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Effects of Additional Elements on
Stress Corrosion Susceptibility of Aluminium Brass

by Shiro Sato and Tadashi Nosetani

Aluminium brass widely used for heat exchanger tubes has such a defect as to
present high susceptibility to stress corrosion cracking. Stress corrosion of Cu-Zn alloys
has been investigated from various points, while that of Cu-Zn-Al alloys has not yet

been clarified.

Authors have then studied the stress corrosion of Cu-Zn-Al ternary alloys and the

effects of additional elements on it.

(1) An addition of silicon to aluminium brass shows a remarkable effect to decrease

stress corrosion susceptibility.

(2) Aluminium brass containing silicon does not greatly depart from plain aluminium
brass in corrosion resistance to sea water and sulfide, and also in mechanical and

physical properties.

(3) From the above-mentioned facts, it is considered that, for heat exchanger tubes
such as in petroleum refining plants, aluminium brass modified with silicon exce-
eds the customary aluminium brass in inhibiting stress corrosion failure. Besides,
it does not seem to occur any other troubles in its use.

(4) A mechanism how an addition of silicon affects the stress corrosion susceptibility
has been studied. And it is assumed that the mechanism is principally attributed

to some chemical factors.
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(1) Cu-Zn(0~409) —Al(0~7%) —As(0.05%) &4,
F & UT e Mo HiFER : 497 (Table 1)

(9) Cu-Zn(209%)—Al(29%)—As (0.05%)—Cd,. Cr,
Sn, Si, Ti, Mn, Fe, Ni Z&m44: :58% (Table 2)

(3) Cu-Zn(10, 20, 309)—Al(l, 15, 9294) —Si(0.5,
1.0, 1.5%)—As(0.05%) &4 : 23% (Table 3)

3. = B

i Lic 5B LU AEOMERIRD L 5 TH D,
31 EHEBERR '

1) BHEARRK  EEmERESIBEEFREREY
AL (Fig. D, 5EED IS, 10kg/mm? REL
720

@ HEF :Fig. 2 RLIBERDVBRFROSDO L L
2o BERFIIBBBICHES L, iz 0.025~0.030mm

Test piece

——
Corrosive
medium

S
Rubber

LT Weight

;
o

Fig. 1 Apf)aratus for stress corrosion test of
‘aluminium brass.

Table 1 Chemical compositions of Cu-Zn-Al alloys containing arsenic.

(* : Zn' (%):100—100><[Cg(%)]/{lOO—l—[Al(%)]><5}, where zinc equivalent

jum is assumed to be 6.0.)

of alumin-

Chemical compositions (%) Apparent zinc Chemical compositions (%) Apparent zinc

Marl Cu Zn | Al As cgﬁse?%*) Mark cu | zn Al As A
0000 -99.8¢ ; = — - 1510 84.47 0.94 0.048 19.33
0005 99.45 | | 0.43 0.054 2.65 1515 83.73 R 1.43 0.048 21.86
0010 99.02 0.90 0.050 5.08 1520 83.36 (~15) 1.94 0.047 24.01
0015 98.57 1.41 - 0.049 7.92 1530 82.41 2.97 0.051 28.25
0020 97.96° _ .12 | 0.081 10.62 2000 80.32 — 0.036 —
0030 | 97.11 2.85 0.047 ~15.01 2005 79.67 0.45 0.048 22.08
0050 95.07 - » 4.88 0.083 | . 23.57°¢ 2010 79.22 R 0.97 0.047 23.77
0070 93.02 6.74 0.049 30.42 2015 78.54 (~20) 1.42 0.048 26.66
0500 95.18 — 0.048. 1. — 2020 78.22 1.95 0.048 28.73
0505 95.69 |- 0.46 0.048 4.31 2030 77.96 3.00 10.048 32.82

~ 0510 94.11 | | . 0.90 ¢ 0.041 9.94 2500 ©75.26 — 0.048 —
15 | .67 | R 142, | 0.048 12.54 2505 74.61 045 0.048 27.08
0520 93.39 (~5) 1.92 0.055 14.80 2510 74.17 R 0.93 0.039 29.12
0530 91.77 3.00 0,042 20.20 2515 73.46 2 1.42 0.045 31.34
0550 90.24 4.81 0.048 27.25 2520 73.09 1.96 -0.046 35.00
0570 88.03 : 6.76 0.052 29.62 3000 69.97 — 0.045 —
1000 90.01 ’ — 0.047 - 3005 - 69.54 R |- 044 0045 31.95
1005 “89.69 0.45 * 0,051 12.28 3010 68.82 (~30) 0.94 0.044 34.27
1010 89.08 ’ 0.95 " 0.048 14.96 3015 68.64 1.41 0.046 35.88
1015 88.69 R 1.47 0.050 - 17.38 3500 65.24 - " 0.048 —
1020 87.98 |- 10 1.97 0.050 19.91 3505 64.55 (NR%) 0.45 0.046 36.87
1030 87.16 : 2.96 0.051 24.07° 3510 64.03 ' 0.94 0.045 38.85
050 .| 85.25 4.84 . 0.042 31.36 4000 - 59.85 R — 0.046 —
1500 85.07 R R 0.0 | . — 4005 s.21 | (740 0.41 0.042 4.9
1505 st.66 | 1 0.46 | 0.0 17.24
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Table 2 Additional elements to aluminium brass.

Mari{ Chgmical compositions (%) - Mark Chemical compo§it_ipn$ (%) _

Cu Zn Al As Additional Cu Zn Al As Additional

R—1 77.03 R 2:05 0.05 Cr: 0.05 K—11 76.32 R -1.90 |~ 0.0 " Mn': 0,008-
R—2 77.45 7 1.69 0.04 Cr: 0.07 K—12 77.14 7 1.90 0.0 Mn:0.01
R—3 75.26 ” 1.94 0.02 Cr: 0.28 1624 76.50 s - 2.11 0.04 Mn:0.01
T—1 76.91 v 179 | 0.05 Ca: 0.06 K—13 76.71 ” 2.02 0.05 Mn:0.03
T—2 77.51 y 1.67 0.04 Cd: 0.07 163A 76.71 - 2.10 0.04 Mn : 0.26
T—3 76.50 ” 1.77 0.04 Cd: 0.16 K—14 77.15 p 1.89 0.04 Mn : 0.047
T—6 76.31 ” 2.06 — Be: 0.025 K—15 77.30 ” 1.93 0.05 Mn:0.33
Y—1' 77.25 ” 1.87 0.04 Sn:0.03 165A 76.40 s 2.13 0.04 Mn :0.99
Y—2 76.91 s | 1.8 0.05 Sn: 0.05 K—16 77.91 v 2.01 0.05 Mn:1.27.
Y—3 77.63 y .71 0.04 Sn: 0.18 166A 76.43 ” 2.11 0.04 Mn: 1.92
Y—4 77.11 ” 1.76 0.04 Sn: 0.53 K18 | 77.13 7 1.73 - Mn : 0.044
Y—5 77.54 y 1.70 0.04 Sn': 1.01 K—19 77.76 ” 1.85 — Mn: 0.039
Y—6 77.19 ” 1.81 0.05 Sn: 2.15 X—1 76.56 L 1.89 0.04 Fe: 0.04

Y—7 77.26 ” .71 . Sn: 0.12 133—2 76.76 S 2.22 0.05- Fe: 0.32 -
Y—10 77.95 P 1.73 — Sn: 0.94 135A 76.13 v 2.10 0.04 Fe: 1.58
K—1 76.68 v 1.92 0.05 Si: 0.03 X—8 77.08 ” 1.94 . — Fe: 0.12
K—2 76.78 ” 2.02 0.05 $i:0.05 . 138A 76.90 ” 2.00 —- Fe: 0.37
K—3 76.69 ” 1.96 | 0.05 Si:0.16 139A 76,74 '// 1.94 — | TFe:0.59
K5 <1 77.46 ” 2.20 0.05 811 0.90 x—11 76.80 p 1.83 0.04 Ni: 0.10
K—6 75.49 v 2.20 . 0.04 Si: 2.05 X—12 76.49 ” 1.99 © 0.02 Ni: 0.13
K—10 76.80 oy 1.99 — Si:0.95 X—13 |~ 76.50 T B T 0.04 | Ni:0.28
1228 77.10 o 2.18 0.03 Ti: 0.11 X—14 76.88 ” 1.9 [~ 0.05 Ni: 0.23
P—23 77.45 e 1.95 0.05 Ti: 0.03 X—15 77.45 v 1.60 0.04 Ni: 0.97
1234 | 77.15 ” 1.97 0.03 Ti: 0.28 X—16 .27 | - 4 | LT2 0.04 Ni: 1.8
P—24A 77.24 ” 1.77 0.04 Ti: 0.06 X—17 78.04 T 1.81 — Ni: 0.13
124A 71,32 ” 2.01 0.06 Ti: 0.64 X—18 76.65 + | 1er - Ni: 0.27
P—25 77.64 ” 1.60 0.05 Ti: 0.80 X—19 77.84 7 1.52 — Ni: 0.49
P2 77.62 ’ 1.78 0.03 Ti: 1.41 1494 76.93 v 2.00 - Ni: 0.55
1254 | 76.69 ~ 1.76 0.03 Ti: 0.90 150A 76.23 7 2.03 - — |7 Ni:1.0s
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Table 3 Chemical compositions of Cu-Zn-Al-Si

alloys containing arsenic.

Time to failure (min)

Chemical compositions (%)
Mark

Cu Zn Al si As
1 88.17 1.13 0.48 0.06
2 87.72 1.09 1.07 0.06
3 87.30 1.14 1.52 0.04
4 87.90 R 1.56 0.56 0.07
5 87.28 1.56 1.03 0.05
6 86.96 ~10 1.54 1.58 0.06
7 87.06 ' 2.08 0.61 0.08
8 86.43 2.09 1.05 0.07
9 86.26 2.03 1.48 0.05
10 78.69 1.13 0.61 0.05
11 77.88 1.35 1.07 0.05
12 77.48 1.11 1.57 0.04
13 77.99 R 1.72 0.60 0.03
14 77.39 (~20) 1.60 1.07 0.04
15 77.10 1.85 1.53 0.03
16 71.53 2.07 0.57 0.05
17 77.04 2.11 1.13 0.06
18 69.16 1.08 0.57 0305
19 67.72 1.44 1.12 0.06
2 67.48 R © 115 1.48 0.05
21 68.08 (~30) 1.60 0.60 0.02
22 67.30 1.59 1.08 0.05
23 67.40 2.08 0.56 0.05
Al(%) ) 0 | 05|10 |15 20] 30

CP @ q Symbol O| ® A A \vAl R 4
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Fig. 3 Results of stress corrosion test of Cu-Zn-Al alloys showing the effect of zinc and apparent

zinc content on time to failure.
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Table 4 Results of corrosion test immersed in
molten sulfur. (150°Cx24 h)

Allo Number of | Average Range of
y specimen corrosion loss | corrosion loss

Mn

BsTF? 7 0.76 mg/cm? 0'61~11£1§1/cm2

1% Si alloy* 7 0.53 0.256~0.71

0 Qs 1.5 2.0

Fig. 4 Effects of additional elements to aluminium

2.5

brass on stress corrosion cracking.

(a) (x100)

stress in conc. aqua ammonia.

(a) (x100)

%)

* Cu—20% Zn—2% Al—1% Si—0.05% As

) (x400)
Photo. 1 Stress-corrosion cracks in Cu-20%7Zn-2% A1-0.05% As alloy tested at 10kg/mm?

(b) A ‘ (%460)

Photo. 2 Stress-corrosion cracks in Cu-20%Zn-2% Al1-1.0%S5i-0.05% As alloy tested at 10kg/mm?

stress in conc. aqua ammonia.
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Fig. 5 Results of stress corrosion test of Cu-Zn-Al-Si alloys containing 0.06%As. (stress: 10kg/mm?,
conc. aqua ammonia)
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Photo. 3 Stress-corrosion cracks in Ci-20%Zn-2%A1-0.05% As alloy tested at 10kg/mm? stress in
fresh water. (100ppm-NaCl solution ; anodic-polarization method)

) (100 S D) (% 400)

Photo. 4 Stress-corrosion cracks in Cu-20%Zn-2% A1-1.095S5i-0.0b% Aw - alloy tested at 10kg/mm?
stress in fresh water. (100ppm-NaCl solution ; anodic-polarization method)
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Photo. 5 Effect of silicon addition to aluminium brass
on the formation rate of surface tarnish.
tarnishing solution ; Mattson’s solution
upper specimen (A) :Cu-20%Zn-2% Al1-0.05% As
lower specimen (B) :Cu-20%27Zn-2% A1-1.0%Si-

0.06% As
| I !
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Fig. 8 Effect of silicon addition to aluminium brass on
corrosion behavior in Mattson’s solution.
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Influence of Small Amounts of Additional Elements on
the Aging Kinetics in Al-Cu and Al-Cu-Mg Alloys

by Yoshio Baba

Aging kinetics in Al-1.9at%Cu and Al-1.9at9;Cu-1.7at9sMg alloys containing small
amounts of Zr, Cr, Mn, Ag or Cd have been investigated by the measurements of
electrical resistivity and hardness and also electron microscope observations.

The addition of Zr, Cr or Mn retards the clustering of solute atoms in Al-Cu and
Al-Cu-Mg alloys and then reduces the age-hardening when these elements are finely
distributed as the insoluble compounds. This effect can be reasonably explained by almost
the same mechanisms with Al-Zn and Al-Zn-Mg alloys, that is, in terms of the increase
in vacancy sinks rather than the decrease in supersaturated solute atoms or the existence
of binding energy between a solute atom and a vacancy.

The aging kinetics in Al-Cu alloys are little affected by the addition of Ag, despite
of the well-known fact that Cd can reduce to a large extent the rate of G. P. zones
formation and stimulate the nucleation of intermediate precipitates. This may be caused
by that the clustering of Cu atoms takes place on {100} matrix plane but Ag atoms on
{111} plane and Ag atoms do not participate in the G.P. zones of Cu atoms. The additions
of these elements to Al-Cu-Mg alloys decrease the rate of clustering but increase the age-
hardening at higher temperatures. This may be due to the participation of Ag or Cd

atoms in G.P. zones of Cu and Mg atoms.
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Table 1 Chemical compositions of additional
elements to Al-1.9at%Cu alloys.

