
(Programmable Logic Device), Hl©]E] %5 Display = -/J ¥ T}

3R BRE FE HYLS SMPS(Switched Mode Power Supply)S AF&-&F3iTH.

SMPS= o=l WA o] whg] M Zetole] wleshs WAL R, WH220V)E A
(°F 290~300V)Z M} th2 =& F39(20~50kHz) 2 WA S A7l 3 dst= AY

% YT v AT L AHIYS FAA 47 44 W

e
)
>

o

o

Fig. 2-18 QIE]H o] A X
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Fgol £, 4 Ao A wiol £2¥/AFIT e, g AR,
JAF ol Thsatths AAle]l Qo Tkl A9l o FAHow
o|=7F st} wpgka] A2 E o= FE (1% V,,), EMIZE WAE A% (Power
plaza jit)& AH&3FLAL, ZF2HS] p-processor THE AUO® 2hol7] el o] A

A E2E TR I USBY e A2 AMPAst A9 dlEdolEel

B

LP3871(National Semiconductoriit) & AF&3}31 T},

-processor (80C196KC)E= 3 ol 488nFo]E2] RAMS W wHo] lon U
HodEes ARgEH 2, ZH 517 256kuFe] E 2] EEPROM, 256kH}O] E 9
RAME %ol AZ& gt 2 e 59 tno|AE F7kste] B3 10

o} T3 584 AoJAFE 9% PLDS LCD DISPLAY %], th&
Sl

ALTERA EPM7128S+% PLDO| shut= A, 3 uif-o] 22E& 223 3 95 5 3l
ZAtolt), AWHA 0 & TTLO|U CMOS &AL U3t 7|5S szt 7
O|EEE shte] Fl7|Ae] ©@& &xpQldl Hbete] PLDi= ARAlo] sk vhafst =
g shte] A7IAR AT 7 gl o] Sivk FHu es¥kA] I0XEE AHE

g 4= Q)& ALTERA®] Sub board®] SRAM o=@ Ao} A%, A/DHATS] Ao A

rlr

X,

%, ADRIZ AEH EA AFE $)% ping sty dolH dE5S $]8 USB o
Cox A5 i A E e ping Tkl FAEITh
toly d&S EZ-USB FX2& AR&atsinh e Fol& 24MHzel Al
8051 iol& AR&stal, USB 2.0/1.1% A datd, Helol= USBE &3l thwto}
533Ut} Sub board®] SRAMT A ¥ olTe X~ 415, USB HEE s A4
2333ttt
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e -processor®] Port 220 AAH A/DHEC] A2 HEL Main board (Fig. 2-19,
20)2] 9]F AT o] A&} MES] Rising edge triggers  x -processor AHA| 7} 8F
s ow 1 WHEE A=A Port 2.6 F3] PLD(ALTERA) 5% I/OXEEQ]
ADRE A A4S SR VOXEES Wsts 1A ¥ ALTERAE 16719 &%l 4719

IE sAlel B AT B = AlSE 47 ADHERE $18 Clock 41T,
24 @A EnableXl T, A/DHEHE Ho|E7} A2 SRAMO| Address 41 % 9} Write
Enable AlZ o]t} o] A5 5o 93 Sub board=2] F+ Y (Max. 256channel)l 4]
ADH o] FAle] dojupi AgE) o9} FAlo] ALTERAE= A/DWES 919
Clock 2135 7he-® 371 A&ttt Sub board®] SRAMS] A% dHAIU ARg-AF7E A
4 A %ol whel ALTERA: 92§ #A S Disable AZIth A/DREHS A<
dojupA gt A FE A= ¢keth. W3 PLD(ALTERA) 81¥l TOXEo| 4w 4
-processor®] Port 0.75 &3] #AFo] ATHALSS LA}

