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Study on Initial Welding Conditions of Friction Stir Welding

Junichi Arafuka

Friction stir welding is a technology for welding metallic sheets. In this study, the effects of initial
welding conditions, i.e. the tool inserting speed and preheating time, on the microstructures and
mechanical properties of welded joints were investigated. Three kinds of 5-mm-thick aluminum alloy
plates, i.e. 5052-H34, 2024-T3, and 7075-T651, were welded using a numerically controlled friction
stir welder. Regardless of the welding conditions, the stir zone of every joint showed finer
microstructure than the base metal. On the contrary, the heat affected zone was softer than the base
metal. Kissing bonds were observed at the start positions of A5052 alloy joints welded under the tool
inserting speed of 90 mm/s and the preheating time of 0.1 s and A2024 alloy joints welded under the
tool inserting speed of 1 mm/s and the preheating time of 0.1 s. Such kissing bonds can be prevented
by setting the preheating time longer than 5 s. In A7075 alloy joints, no kissing bond was formed at
the start position. However, it is formed at the end position regardless of the welding conditions. The
maximum tensile strength near the start position of A5052 alloy joints was 205 MPa, yielding the joint
efficiency of 83%. The strength was obtained by welding under the tool inserting speed of 90 mm/s
and the preheating time of 5.0 s. That of A2024 alloy joints was 423 MPa, yielding the joint efficiency
of 90%. The strength was obtained by welding under the tool inserting speed of 1 mm/s and the
preheating time of 20.0 s. A7075 alloy joints welded under the tool inserting speed of 2 mm/s and the
preheating time of 0.1 s showed the maximum tensile strength of 492 MPa, which is 84% of the tensile
strength of the base metal. Dissimilar joint of A2024 and A7075 alloys became stable by placing
A2024 alloy on the advancing side. The arrangement minimizes the sensitivity of the joint strength on
the initial welding conditions. The maximum tensile strength of the start position of A2024/A7075
dissimilar joints was 453 MPa, which is 96% of the tensile strength of A2024 base metal. The strength
was obtained by welding under the tool inserting speed of 2 mm/s and the preheating time of 10.0 s.
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(5) AV THRECHE LEAZBE%, FiE TEAHEREM NGRS, B
BRHET T 5 (Fig2.3(e)). AR L7-EEBRXZHWLGEICIT T v —7 Dk
THY FEROXA IV TR ENEAFMFE L THRENLE LD,

(d) Welding (e) End of welding

Fig.2.3 Procedure of friction stir welding.
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SN LEORBENELS, RWTT075-TSE 4, 5083-064THY, 6061-T6H
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& EVERENME DS N T OB L, KBS HEOSFMELZRE L2V &l
MEREORRNE LTS, £, R OBEGHMEOZEL N v I A
BE&OEERBIMENRREVGA Th-oThH, MEMEZMET 2WEPINET D &
ZORMEEMEITHRLS 2D 2 ERMESIN TS 2 . SO IESM#PH I
AEOBBERBIICL > THIATE DL ERINTNS Y,

3500 - - . .
3000 H
5 2500 +
& 2000 | -
‘Ilﬂ;?'
B 1500+ .
o=
,‘L 1000 HROMNERE |
>~ 2024 -T6
s00 =
g 7075-T5
0

0 500 1000 1500 2000 2500
ZEE®EE (mm/min)

Fig.2.4 Proper welding conditions of various aluminum alloy' '’ .
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FIE HMEMBIURRAE

ARETIE, KPR THEM LM, RREE, ERTEBLUTELS K
EOEE HFIET DN THHAT 5.

3.1 #E#M

AAFgECiE, HEMERETCOLR AR X I ICTHEIC L A &P B
LZEMTRENTVWDS. XoT, filROT7AVI=T LG0T N5 P HRE
T 2NRFEHOMABETHWLNTE Y, FSW O A #PH S B K R W
5052-H34 7 VI =7 A5 @lk (LT A5052), @maRE THLZEM R EIZ b
AENTWD 2 FSW OBEA®EN K DKV 2024-T3 7L =T LAA4EK
(LLF A2024), U272 Co®mmBEHM & L THWLEATWD A2024 £V
S HIZHEBED 7075-T651 7 /LI =T A& etk (LLF AT075) Z &I L T
A, WIFRHIRE bmm O b D%, ZHENEILEFHMIZE S 200mm, 18
50mm (ZEEMIN 1%, BEA IR X OVBEERM £ 2 Bl veid L ERICH L 72,
HEVTHILIERSEMEZR T 50N 7 74 ABICIVEHLE. £
o, ARG M EFITE L, BAET 170mm & L. & M Ok
F ALK & Table 3.1 12, MMk AIMEE % Table 3.2 12, #MAAAHHR % Fig.3.1

2R 9.

Table 3.1 Chemical compositions of base metals. (mass%)

Materials Si Fe Cu Mn Mg Cr Zn Ti Al
A5052 0.10 | 0.28 | 0.03 | 0.04 | 2.44 | 0.19 | 0.01 | 0.02 | Bal.
A2024 0.07 | 0.17 | 4.61 | 0.60 | 1.54 | 0.01 | 0.11 | 0.02 | Bal.
A7075 0.07 [ 0.14 | 1.50 | 0.03 | 2.70 | 0.19 | 5.80 | 0.03 | Bal.

Table 3.2 Mechanical properties of base metals.

Materials Tensile strength Elongation Hardness
(MPa) (%) (HV0.1)
A5052 247 14.4 78
A2024 474 18.8 137
A7075 586 12.8 197
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200um
(a) A5052 (b) A2024 (c) ATO75

Fig.3.1 Microstructures of base metals.

3.2 EREZEEBSLUERAE

3.2.1 EREE

AL, BRIk AR o PN-TT R ESEB R E SR A v,
BBl A Fig.3.2 |2, fEkE% Table 3.3 ICRT. [H#iE T H T4 4 T H M
(SKD61)# & L, Fig.3.3 I - T RKRICM T L7 b DA L. 22k, Al

THEHS a VX —OM S |3 2400V, v — 7O X1 4230V Th - 7=

Fig.3.2 Photograph of type FN-II FSW machine.

-15-



Table 3.3 Specifications of type FN-II FSW machine.

ltems Specifications
Rotational speed (rpm) 600 ~ 2400
X axial traverse speed (mm/s) 0.5 ~ 33.3
Tilt angle (deg.) 0 ~6
Stroke of the principal axis (mm) 1200

Axial motor:7.5kW

Driving motor
Traverse motor:2.5kW

Table area (mmxmm) 1350%600

(Unit:mm)

Fig. 3.3 Shape and dimensions of tool.

