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Development of Some Kinds of Aluminum Alloy Joints with
Various Cross-Sectional Shapes by New Friction Welding
Method
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Abstract

For the purpose of improving the defect of conventional friction welding method, new
friction welding technology has been examined. New method has an intermediate
material for friction between joint specimens. In addition to the experiment, the
thermal elastic-plastic stress analysis by the finite element method has been carried out
to search the suitable welding conditions. In this study, joints with various
cross-sectional shapes except round shape such as square and rectangular using some
kind of aluminum alloys were investigated. As a result high efficiency joints could be
produced.
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ARWFFETIE, RO KD S 2B Uiz, Fig 1 (IR T X5 ICHET M4 B
(% A, B MEMES) oBEAGHOMIC, mA X IXEmE O R HEM (L
IM=intermediate material & FES) ZHIA L CEBEENZAM LN LEH IETCHLER
M DOBES TN BB A R AESE, A BMOSESHEAHAL LIIRET IM 23k D . A,
BMIZT 7y NEHNEMZDZ & THAHEESET D E W) FIETH D,

F7o0 A BAM T & OEEBEEHIEIL IM O E OME %2 2 BEEMR A B L S E 5 2 L
BIENZBOBORET HZ LIZE>TIT I,

7ok, IMoOESE U CRHAEIIBEAE T, WSS I E2WBE L, mNOEAR
i 7 1) O EEED 2 A pk L 7o ANHRIEB 2 BOH LT,
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Orbital motion

Friction pressure Upset pressure

Fig. 1 Schematic diagram of new process

2-2 RERERE

FEERIEE O 2KX A Fig. 2 1237, Fig. 2 HIZ A, B# (Specimen). IM (Intermediate
material), IM OFEHEHOE—4% (0scillation motor of intermediate material)., K/
7 A—2% (Torque meter), 7 7t MESEMES (Upset pressure device), A, B A
B+ 25F v~ (Chuck), IMEZHLY 3EE (Pulling out unit of intermediate material)
O ERRERL TN D,

B, IMOREREEOFF % Fig. 3 1T/Rd, NAEENL, WilEEERZEAD 2 Rz
WTHAADEEVOMNAEE 7/2 F5T 2 LIk ERTXHO, BEEEEE LT, IMD
BRI A R 6000rpm, AHSEEIO A B0 5O FTHIH 0. 8mm & L=, FEERIZIE IM AR
HRIEEN T 5 A, IM ONEES OBBNIEMETH 5 0T, fAXHES & LT A M GuEOH) 2
INEEBT S L RE LA DM % Fig. 4 1257, Fig. 4 T AMOBLOMES C TAMOD
NELEBOHLE C (CCT =0.8) TR L, NESEB)OFEKZ AR TR Lz, Lizh-> T,
B Z IXELE 10mm D A M2 WD ENEROERIT 11.6 (=10+2X0.8) mm & 725, EEEIE
HheET 7y NEINIBOBORERK T0MPa, 700MPa T 5.

-63 -



Oscillation motor of intermediate material

Specimen
/ 7
!:ip.};[.'n'

Intermediate material

Torque meter Chuck Upset pressure motor

Pulling out unit of intermediate material

Fig. 2 Experimental equipment of new friction welding method
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Fig. 3 Concept of orbital motion of IM Fig.4 Moving area of specimen

relative to moving IM (C: center of
specimen, C': center of orbital motion,
CC'=0.8 mm)
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-1 EEREH

FERAH U723 6 13, A6063-T5 7L 2 =7 A 564 (IEJ 10X10), A2017-T4 ¥ =
TNy (IEFETX 7, £FHF 8X10) THD, IMIL, S50C £l TFiLlE v34 X127 X6 T
b5, A6063, A2017 7L I =7 A5 4 & S50C DAL AL A Table 112779, IMIZ S50C %
IR U7ZBRH X, A, BB & IM N [EIFES R CTIIbe & & 03 U BN AR L E, A0 &
RABIEHTNVIZULAFERITHE L TELT, FLTAI=VLAAERIY @R, ®IRE
DORELE S FER T S50C #i 2 N 7=,
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Table 1 Chemical compositions of the materials (mass %)

(a) Aluminum alloys (b) Steel
Material | Si | Fe | Cu | Mg | Cr | Zn | Al Material | C | Si | Mn | P S | Ni | Fe
A6063 0. 43|0. 35|0.01|0.51|/0.1| - |Bal. S50C  10.51] 0.2 [0.72]0.05]0. 02(0. 07|Bal.
A2017 0. 40/0. 30|4. 30|0. 50/ 0.2 0.1 (Bal.

EBOIREENEIZIL, RS (KEYENCE  FT-HA0K) & Z0VEE %t 2 RV, $05k i o
5 2mm A EOREABRE LTz, 519EBR (SHIMAZU AG-250KN) 1Z. #2584, £ 24 BRiE H
SR AR AT o 7=,

3-2 HIEMEMTFIE

AT 7 b 2 ANSYS® & I ERIR B BMR 2 OIREE COLTBIRGT (BIIRIRE) 12 FT
BB ORI 2 ET LT, fRATISIEE WAREN - IERUAR IS ARAT 2 [ IO Rl (i pk) &
BT - 7o, BEEFEBNEESZ OE TORARGUZ KT T ISR OB 2 at Lz,

4. ERERPLIUBR
4-1 A60B3 TV =7 A A4

10X 10 1IEJ7 BT s BHT DN T BRI /) 7-8MPa ., BRI 1. 5— 3. 5s. [F#E 3000rpm,
7 7% FES100—120MPa DS TREA 258 L. IMIZ S50C 2 W TEREZIT - 72 F5 5.
Fig. 5 IR TG Oz, Z DG O SMILEERE ) 8MPa, BEERRER] 3s, [AI#A%L 3000rpm,
7 7w NET) 120MPa O S THET#EE 90% & BAF CTh - 7=,