Main board9} USBE A4 HZ AGF®} Z2I& &3 ADRIE o7&

9l @ gtk TEade 1YW QAL F& RE AYS dE T Py



o7 dolHE ¢lo] & 5 itk

199 d"olEE ¢lo] & A9l dolEl F4 7ol wel USBE: 4
-processor®] & IJOXEEQ 82C55ACS| Port PC.OE F3&l Holy 275 Led,
ALTERAI /= SRAM®| Address 2155 <#dt) 25| upgl ALTERAL Read
Enable 2158} 7 ¥ o]Te 2~ Zh& Sub board®] EE SRAMe| w3 A7t} o]
9} F Al p-processori= USBS] Q- S= Y-S Port 1.0~72 ©]&3}o] vz
8k, Port 1.0~72) tFY Fkol whe} Sub board?] GALS dld AL 94 X
Enable AlZIth. 5 1 A'Ee] SRAMS| dloJE¥l 815 & QA #vh o]gdA A8 A

d9] folHE 92 F 9 FH7F I USBE A& R SRAMO AddressE &

N

7ENA - 7k SRAMel A" e dHolEE AdlR vta, FAlo]l dn HH

ALTERA: 279 JVOXESL A% Port 0.65 F38 1 -processorol Al sl e
< dlolE F2lo] &x HASS LA
EE Ade dvelHE ¢lo] & Aol dolE &4l a7l mel UsB: u

-processor®] & IJOFXEQl 82C55ACS] Port PC.0E w3l o]y Q75 <&M,

td

ALTERACIZIE= SRAMS] Address 2S5 d#th 4o w2} ALTERAY Read
Enable 215 ¢} @ W& oj=g|A 7S Sub board®] FE SRAMO| wj=zg A 71t} o]
2} TAlell p-processori= USBS Qo] = Al Ad-S Port 1.0~72 ©] &3}
Tl staL, Port 1.0~79] YT ghell wheh Sub board®] GALZ i A€o &8
? A Enable A7tk o]glA A= o] dolElE ¢12 + U= F¥7F W USB
i AHE O 2 SRAMO AddressE T7FAIA 7F SRAMel AE EE HOlEE A
= Wi, $A10] ¢ HW ALTERAY: 279 VOXESH AAH Port 0.55 Tdl «
-processorol| Al A RA A RE HolE] Falo] &R HAASS <UL UA] p
-processor= Tha A €S Port 1.0~72 ©]&35Fo] t]j7 3}, Port 1.0~79 t]l=d 7k
of wet Sub board®] GAL #ll'd Ade] &% & A Enable AZITE USBE= Abs
©F SRAMS| AddressE S7HA#AH 7k SRAMel A BE dolHE Az %

Al g olyst SAE BE AL bolEE E50] ¢hm ¥ ALTERAE 279
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/OXES AZAHE Port 0.55 53] p-processoroll ] & Ao ZE dolg £

48 Holes e

2
o

Table 2-3 Main board®] AFF

R &
PCB SIZE 710 X450 X 1.6mm, FR4, = 5%+
Power 5V (for Logic), 3.3V 0.8A(for USB)
CPU 80C196KC
PLD ALTERA EPM7128S, ATF22V10B
CLOCK 100kHz(00MHz AF&7}5)
RAM IS61C256(32k X 8)
EEPROM AT28C256(32k X 8)
DISPLAY LCD(16¢ch X 2line), Array LED
KEY Start SW, Reset SW
Algld ZE | RS232C
ST E 82C55AC
USB CY7C68013

Sub board= o] =4l T] U (GAL16VS, Generic Array Logic), reference 1 %4,
A/DWZ7](CXD1175AM), Latch(74HC541), SRAM F-# o= FAFETE 167] AHd 2
A/DRIZEO] FAle o] FolA 17 AL Fig. 2213 22 d|2x A AT

Aol H5HE AEes APJS 1% As TF 3z g3 FZHErh Sub
boardel] A& H TZ%H AlF & reference A 24 = o A/DHET| S H3E

ML F3hglo] HIEE wlolojx HYS Tlste] 42159 reference’} X HTE X
¥ A5 Main board?] PLD(ALTERA EPM7128S)ol 2|3ale] FFEH= AA A3
(F_ADC_CLK)°ll =718 A/DWS7] o] &l tAYE 7] As= Wyt A/DHS
718 el 7 1Y g8, 88 dAVE ddHol o, oA #A A
oloi= SRAMS A 3FATE. Main board®] PLDY: U¥-& X Enable A&
(F_AD_Write_Buffer EN)9} SRAMS] 227] 4Al&(F_CPLD_WE) 4 w22 oj=gXi
A Z(F_AO~F AlHE =H3ith weky gbite] dolE= & E @A Enable A%
g o= g 7] Ao mel 742k A/DHE|o] AdE SRAME] to]E
L E] el 0000HW A B 2}l A et
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A SRAMel AZE dHolHE 7F4 & W= WA Main board®] 80C196k( x
-processor)i= 9]0} @A} d= AYe] o aghg vsgEhd o] Alge] whel =
234 E GALI6VSel 93| %28 #=| Enable 43 (HS Channel 00)7} %2 5 o]
dstes =AZ F98 dAE @A AL F vk o71A, GALLeVES &S
747 o2 A9 g A tmdo]l btk webd Main board? oW &E
A&sidets A9 Ao wel Y Sub board?] HWMEEE AAA & 5= QA
=3