3.2.2 B A&
AREBRCTIEITROFHERRFIELVREL THTOFML & 217572,
(1) HNBLERMBLUHMEMNEREBE
ABBRIIEAMEBRREZBHRICE > THE L. MTHENEOBER
I d L O R R BLE2 1 Fig.3.4 12”7 X 91T, BEABIA AR X O
W CFSWHkF 285 m & wEICUIM L CTHFER, = v F 7 (A5052 :
7 v Ab/KFERE, A2024 1 7 o — LR, AT0T5: 7 7 —KiKR) ZATV, P
R REIO M b P MBI L B 21T o 2.
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Welding direction .

RS

Observed Observed
— direction direction

15,

e
-

¥

AS
Start End

Fig.3.4 Schematic illustration of sampling positions and

observed direction of macro— and microstructures.

(2) BEEHEER

iSRRI TR BRI & Fig.3.5 10 RT~A 271t v h— AMEH (1
ARAEFT R WK-HD) ZHV, By — A IRREIT > 2. BTk F A
A A T 1 oD AL AR BL R T & W — o BB & WV T, Fig 3.6 IR & 9 ISR
Eh Rz a0l 0.5mm METE vy — A S B GUBRATE
0. 98N, faf EARFFRFM : 16s) 21T o 72

Fig.3.5 Photograph of micro-Vickers hardness tester.
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Weld center

AS — o RS
i - H?J
o NF
‘ 20 A 20 |
(Step : 0.5mm) (Unit:mm)
Fig.3.6 Measuring positions of Vickers hardness test.
Q) RERE

TR E IS X F AR 0. 3mm O K FEENE 5T & W, MIE I ESNE & Fig.3.7
WRTIRESMIME®EE OtAET VI 22— A TEKRKNSHR, JELS A
TL-02) (2 XV [ TEERBOREZY 7V 7 %A L% 100ms & L
CROER L 7. R EE ) E AL X F|g38 T koichlis TR Ve — 75k
WD Imm OALE LD KO ICBAESAHEALES T OREZHE L.
F 7o, RERERICRY G ﬁ@%ﬁéi%éﬁ&i 150mm & U7z, LA 0
Fig.3.9 (2”7 L 9 ICBEA B, o RE, KW o 3 5 Fric JlE N7 & 23 4K
FRERDRDICEBESFZHFAL THIE L Z.

N}

Fig.3.7 Photograph of TL-02 recorder.
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Thermocouple

Thermocouple

-
-
ka

(Unitimm)
(a) Measuring position of tool (b) Appearance of tool
Fig.3.8 Measuring position of temperature of tool and

appearance of tool.

Welding direction .

RS F
Start End |©
o | @ @ ® |¥v
L & ¥
i A
- 75 ::‘ o
194 | 150 . ol
las ¥

L 200 A
(Depth:2.5mm)
(Unit:mm)

Fig.3.9 Measuring positions of temperature of work.

(4) 5lREER

FIEERBRICIL, A v X b RS RABRE (FHER/ERTR, AG-10T6) %
Az, B/ 8l % Fig.3.10 IZ~ 7.

SleERBR A XA L TEEIZ Fig.3. 11 IR E L0 RBRA Z28EL,
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Fig.3.10 Photograph of tensile tester.

Fwik L OEEZ 0. 5mm 7 HI %, Fig.3.12 1279 JIS14B BBk 4 k12 %E
UGk IR T L 7= b o % v y7=. 81 3E 3 EE 1L 3om/min. & LR TR
BRaiTo7-. £7-, BIERRG, RBRAMEWEOEROMHGZ B 5L 7.

Welding direction

. 150 > (Unit:mm)
Start End

Fig.3.11 Sampling positions of tensile test specimen.
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'I"‘? Weld zone ‘?_;-
& [ o
—

e o
e N
I U
o
<« 40 5
«< 50 > B
< 98 5| (t=4mm)
(Unit:mm)

Fig.3.12 Shape and dimensions of tensile test specimen.

(5) 3 mEhI(FEER

S THBRIIM T oA HFm & |BEICE X 140mm, 185 156mm O R A %
WE L, Fig313 iRt Lo AZAVTERY ¥ v xWRBES L =
Xk EMTFRBREE Lz, HBREIXO T AEE 258 L, fr 5 A ol X
N RT VUV AOZD EMICIEHEE TE WA, ATRERR VK L. 1A
BRREIL JIS HARICH S % 10RX2+43t =36mm & L 7= (t=K/E) .

Fig.3.13 Schematic illustration of three point bending test.
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BAE S052FLISVLAREERBELCHTD
NMEEEEDOBE

4.1 [FLC&HIC

FSWoOHESRBEIIFE 2ETCRLELYIC, BEBEALS I OVEMO &R
MUEREBICL D720, HAROEKR LRI 2WHEAME ~0 AR
CETHRHEROD e =TI L D2FMOBB N EERER LD, FSW
FFOHBMBEBARIYZ VO ANREIT, #AHEZ2Z THREKLCHLE
HEz ey FICEKRFEL, ZOMICIE#EERENFEET D). TOD
FSW Mk FOBMMAMEZEIZ T ERERXE L OEAHED mA@’%Mé
nNar2zZenk<monThBn?), ZhbDRT A= ITL0HEAM
BEoMEIZHEEG L-EASZH@EEIAREIND Y. T OMoOE T &M
ELTLHAEALTEME - BIR, REMBOESICHE L TlEE T
TEOF 7y FE&RENFTOLNL, WTADONRT A —=ZIZTEBWNTH
WIERBENGFEET S %) 512, FSWOME &ML LTixT B A
HEBIOTFARRAZT O, 2hbo&MtIEARKBATHO I
— 7 OEAREBLOMREGE TEO PRI T 2HEER T XA —FTh
. L Lans, TEMARERSX R TPARAKBEIZO W TOMFRERSE
JIFEAERLS, TROLOEMED FSW T OMBCMBOMEZICRIZE
EEBIZOWTHHAETIERVORBERTHDL. 22T, THEHHAH

Wﬁi@%@ﬁ%@‘ HHARD D LI, FSWICB T A REES S
BOREICOBENDEED EE X 5.

RKETHEH, —BHBIZZHWLLTWD A5062 Z H W T FSW & 17
W, HETFoMB RS X OO MEEIC KT T TR A ERL LT R
oI ZSOWTHRE L.

4.2 HEMBLUERAZE

A I3 3 MIC R L BRICHEM N T UZZRKE S5nm @ A5052 % M
wk.@%IEMA%IE%(M%U@&Lﬁmﬁﬁmﬁbki5m
valF—£ 20mm, Ya X —fA 4, T u—TF M6, X 4.5mm (2
I TLeboxz MW, BERMFIZTHEROME R, THIH AR
FE 2N V,=90mm/s & #8 2 D &={ETiX Fig4 1o+ ko, BEahicrnm
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(b) To ~ 10mm

(a) A5052 FSW joint

Fig.4.1 Appearances of joint and tool after welding.

