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Effect of Magnesium on Ultrasonic Weldability of Al-Mg Alloy*
—Ultrasonic Welding of Al-Mg Alloy (1st Report) —

by HIRAISHI Makoto**, WATANABE Takehiko***

The behavior of magnesium (Mg) in the ultrasonic welding process of aluminum (Al) alloy containing Mg was investigat-
ed to understand the reason for the poor weldability.

Commercially pure Al (A1050), Al-2.6 mass% Mg alloy (A5052), and Al-4.1 mass% Mg alloy (A5086), 1.2 mm thick each,
were lap-welded and the fracture surfaces were examined by SEM observation and AES analysis.

For all of these materials, the tensile load of the weld increased with an increase in the clamping load or in the welding
time. In the case of Al-Mg alloys, higher Mg concentration required higher clamping load or longer welding time to obtain
the tensile load equivalent to A1050. SEM observation of the fracture surface of the weld indicated that dimple pattern
occupied the almost whole fracture surface of A1050. On the other hand, upon Al-Mg alloys, scraped fracture pattern, dimple
pattern and brittle fracture pattern were observed and the scraped pattern occupied the largest area in the fracture surface.
AES analysis of each fracture surface showed that Mg was segregated at the surface presenting the scraped and the brittle
pattern. Especially at the scraped pattern surface, welding for short time of 0.5 s induced the segregation of Mg about twice
as high as the concentration before welding. When the specimen having the surface segregation of Mg formed by the pre-heat
treatment was welded, the scraped pattern was observed on the almost whole fracture surface and the tensile load of the weld

decreased.

Conclusively, it was found out that the surface segregation of Mg induced during the process of the welding caused the

ultrasonic weldability of Al-Mg alloy to deteriorate.
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Table 1 Chemical compositions (mass.%), hardness and surface roughness of materials used.
Surface
Si Fe Cu {Mn | Mg | Cr | Zn Ti Al Hardness roughness
(HV) Ra (4 m)
A1050 | 0.10 | 033 | 0.01 | -—-- | 0.01 | =---- ---- | 0.03 | Bal. 37.2 0.15
AS5052 | 0.10 { 0.31 | 0.03 | 0.06 | 2.56 | 0.23 | 0.01 | 0.01 | Bal. 77.8 0.17
AS5086 | 0.03 | 0.04 | 0.02 | ---- | 409 | 0.05 | 0.50 | ---- | Bal. 98.4 0.15
Electrolytic polishing
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Fig.3 Schematic illustration of tensile test.
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Fig.2 Schematic illustration of the apparatus for ultra-
sonic welding. (b) is the right side view of (a).
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Fig.4 Relationship between tensile load of joints and welding time.
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Fig.5 Fracture surface of A1050 (a). (b) and (c) are SEM

micrographs of white part (D) and border between
a white and a black part (@), respectively. (d) is
magnified image of (¢). (Welding condition: 882 N,
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882N, 1.0s)
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Fig.7 SEM micrographs of fracture surface of A5086. (a)
to (e) correspond to (2) to (¢) marked in Fig. 6 (II),
respectively. (Welding condition: 882 N, 1.0s)
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Fig.8 Area ratio of S, D and B region in fracture surface

of A5086 joint vs. welding time. (Welding condi-
tion: 882 N)
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Fig.9 SEM micrograph of fracture surface of AZ31B.
(Welding condition: 882N, 2.0s)



556 HRMX  FAf A-MgASoBEEEARcBLITT~/R2 L 7 40%

ALIZSEICEBbDTHY, BABIRCESETLERD
NAEDWMOBMI b T2 TH 5, BEBRIECL->Th
HMMEEIZ70% M Ti3IZ—BIc % 5 4%, DIBOEE& L
L, #tlz, SEIBS L, oz &ix, BEEEEED
IZSEFDEICETHZ L E2RL TS, LaL, A1050
DT 4 T NDEEHD0.58 £ TIZARICIEARTE2D L
B LT, A5086 HDEORMIIED TEETH S, Thb
B, A5086 N4, DERICIEN > TR E iz ST DER
DIKREB L2 & 2RBEL T 5,

EFELF2 7270 (LR, Mg LT 5)A8HK AZ31B
DBERBESITOWTHRLBEL TWw5Y, 2SS
DOWEE % SEM #2 72—#l % Fig. 9 IcRT, 23, B4
HOBME FEN—2 & LT, 7uABRLERER: DIREATE
PHWCEREL . (ZoH iz L) EREIZ MgO g &7
3), MESI882 N, BAEM2.0s THE L 2B ANWE T
H 5, BHEIZI, BIEC LA (REQD) »BAEL T
2300, REQ & 5 w#@ELRD b5, Fig. 7 (@7
L Fig 7T@IRLZSEIF I L PR TH 5 =
EDbD B,

3.3 WE® AES SR

A5052 R A5086 DBETE - Mg &4 DREE & D IELEDS
BHOLNZZ Eh b, TNLDMEOBEEIC Mg 2 RiT
LTWwaZ EXFRENE, 22T, MEN2882N 2Lz
L & AS086 DBE W IBAIROBE % AES ST L7z, %
DRER, BEE FIici30, Mg, AlBXUME ClL, CHi
HWE ., CliZEFRMEOBICER L - BIERBORAEIC
FrynrEbns.

Fig. TI12;RL72E, S, D, BESOABHEIZ BT 5 Mg D
FERIT & BAHM & DBIR % Fig. 10 127877, #dlhi (Al
E+Mg 8)icitT 2 Mg BOEFEELRTH L, 72, K
FOBRIIBAROERNEROSHERETH S, wIiL
DWEICE W TIBEEME LI MgBERIE -
7275, DERCOEMIZHLTH TH - 72, BELRERITIL,
F122.0 s BB O EHL & BE TR b7z, Al-Mg N
BNET 5 & Mg BMREREICRERT 2 2 056N T
BY, ZNCBETHEIZCH 5. 2, SBICEE
WIRE #TMNT B 2 LI &k » TREFOILEEEIRELS L
BT ENMLNTWSY, Fig 10 ISR L 2&REICBIT 5
Mg BEOBEMZ, ZNLDERAICL 2D EEbNS. E
IR & BERICEAZE 7c Mg OERMERBIE L TWwiaEHEE, =
o DIV BES N ->722 L 2 BHRL T2, B
3 R EERAEREE L 22 AT S HBI S N, BIERD & 21K
TERE—RIcZL->TW23nEBbhb, MgiEEn
T SEWTHEL AR TEL, 0.5 F TAMIC EAL-
%, WIS EmERL .

Fig. 111z A5086 #NE 7 : 882 N THBEHELS L 72 &
& DOHAWER L BB EELOBRERT. BAHEN
B, BEEAMERS0.5s i callc kR/L, %

0.4

—-O— E Material: A5086

-B-S Clamping load: 882 N
~--D
-o-B

Before welding

o
w
T

Mg / (Al + Mg)
o
N

©
—

e
o

0 0.5 1.0 1.5 2.0
Welding time (s)

Fig.10 Relationship between Mg concentration ratio. at
fracture surface of A5086 and welding time.
(Welding condition : 882 N)
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Fig.11 Relationship between welding temperature of

A5086 and welding time. (Welding condition : 882
N)
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Fig.12 XPS analyses of heat treated A5086 (2) and A5086 without heating (b). (Condition of heat treatment : 375 K for
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Fig.13 Effect of heating on tensile load. (Condition of

heat treatment : 375K for 3.6 ks)
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