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Fundamentals and Basic Application of Friction Welding
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< 4T Part Yot

Agel o3t FFAR 2 SN E vl
#o &=t 2 AR5 A olAA A5
of & dA7e £HACE 1250~1300T AL
2 FAHL Ut AFY Frke vhEEe =
92 E xol 4L Pk SHRY TELE
9] gL A FHolAY FAAFA A=
HHo g g olF2 3T = YY) WE vpF
44 L g HolEgn & 9l

olEAEL SHAdE gHo] e =
o7, E 1 AR AloloA FAuEgo] QA& A%
of nlaEe] R FHH TEstE Ao
A€}

utaztgo] A deold &L Wasie
SHGH A3 E, FFE, PG5 L v
EAaEHAY EAHAZA £ 7N wlEEs £
BH3A A YEhEe F2237, 2AHHEY =H3=
N7 e,

olFA HHNME gdvtdoz AF AAX9
AN Fe] Ay, & A7 Helwy, dFvgd +
2, dFowd 5 P TE0ANES A
Bl o] F: o] EHAME A, npEYHH
Eo] ul@Azte] $a3A B 53] JAAAA
o 7I48 & F/AA H4P F470 FAES
FAEeR UESAY B 3AF, =2 npEgt
oz chA|zhel Ut olHF FHeko 4A
£ JAFE 5 HAF 2P AL MY 4G
8] & L9 o] FH T dojXiet,

KA HBRETE 1548 $6%%, 19974 128

FAtH e Rt £HYe] AEE A uisle
& 81]le] Aot Yk o2 JAARE = vlagtdy
I Al dFHel = AY F@sl] g o=}
T A%E YeEhE2E A4 F ol4te] AMloe) P g
1R

gA7te] Wit durdg oz #yH glE A}
e g3 g

ddAZe] EHFAME A, 58 J2EHNS
< BEAY FF5 ZE7F ARy, £ E3 4
A A Ao Ao Walsl gloy Wik gta A
A 7t yholzich

A QIS BAE 9FzF Polx| Xk 2 4
2 flow line®] EA2 AzZtedh. 28 AAR o]
3] Q1Y Al 484 ZHAA EAE o
071 AT Ad gdx AA AHdME 2E3
Y7ol slgel dFSH T Yot

BAEFY A, £FFY Y4&5xd g =
A3 A=t ot 385944 (postweld heat
treatment) 3t ZAjol FEF o] dojARpz
AL QAT FIA A #E Ao ot
AIZHE ZA SAY d9AN-E A 3t 7R
G WAELE =50 ARy} Eolx|A| L E 3}
oof x: 2] QA A&E LAY F gl

9. DIEEHS dHe HE

uhagde] AAFHQ] Ao & 4L Fg 2
F9 &34 2 H Lol AEHYAT vpR LY
AHo] 47 Qi ttE 24F L£4YA 84
F 5A4E v 30 Axo|UE # vpEHS
2A402 543+ dHolle B2 Aol AU
a4 AEE HEolsa gnd 2A7 ot
HE dAdAME Fdo] digh Eetoly Udwraly
of 4R Frta e BHAME o] e
g o =¢do] AA=H U wabA vpgy
9] gl gaMT nAYHY AE2 vg s
AFsted 2Z7|d= AANE vty AP AY
sample 33 A g3t T AF3] HEAS HALE
A A

gy ot 8 g F e BFE0] AZsgde A
I AAA T FEEdE 5 FUY 28 B

3 SN FHo] oS e E B ¥
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o= Heol $9E ol F F43] vlA-&Ho] 7 4
ot =gd=Art.
9.1 48%=H0 Je F2 FE9 9

vt g-Hol de] AE3se] gle dwrEg 73
9 A& oS 2o}

@ steering shaft

F W= flash®HsH o F2 Y, £HF
o dolg 4%, FAxE, F¥5Y AF AL J)
Mg Y3t vpa&d 3t 857 A flash A
A717t B &= o] flashg Ao A AF

vlEdage xo2 T yud EdEo
1/10 o] 82 A&} = Ao}

@ engine valve

o] A4x DY A9 uANAE EgH £3
of 9% A, g AYE, iY77 2 lined 2
T3 A HaAdd wet vlhaggo] ALY
o},

® tulip shaft

AE 75 XFate Frtol oiet ujFLHE A
Z-FA =4 A7t e ok 84 o
BN E HA dAANARE ntHLHE AAR
AFZE S Y7k 9x3ld, vtEasH e HF FHYo
2 Are HFL EE 53] A5 AdURY 1
o FAE #3) vhEEH g

