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ABSTRACT

Development of fatigue strength using friction stir
processing on butt welded joints

Jo, Byung Chul

Advisor : Prof. Park, Jeong Ung, Ph.D
Department of Civil Engineering
Graduate School of Chosun University

Welding process i1s commonly used for making a steel bridge,
mechanical part, pressure vessel, aircraft, ship and ocean jacket. The
welded structures have the parts of stress concentration because of a
geometrical shape and it will result in a one of the reason of fatigue
failure. Fatigue failure of welded joints 1s caused by the stress
concentration from the action of the stress repeatedly at the shape of
the weld bead.

Existing researches are frequently suggesting a method of an
enhancing the fatigue strength by improving the part on weld toe. There
are several typical and easy ways to improve a fatigue level on the
welding joints and the methods are as followed: Grinder process,
TIG(Tungsten inert gas welding) process, Hammer Peening process. The
smoothing treatments of cutting or grinding weld bead and spatters is
known for giving positive i1mpacts on enhancing fatigue level. By
grinding the weld toe changing the shape part by reducing the stress
concentration 1s effective in improving the fatigue strength.

This research used a method of FSP(Friction stir processing) which is
originally came from FSW (Friction stir welding), one of the welding

processes. Fatigue strength of FSW verified a improving the fatigue

- Vi -



strength by improving a structural shape and microstructure at welding
joint (Kim Heungju, 2011). Firstly, we set the appropriate FSP process
condition by changing a moving speed and speed of rotation of the tool
and tilted angle in various ways to get a proper FSP tool shape and
microstructure for suitable butt welding.

We have tested for fatigue experiment on a test specimen treated by
FSW and as-welded one(welded one but not treated for a surface
smoothing) as followed by the process conditions from the first step.
Lastly, stress concentration factor value which largely affect to fatigue
strength was calculated and contemplated by hot-spot stress method,

structural stress, simple calculation and FEA(finite element analysis).

Keywords : as—welded, weld bead, FSP, hot-spot stress, structural

stress
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Table 1. 7BA e =1 (HEH S, 2008)

Thickness of Plate|Diameter of Tip Speed Air pressure| Travel speed

10~50mm 10~25mm  |15000~40000 rpm| 5~7 bar |15~20 mm/sec

Burr grinding
o = 10~15mm : Minimum Depth (d)=0.5mm
et > 15mm @ Minimum Depth (d)=1.0mm
e Maximum Depth (d)=2.0mm or 5%t
(t: plate thickness)

Fig.3 ¥ z22kQld el 88 A(HHd 5, 2008)
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Weld detail Description Weld detail Description
Transversel
loaded bun‘i Longitudinally
I loaded butt
T weld
i Transversely
loaded groove Longitudinally
weld . loaded groove
— weld
Transversaly — - o
loaded fillet Longitudinally
weld loaded fillet
weld
a) Recommended b) Not Recommended
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87 JrHK]. Kirkhope et. al, 1999).
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A3% FSP =23 = IFH

3.1 FSPe &3 2= F4H ML

vkl L2 Al A (Friction  Stir Process)<  1991'1d 9= TWI(The Welding
Institute)oll A 7HE= o] & YA ARE¥ = &3 ol oh(A Bhell, 2007). wFzHagk-8-3 €]

H
Aok T &Y Ho mpol] o mpEdoe] wAEA W, Mt E EHAS
et APAIA F FAE &R A "k ojw 2o AdE Ao o AstE A
£ oatse] Wel FRz WA ggo] o] olck B gPWe w714

e} H =1

of mla 60%7 =olm= ofo] W& Iy 3 IFsH

Fig.10 4= *(Pin, Probe)®] ¥%

Ris ¢}
HA shal B 2AS NAANA M ZAEE FEATI A Feh




(a) vh&adt-g3 =

TTTT e

@ y © -
{a) Oval shape (b} Paddie shapa meﬂuM id) Threo sided  (d) nusphl
probe probe re-entrant probe form & flared probe

(b) Tool &+

Fig.10 vpawkE3 A2 % Toold

Ao ARESE A= 2484 YP39OMPaw &= Table 30 38tz A5 &



AR @S BT ok, FA9 F7= 2omm olal HA o FAHJAE =E8t7] 96
Table 40 B & 3 o] o]F&E, toold] 74 %, tilted angledS W 3HA A
e e Atk =3 Table 59 tool®] /2 Shoulder diameteri= 6~12mm®] L
Shoulder angle2 1~5° ¢]3, Pin diameter= 2~4mm, pin length & 15~2mm ©|t}.