Table 4.1 Friction stir welding conditions.

Rotational speed N (rpm) 1000
Welding speed V.  (mm/s) 3
Tilt angle 8 (deg.) 3

Tool insert speed Vt (mm/s)| 0.1 ~ 90
Preheating time t  (s) 0.1 ~ 20

— 7N LI, BT RO KRB N2 B R RS
iz Tabled 1 IR $T&KMELEL, 2hbaMAE, V—FHBRELO
IREsEHae s L.

BoNTMFIZIONWTHBBLE, EANB X OHMEAMMEBKBZE, <
A7ty —AMIRAEK, ZAdlFRBRS X5 ERBRILE 3 =i
AL FEICLIVRARLE., AT RBRICHO KR IL#EF OB
AFMICH LEEIC, RBRAMEEZ 20mm & L CHRBRLEEA T EIMHE2R
Br & L., BERTEIZFEIFTEIC R LEZ X T, FSWHEroEER T B %
v 0 0 M B E 2 A KX 150mm & L THT o 72

4.3 EBRERBIUEER

4.3.1 HEEBE

B 0 aa D B R R Ok F OBl A Fig.4.2 12,06 RUE Ok F A BL &
Figd4 377, 2FLHFTHEARRBICFT T a X —RFLIFIEFE -HLE
g O MR OB DB O b, MFHAEICITILTY OREDR D LI
oo REBRSEMII Table 4. 1LIZR"FT K o2, LEMBEEHKIL 1000rpm, #2
B IEE X 3mm/s (180mm/min) TH Y, [HEzE »~ F 1L 0. 18mm/rev & 72 5.
COREYy FoM, Toebb, AR lom U720 o T HEHE BT
5.6rev/mm TH v, 5000 87 /LI =7 AHEEHH W FSW O iE &+
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Welding direction

(a) Vt=0.1mm/s

t=0.1s

t=10s

t=20s

Fig.4.2 Appearances of joint.
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Welding direction

(@) Vi=0.1mm/s (b) Vi=90mm/s _20mm

Fig.4.3 Appearances of start position of joint.

FWEANY EB2ON, EFMFCBVWTESHBRRITITEHRE Y, 4HE
FOXRMIZA O bR o T,

R EAT cHEINZEYIE, TEFAKRIC e -7 ORBPIEA
X > CHIHIREE L o MR, Ya X -tk THE AT
LT AT S, BB EAR D RSMICITY &L THEMAFL
b ThHD., ZoEIE, TEBAEREOHMICHE > T 3 54
mMzmr Lz, 2oZ8id, TEFAREOHM, ¥2bb7 e —70
HARBRELS 20 EMEOBEERHENES R LITED ABEN
Ml ey, EMOBEHERBD LI EE XD,

-25-



Fo, LEHAEE 90nm/s, TEEM 0.1s O &M Tl Fig.4.2(b)IZ
AT oS, MFEWEICHE 0.3mm OB OARD LN, MHFEMEBICEE
WNAELTE., ZTHIFTEFARERNE L EWVWEZDIC T 0 — 7 A

I T AEMSHRAMICMAZ N2 IR KT SH. Frxo iR
MTFICEBEISNREZHAMBREOEZOOBEERI Ny X 77— hD&K
HZ23 2020 h2% 0250, TORKIN7Ta—7 OFEAT LR X
WHRAETDHDLDOFEENVOERLERDS., MARFICEAT LT —7
OMBEFWMO TR OFHVEERMEEEHICEP L, WmH AT
DR ER o bDEHETH. THAKMEZELS 722 LT, AU
REL RV BERM TR T 272010, Yar X —ICk2WI 2RI
L OMEFME OB DTk o n. T EAH A GHEE B WS T T B
HEOREICELL T, MFHAHICHOZEERD RN -T2,

4.3.2 ERMBARBEE

M T hh U O BEWr B A Fig.4.4 IR 3. 25 TR
(Stir Zone : SHICIZEWBHE DO A =4 U > 7 D LI IEN 5 MGk 2R
Do, ZOF =AU riE, R E ORI E
MICEIL L TTELZLDT, A=F 2V V7oKL K N R ELESL
%@Eﬁﬁﬂ%ﬁﬁﬁiwﬁfz%@%&&ﬁ.ik,%ﬁﬁ%@%
Ntk nwtd =4V v 7oEITAL Zo2BmME L. 612, LHE
HFAREREL DDV, F=F V7N ED5mBEIEKEL
oo, ZoOZliE, TEWMAERENEWSEETIE, #MFEHAH TO
WA ELS D, T 2bbEERKENEIMNT 272D ABE D
ML, EFEMOBUEREBNELS LRoTlclzb B R D.
THEABEENHELS, T @ﬁ%OJs®%#fi%$ HLEDRED
b, ZoZ iFad Lk ric, TEHAEEOHEMIZEL > TT
D~7EA%KM%H&7H—7@@%%iﬂy%V77V—FK#
Lt onsiewiczolaThbmEoeey, MFESIZE LD
MBEELTETZOTHD. L LAaBRD, TEREMOEMIZHEWETE
o EvixmEl S, MFPERIFBEL-7-., TEHAEEOE
FHETHBBIZIAABRPR+DICEZONDZEDIZZO XD RBL
IBoObhehole., £, TEHFAERENBEONFMFIZHEKEL T, &#H
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=0.1s

t

t=10s

20s

A, - : .
5 N,
e A TRE=7
o Ty A
A S ——— i

(a) Vi=0.1mm/s (b) Vt=90m/s 5mm

t

Fig.4.4 Macrostructures of start position of joint.

(a) Vi=0.1mm/s

(b) Vi=90mm/s

Fig.4.5 Appearances of tools after welding. (t=0.1s)

-

WEETRMFEROHEOEHROL=F ) S IF L oz, 2
DZEF, ERTCEIFEAILCHLVWLEEZHFEHL WD R, #4%
OLELmE Figd bl d N, TEFAREOHEMICELDY Y0 —7
~OBRMMP{ARLEZ LT, TEHMARIC e — 7 Jeimo i U s E
L, Figd SO T X210 170mBEAHZICITTEELWAEEBRY S
FEIOWCERLEEDEEZD.
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0.1s

t

=10s

t

=20s

t

(a) Vt-O 1mm/s (b) Vt=90mm/s 5mm

Fig.4.6 Macrostructures of end position of joint.