100
90
80
70 = Observed
60
50
40 -
30
20
10

0

Overhang height

*

<>

50mm

Joiw efficiency (%)

: s 0 0.5 1 1.5 2 2.5 3 3.5
Fig. 5 Appearance of the welded joint Overhang length (mm)
Overhang height (mm)
Fig. 6 Relationship between joint efficiency

and overhang height

7B, Fig. b I RTHEHEAERE TOEY E2 Y E & (overhang height) AR E W EHETFER)
oy IIREL R->TBVHEERLONS (Fig. 6), LI > TEWHKEIRNE N D &K
INRDORE Y END & IFRO B, BUZEI O E OB SN HIEEI 72 NY (%D ERY &
S)FIHISNDZENMEE LW ENDREOKY EXY &S ITWEREICRD EB %
55,

JEERRER] 3s TO A B & M ORI ORE S GHR) % Fig TR d, 2B, mik
D X O NTHUFIREE R & B 2 WV BRI R 2> & 2mm A7 (& O 2 I E L TV D03,
FHERE R & FEMEA LS L TRV FHEOZ Y ZBRHER L T\ 5, Fig. 7 X0 AM O R
OHNZEEA_RHEOFRE (EHFE—LoH.0) 5%, fEoa—F (EHFEORHER
LN D 1) 1TRAD T DIRENMENZ L2305 (8, Fig. 7H AMOREIREIC
ek, O *EBOBO, PO, FEH, a—F L LTERLE)., E7o. IMM TR
e (FJEEARL 11, 6mm, = —F[EAE 16. 4mm) O JEPHIZHEAS LTV D23, A B EE~NIRE R
LIRS TWD, 2T, Al OBMRER|ZERXFe DZNMENWTZOTH D, B2
THEEREFEFO—UOES, a—TERIIRNAROE S ZRT,

F o, BEEGRFE CTORED, A MmO LT 185°C  (ARMR 655°C) LIRWIZ &2
LTHADT2IATON TVWADIT—FEOEMHESTHY . NYOREFEY LB EI)
D/NINT EERIEL TS,
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Fig. 7 Calculated temperature distribution during friction
stage (friction pressure S8MPa, rotation number 3000rpm

& *

*:center, “:surface, *:corner at the interface of the specimen )

JEEGEFE COESEWE O L (0y0x) . EH W O—L .0 (0y5x) . 1EH Wi O
XA E DN DR THDH a—F (0ybx (corner) TOHEE FHI DB ONLE DL TEEBLD
A% Fig. 8 1T,

KB X OEETIERmoF Iz, —doF0, Frloa—FTERER EL 2o
TWBHZ ENbMD, —RIC, BUTOBEIESEET UIZ LIEADILD X 5 IS m S i FE R
T HBAIT., HAOKEL L CIEFOIBOES D 5 L BbN DA, KAF5eH: 5
D X5 I WARRRIZEE L7\ CHRFERR D 1/2 LA OIRIE COHES Tk, OO % 5%
INEL AL B OB WOBMETEIC L - T
ENEZDEEZOND, DF Y BEEIREIC L
S>TA, BMAEBLOZoOIENSILL (£
FERPIMET L), 77y NEWZART S
ZEIZED A BMBREWIEHEER LEAT

BLEZLND, T—F TIEPLEICHAEE  Bioo | —0y0x
TEARM b @ oo A, B HRIOWMMZE & 190 | s comen
M4 Tlheino 1= FTHEMENE 2 b b, 2oy

Thbb, 4EORERR TR o, ..
(BERIE S, [EE%0) £72137 7 v MEAB Length fronithe interfice (mm)

RRL =T HOEEDRE T 1= 100%Dik

TR L L Do b E L BND, RAT Fig. 8 Change of tensile strengths at the center,
v F L LT Y EEEREST P /O N E S surface and corner of the cross section from
bS5 BEMTFOBRICHoRIT - interface during friction stage

4-2 A2017 V=2 T3 v

7 X 7 EFEKRRERS L OESFE 8 X 10 BrmaBHI S T, BE#E S 20-35MPa, &
FERE] 3—10s, [Al#E%EL 40000rpm, 7 7 > M) 200MPa DS THEiA 2288 L, IM X S50C
EHWTEREZIT- T,

7B, T X T IEHEKmEEEHE, 10 ¢ AEOSEEE Smm A 7 X 7 EFEEmICI T LES
EIToTo, ZORER, EHE 7 X 7REHREHZ DWW TIIFETIE 90% D, £FHE 8 X10
Wi sRHZ DU TR TR 96% D BT 72k 3G Hiviz, Z ORFOFRERGLIMIIL 7 X 7 1ES
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FEWT I al ek 23 R E 77 20MPa,  JEEHREERE 10S, [Al#5% 40000rpm, 7 7% > KE ) 200MPa T
HY ., 8 X10 EHEWEEHZ D\ Tid, BEETE ) 35MPa, BEEREER] 4S. [HI#HA%5L 40000rpm,
77y NET200MPa TH D, T OO EELY BOEBD Fig. 9, 10 IR~ T

<> <>
50mm 50mm
Fig. 10 Appearance of the welded joint
( 8x10 rectangle ) (friction pressure=35MPa,
friction time=4S, rotation number=40000rpm,

Fig. 9 Appearance of the welded joint
(7x7 square) (friction pressure=20MPa, friction
time=10S, rotation number=40000rpm, upset

pressure=200MPa) upset pressure=200MPa)
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