M 2

sk, Main board®] PLD= SRAMS| ¢]7] A& (F CPLD OE)%} WEz o=
AZ(F_AO~F Al4yo] wel &431el SRAMS AxE do]e S oA~ g &= gt
shd, T ATelAE RS-232 Y B4l WS AREEFSL7] W el -processor®
e AFH dgets dEdo)y HiE 552ms2EA A &0k AN AE

USBEEZ A3 o 24 Hu 12Mbps?] 11502 AFE S 54 & 4 A o
=2

A&
Az sl Esks Sl 9F e #de A2d et "ol p

-processor’} 2] &7 Wl E F3] SRAMS WEHE UAH HolHE 24, AF
4 % ek
Table 2-4 Sub board®] A}
& &

PCB size 295X 180 X 1.6mm, FR4, ¥ %=+

Power 5V (for Logic)

Current Max. 750mA

Decoder GAL16V8

A/D Converter | CXD1175AM (8bit, Max. Conversion speed of 35MS/S)

SRAM 32k X 8bit, SAMSUNG, K6T0808C1D

Latch 74HC541

Buffer 74HCO07

ETC Array LED, 2Test Point per Channel,
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Al 52 A AR BIL

o8 MASE FAASUE RES HNT oot dvh FUAS BE B

o]A& 935le] #3434 (FEM, Finite elements method)¥} AF7]284=2} Rl s AW
(DPMA, Dipole Model Analysis)S ©] 23} TH[38-41] FEMS A3, 249, A3 37]

5% A2 9k 0 BPOE i F 242 Qael g AN AP S

Aow A FHo] Fal, dol7k 21 FEHE ZV] witel 249 AV|E A 5d
alokatr, AA 0w = 32k FEMS] 9.4 W ALk AJgto] o] Frfgltt
DPMA+ Aol oFebwde] 2b8k(magnetic charge)’} A1k, ol5 #AH8Ee] - 3E
7F ke 3k 3 AAIZE AR Al 2Ake T TP o2 A, AA A
ShEe] e FAASE RS o] 2% AAE AAtE] d 5 Stk FEM
of ulal AAAZIe] #3, FGAQ ARE ATErh weka B ATelAs 53
sk Q] Ad W A &S AT wl= FEME o &stal, Aol od P4 A

QA A% 27] WekE AE Wi DPMA] % S14E SRSt

[

B oAe A4S BRHANS olgstel Audse ANARE JFHo
2 uad F RS s A& 1 BHoR dvh A% Agdne A/ AFA

Sals el o sjMAdE Fate] AAG MM vlastl 1 84S A
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oM AY Fule] WAt FHASEES AN & vk
ABRE ER Lol7t 1, Zol w,, Aot d,

2200) Wiz W} o] xHL A WO Hoahy, xyWUE AWV W, 7
93 EE AR B £49 d@ow @k Aol Qoldae yFowy
B o, W a9
B3t
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)
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rot
°
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£
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«
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%
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o
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o
rlo
o,

7] FAEE p, 17

al
& Eq. 5)2 #AF T Stk o7]elA us 0~dArel Y ghs 2tk

m (l/2-y rd, z+u
B = dudh
Zloe=0 ™ 4 J.-z,/z-y.[o {(x+w, /2 + 3" +(z+u)’}” “ (5)
m o pl/2-y pd, zZ+u
-— du
4ru *’c/zﬂ"[" {(x=w, /2 +y* +(z+u)*}" b

HH, x Iy XYBRORRE 003 AL W XeYeFol HAH A

2% FXE Eq (6% F38T 5 Ak

Y =57+t smfd + tan '(_}\..-)] i

LI VY
\ ctafo S (XTI} |
I e )