&% 450°C (Al-Cu-Mg) & %\ ~i% 500°C (Al-Cu)
= 48h BEMEME 420°C T 6mm E X E CEHELY
Frols, 0% 2mmEIORICHMEL L, €Y7 —
ABESRFL s mmI T 20mmE X, EXEHAER OB
i ommEgEBIXT LI LI VIER UL L2mm BEE
TAOMME X Th 5,

Spa 495°C B BHWME 540°C C 3h (LK
AN Uine BEANBE BT 15°C~200°C OHEET
BT A FT 70\, Eiz, Bk OB A A RAWTER(LLE
B EEH DEEE 200°C TR LT o7ce —HOREN
RIBE AL 570° C € 24h O FHAE L7z,

REZALERER 3 sec LIAIT, HA L EBICEEEERT
BL, 27>y A& ETESEIONE & 070
EEREITESREE J@15°C) THiERel Ty, &
SR HAENE T TE CHERR U e BB & PO\ C AT 7R o o

Y B

3-1 Al-Cu 4%
Fig. 1 & 540°C »BEEAN LIz Al-19aty Cu &4&
OAREC KT HEEFRMEG S 0.1aty Ag b 5 Wik

Additional Added amounts (wt %)
Zr 0034 | 0.0 | 017 | 0.39 - -
cr 0.017 | 0.053 | 0.002 | 0.18 | 0.37 —
Mn — | 0.060 — | 0.9 — | 0.58
cd 0.035 | 0.14 | 0.23 | 0.44 - -~
Ag — | 013 | 018 | 0.3 — —
Nominal | 0.01 | 0.03 ‘ 0.05 \ 0.0 | 02 0.3
value (at %)

Cu : 4.64+0.12 wt %

Table 2 Chemical compositions of additional
elements to Al-1.9at%Cu-1.7 at%Mg

0.1at% Cd HRINOFEL T3 BWAREIICEET ZE5
016 T T T o> le-e
None -
014 - 0.1 at% Ag 1/0/ 4
——01a%Cd g <
12 s s
0 - p o/ S
- a-"4~0-gp
010 7 3 i
NEZs D AN
0.08 N
< ,// \X. R ° Ta=(TC)
< /
0.06 ® —— 15 —]
< )% \ \
i —— 30
0.04 ) o 45 L
/’/ —— 60
0.02 —— 75 —
1 10 102 102

Aging time (min)

Fig. 1 Isothermal aging curves at various
temperatures and the influence of
addition of 0.lat%Ag or 0.1at%Cd
for Al-1.9at%Cu alloy quenched from

540°C,

() WEEFNRED BT L3tic B8R, EHOBAEM
B (Apw) FEDEECAESEKETH EN—RLTH
BT B, 01aty Cd OFRMNE tu B L O Apw %IFT

alloys.
i‘%ggég’é:l Added amounts (wt %)
Zr 0.090 0.15 0.29 — —
Cr 0.056 0.10 0.19 0.38
Mn 0.056 0.10 0.19 0.41 0.62
Cd 0.11 0.19 0.49 — —
Ag 0.15 0.20 0.41 — —
Nominal | 0.0 | 0.03 | 005 | 01 1 0.2 0.3
value (at %)

Cu : 4.64+0.12 wt %
Mg : 1.45+0.03 wt %
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Al-Zn &&TCIIHEOHBERLBNICC bbb, 7
ADEEBLTD BN\, Zr, Cr L0 Mn @ tw i©
FINFTEEL Cd DA LT WES, ZNBHDILEN
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Fig. 2 Influence of additional elements on the
time required for maximum resistivity
at 30°C for Al-1.9at%Cu alloys quenched
from 540°C.
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Fig. 3 Influence of pre-annealing at 570°C on
the isothermal aging at 30°C for Al-1.9at
%Cu-0.1at%Zr alloy quenched from 540°C.
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Fig. 4 Influence of additional elements on the
age-hardening at 20°C for Al-1.9at%Cu
alloys quenched from 540°C.
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Fig. 5 Influence of additional elements on the
age-hardning at 170°C for Al-1.9,;%Cu
alloys quenched from 540°C.
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N o N L Fig. 8 Influence of additional elements on the
- change of resistivity by isothermal
| o—=& aging at 200°C for Al-1.9at% Cu alloys
60 direct-aged from 540°C.
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TFig. 6 Influence of additional elements on the 0.6 Z ad o
age-hardening at 170°C for Al-1.9at%Cu >//: / z .
alloys qnenched from 495°C. 0.5 / b / Ta=(C) —
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LV 0 Ag
i NN & ¢ 0.1 ',,/4(’ < / 0.1 at% Cd
—0.2 — \\ i_f/r
= Tq=540C X\ ol T N I TR T
o4l - - 1 10 102 10°
o] TG— 400 C . . .
2 \\\ Aging time {min)
S —0.6F —o— None Fig. 9 Isothermal aging curves at various
< —o—Zr 0.1 otZA temperatures and the influence of
—08|- oo or02at% addition of 0.1at%Ag or 0.1at%Cd for
— Cd0.1at% \ X Al-1.9at%Cu-1.7at% Mg alloys quenched
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Aging time (h) MERNTNE AlLCu 52 DBA LD E V. ZNHD

Fig. 7 Influence of additional elements on the
change of resistivity by isothermal
aging at 170°C and 200°C for Al-1.9at%
Cu alloys quenched from 540°C.
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Fig. 10 Influence of additional elements on the
time required for maximum resistivity
at 30°C for Al-1.9at%Cu-1.7at%Mg alloys 130 / A
quenched from 495°C. 8
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Fig. 11 Influence of addition of 0.2at%Cr, 0.1at%Cd
or Ag on the age-hardening at 20°C for Al-
1.9at%Cu-1.7at%Mg alloys quenched from
495°C,
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Aging time (h)
Fig. 12 Influence of addition of 0.2at%Cr, 0.1at%Cd
or Ag on the age-hardening at 170°C for
Al-1.9at%Cu-1.7at% Mg ‘alloys quenched

from 495°C.
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Fig. 13 Influence of addition of 0.2at%Cr, 0.1at%
Cd or Ag on the age-hardening at 200°C
for Al-1.9at%Cu-1.7at% Mg alloys quenched
from 495°C and pre-aged at 20°C for 24 h.
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Fig. 14 Influence of additional elements on the
change of resistivity by isothermal aging
at 200°C for Al-1.9at%Cu-1.7at%Mg alloys
quenched from 495°C.
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Fig. 15 Influence of additional elements on the
change of resistivity by isothermal aging
at 200°C for Al-1.9at%Cu-1.7at%Mg alloys
direct-aged from 495°C.
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Fig. 16 Influence of Cu contents on the change of
resistivity by isothermal aging at 30°C for
Al-Cu alloys quenched from 540°C,
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clustering OEEX WD LicOTHARWZ EF RLTW
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None

0.2at%Cr

0.3at%Mn
Photo. 1 Influence of 0.2at%Cr or 0.3at%Mn on the
electron microstructures of Al-1.9at%Cu alloy
quenched from 540°C and aged at 170°C for
48 h. (x25000)

None

0.2at%Cr

0.3at%Mn

Photo. 2 Influence of 0.2at%Cr or 0.3at%Mn on the
electron microstructures of Al-1.9at%Cu-1.7at
%Mg alloy quenched from 495°C and aged at
170°C for 48 h. (x25000)
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i
Photo. 3 Electron microstructure of Al-1.9at%Cu-0.1at
%Cd alloy quenched from 540°C and aged at
170°C for 48 h. (x25000)

Photo. 4 Electron microstructure of Al-1.9at%Cu-1.7at
%Mg-0.1at% Ag alloy quenched from 495°C
and aged at 170°C for 48 h. (x25000)
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Corrosion-Fatigue and Prior Corrosion-Fatigue
Strength of Aluminium Alloys

by Katsuzi Takeuchi, Eiji Tanaka and Toshiyasu Fukui

This report relates to corrosion-fatigue tests of 12 sorts of Al-Zn-Mg alloys in 3%
aq. solution of NaCl and the effects of prior-corrosion in the atmosphere (atmospheric
corrosion), in the service water (running), and in 3%aq. solution of NaCl for 2 years on
fatigue strenghs of 12 sorts of aluminium alloys.

The fatigue properties were examined with Ono’s type rotating-beam fatigue tester,
and the fatigue strengths were determined at 107 cycles.

The corrosion-fatigue strengths of Al-Zn-Mg alloys were 5~6.8kg/mm?, and almost
no effects of heat treatment on the corrosion-fatigue strengths were observed.

The fatigue strengths of prior-corroded specimens had a tendency to decrease in the
following order: atmospheric corrosion>3%aq. solution of NaCl>service water. However, .
for some materials, the value in NaCl solution was higher than that of atmospheric
corrosion.

Most of the reduction in fatigue strengths due to corrosion appeared during one year
in the beginning. The average reduction factor of fatigue strength in atmospheric

FOH =T

corrosion was 28%.
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Table 1 Chemical compositions of corrosion- Table 3 Chemical compositions of prior-corrosion
fatigue test specimens. fatigue test specimens.
Chemical composition (%) Chemical composition (%)

Material Material
Zn| Mg | Ma | Cu | si | Fe | or | Ti Cul si | Fe | Mg | Mn | zn | cr | Ti
7002-T6 | 3.69 | 2.70 0.21 0.84 0.08 0.17 0.18 0.02 5052-O0 | 0.02| 0.10 0.24 2.45 0.01 0.01 0.26 0.01
X7005-T6 | 4.65 | 1.52 0.47 0.01 0.07 0.17 0.13 0.04 5056-F | 0.06| 0.11 0.21 4.80 0.09 0.02 0.10 0.01
X7006-T6 | 4.23 | 2.09 0.20 0.02 0.07 0.16 0.10 0.02 5083-O | 0.03 | 0.11 0.25 4.39 0.66 0.02 0.21 0.01
7039-T6 [4.14 | 2.82 | 0.25 | 0.02 | 0.18 | 0.27 | 0.17 | 0.02 5154-O | 0.02| 0.11 | 0.29 | 3.62 | 0.01 | 0.02 | 0.28 | 0.02
ZRIE: 13.00] 286 | 0.30 | 0.00 | 0.05 | 0.15 | 0.01 | o.01 ZG43-T4 |0.05] 0.07 | 0.25 | 1.54 | 0.20 | 4.20 |<0.01 | 0.01
ZG43-T6 |4.27| 1.63 0.31 0.02 0.12 0.30 [<0.01 — ZG43-T6 [ 0.05( 0.07 0.25 1.57 't 0.29 4.51 |<0.01 0.01

- . . . . 12 0.29 0.01 —

ZQ50-T6 |5.15) 1.9 0.01 0.02 0 < 6061-T6 | 0.31| 0.56 0.28 1.05 0.03 0.02 0.25 0.04
Alloy B,y oo ] 0.96 |<0.00 | 0.08 | 0.03 | 0.05 |<0.01 [<0.01 6151-T6 |0.12| 1.00 | 0.3t | 0.50 | 0.02 | 0.03 | 0.24 | 0.03
Alloy D-F | 4.35 r0.26 0.01 0.08 0.05 0.11 [«0.01 {«0.01 2014-T6 14.70] 0.79 0.38 0.43 0.88 | 0.07 0.0l 0.01

2017-T4 | 4.30 0.27 0.22 0.63 0.52 0.03 |<0.01 0.01
2024-T4 | 4.57| 0.14 0.24 1.40 0.67 0.04 0.01 0.01
7075-T6 |1.69 | 0.13 0.24 2.56 0.05 5.33 0.26 0.01

Table 2 Mechanical properties of corrosion-fatigue test specimens.

Tensile properties Brinell Charpy
i Yield True hardness impact
Material®| - Heat treatment stlrength Tensile breaking Elongation Reduction number anlue
£0.29%offset) ?ﬁrinmgég) strength (%) Of( ;r)ea (10/500/30) Zgg_flr%?cc?ggd )j
(kg/mm?) g (kg/mm?) 4
7002-T6 |y 465°Cx1h W Q., 43.6 52.4 65.5 14 26 126 4.2
]» 1 week aged, and
X7005-T6 |) 120°C %< 48h tempered 46.9 51.1 63.8 14 30 127 4.1
X7006-T6 |y 465°Cx1h W. Q., 50.9 53.3 64.8 13 25 129 2.9
} 2 weeks aged, and
7039-T6 |} 120°Cx48h tempered 50.3 54.4 64.8 11 19 132 1.9
ZK41-F (As extruded, 1 month aged) 33.6 47.3 54.6 11 14 102 6.4
zra-T4 | fE* IR W. Q. 2 months 31.5 47.2 54.8 12 15 98 6.1
460°Cx1h W, Q., 3 days
ZK41-T6 | aged, and 120°Cx48h . 47.5 51.6 69.0 14 — 132 4.7
tempered
ZG43-T6 465°Cx1h W. Q., 46.2 49.3 63.1 14 35 116 3.5
2 weeks aged, and
ZQ50- T6 120°C x 48h tempered 54.7 57.4 66.2 12 16 130 2.3
Alloy B-F| (As extruded, 2 months aged) 16.0 29.3 — 29 — — _
465°Cx1h W. Q.,
Alloy B-T6| 1 week aged, and 26.8 32.1 — 22 — 93 —
120°C x48h tempered
Alloy®=F| (As extruded, 2 months aged) 9.6 20.2 43.3 .32 72 52 —

1) 20mmé extruded.

Table 4 Mechanical properties of prior-corrosion fatigue test specimens.