Table 3. A &73 EH479] ststxA 2 g9 EAX(HEF, 2011)

Chemical composition (wt%)

Materials
C Mn Si P S others
<0.1 <20 <06 <005 | <005 | AL No, V, T3 Cu Cr, N, Mp, B
EHA47 Mechanical properties

Steel Tensile Strength (MPa) | Yield Strength (IMPa) Elongation (%)

540 390 21

Table 4. 214873 EH47¢] FSW =71 (H &, 2011)

Spindle speed Travel speed Tilted angle Inert gas Used welding
(rpm) (mm/min) (deg.) shield tool
500~ 2000 300~1800 0~3 - WC-CO




322 ¥= 34 ARFE AT FFarHA

SHIRAGHCRE ALES F2APH didl] as-weld EHAFA L SHE v=
E9N wtZuntfds A FA el HMuHdES 7|9 Frtesad s A
Aot AL A AE T2 MSCMarcs AM&-3+3ith
Fig.112 o] ARg3h Rdlg WolFa glom FSpRde] ERs FH MAs
o] Eol & AL HYFa vk FAE 25mm olal, 239 & 228 A&t
Fig12elA AA Z27& dW 14ola ebdS ddtA 7482 o] 280MPac]
gaow, &4 Joiol A&shs Ao S duAge S| vES e

o

O

Kt = Zax 21(1)
mn
A7NA, 0pax = =R H-29] 3 0] -5
o, =<HFFo|gEACE AN TH LY

n

(a) As-welded (b) FSP

Fig.11 34 =4
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(a) As—-welded

Table 5. As-welded ¢} FSW &4 23}

TL(Kt) TR(Kt) BL(Kt) BR(Kt)
As-weld 2.24 2.05 1.80 1.99
FSW 1.78 1.17 1.69 1.48




3.2.3 &

NEEERE

2%/\

11 Z A

Z A
Table 6. Tool &7 A4 (55, 2011)
Shoulder Pin size Pin size .
Shape . Pin depth
size (Top) (Bottom)
A @12 o4 @3 2mm
B 210 @5 ! 2mm
C 26 @3 @2 1.5mm
D 26 X X X
Fig.1l4 & A A3 7132348 24357 ¢18] Table 69 tooldA, o5&, t
S5 WA A HILlo FSPA e THE Ko o, W] Aoz HE
T4 5+ 60mm/minol A tool3] A< == 500rpme] FSP/lsxzd oz A3k
el AAY =AM Figls & vtazddog e 24 HAZY, /42
awzde welFa vk mAlzAd ve) AANe] xAo] mAlsA FHH| 3
Ae ¢ vt



Fig.14 ©]

500rpm, A

1,000rpm, B

1,500rpm, C

2,000rpm, D

S00rpm, A

L000rpm, B

1,500rpm, €

2,000rpm, D

60mm,/min

(b) °]F% &% 180mm/min

1,500rpm, C

2.000mpm, D




(a) SAH LA} viola =

(b) vlola 2 %2

Fig.15 nta 2 ¢} mlo] A 2% 4 (60mm/min, 500rpm)(H &5, 2011)



324 nEAAEAYE B=

Fig.16 dx=9 S92 (A&, 2011)

Fig.162 &3 7fd%-<] vtz drlola dwelX= 2 BM), 2 (FSW) 1]
FCAW o] 575 WolFil Qlth Figl72 H4e] 7texdd o]s%E 6

3[4 E 500rpme] EA), FSW, FCAWH-¢] wjZa=2 % nloja=z =
Atk Al 225 wlaskd, EAe] zzo] Hsto] FSpell ofs 7iZ 2]
n Aske, 2o uA gl wEla o ¥ Awrt s @ Aoz wgk Hu) 92A

al
al,

Sol e Fr 29 oY Azt dout, F4e] 9% = SN 9IS w
of WA Hul, ¥ AFe|AE PSP % F¥ R £4% Ads] N2HTS B3
IEERIEEREEI P L

shaixt stk x4l vAs 5 xAue] G
ofalzle ® Aol Mol tha Tt A9tk AW Figl7el &4 wlae] A
& & 9ol 1Ee FHIMHAZ) vste] FSPel o3l sletolE @ Hetol= =
Aol MASES BF T 5 dQon, a8 24 v Pl NZYTS P

A 71=d 714 39S ez e s

o
o



BM FsW FCAW

Fig.17 2A¢] vtz 8 vlolaz =4 (1355, 2011)

Fig.18& & o=z ol&F 60mm/min®] i, 3 A% 500 rpme =EA], FSW,

Bt wed
e
FCAWY-¢] grain size & HoJF a1 givh. ZF 2o taf 57149 thgEiegss =4

&

o T
H k2 Base metal Fol A= ferrite Al7F 19.03um’ ©] i, Pearlite A7} 6.32um’ A
3, FSWH-EA A = ferrite A7} 6.83um’ ©]aL, Pearlite A7} 1.54um’ 3L, FCAW

Ho A= Alo] =& ferrite A7} 12.23um’ ©] i, Pearlite A7} 5.21um’ ©]t}.