Ak T & Sl 0 O 6F o0 B T i L AR AU KRR A& Fig.4.6 IC R 7. M RIS b
EHRMETCH=F VU ITRBIEINTED, BHATICEHEL A=A
YU ZI3AHBETh o7z, £, MFKMBICEBN TS T EH ARE
ML R0kt =4 ) v 73 hdEBEMICH-7=Z. ZDZ
CIRETE L7 Lo, MMFEHABICEN T r =7 BRICTEE DR
BT, IWEAHENPOBENTEMNEICLDZORENENTT LD LEF X
5 .

4.3.3 WEMBRBES

T 4R SCER O BE T T PR O AL 2 Fig.4.7 12, Mk TR ALED AS Il o SZ
A& JE AT 5 (TMAZ) O Lk %2 Fig.4.8 IC/R 3. &% T SZ TIEH
RS S I K > TREMIC | L CHLAR O B L 2358 ® B v, TMAZ T
BN D AN B RS-, T EAR AN HEE 90mm/s, T EE R 0. 1s
DEMFETIIMFED~OMBMELRNBERINTE., Z0Z LiX, T u—
TIHEAFRFICEMBNIEMMINTZRELE Y, T -T2 HEBIRE
FEAEZ T hhololnd B XD, T OM DKM TIE TMAZ O Lk IX
BEAEMEBRM~OMBELNBE S, TRAKMOBEMIZHES T TMAZ O
EIXIAL 22 mEzr L. 202 LF, 7e—7ERAAQLKTDH
Hlewll, FEMEF e —T7oMBEFmMOARRLT, EMIICH S L,
SO TR OBEMIZHEVABRENEINT 22 & TEMORENE
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. e R
AS / Bottom ! \, Center

Observed positions

AS

0.1mm/s

WVt

Vi=90mm/s

Fig.4.7 Microstructures of start position of joint.

GllhholzZ LICERNTAALDEEZSD. TEEAKEE 90mm/s, T E
BEf 20s DKM TIE, BB ZICL2BERBREELNRERRLEEZ LN
By S SZANEEICR O Hivie 8.
kT hh AER B S SR JES B o BE T T A R R AL &2 Fig.4.9 1R T, T
B AR AN FE 90mm/s, TEVEER 0. 1s O KT T v v R > RO 3%
Ebt.:@:&m,Iﬁﬁﬂﬁﬁﬁﬁ<,%%%ﬁﬁ%b<ﬁmt
I PRSI B W CHEmRE AR &0, AR m oKL )
BTEPFICEFLEEDEE XD, PARKRM s L EOSKMEFETEX v v
YR REROLNE Mo T BIiAEENBEVWEMETIET S 02—
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t=0.1s

205_

t=

t=0.1s

t=20s

100p:m
(b) Vi=90mm/s

(a) V==0.1mm/s

Fig.4.9 Microstructures of bottom of weld interface of start position

of joint.
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RRERoTZN, PEARKBOBDITHE > THALROMEIZE L <k 2
o, TOZEE, BROBEREMSRICHAT X O, TEMHANEE
90mm/s, TENEFM 0.1s DKM TOM Fi A8 o T RIREIX 626K Td
D, OFMFICHEBELTELL TERENKNZ L, BT r—7
FARELLCEAGHBERE TCOMTF~ORARENRNERDIEHTH
Do, AMEBIZLIBULBAENRBOLELDOLEE XD,

YT 28 CIX, A=AV I RHAKBICED DT ALE
BWTHARGIZEAD L, B h»n/hasL< =420 7 BRY
Lo MEOHEIZIIK T LE. 202 &1L, SZ TIHAEEEZZ T
D0, A=AV I YT D E P TIXEM DR SORL 23 T 7R S
& ol 2 L TH{ERI AN LD EE XD, L, A5052
FEERMLM T AVI =TV LGSO THMMAR B 22 E A L
TWH ), MM FICXD2BMOEIEOHE, ThbbAn
USRI LA WL A D = R AN KR E DD, A=A
Y7 O R B WR 72 P TR R AR R M S I RS AR R B AR o B R 3 55
bonbnLEXHO,

-31-



90 ——V, =0.1mm/s ——V,; =90mm/s

AS I< Weld zone >I RS

Hardness / HVO0.1

Hardness / HVO0.1

Distance from weld center / mm

Fig.4.10 Hardness distributions of start position of joint.
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Fig.4.11 Temperature-time histories of tool.
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Fig.4.12 Results of tensile test of start position of joint.
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Fig.4.13 Macrostructures of tensile fractured specimens

of start position of joint.
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Fig.4.16 Appearances of bending tested specimen of start

position of joint.
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Table 5.1 Friction stir welding conditions.

Rotational speed N (rpm) 1000
Welding speed V.  (mm/s) 3

Tilt angle 0 (degq.) 3
Tool insert speed Vt (mm/s) 0.1 ~ 1
Preheating time t (s) 0.1 ~ 20
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Welding direction

(b) Vi=1mml/s 20mm

Fig.5.1 Appearances of joint.
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Fig.5.2 Appearances of joint of start position.
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Fig.5.3 Macrostructures of start position of joint.
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Fig.5.4 Macrostructures of end position of joint.
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Fig.5.5 Microstructures of start position of joint.
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Fig.5.7 Measuring results of grain size of center of stir zone.
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Fig.5.8 Hardness distributions of start position of joint.
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Fig.5.9 Temperature-time histories of both rotational tool and joint.
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Fig.5.10 Results of tensile test of start position.(4days after welding)

-56-



DL, TREMAPELS RO > THFHATO AR LOHIR
WETHE KT 2O RMOREBNBES LR, MMFORBIREL BRI LR
D, BlIEMENmMELEbDOLEE XD, MOLBIEMBS EHELUOMEMmIZH
ST, ML TELIIEKWETH - 2.

AREBRSGMFEBEANTIE, SIERI T TEMHAHE Inm/s, TEEER 20s
DG THEME 423MPa 277 L, B OK 909 TH o7z, £72, RFKMHETO
ONE 9.4%TH YV M D 50% LT L. 2o &, RABRAFEITHAN
(AP ARL 2 7R TR & B B NIRAE L, AT ER N O R AR 3 R 1 72
WL 220 EEEXD.

W % O 51 ER B o BRI Z Fig.5.11 ([Z/r 3. T B 4H A BB 23 12
WA TIE, TAVEERT 0. 1s B X OV 10s D5 T HAZ TOREWr & 72 » 7228,
TEVRE[E] 20s OFEMETIE SZAVEICH > THEBr L7z, 2o &k, THEHF
N DN DS TR A RIS B DR R R Wis o, T AR
20s TIXHHEZ L2 RIFRBHHEA GO R N2 L, BIOTH
RE [ DG AN VY TMAZ DIENRIRS o ZENRERLTWD EE XD
THHANRE D ENFAETII TR OKREICL ST SZ A EICH > T
Wr L 7.