]
]
1
]
) |
]

| Xg = +y? |.'Ius[£il+ tan ’(_'\\.-)] ‘l

Vs
magnetization direction

| L 3 specimen
Fig. 222 To]& g
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Xp =% + 37 cos[0, + tan~' ()] (6)
x

Yo =437 +)7 sin[0, + tan " (L)]
x

0. =m2]1 3, B, Eq. (5)° 8l weot L& vk A 5 sloh =5 0<6,

(¢}

o=

<m/273%- Eq. (D)l &l Ak 4= Sl

mcos O, (.2 (. Z4u
T = - du
z 0<g"<5 47[}4 .[_IL/Z_yR .[0 {(xR + w, /2)2 +yRZ + (Z +u)2}3/2 dyR
mcos 6. pl./2-y, rd. Z4u
- - du
oy I—Ic/2—yk Jo (g —w. /2) +yR2 +(z+u) P dyy o

(a) A7 A3 (SS41,10X0.7 X 3mm)
Fig.2-23 A3 &%

@ A7 Az () 32 A}
Fig. 224 Ag47 AEHY FAHRAS X (V)
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Fig. 2-24% mAnps 1022 7bg sHlS wl Fig. 2-23(a) A9 EH(lift-off
3mm)el| A €] Egs. 5)~7)E &3l DAzl A&t o] 24 vho] T, Fig. 2-24(a)
A Zel7b 180mm, FO] 150mm, Z©]7F 200mm<! #3715 Fa AlPAE #3}
sto] 2 A Ao},

AAg i aze] e, TS BEE A3 A= wlite] #A43)
N&olA i, Aol o3 FAHAASEEE g veksly] wjEe| 7pAE & 4
otk sl dztel APA BF FAAE B (vpelAds 28 RS 5 ol
of. 2y Ag F99 FAAgG B wste AAsy] il Fig 2-25004 B
vRol o] Ay Fo® mtdt ovyexel§ete] A ARE FEF 4 QUrh

5, 23719 AFow QA ¥ A& Eq 9)F AT & 9lon, Age

F3ehs AFA g 4 4% B (9 BT F Atk

i=1 o

m 112y pd, z+u
B . =— E— — dud)
A vorl A N ey e K (®)
m /2=y prd, z+u
- dud,
rrrd N ey

() A% Av (b) 4 At
Fig.2-25 A&A7 APAE ovy/ox 7197



__m J.d( z4+u dudy

oo Zagad b Yoo 27 e ©)
m 1,12~y d, zZ4+u
_ dud
4 (I (G-w 2P+ + Gty Y
[Boie T Bopee bt =[Bote T Bopee i =Bk, = Bt 17 By, = By, ]
o (10)
~ Const +—1
ox

o7& A3} o7 w|id Ay Eq. (10022 ZdAE = Atk #1379
2o osk A A& WMyt A4Sk Constantol]l 7ML, e Constante] 0
t oV

wox®l dlolERE BAE = glo] AL HolH %

DPMAS ARS-SIERA Aol o= 74k, Adhe] vwl, g4 3l t54
grel Adgdatel g &Y AdE Ay webd FAdHA Fr Thesid,
oVwoxs A AR FFol A4 Aotk
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749l Wae yehich ARl Qe 94 Pk, v, 299149 AVB(H, )

AN FSARE A4 Eq. (1] s EDE 5 ek oA m v 47

AU NG, ) FAE, AEE FRoRNE S Loz Fean,

[/deri

H, = Ay, J‘,/Z ‘ ‘ ‘ ‘ 4”/‘ .[//z( dudy

L/2 -[d -m r2

E:(Hﬁj i+ (y4y) o+ (z+u)k

= (xf&j A+ (y+y") j+(z+u)-k
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Ampy 5o o200 ‘Vp‘

a
53] H, 9 F44% Hu Eq.(12)F o83 Axrd 5 vtk

_ m 2 B p1 ) 1./2+y pd, (Z+u) (12)
H, = 47, Xz( ) J‘*L/Zi»y-‘.() . - dudy
{[x+(—l)pl %) +y° +(z+u)2}

2

9, Fig. 2272 Aore] izl wo] v AA oA ML e AT
AN mow Adsta Ao A e wel ¥ A% mow A
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[ Li24y z+q-d
—1). 4 dy
;;( ) L/L/zw W 2%
(x+(—1)”-7c) +y +(z+q-d.)
Hy, = o 1 p Ztu
‘ - du
2 (14)

Ay | Z]:(_l)p 'J.o

Ay, |30 . W\ LY
{(H(_l)’.;] +(y+(_1)".§j +(z+p~dc)2}
Aol Z1o17} deolm, W Aol A7k ARl

a3
Z}7} Eq. (15)9 Eq. (16) 2% %#d 4 9vh. 24 HzE= Eq.