A719 Al case® BEF AT A HF FolA ¢A
I AFE v F8% FFoEN FARE o
$ AF3HA o] FojA 1 Tt

@ $<¢-& piston rod

o] £F9 A, FHYdE=E vy ¢
Fate A G2 EFEE AFsA 7A7MEES &
AEOE 3= AF9 o8 VS Bxdid H

s

7t

R 2N

ESi=1

o] A% vlALHE AL FAFE gEsa F
7}A] ¥2le] 9li= H|

@ Dl R2L dx AAFsA S Fihde] Hi=
gRgkS dA4sle 5 nlEd s A2
HEH 7Hd 49 Hg, £HA9 dd9 A
g, spatter Al 2 EHQ 59 EFo] 9t}

® HR R G SRt & L Y R
2 2% AV 4 AF2 733l & REE

Az A% AW

vt 7HFet e E A 28 =3 g4 R
FE L% Bt o] F9e 23 2
FH AH7t A7) A G E A5 AR
9 R FHEE FA € A = 993y}
ZolA e 2& Fol £HE A Folr).

(® Aluminum guide roller

olFAMES mhEALHAAN A 2 JALE ze
Ao] dFuF slol= 2ot} o]R-E AH 7|
d AMgEE TFFLEA nlAEHE Lo
A EFF3 ke EAE FAA A2 = AUA
H

® track roller

o] AL 47149 caterpiller?-o Eoj7te Ao
2 233 EF5E e FoE ol Fdde ¢
Z38t groover}F3le o2 &3 AA %k, wlEE
oz HEgE & o/ T UHFHY A,
grooveZlgo] E£¥a3 H, AF3}r} LolF A,
Aol MG FH u ol

@ gear coupling body

FHol = d2FS AAUMFES HAFAFoR
BrF o YRR A B A AR seal B
9 YAl 37| wio] HAEo] seal R E w3 A
3t 59 AFol da 714 E FFE B
o] A& 3 piece® Yol vpA LAY A FOE
& 9o,

flange X) 2t

o] A= & dx 71F% F 7 A 7HEE
Ao} Xz} 7 B Al7re] 289 whalA
27} flangeF 8 EEste v L&Az
FTFE ALY 5 Uth

rlo
1

10. olEEHS 222 5%

sagge nad FRel gesn Aozt 2
walthis 2wl 1 FaAo] AFA 13
o & Hol A gy e} vhRgHRY A
4 G43 9e $HYHE vasA) g AER
Fo AA4H BA4 B A AUAT 2TEGE
A 2ol mgA 44 ol 2 4 97 o
£o] 24 AW Yt FUAHE Hg ¥
A7t @A Fohe Aok,

53 olZARS Al AolHE BESHE §
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Welding direction L——1 1 1 1

Fig 10. v|= & ZHolE & E3 R 9

A A FAA M A £HPez AP 7t
S0l vl - =t % 4F BERAE, 48 59
Al BE3FA S - Ale] 84, Ti-A19) 84, g47-
Al9) 84, sladlg §89 £3, Al-Ceramics®)
474, ODS Alg=9 &4, TAY &4, TiAl-
SUHA S &3, A=z3dol-Al-gbazel £3,

RKESEREIE F158 P63, 19974 128
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Al-Cu®] &4, 285 -AES4Y &4, oy
ga-~dHde 27y 84, 72F FHeLnIHY
B 5 A BE AT £H ntR g &
Ha ek o] ZHoA z}E o] R &
A Z+F A5Y 4Eol7] (overlay) o] 74X v}z
|- Hgo] Al=gz Jrh. 29 99 1 A
vebdTh o W2 A 843 H Y (Friction
stir welding) & 241 2}& AE 9] &)} Aol
7] &4ef AL 2 gl

2% 102 Friction stir&HA)98] = & Zgo]
EQ HE &g JERY Aol ojg e AW
g8 e 4% 44 Azy 54 A3 A
a4 Aol s 7EHE MBS Aoy 883
c dd £2 $853 Jxn B FY AFH Y
B B dp/t JYHT Qn FF ge A
7k @3 Aoz AlEEh

2 E

AEHE AFATEY BHI ol 2ty
of &tttz & 3tk 53] AFA FG HobolM
o8 ol E A Fa dARFoIU
HH AY7VALoFS FFL AFA £F wa)
FH7F B3 7 Ho) dEe FF Y3 9 47
GxE o}gg Foke HE Foln dd =g
ol 4 &HHE I FH= A Fo|ch

53] o]FAae SHolu HAHA sHFo]
g FFL nhEE e 2AYE R g F
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o ohEgR Y] HERoe S W A4 ¥
B ZA 71948 & AT HZ A4aA A7
Tl mel A2 JI UEE 27H 1 do
ohEEHA @ AdaAe] HEE Bo| d7Hn
itk mebAM etEgH2 AdE sige] ofYa
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