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The Dynamic Fracture Toughness of Aluminum Alloy Weld zone by
Instrumented Charpy Test
by
K. C. Moon* - N, W, Kang**.J, H, Lee***

Abstract

The dynamic fracture toughness, fracture characteristics, impact tension and tensile properties of Al-
Mg-Si T5 alloy and Al-Zn-Mg T6 alloy respectively welded with filler metal of Alcan 4043 were inves-
tigated. The dynamic fracture toughness values were obtained rapidly and simply for the specimen of
small size by using instrumented Charpy impact testing machine. The testing temperatures of the
specimen were a range of room temperature and—196°C.

The results obtained in this experiment are summerized as follows.

With decreasing the testing temperatures, dynamic tensile stress and fracture load were increased, on
the other hand the deflection and impact value showed decreasing tendency in order of base metal>
HAZ>weld.

Changes of total absorbed energy were more influenced by the crack propagation energy than the
crack initiation energy.

At the low temperatures, the unstable rapid fracture representing the crack propagation appeared for
the specimens of Charpy press side notched in Al-Zn-Mg alloy, but it was difficult to obtain the
unstable rapid fracture in Al-Mg-Si alloy. Because of the development of plastic zone at the notch
root, it was difficult to obtain the valid Kevalue in Al-Mg-Si alloy. Therefore the fatigue cracked
specimens were effective in both Al-Mg-Si and Al-Zn-Mg alloys.

With decreasing the impact testing temperatures, specimens underwent a transition from dimple-type
transgranular fracutre to lamellar surface-type intergranular fracture because of the precipitate at the

grain boundaries, impurities and crystal structure of the precipitates,
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Table 1. Chemical composition of materials. (Wt. %)

Materials { Cu j Si ‘ Fe } Mn { Mg l Zn | cr | T { Ni l Al
A (6063 | 0.001 | 0.395| 0.180 — 0.481 1 0.020 — 0.171 | 0.0026 | Bal.
B (7075) 1.28 0.066 | 0.207 | 0.017| 2.240 | 5.10 0.215 | 0.0525| 0.0054 | Bal.

Table 2. Welding condition.

Materials A.B Equipments Miller MP-65E
Filler(¢) 4043 (1.2¢) Wire Feeder Spool Matic [
Posture F. Polarity DCRP
Currens 200—220 Amp. Voltage 26—28 VoIt
Travel Speed 60 cpm Stick Out 23—25mm
Shield Gas Ar Gas Flow Rate 301/ min
Joint
preparation <’_ 7
. ® i
(unit:mm) 1
<
OX
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Table 3. Tensile properties at various temperatures.
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) i Test UTS(kg f/mm?) Ratio Elongation(%
Materials Location Temperature Notched y
Smooth(os) (o) os' /o8 Smooth Notched
Base R.T. 13.7 22.2 1. 62 26.0 5.5
HAZ R.T. 13.7 22.6 1.64 23.2 6.9
Weld R.T. 13.2 23.1 1.75 26.9 6.6
Base —70°C 15.5 25.9 1. 67 29.8 8.7
A HAZ —70°C 15.4 27.9 1.81 16.9 8.7
Weld —70°C 15.2 27.3 1.79 19.0 9.0
Base —196°C 15.2 34.9 2.29 13.0 10. 8
HAZ —196°C 22.1 34.6 1. 56 18.8 12.2
Weld —~196°C 22.6 33.5 1.48 31.0 7.9
HAZ R.T. 34.8 35.6 0.99 2.0 2.4
B Weld R.T. 34.3 46.7 1.36 3.0 0.3
HAZ -196°C 42. 4 42.0 0.99 3.8 2.0
Weld —-196°C 42.9 46.3 1.07 2.2 0.4
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Fig. 3. Impact tension test results of Ama-
terial atlow temperature
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H: HA.Z
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Phote. 3. Typical load-deflection curves ob-
tained in Charpy impact test at-
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Fig. 5. Charpy impact test results of B ma-
terial at low temperature
B: Base metal H:H.A.Z, W:Weld
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Table 4. Evaluated fracture toughness values in Charpy impact test
Materials Notch Shapes Specimen l Temp. ! Pi(Kg) Kia(Kg ymm/mizt)
i R.T. ] 133.5 | 43.29
‘ B
| -196 | 1629 | 56. 65
R.T. ) .
CPSN . 1202 | 41.70
~196 | 1816 | 52.95
RT. | 1228 ] 36.31
| “V i
—196 ' 136.2 j 40.25
A R.T. { 82.8 ] 32.85
B
—196 J 1255 | 54.0
R.T. . i
— | T { 69.4 | 36.05
~196 t 9.8 | 59. 25
RT. | 77 { 48.79
W
~196 | 83.4 | 41.49
R.T. [ 320.5 ] 84. 14
B ‘
~196 | 181 f 55. 02
CPSN ] RT. | 26 | 65. 26
—196 J 3205 | 83.19
R.T 1 245.7 | 48.79
w
—196 299. 14 ) 53.35
B R.T. 304. 4 | 106. 84
B
-196 [ - | ~
CPSN , RT. | 325 | 132.98
—196 ) 3BL6 | 128. 40
R.T. ] 170.8 [ 61.20
I w
| e - -

B:base, H:HAZ, W:weld
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Y=1.93—3.07(a/w)+14 -
+25. 8(a/w)*
M=applied moment at fracture

53(a/w)?—25.11(a/w)?

B=specimen width

W=thickness

a=total crack length

Z=constant that depends only upon the crack

length
p=poisson’s ratio
Wa/A=energy per unit area to reach maximum
load
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