IO EXY, PR AEICET D SZ, TMAZ, HAZ OiE % JE L 7= R
% Fig.5.12 (2" 7. LEAF AMHE Imm/s O e F TIE 7 BRE ) o0 8 1012 £
SZ, HAZ DWEIXIA< 720, $FIC HAZIE DO RITBHETH 7. TDIZ &
5, LHFAEE Imm/s O G4 Tl T B O B0 S I W R Bl 2213
RO oT=b DO, FEAEEMN 20s O 5 Tk HAZ 08 O B KA FE Ok
FOEEREM LD EEZZS.

-~
—

-57-



0.1s

t

=10s

t

20s

t

(a) Vt=0.1mm/s

=0.1s

t

=10s

t

(b) Vt=1mm/s 5mm

=20s

t

Fig.5.11 Macrostructures of tensile fractured specimens

of start position of joint.
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Fig.5.12 Width of HAZ, SZ and TMAZ under condition of

tool insert speed 1Tmm/s.
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Fig.5.13 Results of tensile test of end position of joint.
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NOT A =0 Aaer ORI b T AWM AME S & T 2 0
WEENFET DI ENHLNI o2, T2 T, TAI=ZULAAEDR
NTERELEWVHEZ S 7000 ZRAEAICO W T H M BEA S E2S FSW kT
DT - 5 % 5 BB ARt L BEEA kD LERS S L E 2
5.

AT TIE, 7000 ZALEDRMNNE ATOTS TS =% A& % AT
FSW Z47\Vy, R oM s K OB I XIEFT LT EAAFEERL LV
FAME O RIS TR LT

6.2 #HEMBIUERAZE

HEEAA I 3 AT R L2 B RIS N T L 72 & 5mm D AT075 Z W 7.
FlHE T BT Fig. 3.3 IR LB G4 T EH (SKD6) o b DA fEH L
7. BESFRMHITITHEREIVAE LE2RMEFNSE SN Table 6.1 IT7R
TEMEEHEYE, V- FMRIBELD I MEAEHES L L. ZO5MFIEE
5ET/RLTCA2024 KW TEFHFAREITHESHRETETNS.

Table 6.1 Friction stir welding conditions.

Rotational speed N (rpm) 1000
Welding speed V  (mm/s) 3

Tilt angle 0 (deg.) 3
Tool insert speed Vt (mm/s) 0.1 ~ 2
Preheating time t (s) 0.1 ~ 20
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Welding direction

(b) Vi=2mm/s 20mm

Fig.6.1 Appearances of joint.
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Fig.6.2 Appearances of start position of joint.
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Fig.6.3 Macrostructures of start position of joint.
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Fig.6.4 Microstructures of start position of joint under condition of
Vt=2mm/s and t=20s.
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Fig.6.5 Microstructures of start position of joint.
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Fig.6.6 Measuring results of grain size of center of stir

zone of start position.
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Fig.6.7 Hardness distributions of start position of joint.
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Fig.6.8 Temperature-time histories of both rotational tool and joint.
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Fig.6.9 Results of tensile test of joint at 30days after welding.
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Fig.6.10 Macrostructures of tensile fractured specimens

of start position of joint.
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FTE 227NV LEEE TN TILIZOLEEEM
BEERHESICETIVNHEATHORE

7.1 [FCL®HIC

WABENDE 63 T A5052,A2024, AT075 D 3TEEDOT LI = AELED
A 2 EE 7 FSWICB W THIIES &M, T 2bb T HEMARE L T
R N B OB KO FOMB AR IC KIETREEIC OV TH
L. TOME FEME S LOFSWITEBWT, kT o ke 2=,
GIEMR S, B S SAR L OB AND FSW MHAAIICH T 5 T HAF AHE & T
BN O B SRR EL P S B B T i o T2

AKEETIL, FSW O SIEHPH 2N BV A2024 & A2024 K 0 &8 E D AT075 %
FLEGHE TESW ATV, W oMk X O E I LIE3 LEMH AR
EB LU PR OEEIZOW TR L.

7.2 #HHEMBEIUERERAZE
LRI 3 IR L2 RIS T U 72 A& Smm @ A2024 & A7075
ZHW7-. iz T HEX Fig. 3.3 I LBk &4 T EH (SKD61) Ho

bOERMEM L. BEERMFITTHIER LV EEE L Table 7.1 (27 9 & 4F
AT, V- bHBELO IRMREEHS L LE. £, BEMEOM
BT, AS I KO RS MNICEL & 4 2 BtRAM O MBI X 0k F e 28

BRAZEDRHLNLTWVWS., KEIZBWTHLZOEWEHFE TR LE. &2
B AS AT A2024 Z il & L 7234 2 AS2024,A7075 ZBEiE L7- & @ % AS7T075
EFRILTD.

Table 7.1 Friction stir welding conditions.

Rotational speed N (rpm) 1000
Welding speed V  (mm/s) 3

Tilt angle 8 (deg.) 3
Tool insert speed Vt (mm/s) 0.1 ~ 2
Preheating time t (s) 0.1 ~ 20
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1.3 REBHBERBIUEE

71.3.1 H&EE=

AS2024 #kF DA EH hh 5 O SNEL A Fig.7.1 12 AST075 fkF o #2454
SER O AL & Fig. 7.2 128 T,

AS2024 HETF O BLIL, £2KLMITHE W T AS B XL RS O AN IE D 25 822
SNtz TEMHEAHEE 0. 1mm/s TIX L EHEAEE 2mn/s OGS IR, ¥
BUREfE] 0.1s & 20s EHICHEAHMREDOMNEMNEZ LI Z Kolc. ZTD
Z T AS AT A2024 A ELE T D &, A2024 (X ATOT5 (2 R ER L T IR R EE A
BB EEN BN O, AW THEE T RO 7 a— 7R A
ENHIBICTEMARERENVGEA I Yo —T ~OMNEDN T EDO Y 3
NE—ICEZTRAEN, BAFEmMICHELLbDLEE XD,

ASTO75 T TlE, LM ICB W TAS ANZIIANY ORAENIFE A EEN
DIZXF L TRSMNTIEI R E S N B34 L. THMHAHEE 2mm/s, T BAVKf
B 0. 1s DS TIEfh o 5k & e~ AS MIAA S O HIR DS R (Z 2T
X IR ER S D72 3 o THEK A WIS HAT M A ~T) PEAE M LI
Mol Fio, REREAMO 3G L R0 FIREER7Z T 5 4F L7z
WHREIZ A2 o7z, RS MNT AN Y REAZICTHAET LA E L TIE, RS N M4
PRENE DO A2024 ZEE T DHZ LI o TAS I B EN L 72 ATOT5 A
RS MITHADICHEHBEIND I ERIANY L LTHEHEGBERMmMITEK T LD L
EZD.