(7 2ol T3l el g8 Huydt Hps dellM 7Aate 5 ik

6
S
-2
V| =3 r
. m »
H,,= —
ary| W ra
- )3
+Z(_1) -[0 o du
=7
K 2
418 g
m
+ = ) T
477,110 _p:]l rp‘ p=15 rp‘
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oy - e
RN P > RE
% {[(l)w?) )} ) (15)
g YN, )}[ )
== [x+(_1) 7] +[y+(—1)f[ﬁ ?)] +(z
+%:10 ZZ(—I)V{[)#(I) %)2+(y+(’1) 7] +( )} 1
! L2y z Tdy
Z;(-I)D'J‘,'A 2y WY Z}E (16)
flor Yo d
| R {( oy 2 sy ) o )J
H,=H, +H, — . z‘a (17)
7. ' . Tiz|® Y —— > ]
=47’;1%'2.”n23ad“dy+4210 ZJ \Zf du(dy +47w0 ‘r,‘
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Table4-1 13 ZAE2 3718 A& [unit: mm]

Hole shape Slit shape

No. | depth | diameter | volume | No. | depth | width | length | volume

@ 1 1.84 2.7927 @ 1 2.28 20.83 14.6756

® 1.39 2.97 10.8603 | & 0.65 2.03 17.03 | 12.9521

© 1.74 4.93 26.9878 | (D 0.4 2.01 19.6 17.0803

@ 1.34 3.92 16.2416 | @ 1.06 2.07 19.77 | 19.4298

® 1.2 2.86 9.0370 ) 0.74 2.26 18.5 15.9182

® 1 1.97 2.6424 © 0.47 2.48 17.26 | 10.8371

® 1.16 2.98 9.7858 ® 1 2.35 19.04 | 19.4484

® 1.45 3.96 17.8009 | @ 0.7 1.93 17.7 13.7351

©) 1.23 4.56 153518 | (™ 0.5 1.87 16.27 | 11.6455

Table 4-2 A A8 =719 AA [unit: mm)|

No. |[shape width length depth Volume
1 Scratch 2.85 3.6 0.23 0.6067
2 Shelling 2.96 3.36 0.49 6.2657
3 Shelling 3.34 3.18 0.55 7.3579
4 Scratch 4.2 9.15 0.23 0.2236
5 Thermal crack 4.0 39 0.35 1.6045
6 Disintegration 12.63 8.52 0.74 75.8766
7 Thermal crack 2.8 1.81 0.32 0.8716
8 Thermal crack 5.8 2.84 0.33 3.9449
9 Scratch 1.54 3.54 0.27 0.1273
10 Shelling 3.31 53 0.62 21.4397
11 Shelling 7.02 10.18 0.63 17.0656
12 Scratch 7.89 14.35 0.34 2.6417
13 Scratch 4.5 7.86 0.26 3.7284
14 Scratch 1.25 4.83 0.18 0.1465
15 Shelling 4.01 7.46 0.3 2.8142
16 Shelling 4.6 6.5 0.47 3.5885
17 Chop 8.7 6.2 0.26 6.8589
18 The early Shelling 5.57 2.1 0.14 0.7181
19 The early Shelling 2.74 4.2 0.24 0.7873
20 Chop 3.73 6.98 0.22 0.4679
21 Scratch 53 25.31 0.31 1.7543
22 Thermal crack 1.73 4.41 0.21 0.2986
23 Protuberance 2.5 7.43 0.39 1.7675
24 Shelling 2.75 5.47 0.3 7.9978
25 Scratch 21.98 33.12 0.22 0.1537
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Table 4-3 23] X F7} [unit: mm]