Tensile properties Brinell
hardness
Material Size and manufacture Yield strength Tensile g‘ rr(;eki ng Elongation Reduction number
[0.2% offgsetj strength2 strength Y of ?rea €10/500/30)
(kg/mm?) (kg/mm?) (kg/mm?2) (%) %)

5052-0 20mm ¢, extruded 10.0 21.6 47.2 30 68 46
5056-F - 20mm ¢, extruded 1.1 27.7 55.2 35 60 58
5083-0 20mm ¢, extruded 19.8 36.9 47.4 18 28 68
5154-O 20mm ¢, extruded 14.5 28.3 51.4 24 56 58
ZG43-T41 20mm ¢, extruded 31.3 45.4 50.8 11 13 89
ZG43-T6 20mm ¢, extruded 47.9 51.2 61.5 12 22 124
B06L~"P6 - 20mm ¢‘, extruded 33.5 35.9 49.9 15 43 93
6151-T6¢ 22mm ¢, forged 28.1 32.9 45.5 18 32 —
2014-T6 20mm ¢, extruded 51.1 56.1 66.1 11 23 135
2017-T4 20mm ¢, extruded 36.4 53.4 65.8 17 20 101
2024-T4 20mm ¢, extruded 4.1 59.4 70.5 15 16 110
7075-T6 18.9mm ¢, drawn 60.9 66.5 76.2 10 14 155

1) 1 month aged.

2-2-2 BEEWSERER N 2-2-3 REIBEBEF®

EEENARIZEKRDL HER LT B TREREIEN RAEREIEBRARSKST, KiEkD, 3%aEKkbo 3%
BREIC BB L T otz BARIX 3%A&EK ME G2 DbANK. BARAKTHBESEITII SRR L EkME
1.020~1.023), BB Fric 00 B HENE 150~250cc/min & FILEMA S BEEHR & OBEFLE T, Photo. 1 R+
L7z EHETRYy, EBRAYEE LIclE 1B EERELL
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Photo. 1 General view of atmospheric corrosion test.
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THER Licio b TER S5 DT, 3%AaEKE3~4H
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31 BEELRE

S-N fhz Fig. 1~3 iR L, FENE X% Tableb6 ©
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1) ## Bk XUD%E B ARM O BAERNES L 5~
6.8kg/mm? DHFICH D, ZQS50-T6 ¥ BFEZ LD
HE DAL 5~6kg/mm? ja DT, AMHEICENTLAE
mNEHBR LTINS 5, Mg 2OEWEH B LUDD
EAEN®RXE 3.9kg/mm?2 LT Th ot

2) F, T4, T6 7 X OEFIO MENEEFENBRIICE X
ETEEAE B L, ZK4l 44103 Fig. 3 bbb X

5 54~5.9kg/mm?2 TEMNRHF 7L,

H#Bik T6
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Table 5 Meteorological data for test period.

Month Temperature (°C) Humidity | Rate of Rz;ldia.tiontoxll Precipitation Snow ;/felvt;(i:étdy
and Max ‘ Min Average (Average)) Sunshine :ur?;ézon ° Days T?Ezi itation | Days Total snow (m/sec/
year g (%) (%/day) ((cal/cm?/day) Vi rzmm})month) ¥8 | (crn/month) month)

Apr. 1965 16.8 5.6 10.9 62 50.3 383 18 130.6 3 0 4.1

May 23.7 12.9 18.0 72 46.1 363 18 269.6 0 — 3.2

Jun. 27.4 17.8 22.2 77 39.3 371 16 197.7 0 — 2.6

Jul. 29.9 22.0 25.6 81 33.8 319 24 223.8 0 — 2.6

Aug. 33.6 22.1 27.1 68 70.9 419 7 4.4 0 — 3.2

Sept. 27.1 17.5 21.8 76 45.4 286 15 365.7 - 0 — 3.3

Oct. 23.3 10.8 16.3 66 71.1 300 7 74.0 0 — 3.0

Nov. 17.4 7.1 11.8 73 51.4 185 18 66.7 0 — 3.1

Dec. 10.0 14 5.3 78 4.4 150 20 97.9 6 21 3.2

Jan. 1966 7.5 —0.9 2.8 74 54.6 185 20 50.6 10 21 3.4

Feb. 11.9 0.6 5.7 66 62.4 244 16 98.4 4 1 3.7

Mar. 13.6 3.4 8.3 67 51.2 277 20 201.6 2 0 4.0

Apr. 19.4 8.5 13.5 69 47.2 324 17 121.9 0 — 3.7

May 23.3 11.9 17.5 69 52.2 380 14 193.0 0 — 3.5

Jun. 25.4 17.3 20.9 79 34.4 310 21 172.6 0 — 3.4

Jul. 30.6 21.6 25.6 77 41.8 332 15 170.8 0 — 2.7

Aug. 32.2 23.6 27.1 77 45.9 323 13 148.2 0 — 3.1

Sept. 28.4 194 23.1 76 47.1 279 15 297.5 0 — 3.4

Oct. 22.8 12.5 17.0 73 54.2 238 14 135.9 0 — 2.6

Nov. 17.0 6.0 11.0 69 61.2 195 11 43.6 0 — 3.2

Dec. 9.8 0.3 4.5 72 53.6 154 12 21.5 5 2 3.2

Jan. 1967 8.2 —1.4 2.9 67 61.5 181 16 55.9 10 5 3.8

Feb. 9.3 —0.2 4.0 67 56.6 210 n 21.6 5 0 3.3

Mar. 13.9 2.6 7.9 63 52.1 257 16 115.7 1 0 3.7

Apr. 18.6 9.2 13.6 72 39.4 268 18 229.7 0 — 3.6

May 26.4 4.1 19.7 65 64.7 370 1 99.5 0 — 3.3

Jun. 28.9 18.2 23.1 67 56.3 332 13 162.7 0 — 3.6

Jul. 30.3 22.6 25.9 82 38.8 236 18 301.7 0 — 2.4

Aug. 33.0 23.8 27.6 74 51.1 256 16 103.2 0 — 2.8

Sept. 27.8 19.3 22.9 79 42.3 200 15 183.6 0 — 2.8

Oct. 21.8 12.2 16.3 75 44.6 170 15 220.0 0 — 3.1

Nov. 17.0 7.2 11.8 73 45.8 — 15 74.5 0 — 3.1

Dec. 9.7 0.0 4.4 69 61.3 — 9 33.9 3 0 2.9

Jan. 1968 8.1 —0.1 2.9 70 56.3 — 12 22.5 7 2 3.8

Feb. 7.6 —2.0 2.2 65 64.6 — 16 72.5 14 n 4.0

Mar. 13.2 2.8 7.8 67 53.2 — 19 127.0 2 0 4.0

Apr. 20.2 8.9 4.1 65 53.9 —_ 1 133.0 0 — 3.6
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10* 10s vl tm; . 107 108 Fig. 4 Comparison of fatigue strengths and reduction
ycies fo latiure percentages in corrosion fatigue of aluminium
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Table 6 Corrosion-fatigue strengths of Al-Zn-Mg alloys.
Fatigue strength® (kg/mm?) Reduction of Notched fatigue test results
Material fatigue strength Fatigue strength Fatigue strength
In air ;n 3&1121?21,11 %) (@,=3.0 reduction factor
. a (kg/mm?®) By (@,=3.0)
7002-T6 18.9 5.7 69.8 8.3 2.28
X7005-T6 17.0 6.0 64.7 9.0 1.89
X7006-T6 16.6 5.4 67.5 8.3 2.00
7039-T6 17.7 5.0 71.8 8.7% 2.03%
ZK41-F 18.5 5.6 58.5 6.72> 2.022
ZXK41-T4 17.6 5.4 69.3 10.42> 1.692>
ZXK41-T6 16.7 5.9 64.7 9.2 1.822>
Z G43-T6 15.2 5.3 65.1 9.2 1.652>
Z Q50-T6 17.3 6.8 60.7 9.2 1.882>
Alloy B-F 10.1 2.9 71.3 — —
Alloy B-T6 11.2 3.9 65.2 8.1 1.382
Alloy DjF 8.2 1.9 76.8 — —

1) 107 cycles
2) Stress concentration factor @,=3.2
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Fig. 5 Relation between notched fatigue strength and

corrosion fatigue strength of aluminium alloys.
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Table 7 Tensile properties of corroded specimens.

Duration Yield strength (kg/mm?2) Tensile strength (kg/mm?) Elongation (%)
Material |0f corrosion W% | Tn 3% Tn 3%
test Atmospheric| In service NanCl g Atmospheric| In service NaLCloa Atmospheric | In service I\?aCIo a
(Year) corrosion water SOlutiO?l. coxjrosion water solutior(}. corrosion water soluti og'
5052-0 1 10.1 9.8 9.7 21.5 20.7 21.2 30 31 31
2 9.6 8.9 8.8 21.0 20.2 19.9 29 28 33
5056-F 1 11.2 1.1 11.0 27.9 28.1 27.4 33 34 28
2 11.1 10.8 1.1 27.7 26.3 27.5 34 29 28
5083-0 1 19.8 19.6 19.6 36.9 36.1 38.1 17 16 16
2 19.6 18.9 19.6 37.6 35.7 88.1 16 13 14
5154-O 1 14.0 13.4 13.4 28.1 28.2 27.6 24 21 24
2 14.0 13.5 13.9 27.8 27.0 27.6 22 15 22
ZG43-T4 1 36.9 34.3 37.4 49.7 45.9 46.9 9 5 5
2 38.5 34.6 38.8 50.8 43.5 48.0 9 6 6
7 G43-T6 1 47.4 47.4 46.9 51.1 50.7 50.9 10 8 11
2 46.3 45.2 46.6 50.2 48.2 50.2 11 9 10
6061-T6 1 36.4 34.1 32.7 39.6 37.6 35.5 15 9 10
2 34.3 32.7 32.6 37.5 35.4 34.8 14 9 6
6151—T6 1 27.8 27.3 28.1 32.2 31.1 32.1 16 15 16
2 28.8 26.9 28.0 32.7 30.3 32.4 17 13 15
2014-T6 1 51.5 49.2 4.4 57.0 53.2 48.0 9 5 —
2 48.8 44.0 45.5 54.5 47.8 47.2 9 3 2
2017-T4 1 37.1 36.1 36.0 53.4 52.4 51.6 15 15 15
2 36.1 35.7 35.6 53.0 50.4 49.8 16 11 10
2024-T4 1 40.4 41.0 40.3 59.6 55.1 51.8 13 9 8
2 41.7 39.2 39.2 59.5 51.8 45.8 13 7 4
7075-T6 1 60.7 59.6 61.0 64.1 65.6 65.9 8 11 9
2 62.3 58.7 61.4 67.0 62.1 65.5 1 7

— 5
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Fig. 11 S-N curves of prior-corroded 7075-T6 alloy.

1) BEBOENAIFEANL VWINbIELS, AR
t> 3 94 ek > AGE K R DI & W E % b D, 5052-0
LU ZG43-T6 D X 5ic 3 % AEKF HEED 1T H 2
AEHEEL VSN EN#BIE 404D b % Y, 5056-F
FBLO 2017-T4 #0 1 F£EEEHR SRR HRE2RLT
WHR, BEOBEZATHVEAEBEOENRILPDET
ELDME LN, '

2) o, 1EMEAL24MEAYR {BXBDEL, K
SPEAN 6061-T6 kL O° 2017-T4d #f % RN wh
3 £1.0kg/mm?2 BFRDERDT, 14EME 2 EMicER
RN ERR UTEXLENA D, KEKAPBERETIIEHE
& 0.5~1.8kg/mm? (K<, 3% AMHKPEATIX 5052
-0, ZGA43-T4, 2024-T4 ¥ L0* 7075-T6 @ 4 $PE %2
EBAEDE D REWEER L. -



(106)

£ X & &

=]

= W

April 1969

Table 8 Fatigue strengths of corroded specimens.

I;atigup strelx)lgfth lf)uratioq Fatigue strength (kg/mm?) Reduction® of fatigue strength (%)
- . of specimen before | of corrosion
Material corrosion test test Atmospheric| In service glag]l/oa Atmospheric | In service g‘aéal/’ a
(kg/mm?2) (Year) corrosion water squtiog. corrosion water solutiog.
5052-0 1.2 1 7.5 ‘7.3 8.3 33.0 34.8 25.9
2 8.3 6.7 8.5 25.9 40.2 24.1
5056-F 12.8 1 8.4 5.8 9.4 3¢.4 54.7 26.6
2 9.0 4.3 8.1 29.7 66.4 36.7
5083-0 14.6 1 10.6 5.8 9.6 27.4 60.3 3.2
2 10.6 5.1 8.6 27.4 65.1 41.1
5154-0 .5 1 9.7 6.6 9.3 22.4 41.2 25.6
2 9.0 4.8 8.5 28.0 61.6 32.0
7 G43-T4 18.9 1 11.9 9.6 11.8 14.4 30.9 15.1
2 12.3 8.6 9.6 12.1 38.6 31.4
ZG43-T6 15.6 1 11.3 9.6 12.5 27.6 38.5 19.9
2 12.3 8.1 14.1 24.1 50.0 12.9
6061-T6 15.9 1 13.1 8.3 10.3 17.6 47.8 35.2
2 1.1 6.4 9.2 31.5 60.5 43.2
6151-T6 12.4 1 8.2 4.6 7.4 33.9 62.9 40.3
2 7.5 4.1 6.4 39.5 66.9 48.4
2014-T6 18.5 1 13.5 6.6 9.1 21.0 64.3 50.8
2 13.6 6.1 7.1 29.2 67.0 61.6
S017-T4 20.2 1 1.3 9.8 12.8 4.1 51.5 3.6
2 14.3 8.4 12.1 29.9 58.8 40.7
20244 0.4 1 15.3 10.4 11.6 2.0 49.0 43.1
2 15.3 9.1 14.1 27.8 57.1 33.5
075-T6 o120 1 13.2 8.1 10.8 37.7 61.8 49.1
2 14.0 7.6 121 34.0 64.2 42.9

1) Reduction percentages refer to the fatigue strength before corrosion test.
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Table 9 Superficial observation of types and degree of corrosions.