IRHOZ &, BrERIVFEETHE LEZFAEMOMA kT T
%, A — &M Tik, AT075 fEF T L T A2024 R F D IX 0 O AL <
mHZEXVHESND L THY, HBLIT AS2024 fETF D K 512 ASHIIC
Ot EA O N, TRbbRP LIS WEMERET S ENEF
LWeEZD., HUOZ & 1Z, Bl ET7T V= AE8 L 8kMMEO XD
BRI IC S N R AR LA THLELLIHLTH D 2.
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Vt=0.1mm/s

1Tmm/s

Vit=

Vi=2mm/s

Tmm/s Vi=0.1mm/s

Vt=

Vt=2mm/s

Fig.7.2 Appearances of AS7075 joint.
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71.3.2 BERMEBEE

kT 0B SES O BEWr i EL AR AU AR & L C AS2024 % Fig.7.3 (2, AS7075 %
Fig.7.4 12/~ 7.

AS2024 & AST075 X & HLITHAEEH TIIWVWTNOSLMICB W TYH SZ 121X
FSW it F O R 2@ kWb b A =42 U v 7RI BRICBE S,
TRTOLEFAREDOFMHETTRABEHOEMIIENA=F Y 7D
BT R&EL< o, ZoZ LiFmidR LAERBEMMETFOLE EREIC, T
R OB AN PE VAR COANBVEN R L, BN EZ TR oTo 2 &1
ERLEZbLDEEZD.

AS2024 DA TiE, T EH4H AEE 2mm/s OB A 1T AFHE 0. Imn/s I &
O Imm/s OGFA AN TR AES R DIV FREEEEH O SZ K
WA OA =) T ORBKMBNAARTERERDZ LD, BEDR S

IRENTWARWREBEHET 5. Z OB RIEL ASTOTS O L H# A
lmm/s, TR 0. 1s DR TR OIEHE TH - /2.

F72,A2024/A7075 BAM T TIIHEM OREICED S 3, A2024 A1 L
LT AT075 llD SZ N REL pofe. ZDZ L%, ATOT5 (ZIXEh A DKW
In DRI 6RIRMENTWVWD Z L2k D, A2024 (I H L CRlAE B X OVE IR
ENELS, BHEREINES THLT-DEZE XD,
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Fig.7.3 Macrostructures of start position of AS2024 joint.
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Fig.7.4 Macrostructures of start position of AS7075 joint.
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71.3.3 WEMBEBES

H MBI L A MHA R Z Fig.7.5 IZr-THBIZHOVWTHEL -
AS2024 ik = b w58 O B BT 1 O A ) R A% & Fig.7.6 12, ASTO075 #lk 546 535
B I T AL B KL A Fig.7.7 12 7.

AS2024, AST075 & HIZEFMICB W TSZOMBIT M ICE L TEHELL
MM &2 TMAZ CTIEEARRE~ORZM OB BEINT. £
72, AS2024 O AL T B AR AGEEE 2mm/s, T BV 0. 1s @ 54 T, AST075
TIE T B AN Imnm/s B X O 2mm/s, TEARER] 0. 1s OFMFCTHEA R M
KB W THF vy v 7R RRRBOLNE. 02 ik, TEEAHEE
N PERFHI BN, BMHERBARICEID Xy v IR RRFEAE
LEborEXS. £, MPEBO/BHRRIL SZ CHELTHKRKTH D
ZENOLHBABREN NSV ODICHMERE AR ERSTZ I ERTRBRIN
L. Lol ens, THMAERENENEZHFETETRAEMAEES T2 L
THxFy U 7R FIZHRBRL, #BEXBO RN EE2REFERHF L.

T EFFAEE 0. Imm/s O 5/ TIiX, TEARME O EREIZ X 2/ O BB 72
ARIFOOLNT, Fv U IR RREORBLBEIN o7, 2
D EE, TEFABENEVWSEETETARRICEKRL T —7 OfF
AP ENWTED TRONRITNSLS DD EERD.

m— SO v ) —

AS RS

AS Atom / \ Cen& RS

Fig.7.5 Observed positions joint.
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RS(A7075) Bottom

AS(A2024) Center

t=0.1s

t=10s

t=20s

(a) Vt=0.1mm/s

AS(A2024) Center RS(A7075) Bottom

t=0.1s

t=10s

t=20s

(b) Vt=1mm/s

Fig.7.6( I ) Microstructures of start position of AS2024 joint.



t=0.1s

t=10s

t=20s

t=0.1s

t=10s

t=20s

AS(A2024) Center RS(A7075) Bottom

zﬂﬂpm

(c) Vt=2mm/s
Fig.7.6(I ) Microstructures of start position of AS2024 joint.

AS(AT075) Center RS (A2024) Bottom

El}ﬂpm

(a) Vt=0.1Tmm/s

Fig.7.7(1 ) Microstructures of start position of AS7075 joint.
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AS(AT075) Center RS (A2024) Bottom

200pm

(b) Vt=1mm/s
AS(A7075) Center RS (A2024) Bottom

(c) Vt=2mm/s

t=0.1s

t=10s

t=20s

t=0.1s

t=10s

t=20s

Fig.7.7(I' ) Microstructures of start position of AS7075 joint.
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A2024/A7T075 fk FAAESE DO € v b — A SRR R & L C. AS2024 #k T
DHE G 1% O B [ R (2 K 2 e W A R gL o il X 43 A & Fig.7.8, AST075
WMT % Fig.7.9 1203, £z, #E61% 30 A M % Ok T8 W m A E ke
o B X 4y Aii & Fig.7.10 12 R,
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EENEE L, Fig. 7.8, Fig. 7.9 /- T X oI #A% 15 A MR E% 1L

BHMOEIICELTHE DN RS ol Fo, S G:’ﬁﬂz#%&)%hiﬁ
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ZETHD.
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TR D. F72,ASME RS & B T HAH A8 E 28 3 0 1 &Rk ik o #k
fbEI G N /hEL, REEHOMNBEREABICEL fole. =4V 7
IS 9% SZ T LEI GBI Lizn, TEFAEEOEWIZ L S HE
FE XN E 0,

TEVRE[E] 20s OB 213 HAZ O 8k O g & (7 & & b S 13 AS ] &
RSHITRKERER T2, F72, TEHEAEEO. Inm/s DIGH O HHES
fD7a—7 80 1/2 BB - @2 AS B, RSl & b 12 J8 AT 19 72 ¥k {b