X 3 E Y 3 %
No- | g = A1) =
Vc:6 VC:8 VC:10 Vc:6 VC:8 VC:10

@ 0 0.00 0.00 0.00 45 45.24 45.24 45.24
1 6 ¥ ¥ % 133 % % %

2 50 43.81 43.90 43.81 80 80.73 80.73 80.73
® 81 80.12 80.16 80.16 49 48.36 48.36 49.14
3 145 146.12 145.52 146.08 80 82.68 82.68 82.29
4 146 B ¥ % 136 % % %
© 168 167.19 167.19 167.28 25 24.57 24.96 24.96
d 168 165.09 165.13 165.13 48 47.58 47.58 47.97
®© 168 165.43 165.43 165.39 67 67.47 67.86 67.47
5 198 195.99 195.60 195.86 49 49.53 48.36 49.14
6 243 238.00 237.96 238.34 76 78.39 78.78 78.78
7 307 299.97 299.92 299.79 48 41.34 42.51 42.51
D 392 389.70 389.70 389.70 29 29.25 28.86 28.47
8 396 394.85 394.76 394.85 52 51.87 51.87 51.48
9 394 ¥ 3 % 143 % % B3
10 617 592.94 592.64 592.77 83 81.90 81.12 81.90
11 646 645.46 645.51 645.55 77 77.22 77.22 77.61
® 691 686.45 686.40 686.45 41 41.34 41.34 41.34
12 706 ¥ ¥ % 143 % % %
13 861 * * * 133 * * 3
() 888 882.05 882.00 882.00 43 42.51 42.51 42.51
14 943 % ¥ % 135 % % %
® 1108 1100.13 1100.13 1100.13 44 44.07 44.07 44.85
15 1226 1227.33 1227.37 1226.17 53 49.14 49.92 48.75
16 1388 1377.74 1377.36 1377.14 73 75.27 74.88 74.88
® 1486 1480.05 1480.05 1479.83 24 23.40 23.40 23.40
17 1538 1535.28 1536.01 1536.35 138 137.25 137.72 137.25
& 1592 1586.26 1586.30 1586.22 21 19.89 20.28 20.28
18 1604 1604.20 1604.24 1604.16 38 39.00 38.61 38.61
o) 1719 1713.59 1713.41 1713.16 22 22.62 22.62 21.84
m) 1859 1852.02 1852.07 1851.90 18 17.16 17.55 16.77
) 1871 1870.82 1870.69 1870.65 18 17.55 17.94 18.33
© 1884 1888.93 1888.80 1888.76 19 19.11 19.50 19.50
19 1947 1960.60 1960.60 1960.60 35 35.88 35.88 35.88
20 1987 S 3 ¥ 133 B % B3
® 2034 2037.84 2037.88 2037.84 45 44.85 44.85 44.46
@ 2165 2167.78 2167.74 2167.70 48 47.58 47.97 47.58
21 2360 2354.20 2354.33 2354.16 136 147.48 142.83 146.09
® 2355 2357.29 2357.25 2357.25 47 46.80 46.41 46.41
22 2453 % 3 2456.94 58 B % 53.04
23 2465 % ¥ % 119 % % %
24 2520 2521.82 2521.56 252143 83 84.63 84.24 84.24
25 2555 ¥ 2545.04 2545.29 30 % 20.67 19.89

104

% Az A9F e



2 A% 3¢ 4

AZEg o) kel ol wladth Agel FHE Avs Ao AL Fow
W SR ga el 47194 ke vla SRS W, 1 Aelsk APk oy
=2 olste] wet A FHL FAT oleld AT AGW AAAF B A
A5 A4 274 dolesh ulwste] Table4-4ol hehuith,
e Fe] o5 Hele Z el w7t 03 wwel 7

=

Ao F4uw, ol w7k 03 ol goli 18 mwl A9 AW, ARG, 43}
el Payel

U A Ao FAEL, ol Hl7t 1.8 o]l A= Ag)
Agtow FHHTh olg A dolo] el met ofu] o] FAu

o fxe] Aughs wwsty, 2399 A7GAgE v
wate] AghE ggeich vwe AHEE e 172 A4 sk olE Sl dol9
HI7F 21690 @9 A A= WA Aol wlof whe} Ashgke] FAQl AFow
ou] FE I, o ® Aetel 29 vl gho] ZH7b 152, 023°0% AAE 1L7R
o Zomg Anrow zghigel £l Ao w wAFHt ubde] oo u