Atmospheric corrésion - In service water In 3% NaCl ag. solution
Material
Grade Type of corrosion Grade Type of corrosion Grade Type of corrosion
5052-0 A Pit C Pit A G. C,, Pit
5056-F A G. C. D Pit, Gr. C. C G. C,, Pit
5083-0 A G. C, Pit D Pit, Gr. C. C G. C,, Pit
5154-0 A G. C., Pit C Pit. Gr. C. A G. C., Pit
ZG43-T4 B G. C., Pit E G. C., Pit C G. C., Pit
Z G43-T6 B G. C,, Pit E G. C,, Pit C G. C., Exf. C.
6061-T6 B G. C., Pit D G. C, Pit C G. C., Pit
6151-T6 A G. C., Pit D G. C,, Pit C Exf. C., G. C
2014-T6 B G. C,, Pit E Exf. C., Pit E Gr., C., G. C
2017-T4 A G. C., Pit D Gr. C. D G. C.
2024-T4 (o] G. C,, Pit E Gr. C. D G. C, Pit
7075-T6 C G. C., Pit E Gr. C. D G. C., Gr. C

Grade of corrosion: A<B<C<D<E
G. C.: General corrosion type

Gr. C.: Groove corrosion type

Exf. C.: Exfoliation corrosion type

Table 10 Size of maximum pit or groove.

Duration Size of corrosion pit or groove
of Atmospheric corrosion In service water In 3% NaCl aq. solution
Material | corrosion Number Number
test Depth [Length| Width Number Depth Length Width of pit Depth | Length Width of pit
of pit per cm? per cm?
(Year) (mm) | (mm) (mm) per cm? (mm) (mm) (mm) (size> (mm) (mm) (mm) (size>
0.5mm) 0.5mm)
5052-0 1 0.07 0.19 0.08 14 0.48 1.65 0.92 1.2 0.20 0.63 0.26 3.3
2 0.07 0.17 0.09 15 0.48 2.10 0.88 1.8 0.27 1.73 0.48 12
5056-F 1 0.03 0.08 0.06 5 1.38 4.18 1.86 24 0.15 0.45 0.25 21
2 0.03 0.15 0.10 4 1.83 3.80 2.29 18 0.21 0.46 0.24 7
5083-O 1 0.06 0.07 0.06 6 1.09 3.51 2.19 4 0.15 0.22 0.19 42
2 0.08 0.14 0.10 8 1.39 5.17 2.69 28 0.42 1.21 0.85 10
5154-O 1 0.09 0.16 0.08 15 1.03 2.65 1.79 7 0.11 0.38 0.16 0.7
2 0.07 0.17 0.10 16 1.48 3.80 2.68 6 0.24 1.24 0.57 2
7 G43-T4 1 0.02 0.21 0.09 23 0.77 2.34 1.21 40 0.20 1.17 0.58 23
2 0.08 0.23 0.13 27 1.11 3.83 2.35 30 0.32 3.39 1.57 20
7 G43-T6 1 0.07 0.16 0.11 15 0.71 3.34 1.70 30 0.39 3.48 0.54 10
2 0.08 0.17 0.13 15 1.06 4.87 2.27 26 0.16 0.88 0.27 3
6061-T6 1 0.04 0.19 0.06 7 0.97 3.76 1.56 23 0.18 | 0.95 0.36 1
2 0.04 0.22 0.10 6 1.35 5.14 2.20 18 0.37 1.92 0.95 13
6151-T6 1 0.03 0.13 0.09 6 1.12 4.17 1.79 20 0.41 2.00 0.74 15
2 0.03 0.05 0.06 7 1.50 4.48 1.74 20 0.76 1.67 3.04 7
2014-T6 1 0.03 0.14 0.11 9 1.04 3.78 1.67 25 0.81 3.80 1.82 14
2 0.05 0.18 0.13 10 1.28 5.78 2.96 25 1.10 4.93 1.88 12
1 0.05 | 0.13 0.09 6 0.93 3.03 1.09 14 0.30 gl‘l’gfi““' 0.67 39
2017-T4 . Cong,inu- 60
2 0.05 0.17 0.10 .15 1.20. 3.24 1.70 19 0.26 ously 1.23
2024-T4 1 0.03 0.18 0.10 6 1.04 3.01 1.32 20 0.21 1.15 0.70 18
2 0.03 0.14 0.09 8 1.20 3.84 1.88 16 0.29 3.46 1.19 1
7075-T6 1 0.04 0.25 0.16 6 0.89 4.58 1.62 8 0.07 1.42 0.54 14
2 0.06 0.18 0.10 18 1.22 4.61 1.68 33 0.17 0.71 0.23 36
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Photo. 4~ Tnitiation of fatigue crack in pits of 3% NaCl
ag. solution corroded 7075-T6 specimen.
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Photo. 6 Initiation of fatigue

crack in pits of 3% NaCl ad. solution corroded 5052-O specimens.
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Photo. 8 Initiation of fatigue crack in pits of 3% NaCl
aq. solution corroded ZG43-T4 specimens
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Initiation of fatigue crack in pits of 3% NaCl
aq. solution corroded 2017-T4 specimens.
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Effects of Filler Metals on the Weldability
of Al-Zn-Mg Alloys

by Yoshihiko Sugiyama and Toshiyasu Fukui

A study was made of the effects of filler metals on the weldability of Al-Zn-Mg alloys.
Aging characteristics, mechanical properties, stress-corrosion cracking susceptibility of
welds and weld cracking susceptibility were examined by means of Vickers-hardness,
tensile, bending, Charpy impact, stress-corrosion cracking, weld cracking and other tests.

The results obtained were summarized as follows.

(1) Tensile strength of welds made with Al-Mg-Zn filler metal was almost equal to that
of Al-Zn-Mg filler metal, and that of Al-Mg filler metal showed the lowest value, while
the age hardening of welds increased in the following order: Al-Mg filler<<Al-Mg-Zn filler
<CAl-Zn-Mg filler. _

(2) However, bending and Charpy impact properties of welds made with Al-Mg filler
metal were most excellent, and those of Al-Zn-Mg filler metal were inferior to those of
Al-Mg and Al-Mg-Zn filler metals.

(3) No appreciable difference in Al-Zn-Mg, Al-Mg-Zn and Al-Mg filler metals was

observed in stress-corrosion cracking susceptibility and fatigue properties.

(4) Weld cracking susceptibility increased in the following order; Al-Mg filler<Al-Mg-Zn
filler<<Al-Zn-Mg filler. However, weld cracking susceptibility of Al-Mg-Zn filler metal
containing a small amount of zirconium was almost equal to that of Ti-modified Al-Mg
filler metal.
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Fig. 1 Effects of filler metals on the aging characteristics
of weld metals in Al-Zn-Mg alloys (P1).

Table 1 Chemical compositions of parent and filler metals.

Chemical compositions (%)
Materials Marks’ Remarks
Zn Mg Zr | Mn [ Cr Ti Cu Fe si
Parent Pl 4.08 1.99 0.20 0.30 0.01 0.02 0.02 0.15 0.07 Al Zn Mg(Zr)
metals P2 4.4 1.78 — 0.31 0.01 0.01 0.01 0.15 0.03 Al Zn Mg
R1 0.04 5.22 - 0.11 0.11 0.10 0.06 0.08 0.02 5356
R2 2.02 4.82 0.22 0.22 0.01 0.02 0.01 0.16 0.06 Al Mg Zn (Zr)
Filler TG R3 3.98 2.67 0.23 0.22 0.01 0.02 0.01 0.16 0.06 Al Zn Mg (Z1)
R4 1.94 4.78 - 0.40 0.01 0.02 0.01 0.16 0.07 Al Mg Zn
RS 495 | " 2.08 - 0.42 0.02 0.01 0.15 0.05 Al Zn Mg
metals
El 0.04 5.05 — 0.10 0.11 0.11 0.0t 0.10 0.04 5356
MIG E2 2.40 417 0.20 0.20 0.01 0.01 0.01 0.13 0.08 Al Mg Zn (Zr)
E3 4.92 2.58 0.17 0.28 0.01 0.02 0.01 0.14 0.04 Al Zn Mg (Zr)

Fig. 1 c¥i#EER, BEHS0A, 60RRMERRL, &
B 7 AHOTHEL (BEMNE) 0% 120°CX24h OF
ERA YD L OO XBEESBIRBOBEILMEL
efEBRA =T, Fig. 1 T0BEABIRIEL, WTFILLE
BHOEERFRERS 5 WWIBRBNC L D E LUNELERL
TWABR, FOEFNIMFER LB 5 5 WIBERT X
DI D BizoTnde Finbb, ik & LTIEAL-Zn-
Mg %D R3 (R5) ¥ XU E3 2 brEghiic @i, R\
T Al'Mg-Zn % ® R2 (R4 X0 E2 ¢& b, Al-
Mg %® Rl 5L O EL B bEHENL-THY, 2O
EEXITIEERECIEB L TRD BILD,

W lE 5, BRI OWT T, Al-Zn-Mg %k
LT Al-Mg-Zn ZOBMM & #ERAE L TIG FE X
n MIG BECHBBNTNB2, Al-Mg RO BN %
FEREAELE TIG BEOHMENTND, ThbOD
bl Wik TIG B e MIG BEOBAIR LV
B (BE) HEOK L THAERIROHE L X 55# e
BO(LEEROZERICOWTHERTHLERDD, 3.3

2

HOFig. 4 2RO Z &) Ba2BEEEOECZT TH LS
T LIXTER,

b OEEEBORIEL. KH TR HEHERTF O
FIEMERCELWEEEEZLH 2 L0 £THRW,
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Fig. 2 Effects of filler metals on the tensile properties of
butt-joints with reinforcements in Al-Zn-Mg alloys
(P1).
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0 E2 G, AI-Mg %D Rl % X O Bl CELL-TW
%, Ll Al-Zn-Mg % & Al-Mg-Zn ZO=IIFHIC

i, ks, THED FEBRE O MO DWW R &
Moleds, Wi L10~159C, Bink oFE L LT,

Al-Mg-Zn ®2&LEN, K\WT Al-Zn-Mg T, Al-
Mg R2FHETH 2T %,

Table 2 iz TIG BEMFIKONWTY = ¥ 7 FOFHEH
V(8500 rpm) TRDIEIFHEART, BHIE Pl k
X0 P2 oT4, T6 LB T, BHinbhiz Rl, R2 X8
R3 Th %, Table 2 XD Wbk & MMM Pl
P2) B2 WiiHOEE (T4, T6) kb ZTHABMIL
ROBNBENR, BN X BHZEREEA EBD BNR N,

Table 3 i TIG BFEH kB L0 MIG wBEHO #iF &

Table 2 Effects of filler metals on the fatigue
strengths of TIG-welds.

Filler Fatigue strengths (107cycles), kg/mm?
Parent metals metals | With Without
reinforcement reinforcement
R1 9.5 ~10.5 12.0~13.0
T4 R2 9.5 ~10.5 12.5~13.5
R3 9.5 ~10.5 12.5~13.5
P1
R1 9.0 ~10.0 10.5~12.0
T6 R2 9.0 ~10.0 11.0~12.0
R3 9.5 ~10.0 11.0~12.0
R1 7.0 ~ 8.0 10.0~11.5
T4 R2 7.0 ~ 8.0 10.5~11.5
R3 7.0 ~ 8.0 10.5~11.5
P2
R1 6.5 ~ 8.0 10.0~11.0
T6 R2 7.0 ~ 8.0 10.5~11.5
R3 7.0 ~ 8.0 10.5~11.5

]

I:] Tensile strength
% 7] Yield strength

N
w«

o
©

Yield and tensile strength (kg/mm?)
w
[6,]

30
25
20 \
\
15
R] R4 R5 E1 E2 E3
TIG welding MIG welding

Fig. 8 Effects of filler metals on the tensile properties of
butt-joins without reinforcements in Al-Zn-Mg alloys

(PD).
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Table 3 Effects of filler metals on the bending proper-

ties of welds in Al-Zn-Mg alloys (PD).

. Bending properties of welds
Welding Filler F b
ace bendin, Root bendin
g;ocess- metals £ £
1.0t | 1.5¢ | 2.00 | 2.5¢ | 3.0t 1.0t 1.5¢ | 2.0t 2.5¢[ 3.0t
R1 © e ® [ J ® OO0 e 0@ |0
R2 O o [ [ J ® | O|Cle| e | @
TIG R3 O © [ ] [ ] ®  O|0O| ©0|e@ |9
R4 @] [ J [ ] [} ® O |OC o | o | &
RS O O ® [ ] @ O|0O|©0|@| @
El O O [ ] [ ] ®@ O] 0|0 | @ | @
MIG E2 @] O [ J o @ | O|O0O|©C |06 | e
E3 O @] O [ ] ® O |00 6| @
@® No cracking © Small cracking O Cracking
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Table 4 Effects of filler metals on Charpy impact values of MIG-welds in Al-Zn-Mg alloys (P1).

Fill Testing t(erél)peratures
Matarials 1er ° Marks Note
metals % 75 —196
6.5 8.1 14.6 A
Parent - 4.6 5.7 11.2 B Face of plate
metals 3.5 3.6 2.7 C .
2.6 2.3 1.9 D Side of plate
4.39 — 1.86 A
3.43 4.13 1.87 B Face of weld
El
3.67 — 1.26 c
3.35 3.20 1.32 D Through weld
3.55 — 1.21 A
Weld 3.02 2.93 0.73 B Face of weld
tal E2
metals 2.50 - 0.77 c
2.55 2.01 0.56 D Through weld
3.00 — 1.75 A
2.22 2.20 0.50 B Face of weld
E3
1.94 — 0.74 c
2.18 1.68 0.51 D Through weld
Rolli d' tion We]d Becd
olling direcnot B A C
A 7 4]
A L S
2 v/

Parent metals
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3
= 4
3
o 2
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S CMn @74 2
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i
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-
=
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Fig. 4 Effects of filler metals on the chemical compositions
of weld metals in Al-Zn-Mg alloys (P1).
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Fig. 5 Effect of welding conditions on Zn, Mg, Mn and Zr
contents in multi-passes deposited metals made on
99.8% Al plates.
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Fig. 6 Effects of filler metals on the weld-crack susceptibili-
ties of Al-Zn-Mg alloys.