MR BT, HAZIZH LT SZ oAb B G0N /NS <725 2 L1k SZ TITEL
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MelEf S, Ik L TEHE LI MM AMKEEER T L&, K
LI X VTR ERLIZZ ERERESZS 5.
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Fig.7.8 Hardness distributions of start position of AS2024 joint.
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Fig.7.9 Hardness distributions of start position of AS7075 joint.
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Fig.7.10 Hardness distributions of start position of joint of 30days after

welding.
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71.3.5 BIRABRKEE
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Fig.7.11 Results of tensile test of start position of AS2024 joint.
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Fig.7.12 Results of tensile test of start position of AS7075 joint.
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Fig.7.13 Macrostructures of tensile fractured specimens
of start position of AS2024 joint.
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Fig.7.14 Macrostructures of tensile fractured specimens

of start position of AS7075 joint.
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1.4 IMNFE
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B D 95NDIRE &R LT,
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UL EDORERND, KEBRFLIHN TO A2024/AT075 ff FOBEAICB T 5 L
HIFAFEB IO FRARFM OB IERHMAEDENHL N E o7z,

F 72, AS2024 TIX T HAF A HE L X O PR ENIL A E IR EN AJEETH
%05, AST075 Tl E7Ze TR AME L FRAKMOMAENHFEET D270
WA ORINOE EFHFIIRS D LNl

% & Xk

1) HHE-E, ok, SR, FRBK T =0 AAES BB
WM (D, BEYSAERSHEERME, 64(1999), 158-159.

2)  KHETEN, fhEIK, TEEHMER @ BEBHRESICL 572 6061 7 LI =
U G4 /SPCC S AT OB IIMEE, B A TSR IGH RS
A GG CHE, 17(2011), 323-324.
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8.1 AMRDER

ARBFFE Tl 50652 TV =0 LG4, 2024 TV =0 AEG4,7075 T )b
R LAAEERCEREMBLON2024 TV =y A/ 4 L 7075 TV 2
=V LAGeEMEE T REM B OBEBHRES ZITY, OHESENETH
5 T B4R AN J & O 7 B ] 23 ik 5 o0 B2 #0508 O MLk do L OV A i M

MIETHBIZOWTHRHMN LIZER, L O E 572,

(1) AMETHWZE2TOMETIZB W T, #AMMBEH X, HEE

DAL DA D F 4y & FARIC AT LT3 L < WOl 2k z2 r L,
PEHRE X A I b U T & iﬁ?biﬁ(ﬂ:ﬂiﬁm@%hto F7, AE
ENPRELSBRDLEMN, TROLDLLERARENEVWG G L, TEARKENE
VR TIEBEBICBEIN A A=A ) T ORITIEL 2D, {LEE
bREL R DM ZR LT,

(2) 5052 7 VI =ULAEEMFICEBNT, TEHAEE 9Omm/s, T 24
RPfE] 0. 1s O SR TIX, MFHAWmTOBR A, MFwHORE LY, W
HARRBICEDF v v U TR FBEXOEROBAENED SN, TR
Ml 6s~16s D & F 52 & TEAXRMD LW ERRMEFLHF L.

TR N B 28 D S TR T AR [ o A IS 1 D Rk S8 o #fE /)N 23 BR
FEThole., THHRARENBEWSRETEPEEROREIC X DMKFII5R
PRSI RTINS, B 200MPa Ol &k Lz, T HAF A 2%
WA TIEFEREERD 0. 1s 3B X O 20s DS TITMEFME I T LR,
TEVRE[#] bs~16s & 975 Z &L THlRm S IIm L L7, REREMMETIX, T
HAR N JE 90mm/s, T B [H] 5s O 5k THIE M S (3 i = {8 205MPa 2 78 L,
R D 83%, RS TOMONIT 14.2%E M ERISOENELNT-.

(3) 2024 7 VI =T LAHEEMFITBWVWTIE, 5052 7 LI =7 AH e
FTROLNTEEAKAWBOROB LM FEEDRWVWIEFNE D
v, TEHRAEREBLLOTEARHOBINIEWES T REILFEEE 2ok,
THARANEE Imm/s, FTEEFRH 0. 1s O R TIFHEA R EIELICT v 7
Ry RRROLNTN, PEARHEZES T2 LICE0VFy IR F
OFAEFTMAEI S, o, PEARMOBAIZHEY, GO S (TR
fbic kv R&E<EE L.
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TEFfNANEE 0. Imm/s O ZM TIX T ERFH OEWIZ X 25 RE S 12 KE

IR NP o e, TEFAEE Inm/s OFMETIETERM2 0. 1s
BLO 10s OFMFTHERIIZIFLIMEFLE., LaL, TEFRMEZ 20s
ERLSTHIETHIEMSBLIOMOEM EL, AEBRGLANTIE, THE
N Imm/s, T EVRF[H] 20s O S THl R & O i & 423MPa 2R L,
RERF DA 90% D31 B iz,

(4) 7075 TAI=vLAGEMFOMETICIEBNT, TEMAREL X
O TEARFH OBEIMICENEEHBmIT TR E D, REBRBHEN CIIHE
FEORMIZTRDO N>, MMFOB S oML 2024 7V =0 L5654
EHPOBRIZH Y, oS oORELFRREE ChHoT. HFEOLIER
gR XX, BRARER CIX L E A A E 2mm/s TIX 0. 1mm/s (2 LG L T & W E &
AL, BEE T 492MPa & M D 84% Th - 7=. BlER S, TEMA
WEOR/NMIHE L CPRABROEERN NS o, £, MOEERD
HPHAN CTHREMIL6.3% EBMOK 0% EIET L. TEHAHEE LT
BEFMOEBIIM TR R L OKEBTITIZLAERD LN 5 T2,

(5) 20247 V=T LA/RELTOISTAI =T LAEEEMAYZHTT
X, MAET2EMOBEBEICLVFTORERRER .

TEOREFMEEEGFMNB—ET 5 ASMAIC 2024 T VI =0 LG8 %
Bl & L 7= fk F Tl iiﬁwlﬁé)\ & 2mm/s, TEVKERE] 0. 1s DT, 7075 7
NI =T LAEEEZERE LSS T EMF AEE lun/s B X O 2mn/s, F
BRFM 0. 1s @%#T‘*Tﬁé\ﬁﬁr&ﬁﬁ BOWTXxy v 7Ry RBRD BN
e, TAKMZES T2 LTy 7Ry ROEETIGE ST,
S ARICEB W T, EMEEICE ST, TEARRM0.1s A, TEMFA
WO RN X D2WACILOE E N ERNE TR0, 7a—7HTIxET A
FEANEEOBE VLA EZIT/NNE W, £, THEHOEETH & %A I
N—ET 2D ASNIZ 2024 TV = A8 E L, TEAFRE 20s &35
ELEMAREDEWIZZD2ELEOIER X O S ICKEZT WD, T
— 7 H I T EMHANEE 0. Imm/s ORI INEK T L. £/, #HTFD
Gl SIE, TEHFARERSXOTFRREMOBEWIZE2EITIZLE AL LERL
450MPa & 2024 7V =7 A& D 95%D RE N F L vz,