7F 2,510 24719 A Aol wjef wpe} Asprgel] A9l Agor on +4

urA e A d¥oly Apd ol Ashgel B £ FAHF Agow
o HuE Fi @, ®, ©, @, O, ®, O, ©,
, D, @, @, ©, 16, 18W> AXE Aoz @,
To R (o Ak FH ATOR 2,5, 11, 15,

211 Ashkakel Hasly £ A0 R 36,8, 10, 17, 24, 252 2} 3} 3ko]

105



i
o

i

~
1o

oju
ToR

e

o|J
ToR

Mo

0

o]
L

T

grel dE 7kl

to 4

S

o Feg 273
ok wlmgst Aol el Aol met A

ol

e

of W& AolE Helth

0

o

S|

N

B

106



Table 4-4 23] A 7} [unit: mm]
e
No. 214 =4 _
Ve=4 Ve=6 Ve=38 Ve=10 V=89 +74
@ Hole 0.32 0.29 0.55 0.55 4%
® Hole 0.39 0.47 0.44 0.66 43
© Hole 0.72 0.76 0.83 0.83 A4
@ Hole 0.78 0.70 0.66 1.00 43
O] Hole 4.54 0.52 0.62 0.45 qas A3t
® Hole 0.17 0.44 0.54 0.68 EE]
® Hole 0.52 0.48 0.47 0.70 A
® Hole 0.52 0.66 0.63 0.63 EE]
® Hole 0.58 0.63 0.79 1.14 43
©) Slit 1.01 1.02 0.96 1.07 S|
) Slit 0.96 1.06 1.08 1.08 3
o Slit 1.00 1.00 0.96 0.92 3
™) Slit 0.61 0.64 0.66 0.65 13
) Slit 0.54 0.62 0.64 0.68 3
© Slit 0.55 0.50 0.53 0.53 Gk
® Slit 2.33 2.27 2.22 245 FAT AgH
@ Slit 2.11 2.15 2.16 2.02 T23 A%
® Slit 2.00 1.96 2.03 2.03 FAT AgH
1 Scratch x 3 % B3 P
2 Shelling 0.79 0.81 0.70 0.72 By 848
3 Shelling 0.99 1.35 1.02 1.41 T E284A%
4 Scratch x 3 % 3 P
5 Thermal crack 0.53 0.33 0.53 0.45 H3 E5ads
6 Disintegration 1.25 1.19 1.34 1.27 T4 E5l9ds
7 Thermal crack 1.14 0.87 1.45 1.39 43
8 Thermal crack 1.82 1.78 1.60 1.65 T2 E5ads
9 Scratch >< ¥ b 3 P
10 Shelling 2.02 1.01 1.09 0.81 TA £R84%
11 Shelling * 0.63 0.73 0.86 Hay £343
12 Scratch b 3 % B3 P
13 Scratch b % 3 B P
14 Scratch * 3 % 3 P
15 Shelling 0.22 0.82 0.80 0.72 B3P E84A%
16 Shelling 1.01 0.60 0.61 0.57 A 3
17 Chop x 1.51 1.01 1.16 TA ERaAd
18 The early Shelling # 0.81 1.37 1.37 A E
19 The early Shelling 0.43 0.50 0.71 0.71 43
20 Chop X b B % *
21 Scratch 0.49 0.58 1.08 0.74 A
22 Thermal crack B B 3% 1.40 A3
23 Protuberance b % >< B P
24 Shelling X 3.18 2.51 2.84 £5lsh
25 Scratch * * 1.51 1.67 s
=
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Table 4-5 28] o] F7} [unit: mm]