BM FSW FCAW

Ferrite

Pearlite

Fig.18 917k Abol =(41& 5, 2011)

Fig.19% vl uukR 2 2E Zlo] 1.73mm olA]2] =LA, FSWH, FCAWH2] 4=
S HojFu 9)\1:}. Base metal oA+ H 210 Hv, FSW G A= H 230~

300 Hv, FCAWS G A= 210~250 Hy & ®ZHUch FSWolA ZAEge] 2 1}
B A ié ol 2lsl grain size 7} WAISFE oA otk FSPA#E G olA
U AEl A RE AW AFES TF 243 TN FARL Q= 24 W
% 3w 9tk oYW z:Ho| wAste] FSPA A Evlel WA de) JPor
43t @do] UehAl Hold mHelM BASHA = v E2ide] BAS A A7)
E3hE v 2 5ok mebd Hzgse) P J¥e F ¢ Antn ¥ & vk



310 ""‘"'mﬂn S{Ierm
290
4
270 fg’u :
3 Nt ¥
,’- P “
8l g P .
B B PR L o LY
T 4 H *. ql.* s
¥ Ve
210 . i%’*'
5
150
L FCAW  ESW _BM

Bt Popokal b Falalda T bl ok b Pabala k@l b

Distance from original interface (mm)

(b) defel g ao] 2ol W F=(HEF, 2011)

Fig.19 EAj¢] F =



A4d S =2AE

3

J{m

41 N98 FF 2

woAToN AFEE ARAY AL Fig20d 2ol T %Bmmoln, A4 T

100mmelw dAZol= oF 430mmolth. AldAle] T FAF= F 50mm olal o]
100mm7} ¥ =5 Al=stivk. stifr] s 2A A d 2t < A% gl &4
s el 3l

H E9-Fo FSP A g9tk Fig2le FSPA 2 s Al gA

0
100

=5

Fig.21 FSP A 2l& A dA






Table 7. AlgdH % 9 st =4
o
NEAE | FAG) (mm)  Z(B) (mm) (an) R &% (EA)
2-1-(1) 280 0.1 1
2-1-(2) 240 0.1 1
2-1-(3) 260 0.1 1
3-2-(1) 280 0.1 1
3-2-(2) 25 50 260 0.1 1
3-2-(3) 240 0.1 1
5-1-(1) 280 0.1 1
5-1-(2) 260 0.1 1
5-1-(3) 240 0.1 1

43 J=AE 23

Aol AbgE AldE e stdRGSE, S9, v 2 gdd)S Fig.233 Fig24o B
ofFaL e yux AldHEEE F5o] HREo] dn dEidde] Az oL
AP A ol E= AW ESFE V|HoR ddo] AZste] gyo =g H ot

Table 82 vhzunt FRAVRAZ AldH o] J 27 =23l as-welded A @H 2] 23}
£ Hoj5i gtk Table 8l A s A ol F 9] Add T

1 %

o] AlztE o] HAZE-Z A&}

4
o
h

g A ®

% olu
A s Ae g 5 gk



(a) 1 A

Fig.23 2-1-1 A&+



(a) Sl A

() 9% sherw

Fig.24 2-1-2 A &H



Table 8. XWH/NZ =243 A}

= =
NaAm | AW EB) D eanpa) | 1 gesm | SeaA
(mm) (mm)
2-1-(1) 280 4 35,800 BR
2-1-(2) 240 5 60,400 BR
2-1-(3) 260 6 55,300 BL
3-2-(1) 280 4 26,200 BR
3-2-(2) 2% 50 260 5 33,400 BR
3-2-(3) 240 6 82,500 TL
5-1-(1) 280 4 26,335 BR
5-1-(2) 260 5 45,466 TR
5-1-3) 240 6 59,300 BR
| m2-1-(1),(2).(3)  #3-2-(1).(2).3)  #5-1-(1).(2).(3)
400
\\‘-.
350 NI
£
§300 |
- NG| ] Fsp
: TN/
« ' ! NI
200 R EIEEL
s As-welded [1HNE
150 e SN
1 1 -
: N
100 L Al
1,000 10,000 100000  1.000.000 10,000,000