THOREEGWEES TN BT H5ASMIC 7075 T V=T LG a%r
BlE L7z aiE, TEEM 20s 086, TERM 0.1s o546 & RERIZ,

-101 -



6] — M D AL EBDONLE & SICETEFTRO LN, FHTIXTLTERF
ANEEDOFE WX DBEZ IR oo, T, AL O S 13T BUHF [
WELS, TEFARERERNMIEGS hole. MFolERIITTEMFA
W 0. 1s O3GH, TEREM 10s THRMB I T&K/NE 2V, #AHE lon/s
& 2mm/s TIZ PEARR[M] 10s Tl K ERHo7-. F/=, LEEAHEE 0. 1s,
TEVER[E] 0. 1s DA 251 IR S 13 KB 449MPa &, 2024 7 VX =7 L&
& D 9% D R E A ox LTz

2024 TVI = U LABLE L 05 7= L0882 EE T TIT
FMORBIZIVBEISMICETOERNRBD LI, IE@%%W&%A
B —FT LM 7076 TArI=virsfheriBELESLGGIC, LEMA
WHE & TR OMATICHESRERNGFET LI ERHLNERSTZ. F
7o, WESRMETOMTSIEMRSIITZRIRD LN -T2,

(6) #IWHAESMEIL, BHAWBHI VBN H S CIEAREICX SR
EEA /NS, REREBERISZVWIERH LN LRS-, Lo T,
WIS HEEZEEICEIRT 221080, 2RRY —RBEZFONT
BEHND.

8.2 &

UEDFRERNG, RERFEHNTORFET LI =0 L5480 FSWIZH T
HLTEFANEEBSBIOTPAKMO®EIERMEERHLNE ST,

A5052 fff F, A2024 fkF, AT075 fkF, A2024 7AT075 fkFoHEEESITH T
LT EHFANEERS IO TR OMEE &R A OMTEE %2 Table
8.1 1Z/”7 . AB052 fk Fd5 L T A2024 fkF 1%, T EAHF ANEE N E WS TIX
TER 24 BT 2 B e <, LB AR ONGE BE S 3 WD S TR B R R R
O T AR CEM LB O 2 Wk FIRENE S, ATOT5 fkF I LR
ANEEOBMICENETRENm EL, FPARMMA R LE D 0.1s O5MH
THERISIRKEMEAERLE. 202k, TEHRAEREZHELS, T
i 2 Ik KR THE A5 Z L TFSWICET AMAEL 20, AEMED
M ENAIREERD EZ XD

T, BREMEOMAEE TIX, AS IIC A2024 A FE LA X T EAF
AN KON R LR S P 2B E N AT RE Td 5 2%, AS I AT075 % fid
BELEGAGIIEER TEMARE L TARMOMAERNGFEET 20, W
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HOBRBIROBIEFHMHIIRS 25 Z WS NITR -T2,

TS DORERRMRDN DS GO S S o wE E I 2 £ RIS
MEZRLT, 5IRMSICE DTN 800U LGN DKM EEL
%A, EOSRMHIFIX Table 8.1 IR T L5102 5. RITITHA KM
DHP THREMEZR LG RMS LkFAREORL L. RBRMBEME DM
BETEIMFERRITGIERS OMBEEM 2L L.

Table 8.1 Initial welding conditions and tensile strength of joints.

Tool insert | Preheating Tensile Joint
Materials speed time strength efficiency
(mm/s) (s) (MPa) (%)
0.1 0.1~20 204 82.6
A5052
90 5~15 205 83.0
0.1 0.1~20 423 89.2
A2024
1 20 423 89.2
A7075 2 0.1~10 492 84.0
0.1 0.1~20 446 94 1
A2024/A7075
AS: A2024 0.1~20 438 92.4
2 0.1~20 453 95.6
0.1 0.1~20 449 94.7
A2024/A7075 -
AS: A7075 0.1~20 435 91.8
2 0.1~20 444 93.7

8.3 SHRORE

KIFFETIEIT VI = L8480 5 H A5052, A2024, AT075 O I[EFEM, B
F OV A2024 & ATOT5 ZHA BT EEM O FSWICB W TS SMEE LT
T B4 A kiU%Wﬁ%%WMéﬁT%%%ﬁW\%#%@ﬁﬁk%
A MEEIC RIETREBICOWTHRET L, BIEfE A2 5 i L.
ARFZOFERICEY, TEBRARLTEE WS T#EGHH O 7 v & X 3k
?@ﬁ%%%ﬁ%ﬁﬁ 258 BRHALNERSTZ. LR -T, Zh
SOMMBAZEEEROBESSEORICHIATLZ T, W7k T2R G
bivsd. LoL, ERANICEEAENES RIARELESICHETE D
TRy, THEESKFERICAZEZTEE RSV FOL —HICITEE
BRMETHD. £, WHEEPRE BRDI2BMHMBRLTF X 687081
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AT 5000, AH%FH O L HEA KL OBEE RS2 ICT 5 4%
ERbD. EAT—FOLRVERREICRIET 570 OE 2R T 7 —
SR ADMERAROBED > LEXD.
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#

R Z2ZETTDICH0, RFFEEE ORR, KBRoED S, HFE
EATO9O ETORBRLHMEEL LTOLERESKITHEY, KibED
IR, WEEAEBY ELEEABARTHE ME BHREAICEE R
LREMOEERL ET.

FLE,ARMXEELDDHICHT0, Hx0MiEE, HHSE2BY L
THARKFHEE ARH EREE, BARKRZHE BFE ELEICES
AL .

FEBROFATICEL, BlORMEEg, @S2 B0 £ LEBRKFPHE
= B AR, R AR R FUEESR BTE MR, B RO WA EH
EAEZIFTIULDETHEM LS OLEAEFTITHEIEHE L £ 7.

MR L TCHBE2BY ELEEL, KERTOAEFTICE N TS
FIERIETREBMEEICAR Y E LI FER 24 F£ERFPEA ST &
BSA, B ZRKSAL, BE —RSA, R FEI A, B Bk
Aoy FRK 25 MR EE R FBEAE MG FEAT BA B S A, Z L TR 23
P~ 2T EEIMBEFERE O S AR E# L £ 7.

HAEANELTRERICAZLFRET LV REEELRESEZ 5
ATCLKEIVELERAIBKAASHmmEktR 2 BEZHKEE2130
D, OO DICHXEHY LB KHEEXSE ot E o
RRICER S Bt & L £ 4.

KB, Z2ORFRETOMEZENS ATV, XEE2 L TNk E,
RE, 20, CERICOD LV EH LAFEE B L E.
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