Fig. 7 ¢ Slit-type restrained weld cracking test
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Fig. 7 Effects of filler metals on the weld-crack susceptibili-
ties of Al-Zn-Mg alloys.
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Fig. 8 Effects of filler metals on the weld-crack suscepti-
bilities of Al-Zn-Mg olloys
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Fig. 9 Effects of filler metals on the weld-crack susceptibili-
ties of Al-Zn-Mg alloys.
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Table 5 Results of cracking tests for structural components.
Materials Welding conditions Experimental results
. . Total
Parent | Filler cwuﬂ_‘ég}cg vo?t?ge W;’;gé‘ég T‘fg;gfld Numbers crack Crack Remarks
metal metals (A) ) (cm/min) (mm) of cracks l?nlngzg; perc(s/?)tage
280~300 28 ~ 30 30 650 0 0 0
El 280~300 28 ~ 30 40 650 0 0 0 Al-Mg (T1)
280~300 28 ~ 30 50 650 0 0 0
280~300 28 ~ 30 60 650 0 0 0
280~300 28 ~ 30 30 650 0 0 0
Pl 2 280~300 28 ~ 30 40 650 0 0 0 Al-Mg-Zn (Zt)
280~300 28 ~ 30 50 650 0 0 0
280~300 28 ~ 30 60 650 0 0 0
280~300 28 ~ 30 30 650 0 0 0
E3 280~300 28 ~ 30 40 650 0 0 0 Al-Zn-Mg (Zr)
280~300 28 ~ 30 50 650 1 30 4.6
280~300 28 ~ 30 60 650 7 220 33.8
s, REREOHBRAETRL - TEY, TODI

FORBEDS A & BB o TWA D Tika\Win & b b

CNHOENRROBRY BETAE, Ti 42HT5
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On the Weld-Cracking and Micro-Fissuring of
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Abstract

A study has been made of the effects of small amounts of additional elements on weld-
cracking in Al-Zn-Mg alloys, and on the effects of various factors on micro-fissuring in
welds.

In this paper, the metallurgical factors on weld-cracking and micro-fissuring and the
mechanism of their formations were discussed.

The addition of Zr was more effective for reducing the weld-cracking of Al-Zn-Mg
alloys than Ti or B, which was more effective for refining the structures of weld metal
than Zr. None of other additional elements such as Ag, Mn, Cr, Be, V and Mo were found
to be effective for reducing the weld-cracking. The addition of Cu increased the weld-
cracking. From these results, the prevention of weld-cracking depended not only on the re-
finement of the sfructure in weld metal but also on the other various metallurgical factors.

On the other hand, micro-fissuring due to eutectic-melting was observed frequently
in multi-pass welds of Al-Zn-Mg alloys. The amounts of micro-fisSuring generated was
increased with the heat-input to welds. Eutectic-melting occured at the grain-boundary
and sub-boundary of weld metal with the heat-input from the subsequent pass, and micro-
fissuring was generated in the region of eutectic-melting under weld stress, particularly at
the grain-boundary of weld metal. The formations of eutectic-melting and micro-fissuring
were influenced metallurgically by the boundary segregations of eutectic compositions
with low melting temperatures. In the case of micro-fissuring, however, the peculiar

characteristics of the grain-boundary itself also could not be neglected.

1. Introduction

In recent years, the weldable Al-Zn-Mg alloys
find increasing applications in welded structures,
with their excellent aging characteristics of welds.

However, Al-Zn-Mg alloys show the comparatively
high susceptibility to hot-cracking as Al-Cu, Al-Zn-
Mg-Cu and Al-Mg-Si alloys!:2.

Many investigations have been reported in detail
on the weld-cracking of Al-Zn-Mg alloys, particu-
larly on the effects of constitutions of parent and
filler metalsi-1D, In these studies, J. H. Dudas et al.D,
K. P. Mudrack® and otherst” showed that weld-
cracking of Al-Zn-Mg alloys was prevented by the
addition of Ti, Ti+B or Zr. An important conclusion

*  LLW. Doc. I1X-624-69, Annual Assembly in Kyoto of the
International Institute of Welding (1969)

#* Research Department, Sumitomo Light Metal Indust-
ries, Ltd.

#¥* Dr, eng., Research Department; Sumitomo Light Metal
Industries, Ltd.

from these studies!:3.9 is that the weld-cracking
is prevented by the grain refinement due to the
addition of these elements.

The authors, however, find some difficulty to
explain the mechanism of preventing the weld-
cracking due to the addition of refining elements.
It is considered necessary to develope the investi-
gations with more profound approaches.

On the other hand, it is scarcely possible to find
the reports on the phenomenon of micro-fissuring in
welds of Al-Zn-Mg alloys and its mechanism, which
problems should not be neglected. Therefore, more
detailed experimental researches on the mechanism
in the formation of micro-fissuring, which makes
the welds to be brittlel?, and its preventive measure
are required.

The purpose of this investigation is to make clear
the situation and mechanism of hot-cracking more
in detail, and further the metallurgical factors on
weld-cracking and micro-fissuring in welds of Al-
Zn-Mg alloys are discussed in this paper.
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2. Experimental Procedure

This investigation consists of two experiments.
At first, the experiments were carried out on the
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Fig. 1 Experimental procedures and size of specimens.
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effects of small amounts of additional elements to
parent and filler metals on weld-cracking of Al-Zn-
Mg alloys.

Susceptibility to weld-cracking was evaluated by
the tests of fish-bone weld cracking!®, bead-on-plate
weld cracking®, Tee-joint fillet weld cracking® and
cruciform fillet weld cracking!®. Fig.l shows the
shape and size of test specimens.

In the next, the experiments were carried out
on the effects of welding conditions, thickness of
parent metals, inter-layer temperatures and other
factors on the formation of micro-fissuring in multi-
pass welds of Al-Zn-Mg alloys.

Test pannels were made by TIG and MIG welding
processes with various conditions on 6-15mm thi-
ckness plates, and the structures of welds and their
mechanical properties were investigated.

Nominal compositions of the materials used in
this investigation are shown in Table 1.

3. Weld-Cracking of Al-Zn-Mg Alloys

The susceptibility to weld-cracking of Al-Zn-Mg
alloys is markedly influenced by the constitutions
of parent and filler metals.

Fig.2 shows the results en-the effects of additional
elements on weld-cracking obtained by fish-bone
weld cracking test with 2mm thickness sheets and
2.4mm dia. welding rods. The experimental results
shown are the average of .five specimens.

As is clearly shown in Fig.2, the addition of Zr
is most effective for reducing the weld-cracking of

Table 1 Nominal compositions of materials used in this investigation.

Chemical compositions (%)
Tests Materials Remarks
Zn Mg Other elements
4.5 1.5 Zr, Ti, Cu, Ag, Mn, Cr —
Parent
4.3 1.5 —
metals Zr, Ti, B, Be, V, Mo -
5.0 2.0 —
A
4.5 1.5 Zr, Ti, Cu, Ag, Mn, Cr —
Filler
4.3 1.5 —
metals 0 20 Zr, Ti, B, Be, V, Mo
Test 1 ’ i —
Parent 4.0 2.0 0.4% Mn —
metals 4.0 2.0 0.29 Zr, 0.3% Mn —
— 5.0 0.1% Ti, 0.1% Mn, 0.1% Cr R1, E1
B 2.0 4.0 0.2% Zr, 0.3% Mn R2, E2
Filler
4.0 2.0 0.2% Zr, 0.3% Mn R3S, E3
metals
2.0 4.0 0.4% Mn R4, E4
4.0 2.0 0.4% Mn RS, E5
4.0 2.0 0.29% Zr, 0.3% Mn —
Parent
5.0 2.0 0.2% Zr, 0.15% Ag —
metals
4.5 1.5 0.3% Mn —
Test 2 — — 5.0 0.1% Ti, 0.1% Mn, 0.1% Cr 5356
Filler 2.0 4.0 0.2% Zr, 0.3% Mn AlMgZn
metals 4.0 2.0 0.2% Zr, 0.3% Mn AlZnMg
4.5 1.5 0.3% Mn —
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Fig. 2 Effects of additional elements on weld-cracking

of Al-4.5%7Zn-1.5%Mg alloy. (Filler metal: Parent
metal filler) oo

Al-4.59%7Zn-1.5%Mg alloys, however, the addition of
Ti is inferior to that of Zr. Other elements such as
Ag, Mn and Cr have no appreciable effects, and Cu
increases the weld-cracking.

Furthermore, the experiments were carried out
on the effects of B, Be, V and Mo additions on

weld-cracking of Al-4.39 Zn-1.59% Mg and Al-5.09
Zn-2.095 Mg alloys not only by the test of fish-bone
cracking but also by the tests of bead-on-plate weld
cracking, Tee-joint fillet weld cracking and ring-cast
cracking. One of the authors, Fukui, reported the
details of these results in a previous paper®,

The experimental results obtained above are
summarized in Table 2, in connection with the
degree of refining in the structure of weld metals.

It is apparent from Table 2 that the addition of
Zr has remarkable effects for reducing the weld
cracking of Al-Zn-Mg alloys and that of Ti or B has
no appreciable effects, though these elements have
more grain refining ability than Zr. None of other
additional elements such as Cu, Ag, Mn, Cr, Be, V
and Mo are found to be effective for reducing the
weld-cracking.

On the contrary to the results mentioned above,
the addition of Ti or B is found to be more effective
for reducing the cracking than Zr, in ring-cast
cracking tests. Therefore, it is considered that the
results of weld-cracking tests are not always similar

Table 2 Summary of the results on the effects of additional elements on weld-cracking and

grain-refining of Al-Zn-Mg alloys.

Crack susceptibility
Additional Grain size
elements Fish-bone weld Bead-on-plate Tee-joint fillet Ring-cast n §1z
cracking test weld cracking test weld cracking test cracking test
none Large Large Large Large Coarse
c 0.2 Large — Large — Coarse
u 0.5 Very large — Very large — Coarse
A 0.2 © Large — Large — Coarse
g 0.5 Large — Large — Coarse
0.2 Large — Large — Coarse
Mn 0.5 Large — Large — Coarse
c 0.1 Large — Large — Coarse
T 0.2 Large — Large — Coarse
. 0.1 Fair Fair Fair Very small Fine
T 0.2 Small Small Small Very small Very fine
0.1 Fair Small Small Fair Fair
Zr 0.2 Very small Very small Very small Small Fine
B 0.02 ’ Small Fair Small Very small Very fine
Be 0.1 Large Large — Large Coarse
v 0.1 Large Large — Large ’ Coarse
Mo 0.1 ‘ Large Large — Large ‘ Coarse

none 0.1% Ti

0.2% Ti

01% Zr

0.2% Zr

0.02% B

Photo. 1 Macro-structures of welds made with parent matel filler in Al-45%Zn-1.5%Mg alloys with or

without additional elements.
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01% Zr

Photo. 2 Micro-structures of welds made

0.2% Ti

0.2% Zr

with parent metal filler in Al-4.5%Zn-1.5%Mg

alloys with or without additional elements (x100).

to those of ring-cast cracking tests.

An important conclusion from these results is
that the susceptibility to weld-cracking does not
always depend on the grain size, while the sus-
ceptibility to cast-cracking depends severely on the
grain size.

For the purpose of reference, macro- and micro-
structures of welds in Al-4.5%Zn-1.59;Mg alloys with
or without small amounts of additional elements are
shown in Photo. 1 and Photo. 2, respectively. The weld
metal containing Ti or B shows the more refined
structure than the weld metal containing Zr, while
the addition of Zr is considerably effective for
refining the structure in weld metal of Al-Zn-Mg
alloys.

Fig.3 indicates the comparison of susceptibility

70
Fish-bone weld . \Without filler metal
6O—crqcking test E=== Parent metal filler
— 1 5356 filler metal
E 50
=
=.40
o
5
— 30
PV
5
% H1[ |
. Il |

1100 5083 6067 2014  AlZnMg AlZnMg(Zr)

Various commercial aluminum alloys

Fig. 3 Comparison of susceptibilities to weld-cracking
of various commercial aluminum alloys.

to weld-cracking of various commercial aluminum
alloys. Al-Zn-Mg alloys show the high susceptibility
to weld-cracking as 2014(Al-Cu) and 6061 (AL-Mg-Si)
alloys. However, Al-Zn-Mg alloys containing small
amounts of Zr show the excellent weldability, and
their susceptibilities are almost equal to those of
1100 (AD) and 5083 (Al-Mg) alloys.

Next, the experiments on effects of filler metals
on weld-cracking were carried out on Al-49Zn-29
Mg alloys with or without 0.2%Zr. Filler metals
used were Al-Mg, Al-Mg-Zn and Al-Zn-Mg alloys
with or without 0.29Zr.

Fig.4 indicates the results of Tee-joint fillet weld-
cracking test by TIG welding process. As is clearly
shown in Fig4, susceptibility to weld-cracking
increases in the following order; Al-Mg filler <Al-
Mg-Zn (Mg >Zn) filler <Al-Zn-Mg (Zn>Mg) filler.
However, Al-Mg-Zn filler metal containing 0.29Zr
shows the same susceptibility as Ti-modified Al-Mg
filler metal.

The results of cruciform fillet weld cracking test
by MIG welding process are shown in Fig. 5, which
indicates the same tendency as the results of Tee-
joint fillet weld cracking test mentioned above.

It seems to be quite all right to consider that
the susceptibility to weld-cracking decreases with
increasing Mg content and also the addition of Zr
is effective to reduce the weld-cracking markedly.

1t is well-known that Al-Mg-Zn (Mg>Zn) filler
metal is more advantageous than Al-Mg filler metal
in point of strength in welded-joints, while Al-Zn-Mg
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Single-pass 2-pass

Photo. 4 Cross-sections of welds with single pass or
2 passes in Al-b%Zn-29% Mg alloy.

When single bead is deposited, eutectic-melting
and micro-fissuring are not observed at all. On 2-
pass welds, however, they are observed in the first
pass, but are not observed in the second pass. It is
obvious from these phenomena that eutectic-melting
occurres at the grain-boundary and sub-boundary of
multi-pass welds, subjected to the heat-input from
the subsequent pass, and micro-fissuring is gene
rated in the region of eutectic-melting at boundaries,
particularly at the grain boundary.