4 o]
No. 294 >4
VC:4 VC:6 VC:8 VC:IO
® 1.84 5.13(1.56) 5.63(1.56) 6.47(3.12) 6.47(3.12)
©) 2.97 6.45(2.34) 739 (3.12) 7.70 (3.12) 8.45 (4.68)
© 4.93 10.68 (6.24) 11.56 (7.02) 12.25(7.80) 12.25 (7.80)
@ 3.92 7.62 (4.68) 8.17 (4.68) 8.45(4.68) 9.94 (7.02)
© 2.86 1.60 (1.56) 5.04(2.34) 5.95(3.12) 5.66(2.34)
® 1.97 4.62(0.78) 5.81(2.34) 6.54(3.12) 6.95(3.90)
® 2.98 6.77(3.12) 7.15(3.12) 731(3.12) 8.17 (4.68)
® 3.96 8.50(3.90) 9.96 (5.46) 10.24 (5.46) 10.24 (5.46)
©) 4.56 9.33(4.68) 10.24 (5.46) 11.36 (7.02) 13.51 (10.14)
©) 20.83 16.47 19.64 20.31 21.36
® 17.03 13.54 16.11 17.03 17.03
® 19.60 17.69 19.88 20.31 20.69
@ 19.77 17.99 20.20 21.20 21.49
O 18.50 16.32 19.35 20.34 20.84
© 17.26 14.66 15.73 16.54 16.62
® 19.04 16.98 (15.60) 17.90 (16.38) 17.97 (16.38) 20.22 (18.72)
@ 17.70 13.81 (1248) | 1548 (14.04) | 1633(14.82) | 15.67(14.04)
® 16.27 13.07 (11.70) 14.00 (12.48) 14.78 (13.26) 14.78 (13.26)
1 11.20 i # i i
2 4.48 5.03 6.19 6.81 6.67
3 461 555 7.77 3.72 3.61
4 4.00 ¥ ¥ % %
5 8.74 8.27 17.36 20.01 18.85
6 15.24 18.97 19.35 21.40 21.87
7 333 1.04 (0.78) 7.15 (4.68) 10.43 (8.58) 10.57 (8.58)
8 6.46 6.23 8.05 8.27 9.12
9 5.90 x ¥ % %
10 6.25 1.74 4.39 6.35 4.96
11 12.37 x 8.74 10.61 10.76
12 10.40 * x % %
13 8.30 R ¥ >< %
14 1.40 X ¥ >< %
15 8.47 10.81 14.76 15.03 17.42
16 7.96 1.10 7.60 9.03 9.40
17 10.68 * 6.69 9.16 9.84
18 5.95 b 7.41 10.62 10.62
19 5.01 5.89 (2.34) 6.92(3.12) 3.10 (4.68) 3.10 (4.68)
20 3.40 x >< >< H
21 25.86 10.60 14.87 22.78 17.12
22 4.74 x * x 1.92 (1.56)
23 27.30 x ¥ % %
24 6.12 S 5.72 6.72 8.27
25 46.40 X X 2.80 6.36
% A% 9= dend
O %% B dolg ek
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Table 4-6 23] W& F7} [unit: mm]
S ?—(i)]:
No. 94 74
VC:4 VC:6 VC:8 VC:IO
®
©
@
O] 0° 0° 0° 0°
®
®
)
® . . R .
@ 52° 45.28° 45.63° 43.73° 46.91°
) 55° 43.73° 46.58° 47.13° 47.13°
® 50° 44.88° 44.93° 43.73° 42.74°
@) 35° 31.35° 32.72° 33.49° 32.99°
©) 35° 28.55° 31.61° 32.46° 34.15°
©) 30° 28.60° 26.51° 28.13° 27.99°
® 90° 90° 90° 90° 90°
@ 90° 90° 90° 90° 90°
® 90° 90° 90° 90° 90°
1 -42° LS % LS *
2 -41° -38.32° -39.06° -34.96° -35.80°
3 -46° -44.65° -53.40° -45.68° -54.66°
4 -55° % b B3 B
5 31° 28.13° 18.33° 27.90° 24.44°
6 -56° -51.37° -49.98° -53.31° -51.68°
7 57° . . - .
8 -64° -61.18° -60.65° -58.06° -58.82°
9 90° * % B B
10 32° 63.66° 45.28° 47.48° 38.93°
11 -34° x -32.38° -36.02° -40.73°
12 62° * B B B
14 -56° * % B #
15 -28° 12.50° 39.35° 38.52° 35.60°
16 -35° -45.28° -30.88° -31.21° -29.85°
17 54° * -56.52° -45.32° -49.13°
18 69° L 39.14° 53.86° 53.86°
19 -33¢ : . :
20 -45° * B B B3
21 12° 26.02° 30.02° 47.30° 36.68°
22 21° * B # .
23 90° * % * #
24 27° * 72.55° 68.25° 70.60°
25 -56° X X -56.57° -59.15°
* A% Adg Jehd
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