Number of Cycle to Failure(N)

Fig.25 ¥ 2A1g 2}



=3l Fig. 25+ E Yz HFa g o oluf as-welded AT A}

= HAolH ¢, = 42te] shszzd A FSPl osiA 7iAdE AlgHe 3

2ZANY diE ‘JrE]r‘ﬂi Zolth, sdgh SH oA 3 RHEAIF S AAl shom,
o9

Q]

=
A& T 3FRF A st B S-N A== 14~16709) Al A
A=

.L
.m>

2 a2 agAw B dpdAE FSP /1% Nedsdel 44 As4s 3
e APoE SN FA9 Aol Pste SHAMAAT HFS HA HArh
Fig.2500 A sk o] 71Ee] el &5l Hske] FSPol oalA §AHE ool @4
2 Mastel SHPEFL Aol AFA Wz so FPEL ¥ & Atk =g
Bol G4 ARE ¥ AFlA H8d A HANFQOMPAIS NFoR @ )



A5 EHRIAFAT s JE2ERE FHI}
5.1 F3 84384

5.1.1 A4 v X= v ey F3t

g gz oo S E Fig269 2ol A4S Bote] BN Ad FEUY
of emh} Pero] WAL & 4 Yrh G 9, b, L te ARG TEVATS WY

o WA= A& Table 99 Zo] ImmE 7|2 Z 05mm Y
1

)=]
=] T
, 11%7F =718t 29, 24mm, 4.81mm, 7.21mm 9 2% ZF 7} 13%, 26%, 32% 7}

Fig.26 &4 83 a4



Table 9. &3 Fol FEWHF o2l vA= J&

p (mm) | © (degree) | h (mm) | 1 (mm) | t (mm) Kt %
05 135 10 29.94 25 2.36 11

1 135 10 29.94 25 2.1 0
2.4 135 10 29.94 25 1.81 13
481 135 10 29.94 25 1.56 26
7.21 135 10 29.94 25 1.44 32

512 384379 IF

A2AEAY] RAYS Fig27ol A HelFa ut Ed Saa sk o A7) g2
H o] zto]Z Table 107 Fig.28elA HolFx vt HF3e s W 7)o wa} 8y
FAFKDE Wze vhSo] Hol= AL Feadd = o

2 AFdAE s F do](7FE/AR)E 0.1mm/2mm 2 LASHA T35k




Table 10. &4 =379 wa $&8 3= 5 (Kt)

Mesh size(mm) 0.1 0.2 0.3 0.4 0.5
Kt 1.75 1.64 1.56 1.48 1.42
Kt
2 I
1.8 |
1.6 \\‘
1.4
1.2
1
08 ——Kt
0.6
0.4
0.2
0
0.1 0.2 0.3 0.4 o.5 l{mm)

Fig28 84370 w2 $81% 745Ky
513 M ZAEHY FEFHLAA

2 AFo A= 6719 FHZAPHASZRE FHairAS AT 24 Fig29~
Fig34& FSPZ 3 ndla 2 4S5 HojFu u} sjae nddge] guiis 7
To % 3DEAZE S Ak T3 Table 1

a3l

<
ko
[
:Oé
£

o Avg wmd A3 AzFdwA A7



(b) ofelf ™

]

Fig.29 2-1-1 »



Fig.30 2-1-2 A& ] #3ka s



b) ofef
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-1 /\]

Fig.31 3-2



(b) ofef ™

2-2 A

Fig.32 3-



(b) ofef ™

]

Fig.33 5-1-1 ~



(b) oftelf ™

Fig.34 5-1-2 @A F3ars)H



Table 11. 5| 2A @7 G3aral4 A7

NEE] 9 Kt shete
*TL 1.947
TR 1.794
2-1-(1) DL 2.069 BR
wxxxBR 2.219
TL 1.623
TR 1.509
2-1-(2) BL 1.949 BL
BR 1.789
TL 1.667
TR 1.640
3-2-(1) BL 1.859 BR
BR 1.911
TL 1.667
TR 1.640
3-2-(2) BL 1.859 BR
BR 1.911
TL 1.895
TR 1.959
5-1-(1) BL 18% BR
BR 2.350
TL 1.776
TR 2.239
5-1-(2) BL 1876 1R
BR 1.862
TL TR
L
EL ER
*TL © Top Left
#**TR © Top Right
*%xB[, | Bottom Left

sxkkBR:

Bottom Right



52 48 9% SHATAT ==

5.2.1 & 2%% 2 (Hot Spot Stress, HSS) # F+ % & & (Structural
stress, SS)

AEH 9E 6710 AFHS Ao
3719180 Fig. 359 #o] E¢% gvozty dAAH 15 2mm ~EHA AoA
g Rasgh $23ES Ay AsAE R B siwe] LEdQ Aol

g PAMorA. Teth S| v FReHS B Mse] A o ~EYQ
a= o]

2 hot-spot stress®} structural stress = =4

Alolx & F2a ¢ glo] AHe] +x89
Hot-spot stressi= TFZ2Z° JoA ddo] F2 EASZHF Y S&HFoA TSt
Ao 719187 wiio] ESHIZEEH IdA A "o FEAAY SHS i

(extrapolation)S ©]-&3to] &kt Hot-spot stressE T8t WHols= QR A5
Vel 0.4tek 1te] Ao S3a 2itst=s W, @FAF72 0.5t9F 1.5t
Mg SHS eAets WY 2 OFAFAMmS 05te] 1AM SH ke A
= el Stk 2 AFeAE F AR Bl Niemid] WHES &3t HQ)E
o] §-3}o] hot-spot stressE 3%t}

2 AT = Niemio] WS 2835t 2 ©2)E ol &8ty 2 =HS T3kt

O
f
)

ol

oys = 1.50, —0.50, 21(2)

A71A, oy =0.5t0 A& S=oliL, o, =1.5t014 9 &5& YEPAT Fig362 &FHE
H25H 125mm, 37.5mm Goj Aol FFE ¢ AS HolFal Ju(FAEd 7,

2005)

Table 12+ St23&H(S,,)S A datel SHSYAG(SCFE Bl

oS



Strain gauge

Uint: mm
\\ 1 . - -

t=25mm
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Tikki
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Fig.35 2E2Ql AlolA H2 944




NaA | ex | OB ((()1‘;1;51)0‘5”) SCF (0.2Fy) | SCF (0.5Fy)
yq L | 264/396.3708 2,017 1.357
R | 164.4342/333.396 1.408 1.142
yiy | L | 20391807507 1.973 1.361
R | 162.7878/320.4858 1.394 1128
L | 1223481/286.8852 1.048 0.982
T 116.8944/299.95% 1.001 1.027
L 128.625/295.0143 1.101 1.010
T 1244061206763 1.065 1016
L | 140.0469/306.8478 1.199 1.058
e I TPy e 1016 0.977
o | L | 1364454/306500) 1168 1.050
R | 1095885/272.3763 0.938 0.933

TZ-8 2 (Structural  stress, o¢,)< 3% (membrane, o,)% w52 (bending
stress, 0,)22 FAEU Figld7¥ 2& &4 ESHoAMe $HEYE 84 &
el A Hojolw, FANFOR I FAhste BEE

- EFHA-A)Y T2 (0,)S ZEHS AlolA7}

1=
T
2 olgstel 4(3), AW FAA B-BEW ¥ C-Ch
sl T8 4 AHAAA 5, 2005).



Strain gauge

]
1] ]
i

]‘

&
-
=T
R [ —
-
=

1 1
7n =g O+ o = 5t al) 4(3)
B 1 B B C 1 C C A
Ty = §(UT_UB)af7b = g(UT_UB) 21 (4)

AN oB,08,05,05 = A7 B-BoH, C-Cebael A9 /8t ¢824 vehd
o Zbzbe] oA AlLte weE 2 wdsHH 8% zod A AgE ut
£

S 4 o
Al A S A gste] 8 E9(A-A)9] e B w38ES A B, 0

on) 4(5)

Jf :waL—(JbC—J{?) 21(6)

Table 13 & 24 ~EHAQOoZRE 2(3)~2(7)S o] &3t F3t Fx2$HL B



Table 13. +x&%(0,) ¥ &2 A5(SCF)