In a paper®, one of the authors, Fukui, made
clear the effects of welding conditions, thickness of
parent metals, inter-layer temperatures,compositions
of parent and filler metals, restraints, forced cooling
and others on micro-fissuring in welds of aluminum
alloys. Micro-fissuring was influenced remarkably
by these factors. One should note that the more
the heat-input to welds increases, the more the
eutectic-melting and micro-fissuring of welds are

40

35

30

25

20

Yield and tensile strength (kg/mm?)

15 Y Welding—R.T.X30days. —

—=-0BV-- Welding—>465C X 1hr.A.C.
120°C X 24hrs.

Elongation (%)

0 100 200 . 300
Inter-layer. temperature, ('C)

Fig. 6 Effects of inter-layer temperatures on the tensile
properties of MIG-welds made with Al-5%Mg filler
metal in Al-5%7Zn-29%Mg alloy.

observed. These phenomena are apt to be observed
in the case of high content of Zn-+Mg in Al-Zn-Mg

(C) Inter-layer

(B) 1st pass

(D) 2nd pass

Photo. 5 Micro-structures of welds with single-pass or 2-pass in Al-5%Zn-2%Mg alloy. (x100)
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Fig. 4 Effects of filler metals on weld-cracking of Al-4%
Zn-2%Mg alloys with or without 0.2% Zr.

(Zn>Mg) filler metal gives the highest strength!D,

From the above mentioned results, it is clear
that the use of Zr-modified Al-Mg-Zn filler metals
is desirable for welding of Al-Zn-Mg alloys in prac-
tical applications.

4. Micro-Fissuring in Welds
of Al-Zn-Mg Alloys

Eutectic-melting and micro-fissuring are observed
frequently in multi-pass welds of Al-Zn-Mg alloys.
In this experiment, the effects of various factors
on micro-fissuring in welds, and the sequence of
its formation were investigated.

230A, 22V, 40cm/min

Phote. 3 Micro-structures of 2-pass welds with or

175
]50_CFUCif0m‘ fillet Welding current 280~300A |
weld cracking test Arc voltage 25~28Y
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€128 MIG | weldi
£ e manual welding
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Fig. 5 Effects of filler metals on weld-cracking of Al-4%
Zn-2%Mg alloys with or without 0.2% Zr.

Photo.3 shows the typical micro-fissuring in 2-pass
MIG welds made with Al-49;Mg-29Zn filler metal
in Al-49,Zn-29,Mg alloy of 10mm thickness.

Micro-fissuring is observed mainly at the grain-
boundary and illustrates the discontinuous form,
while eutectic-melting is observed at the both of
grain-boundary and sub-boundary and illustrates
the semi-continuous form. Micro-fissuring is similar
to micro-cavity, as is shown in Photo. 3, and it is
influenced remarkablly by the heat-input.

In Photo.4 and Photo.5, macro- and micro-struc-
tures of single-pass and 2-pass welds in Al-5%Zn-
294Mg alloy are shown, respectively.

Weld metal

230A, 20V, 70cm/min

without eutectic-melting and micro-

fissuring in Al-4%Zn-2%Mg alloy. (x100)

— 5
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Not-etched

Etched

Photo. 6 Cross-sections of fractured part in welds made
with Al-5%Mg filler metal in Al-5%7Zn-2%Mg
alloy. (x100)

alloys, while the commercial Al-Zn-Mg alloys does
not show the stronger tendency to form them than
2014 or 7075 aluminum alloy.

Fig.6 shows the relation between the tensile pro-
perties of welded-joints and inter-layer temperatures
in 2-pass welds. Tensile properties of welds decrease
according to rising of inter-layer temperatures, since
the amounts of micro-fissuring generated increase.

Cross-sections of a fractured part are shown in
Photo.6. The brittle fracture in welds is observed
from these photographs. It is apparent that micro-
fissuring causes the welded-joints to be brittle.

In Photo.7, the effects of solution-heat-treatment

on micro-structures with eutectic-melting and micro-
fissuring are shown. It is considered from these
photographs that micro-fissuring should be distin-
guished from eutectic-melting in point of the ex-
istence of cavity, while micro-fissuring is connected
with eutectic-melting in the sequence of its forma-
tion.

From a practical point of view, it is important
to control the heat-input to welds for avoiding
micro-fissuring in welds of Al-Zn-Mg alloys.

5. Discussion

Hot-cracking in welds is influenced mainly by
the constitution, solidification rate and degree of
restraint.

It is revealed in the literature 181516 that alu-
minum alloys are more susceptible to hot-cracking
than cold-cracking. And they claimed that hot-
cracking occurred at the grain-boundary in the stage
of liquid film during freezing.

It is considered, therefore, that hot-cracking is
influenced metallurgically by the grain size, tem-
perature range of dendrite coherence, type and
amount of liquid available during freezing and
so on, while these factors are controlled by the
constitution and solidification rate mentioned above.
Restraint is concerned with the tensile stresses
that are easily introduced by shrinkage, joint ex-

Eutectic-melting

Micro-fissuring

As welded

P

Solution-heat-treated at 465°C

Photo. 7 Effects of solution-heat-treatment on micro-structures of 2-pass welds in Al-4%

Zn-2%Mg alloy. (x100)
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Normal structure

Q ¢

A

Micro- fissuring

Photo. 8 Comparison of micro-structures of welds with or without eutectic-melting, micro-
fissuring and weld-cracking in Al-Zn-Mg alloys. (x100)

pansion or externally applied loads.

Before commencing with main argument concern-
ing the mechanism of hot-cracking in welds, the
difference in structures of welds with or without
eutectic-melting, micro-fissuring or weld-cracking
should be made clarified.

Photo.8 indicates the micro-structures in welds
made with Al-Mg filler metals in Al-Zn-Mg alloys.
It is obvious from these photographs that eutectic-
melting, micro-fissuring and weld-cracking are
distinguished respectively in the points of presence
and form of cavity.

However, it is considered that these phenomena

>

EPMA

latensity of ZnKa end MgKe radiation

Fig. 7 Distributions of Zn and Mg in welds made with
parent metal filler in Al-4.59%Zn-1.5%Mg alloy.

can not be separated in mechanism because of the
similar behavior at the grain-boundary during
freezing.

Fig.7 shows the distributions of Zn and Mg in weld
metal made with parent metal filler in Al-4.5%Zn-
1.59,Mg alloy. From this figure, the remarkable
segregations of eutectic compositions are recog-
nized at boundaries.

Fig.8 and Table 3 illustrate the schematic models of
eutectic-melting, micro-fissuring and weld-cracking
and the sequence of their formations. Micro-fissuring
is generated on re-solidification of the partially
melted region, particularly at the grain-boundary.

The sequence of its formation are stated in the
following stages.

Stage I—Solid state with remarkable segregations
at boundaries, as is shown in Fig.7.

Stage II—Partial melting at boundaries due to the
heat-input from the subsequent pass. Liquid healing
possible if cracks form.

Stage III — Re-solidification of partially melted
zone. Healing of cracks impossible if accommodation
strain exceeded.

Stage IV — Solid state with cavity and segregation
of eutectic compositions at the boundary.

Eutectic-melting differs from micro-fissuring in
the situation at stage IV and their formations
depends on the magnitude of restraint and the
amounts of melted eutectic compositions.
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A)  Eutectic-melting

S S+L S
B)  Micro-fissuring
S S+L S

C)  Weld-cracking

Stage 1 Stage II

Stage I Stage ¥V

Fig. 8 Schematic models of sequence in formation of eutectic-melting, micro-fissuring
and weld-cracking in aluminum alloys.

. On the other hand, the sequence of weld-cracking
is stated in the following stages.

Stage I — Dendrites freely dispersed in ligquid.
No cracking.

Stage II — Interlocking of grains. Liquid healing
possible if cracks form. Accommodations not
important.

Stage III—Critical solidification range. No healing
of cracks possible if accommodation strain exceeded.

Stage IV — Solidification. Cracking.

This freezing process is illustrated in Fig.9, which
was proposed by Borland 1% and others!®,

It is apparent from these models that the behavior
in the process from stage II to stage IV of micro-
fissuring is similar to that of weld-cracking, except
for the difference of forms of cavity in the last stage.

As stated in the introduction, many arguments
1,8,15,16) have been presented on the mechanism of
hot-cracking in welds of aluminum alloys, and their

achievements have become a center of attractions.
However, there are many points to be clarified.

It should not be ignored the fact that the addi-
tion of Zr shows the more remarkable effects for
reducing the weld-cracking of Al-Zn-Mg alloy than
Ti or B, though the addition of Ti or B is more
effective for refining the structure than Zr. There-
fore, a new interpretation about the mechanism of
preventing the hot-cracking in welds of aluminum
alloys must be attempted.

As mentioned by one of the authors, Fukui, in
the previous paper®, it is considered that the
prevention of weld-cracking by the additional ele-
ments in Al-Zn-Mg alloys depends not only on the
refinement of the structure but also on the other
metallurgical factors such as formation of hydride,
change in the shape of liquid film and so on.

On the other hand, it is scarcely possible to find
the reports on mechanism of micro-fissuring in

Table 3 Sequence of formation of eutectic-melting, micro-fissuring and weld-cracking in aluminum alloys.

Defects in  welds
Stages
Eutectic-melting Micro-fissuring Weld-cracking
Solid Solid Liquid
Stage I Free dispersion
Segregation Segregation of dendrite
Solid +Liquid Solid+Liquid Solid +Liquid
Stage 11 Partial melting Partial melting Solidification
Healing Healing Healing
Solid+Liquid Solid+Liquid Solid+Liquid
Stage 111 . A Solidification Solidification
Solidification No healing No healing
Solid Solid Solid
Stage IV Segregation Segregation Segregation
No cavity Cavity Cracking




LLW. Doc. IX-624-69

a Stage 1

Stage 2
Stage 3

® d

2

S b

$ - el ¢

o

E

Q

2

Stage 4

a-c Coherent temperature

a-e Critical temperature

Hot cracking susceptibility

\

A ;]
Composition

Fig. 9 Borland’s theory of effect of constitutional
features on cracking susceptibility in binary
systems (Generalized theory)

welds. The details of mechanism of micro-fissuring
are not clear from the results of this experiment,
but the fact should be emphasized that micro-fis-
suring is generated preferentially at the grain-boun-
dary, though the segregation of eutectic compositions
with low melting temperatures at the grain-boundary
and their amounts are almost equal to those of
sub-boundary, as is shown in Fig. 7.

From these results, it is considered that micro-
fissuring depends not only on the segregations of
low melting constitutions at boundaries but also on
the peculiarity of the grain-boundary itself.l®

Details of the mechanism of weld-cracking and
micro-fissuring are the subject for the future study,
and lengthy and careful consideration should be
given to these settlements.

6. Summary

The results obtained were summarized as follows.

1). The addition of Zr had remarkable effects
for reducing the weld-cracking of Al-Zn-Mg alloys.
However, the addition of either Ti or B had no
appreciable effects, though these elements had more
grain refining ability for weld metals than Zr. None
of other additional elements such as Ag, Mn, Cr, Be,
V and Mo were found to be effective for reducing
the weld-cracking. The addition of Cu increased the
susceptibility to weld-cracking.

2). Susceptibility to weld-cracking increased in
the following order; Al-Mg filler <<Al-Mg-Zn (Mg>
Zn) filler<<Al-Zn-Mg (Zn>Mg) filler. However, Al-
Mg-Zn filler metal containing small amounts of Zr
showed the same susceptibility as Ti-modified Al-Mg
filler metal.

3). It was considered that the prevention of weld-
cracking depended not only on the grain refining
but also on the other metallurgical factors.

4). Micro-fissuring was observed frequently in
multi-pass welds. The formation of micro-fissuring
was influenced by welding conditions, pass numbers,
thickness of parent metal, inter-layer temperatures,
restraint, forced cooling, compositions of parent
and filler metals and so on.

5). Eutectic-melting occurred at the grain-boundary
or sub-boundary of weld metal, subjected to the
heat-input from the subsequent pass, and micro-
fissuring was generated in the region of eutectic-
melting at the grain-boundary under weld stress.
The more the heat-input to welds increased, the more
the micro-fissuring of welds were observed.

6). Micro-fissuring due to eutectic-melting was
influenced metallurgically by the boundary segre-
gations of eutectic compositions with low melting
temperatures. However, the peculiar characteristics
of the grain-boundary itself could not be neglected.
Sequence in the formation of micro-fissuring in alu-
minum alloys and its mechanism could be discussed
in connection with common weld-cracking.
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x5 AlLCuGSMRIOEE (19684£E, XKE7 VI —v 2288 @JIS#HlE
A A " 2 " 5 %) r o # R
B si | Fe | cu | Ma | Mg Cr Ni zZm | T & - =y
2011 0.40 0.7 5.0~6.0 - — _ - 0.30 _ 0.050 | 0.15 P
o4 | 0.50~12 | 0.7 3.9~5.0 | 0.40~1.2 | 0.20~0.8 | 0.10 - 0.2 0.15 0.0 | 0.15 =
2214 | 0.50~1.2 | 0.25 | 3.9~5.0 | 0.40~1.2 | 0.20~0.8 |  0.10 - 0.95 0.15 0.05 0.15 A
@017 0.8 0.7 3.5~4.5 | 0.40~1.0 |0.20~0.8 |  0.10 - 0.25 - 0.05 0.15 A
@217 0.8 0.7 2.2~3.0 | 0.20 | 0.20~0.50| 0.10 - 0.25 - 0.05 0.15 %
©2018 0.9 1.0 3.5~4.5 | 0.20 | 0.45~0.8 | 0.0 | 1.7~2.3 | 0.25 - 0.05 0.15 7
@2218 0.9 1.0 3.5~4.5 — | 12~18 | 010 | 1.7~2.3 | 0.2 - 0.05 0.15 R
2618 0.5 | 0.9~1.3 | 1.9~2.7 | 0.20~0.40 | 1.3~1.8 — | o.~12 — |o04~010| 0.5 0.15 %
2219 0.20 0.30 | 5.8~6.8 | 0.20~0.40| 0.02 — — 0.10 |0.02~0.10) 0.05% | 0.15 7
23190 0.20 0.30 5.8~6.8 0.30~0.8 0.02 — — 0.10 0.10~0.20 0.053>2) 0.15 7
2020 0.40 0.40 | 4.0~5.0 |0.20~0.40| 0.03 — - 0.95 0.10 0.0 | 0.15 7
2021 0.20 0.30 | 5.8~8.8 | 0.30~0.0 | 0.02 - — 0.0 |0.02~0.10| 0.05m7 0.5 7
82024 0.50 0.50 | 3.8~4.9 |0.40~1.2 | 1.2~1.8 | 0.10 - 0.95 - 0.05 0.15 A
@225 | 0.50~12 | 1.0 3.9~5.0 | 0.10~0.35 |  0.05 0.10 - 0.%5 0.15 0.05 0.15 %
1 Pb, Bi zh%h 0.20~0.6 O BEEEES

2) BEEEROBA Be<0.0008
3) V 0.05~0.15, Zr 0.10~0.25
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6) V 0.05~0.15, Zr 0.10~0.26, Cd 0.05~0.20, Sn 0.03~0.08
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£6 Y7V o msAE HREIES, RS ORE TV 2 v A8E L OB, WIEREEOHE
v ES = v A & &
t 7 Pl I
2011—T3 | 2011—T6 ] 6262—T9 | 2017—T4 | 2024—T4 l 5056—H38 ‘ 6061—T4
BRAOMETT ()
Bl keg/mm? 3 41 39 4 48 2.2 32 42 53
% 9 kg/mm? 20 1 36 28 33 35.2 28 29 49
woov % 16 12 8 22 19 15 17 18 13
SANS kg/mm? 2.5 2.5 24.6 26.7 28.8 22.5 21.1 23.9 38.7
®h#ms kg/mm? 12.7 12.7 9.1 12.7 1.1 15.5 9.8 - —
# 72 & Hb 500/10 90 100 115 105 120 100 95 116 —
Wif % kg/mm? 7,141 7,141 7,000 7,852 7,422 7,220 7,000 9,800 20,300
PEERYEE (FRRM)
BREME % IACS 39 45 44 34 30 29 43 2.5 14.3
ELSES pocm 4.4 3.8 3.9 5.1 5.8 - 4.0 — —
SRR 20—100°C x 10-¢ 23 23 23.5 2.5 23.2 24.3 23.5 20.5 1.7
™ B 2.82 2.82 2.72 2.79 2.77 2.64 2.70 8.50 —
WELEE °C 535643 | 535643 | 582640 | 535~640 | 502~638 | 568~638 | 582~649 899 1482~1538
T 201456, 202458E L F22195&MMHMOREMN 2o BGOSR TEE
&0 BHE 2o B & E = & (mm) W m & (cm?) Bl = (kg/mm?) | & #.(kg/mm?) M O (% 50mm)
o FRT FT 18.9 10.5 18
T4, T451 FT ~102 40.6 30.1 24
2014 T6, T651 ~12.4 ~120 4.8 4.8 12
12.5~18.7 ~150 51.8 7.6 12
18.81 ~150 52.5 48.3 12
18.8 150~192 52.5 48.3 1
(o) FC T 21.0 10.5 17
T4, T351 ~6.3 ~120 4.8 36.4 18
90 24 6.4~18.7 ~120 9.7 39.2 17
18.8~37.4 ~150 54.5 50.4 15
37500 L ~150 56.0 4.7 1
3755k 150~192 56.0 42.0 1
o FT 192 18.9 9.8 19
T351 ~12.4 ~120 32.2 21.7 30
22109 12.5~18.7 ~150 35.0 22.4 26
18.8~T5 ~150 35.0 22.4 26
T851 ~T5 ~150 4525 34.3 11

%;Ufhﬁg%m;%&:aﬂ%woLuiCum@%
L, E# Al-Cu RoEMmBRICEEY 52 5T0HRELT
b, %%AﬁT@]JM%VCdﬂﬁm§hfb&
%%@ﬁtot%%®%%fm ALM%QlM%&Hw
9%Li ¢, 500°CHEANS: 2 M O R IEF#) TH40kg /mm?2,

B35 Al-Mg ROXEEE EEDLWLEEELEL,
IO L QLAY =Y FIITNRRIFTH D L INT
%, 3003441k, #K3S 44 LT Al-Mn &40
RFEWMEETHHMN, BED3003ik, R4 ARG &L
THEMENT WD, ZOFFHOBEMC DT, FBfidhbo
WA LR THS £ bWbd M, o & LM

1mmxmh@ﬁmmﬁﬁ%~wmwmﬁﬁﬁ®%%%§ DB, 30035460 Ak, WIRMH, —&iEH
MEBNB, TVva7 TIREDAEDY v IR, KRBT B, BHBEERA L DEEALE V. RS
RUZE DI, hOBA7 V=Y 2K HBLENT BRI, D BWedic, BT, 7r-¥-

WHZEGER LT, BEOHSHOERR JURBREI
KEEZRBLTHDR, URBENESNOTEETNET
&)70) &. I/TL/\Z;)O

5. Al-Mn R&&

Al-Mn ROAESIIIERHMELZ <, MIHLREGT
B, M7=y 2ROLI00L D, BXBEFRW
FombnD, KETHI00L b ERIT L A% {FH
ENTWBE LI ThBH, 196FEEDKRE7 VI =y 2R
EEHFIN Al-Mn RO&&8% FI KL, 30024
&%, BELLEO—EBLLTT7 Va7 RHEFEL-E4T

6

BEER, ®H 7 A BRI S b Ak AR D D0h B,
Al-Mn ROBEOMECHED < 7% v v L IRIME R
BWThHY, BROSALIVEEME TV I=v L E4L
LCERIN TN S, 3004, 300550 & &1k-2 0 REFNA
BIThH B, 3003, 31064 &DRFH RO THOE
M AEE&EDOWH & EE LTRINCR L/

6. Al-Si RE&

Al-Si ROA&E, BE - e vELOEEE I
UMELUTHERELLEETH BN, 7 A ZOBETHERE
OBEERAEC W T, FEAKEBCRETHo s
b, —EOERINEREEE & L CTHMM & /2iEtkb 23
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R8 TNV LALEEOBEED1H
i P #  (kg/mm?) W e % (kg/mm?)
& & & &
HE-L IR E  # E. & Ak G 3I®Y E E i E | wal G
1100 6030 7000 266 5052 7070 7140 266
2020 7770 7980 204 6061 6930 7070 266
2024 7350 7490 280 7075 7210 7350 273
%9 Al-Mn £&MEIOBEE (19684, KE 7V I = A HEEE) @IS flE2
A. A. 1t 2 53 a2 (%) % /2] B 7o R
B 7 si | Pe ] Cu | Mn Mg | o | Ni | za Ti & ] # =
3002 0.08 0.10 0.15 | 0.10~0.25 | 0.06~0.20 — — 0.03 0.03 0.03 0.10 *
©3003 0.6 0.7 0.05~0.20 | 1.0~1.5 - -~ - 0.10 - 0.055 | 0.15 =
3203 0.6 0.7 0.06 1.0~1.5 - - — 0.10 -~ 0.050 | 0.15 &
3004 0.30 0.7 0.25 1.0~1.5 | 0.8~1.3 - — 0.25 - 0.059 | 0.5 7
3005 0.6 0.7 0.30 1.0~1.5 | 0.20~0.6 0.10 - 0.25 0.10 0.0 0.15 Py
3105 0.6 0.7 0.30 | 0.30~0.8 | 0.20~0.6 0.20 - 0.40 0.10 0.05 0.15 %

1) BEFIERERS L UMM BV 5354 Be<0.0008%

2) JIS wix Cu 0.20 BIF

R0 MEACERINBE 7V =Y 25EDORDORKE

DL T, RI2ZERFBH AT vy vy — b

i H (kg/mm?) R LA, Withd Bk Al-Si ROA48nEHRX
"
A o} HU H16 HI8 H34 H33 NTWD,

1100 3.5 119 14.0 15.4 _ —

3003 42 147 17.5 18.9 - — M A

3105 — 163 19.6 — — - 1. AI-Mg %&&

5005 4.2 154 7.5 19.6 14.0 18.9

5050 5.6 - — — 16.8 20.3 Al-Mg RO&4&1%, WEMRREFTHLZ &, BE

5052 9.1 — - - 21.7 25.9 ) -

EEHTEMTHELLE L DR DORENRLIENEZ L,

TR o T4 TS T6 T42

6061 5.6 147 — 28.0 — THITHEEES LW LR YOHBAIR L - T, BEBOBEX

6063 4.9 9.1 14.7 21.7 9.1 bi%b < s ifc%a)*iﬁﬁggl&kcbfzo VC\/\Z)O 2&%%&

FI11 Al-Si &&EIORE (1968FE, KE 7V = v sHRESR) @JISHE

A A i = o & %) £ o fa s
EER - - . =y
w7 si } Fe | Cu | Mo | Mg | Cr | i | Zn | T & | = -

4032 | 11.0~13.5 1.0 |0.50~1.3 — 0.8~1.3 0.0 | 0.50~1.3 0.25 — 0.05 0.15 B
®4043 4.5~6.0 0.8 0.30 0.05 0.05 - -~ 0.10 0.20 0.05% 0.15 =

43430 | 6.8~8.2 0.8 0.25 0.10 - — - 0.20 - 0.05 0.15 &

4543 5.0~7.0 0.5 0.10 0.05 | 0.10~0.40 | 0.0 — 0.10 0.10 0.05 0.15 B

4045 9.0~11.0 0.8 0.30 0.0 0.05 — — 0.10 0.20 9.05 0.15 B

4450 | 9.3~10.7 0.8 3.3~4.7 0.15 0.15 0.15 — 0.10 — 0.05 0.15 =

4245 9.3~10.7 0.8 0.30 0.07 0.07 0.07 - 9.3~10.7 — "0.05 0.15 P

4047 | 11.0~13.0 0.8 0.20 0.15 0.10 — — ‘ 0.20 1 — | o \ 0.15 %

D Ry AR 2) FEEERA Be<0.0008

oL ALBRCERINDZ LD, Bl ZDORE
SOEEAR U, 403213EHA Y A T+ Y IREREDO S
AE&THY, HETL VY 7nz vy VY OMEFKDO L X T
VAL Z DREEDFERNE N, 4043RDEEITHIED Z
LR BERAEREE LT, Al-Mg-Si 06063, 6061,
Al-Mn %D3004 &4/ X0 B B LI BEETLS
A, EER, BEAELERIT Y TSR, BERO
BEABTELNDT, Z0OX5RBEENI V- 2O
Cb X b s ORBCIBCEET A LEND D, 7t
B, TVIZADEET V-V Iy~ ERBRLT, K
WICERS TESEID L WEE&EEEAL, THIIZEIR
FOVBRIETHHAEEACIER-HNT v— v FEIE
OEEMADEM L LTOAETORETIEAL VERIN