A A A
AR:E: 9] X Om oy (o SCF SCF
124 AA (0.2Fy/0.5Fy) | (0.2Fy/05Fy) | (0.2Fy/0.5Fy) (0.2Fy) (0.5Fy)
147.867 74.3967 222.264
L 1.903 1.417
(D) /333396 | /804678 | /413864
141.4875 125.8467 267.3342
R 2.289 1.536
/320.019 /128.625 /448.644
157437 79.6446 237.0816
L 2.030 1.455
1) /338438 | /863331 | /4247712
138.6063 133.2555 271.8618
R 2.328 1.544
/326.0901 /124.8177 /450.9078
38.4846 93.639 132.1236
L 1.131 1.106
3-9-(1) /297.381 /25.5192 /322.900
192.7317 -80.9823 111.7494
0.957 0.969
R /421.5813 /-138.606 /282975
34.8831 92.7129 127.596
L 1.092 1.076
2o o) /290075 | /23976 | /3140508
53.6109 56.9037 110.5146
0.946 0.985
R /286.1649 /1.3377 /2875026
103517 22.638 126.1554
L 1.080 1.118
5-1-(1) /294.809 /31.5903 /326.3988
105.987 -1.2348 104.7522
R 0.897 0.937
/297.4839 /-23.9757 /273.5082
108.457 22.8438 131.3004
L 1.124 1.119
1) /291824 | /347802 | /3266046
125.7438 -12.5538 113.19
0.970 0.966
R /303.2463 /-21.095 /282.1518

SHol g HEddE A & ESH 4 wet SHFYTAT7E Hstet
7] el B @S wEsty] fleiA w2 sidel] A8 A e FaF (Putty)
£ ol&3dtoq EFHE E?ﬁ& H= A ] &4e sttt Jdd puttys HI=2
of WEFo g Smm (Ao ® Huksto] 208 Fof FAZNA H=o FAS g &
Fig.38¢] H|= Z(bead width(L, mm)), H]=39](bead hight(h, mm)) ¥ & W4 (toe



radius(p, mm)¥} Z@ = ZH(flank angle(d, °)& A3 Fig39: Al 2-1-1¢] Sl
Wy olaiwe] SHE N=gAT SAHGS BHoFa u v=EEge FH4 F 97
o] AEH F 6/1E S-SR SAHE =T

st7] 918l 2(8)S AF&3FTHS. Yoshida &, 1978).

Ki=1+f(©)(a,-1) 21(8)

o714,

_ 1 hys
a1—1+c[(28A1 ) ]

1) = 1—exp[— 090\/ (m— 9]
1—exp(— 0.457r\/

B=0.65— O.IGXD(M)

c=1— 0.486Xp(#)
Al=(2h+1t)/t
A2=A1/2

t:thickness







Table 14. S#HHATHo] S5 3 SHPTAFRHEKLY

EEEE
N v TL TR BL BR
2 Kt

" p(mm) 290 290 | 165 | 184
Kt 1200 | 1198 | 1460 | 1462
p(mm) 211 263 | 191 | 171

2-1-(2)
A2k 1357 | 1270 | 1521 | 1567
s o) p(mm) 2.76 250 | 250 | 184
A%k 1334 | 1338 | 1473 | 1539
p(mm) 2.57 1.97 2.24 1.71

3-2-(2)
A%k 1476 | 1591 | 1488 | 1630
L p(mm) 362 322 | 243 | 237
A%k 1410 | 1440 | 1353 | 1445
o p(mm) 217 197 | 250 | 283
A 23k 134 | 1425 | 142 | 1379

~EY <l AolAZ o]&3] AAE hot-spot stressesS Symbols @Z Fig. 4004 X

lth. Ayloll 93 hot-spot stress®} Structural stress&= AAHo=E S

JH

2
ooy N X

al
A4 2, AEHA 2-1-1 9 TR(Top Right) S A9 &t wj-$ A 73HS B
I Q. a2Y Y 2EHAACIAE o] &g F4 W2 53149 Fig37s ®Y

= AT ol A@Re] F4Re| 2 4 E I, Figdls 2ol FSPy A due

iy
i
o
N
4
do
l-lTj
%
1H
]
o
N
4
>
fl
¥0,
2
oo
L)
o

| 259 hot-spot stress 9} structural
stress o] QA= A& EfHO §HS A5 5 gl TAI-o] 3l

webd wrh A8e SAAEASRS AT ANAE fEasald ol A



=

FSPAEAS SHAFASE Mg gol o9 o] 43} f32ke)
sta st 679 NG MEFFoERE SHAFAFE A
Symbols M= HelFa gtk AN $HAFAS e ofzte] Aol
How of 154% WAtk e vz
A% grol AAA o A7 wAFAT FHLndA

98] ztolAAbel Aol o] MER RS QAT putty ZHE WEPAE SAske] AL
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