DOEFHXRIZITIR LIz, Al-Mg 48R CEBESBN LD,

< 7 F VU AR IR, 1 BETEO BT B B
L2~ 3B HIBEDOFIEEDESE, IHITKERERAS&LL
TDI~5%DEDNRE B, ZOERFEDOEEIDONTEA

RI2 TVv—-T U SHOERE

san | GPeaE | BAEOSE | abEEE (%)
B ;| BETY
No.11 | 3008 433 | -9 ﬁfﬁ K 1 8
No.12 | 3003 4343 | J:968 iﬁ m 1 8
No.21 | 6os1 433 | J-090 ﬁﬁ Ko 10 8
No.2z | 6os1 4343 | -0 BT W 0 8
No. 23 | 6951 4045 | 0:090 iﬁ K8 10 8
No.24 | 6o51 4045 | §:09¢ ﬁ:ﬂﬁ L 10 ;
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#13 AL-Mg&€OREE (19685, KE7 LV = v AH2EE) @JISHE
A. A, . e e 124 2 %) * o 7 n 5
s % si Fe Cu | Man | Mg | oCr Ni | za | T & 5t =V
@505 0.40 0.7 0.20 0.20 | 0.50~1.1 | 0.1 _ 0.25 — 0.05 0.15
- 5205 0.15 0.7 lo.gs~0.10] 0.0 | 0.6~1.0 | 0.10 - 0.05 - 0.05 0.15
5007 0.008 0.008 0.008 0.001 |0.40~0.6 |  0.001 0.001 0.003 0.002 0.002 _ 99.35
5008 0.006 0.006 0.006 0.001 | 0.2~1.1 | 0.001 0.001 0.003 0.002 0.002 _ 98.85
5009 0.006 0.006 0.006 0.001 | 1.3~2.2 | 0.001 0.001 0.003 0.002 0.002 — 97.75
5010 0.40 0.2 0.5  10.10~0.20 | 0.20~0.5 | 0.15 - 0.30 0.10 0.05 0.15
X5012 0.08 0.10 0.10 0.05 | 1.5~2.1 - - 0.03 0.03 0.03 0.10
X5015 Si+Fe | 0.08 | 0.08~0.10 | 0.03~0.15 | 0.50~1.0 - - — 0.02 0.01 0.02
50390 | 0.10 0.40 0.03 | 0.30~0.05 | 8.3~4.3 | 0.10~0.20 | 24~32 | 010 0.0 | 0.10
5040 0.30 0.7 0.95 | 0.9~1.4 | 1.0~1.5 | 0.10~0.20 _ 0.22 — 0.05 0.15
5050 0.40 0.7 0.20 0.10 1.1~1.8 0.10 —_ 0.25 — 0.052> 0.15
5051 0.40 0.7 0.25 0.20 | 1.7~2.2 | 0.10 - 0.25 0.10 0.05 0.15
@505 Si+Fe | 0.5 0.10 0.10 | 2.2~2.8 |0.15~0.35 — 0.10 — 0.5 | 0.15
5252 0.08 | . 0.10 0.10 0.10 | 2.2~2.8 — — _ — 0.03 0.10
X5452 0.15 0.0 [0.02~0.10| 010 | 2.2~2.8 | 0.10 — 0.05 — 0.05 0.15
5652 Si+Fe | 0.40 0.04 0.01 | 2.2~2.8 | 0.150.35 — 0.10 — 0.0 | 0.15
5053 SiiFe | 0.03 | 0.03~0.10 | 0.03~0.10 | 3.1~3.9 — - - 0.02 0.01 0.02
@515 Si+Fe | 0.5 0.10 0.10 | 8.1~3.9 |0.15~0.35 - 0.20 0.20 0.5 | 0.5
5954 Si+Fe | 0.45 0.05 0.01 | 8.1~3.9 |0.15~0.35 - 0.20 0.05 0.050 | 0.15
5454 Si+Fe | 0.40 0.10 | 0.50~1.0 | 2.4~3.0 | 0.05~0.20 - 0.2 0.20 0.05 0.15
55540 | Si4Fe |  0.40 0.10 | 0.50~1.0 | 2.4~3.0 |0.05~0.20 — 0.5 | 0.05~0.20| 0.5 | 0.15
5155 0.30 0.7 0.25 | 0.20~0.6 | 3.55.0 |0.05~0.2 - 0.2 0.15 0.05 0.15
®5056 0.30 0.40 0.10 | 0.05~0.20 | 4.5~5.6 | 0.05~0.20 - 0.10 — 0.0 | 0.15
©5356 Si+Fe | 0.50 0.10 | 0.05~0.20 | 4.5~5.5 | 0.05~0.20 - 0.10 | 0.06~0.20| 0.05» | 0.15
5456 Si+Fe | 0.40 0.10 | 0.50~1.0 | 4.7~5.5 | 0.05~0.20 - 0.25 0.20 0.05 0.15
@55560 | SitFe | 0.40 0.0 | 0.50~1.0 | 4.7~5.5 |0.05~0.20 - 0.5 | 0.05~0.20 | 0.05 | 0.15
5957 0.08 0.10 0.10 0.08 | 0.20~0.6 _ - 0.03 - 0.02 0.05
5357 0.12 0.17 0.20 | 0.15~0.45 | 0.8~1.2 - - - - 0.05 0.15
5457 0.08 0.10 0.20 | 0.15~0.45 | 0.8~1.2 — - - — 0.03 0.10
5557 0.10 0.12 0.5 | 0.10~0.40 | 0.40~0.8 - - - — 0.03 0.10
5657 0.08 0.10 0.10 0.08 | 0.6~1.0 — - 0.03 - 0.02 0.05
X5180D | Si+PFe |  0.35 0.10  |0.20~0.7 | 35~45 | 0.10 ~ | 1.7~2.8 | 0.06~0.20| 0.05%®  0.15
5082 0.20 0.3 0.15 0.15 | 4.0~5.0 | 0.15 _ 0.2 0.10 0.05 0.15
5182 0.20 0.35 0.15 | 0.20~0.7 | 4.0~55 | 0.2 — 0.25 0.10 0.05 0.15
@5083 0.40 0.40 0.10 | 0.30~1.0 | 4.0~4.9 |0.05~0.25 - 0.25 0.15 0.05 0.15
@518 | 0.40 0.40 0.10 | 0.50~1.0 | 4.3~5.2 | 0.05~0.25 — 0.2 0.15 0.5 | 0.15
5066 0.40 0.50 0.0 {0.20~0.7 | 3.5~4.15 | 0.05~0.25 - 0.25 0.15 0.05 0.15

1 %A, TR
2) Be 0.0008 LT : HEEEEA
3) Zr 0.08~0.25

BERZINTED, 4&0EHL LTy Al-Mg RO4&
ERBEES N, I, ZEFCHEOEALEGLELT,
FEHBELEEBIT LI EMT XD, TNV I=V D
SerEdE A FIE T B, 99.85~99.999% BED b DAFEH
X, FREEED~ 7 F ¥y Y 22 BMLI DL ERS
nrmmkﬁ,%aw;zg%imﬁﬁﬁhémﬁofm
o tedd, KECRWT, BBERAODZ v — LAty XIR
T, MiEOLTHLEL FLMAEEDOHTLTNTWES
Wy =wak oLk Al-Mg &40 % INbiT
LiciioT, bETHARVSECERIND L5k
otz ZOX SHEIWTILY, RED® X AFlkR IV
MHEMEDR EDO7D, MEEEOSRALETAE 4 p BED
BERPTBNDH, ZOB, gInrAFOIHmT IV
1=y NEEBEOV R WTHRE, BEEIEFCINDGTT
EXRBEL, FEOXAZBEXYEL, BRMMCIOGREYE
THDT, GE&ETHEL U THRMETH ) OBBESY
BTAH~ 73y va, MR ENSRELDN, —BiCik

8

< 7% VY AR E BN L VDT, LAY
Al-Mg %o LR #FRINTWS, 5257, 5357,
54577 ¥5TMMTF 2 7 2ieo d D &, 52825 &tEE&E
Chich, KESEOHRBICE—DFNRRG LT o7
o, EEHEABEOYERT, Bl CHRAEO(LETE
KIMESCAFELI DL AR TETWD, TN
A& DOREMMBEMOEE 2 RIUTR U,

5005, 5050&4&1%, ~ 7% v v A HREOBMRTHRE
FIUT EER XA, T BIF R S b, EISTHS
SORERE, 7ok XISERNERR, B/ Fu
Wi EIEREIND Z EA3% N, S0524EX 53k L $52 S
A£& L LTHELEN, TORRELZKICHIzoTnb,

BERBER7VI =y 24848 LTIE, 5083% X 15086
T EMB BN, SRS &IMEEEEHME LT, TrIizy
LESEHRTIIEEDS NAETh D, HFEDOTNVI=Y A
BEOERI T HEMAOME > RISIRL 7z, RIGKZIX
5083-H321, 5454-H32 ¥s LUt 5456-H321 @ gk LO°
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E4 EHASORENEBREDT

& & | ® A G l & mm ‘ ® o ”
5257 O 9.1 3.5 27
5257 H25 14.0 11.2 14
5257 H28 16.8 15.4 5
5657 H25 16.1 14.0 12
5657 H28 19.6 16.8 7
5557 O 11.2 4.2 25
5557 H25 17.5 14.7 10
5557 H28 21.0 19.6 8
5457 (o] 13.3 4.9 24
5457 H25 18.9 16.1 10
5457 H28 21.7 21.0 [
5262 H25 24.5 18.2 12
5262 H28 28.7 24.5 7
X5053 H25 26.6 20.3 10

X5053 H28 31.5 27.3 8

—320°F (—196°C) kit % #HMO G/ T TO ENHR
FERRLES, WTINO48 HER TENMINEML T
¥, Al-Mg 24 0BETEA~OFHEDO KRN &K
5> T\Wh, BIETHE, BERINLES L THEDBBIEE
PEEBTOECSBNONEM, BEHOTELTE D
FRXTHNRERIN, bAETLHEDOATEOROEH
EREREAE LoD, ZOBBAROERAOFBET
HAN.P.G 2 v 7 0HEMEEIE b AELL-D0H B Z &IE
Bk L2 EThb, 508643 & LTS AvWbh
%o LOEE~ /F vy aHEN, BRICRTDEEN
LAE S, HHMITHERFLIZWET, ZORID LI
HURTYED D\ WEEEREE Al-Zn-Mg RE&&fkE R

XI5 FE7ILVIZYLEES (BT RIBEEM OREBIKT 3EBROEES

. 7 2 i 23d X 9,
& B X UHEM gﬁﬁﬁsgég—/z%r?@ Eﬁj—ﬂé}ggc@é?sgc) gﬁ~196°g—22(ﬁéé
1100—0 9.1 7.5 24.5 3.5 4.2 6.7 40 55 55
1100—H14 12.6 21.0 33.6 11.9 14.0 16.1 20 6 50
2014—T6 4.0 58.8 72.1 42.0 50.4 56.7 13 1 12
2024—T3 49.0 59.5 78.4 35.0 43.4 52.5 v 18 17
2219 T81 © 4.2 58.1 69.3 35.0 2.7 47.6 12 15 18
2219—T81 @ 29.4 39.9 4.3 17.5 21.0 23.1 5 4 4
2219—T81 4.3 51.5 55.3 28.0 30.8 38.5 5 7 6
2219—T87 7.6 59.5 69.3 39.2 46.9 51.1 12 14 17
3003—0 11.2 23.1 38.5 4.2 5.9 7.0 m 4 48
3003—H14 15.4 2.5 40.6 1.7 17.5 19.6 18 30 a
5083—0 29.4 41.3 56.0 147 16.8 18.2 25 36 32
5083—H321 © 32.2 50.8 61.6 23.1 27.3 28.7 16 27 29
5454—0 25.2 37.8 55.3 11.2 13.3 15.4 25 39 39
5454—H34 30.8 4“1 63.2 2.5 28.7 30.1 16 30 32
5456—0 31.5 43.4 56.0 16.1 18.2 19.6 20 32 25
5456—H321 35.7 47.6 62.3 25.9 30.1 33.6 16 27 22
6061—T6 31.5 4.3 53.2 28.0 32.9 37.8 17 22 27
6061—T6 ¢ 18.9 27.3 37.1 10.5 12.6 14.7 12 8 7
6061—T6 » 30.1 37.1 51.1 27.3 32.9 36.4 2 3 2
X7005—T53 42.0 57.4 67.9 37.1 4.8 48.3 15 16 18
7039—T61 42.0 53.9 - 64.4 35.0 42.0 46.2 14 n 18
7075—T6 58.1 71.4 81.2 51.1 63.4 68.6 1 9 8
7075—T73 51.1 64.4 74.2 4.1 50.4 54.6 13 1 14
7079—T6 54.6 64.4 75.6 47.6 56.0 72.0 u 12 9
7178—T6 61.6 74.2 85.4 54.6 65.8 75.6 11 5 4

a) FEBUEY DA SORERORRRIB BRI, BMMOTh e REL L, WHE X UCHTEEN OB X VELT 5o
b) 0.2% HAMOIET
c) FHEOEE, ik 2319
d) BmEek, mALSEd XL, T62, wimf 2319

e) —269°C G, Bl = 58.1 kg/mm?, W77 28 kg/mm?, fHU* 31%
£) —269°C T, BliE#a 54.6 kg/mm?, Ty 37.8 kg/mm?, {#U° 27%

g) WEOX¥, ik 4043
h) WG, AL, Bib ¥ LG 4043

F16 =EB I —-196°Cic i) 5 Al-MgRiaHaEE

HMouEmOENERS
. % n B & (kg/mm?)
% # | RAEOB®R = E ‘ —eC

105 108 108 106
5083—H321

B H *# 27.3  23.8 31.5 28.0

BER T o# 19.6 14.0 21.4 18.2
5454—FH32

8 # W 7.3 214 31.5 28.0

s T oW 203 14.0 25.2 21.0

wER g R* 7.0 — 12.6 —
5456—H321

B 7 29.4  25.2 32.9 28.7

mE® o 21.0  16.1 2.5 21.0

% mx* 7.7 — 10.5 —

R RIS RRE=12

ThAH,

S, 5082k Lt X 5182 It oW THETHENTE L,
ZDEENE, €-VEDT v THEUTHEINTE S
DT, COREENERINDETE, 5086-HI8 254 5
EBER I TR, X ITHED 5082457 BaFE
N, A ~FF~TYHEDEHET y THEAWDHND I BT
frolre BOETIE, 50828 L 0 4, XA 1 &L X5182
MEERLo2d 5,

8. Al-Mg-Si%&&

Al-Mg-Si R&&0d, BERBER 6T LrbiHE



a) T ORBES I REM

(128) EF R B € B ¥ W April 1969
®1T Al-Mg-Si 4&MEIOEE (19685F%, KE 7V 1 = v o BRER @ JIS HiE
A A ft *‘a: P P %) £ o b N
s % si | Fe | Cu | Ma | Mg | cr Ni Zn Ti & | =7
®5L0ID | 0.30~0.7 |  0.50 0.10 0.03 | 0.35~0.8 | 0.0 — 0.10 — 0.05» | 0.10 B
62019 | 0.50~0.9 0.50 0.10 0.03 0.6~0.9 | 0.03 - 0.10 0.10 0.050 | 0.10 7
@6003> | 0.35~1.0 | 0.6 0.10 0.8 0.8~1.5 | 0.35 —~ 0.20 0.10 0.05 0.15 #
6005 0.6~0.9 0.35 0.10 0.10 | 0.40~0.6 | 0.10 — 0.10 0.10 0.05 0.15 7%
6105 0.6~1.0 |  0.35 0.10 0.10 | 0.45~0.8 | 0.10 - 0.10 0.10 0.05 0.15 R
6011 0.6~1.2 1.0 0.40~0.9 0.8 0.8~1.2 |  0.30 0.20 1.5 0.20 0.05 0.15 *
6151 0.6~1.2 1.0 0.35 0.20 | 0.45~0.8 | 0.15~0.36 ~ 0.25 0.15 0.05 0.15 P
6351 0.7~1.3 |  0.60 0.10 | 0.40~0.8 | 0.40~0.8 - - 0.30 0.20 0.05 0.15 S
695 | 0.26~0.50 | 0.8 0.15~0.40 | 0.10 | 0.40~0.8 - - 0.20 - 0.05 0.15 7%
6053 6. 0.36 0.10 - 1.1~1.4 | 0.15~0.35 - 0.10 - 0.05 0.15 7
62535 6. 0.50 0.10 - 1.0~1.5 | 0.15~0.35 - 1.6~2.4 — 0.05 0.15 %
@661 | 0.40~0.8 | 0.7 0.15~0.40 | 0.15 | 0.8~1.2 |0.04~0.35 - 0.25 0.15 0.05 0.15 #®
6162 | 0.40~0.8 | 0.50 0.20 0.10 0.7~1.1 0.10 - 0.25 0.10 0.05 0.15 %
6262 | 0.40~0.8 0.7 0.15~0.40 |  0.15 0.8~1.2 | 0.04~0.14 - 0.25 0.15 0.05 | 0.1 i
@6063 | 0.20~0.6 | 0.3 0.10 0.10 | 0.45~0.9 0.10 - 0.10 0.10 0.05 0.15 %
6463 | 0.20~0.6 0.15 0.20 0.05 | 0.45~0.9 — - - - 0.05 0.15 %
6066 0.9~1.8 |  0.50 0.7~1.2 | 0.6~1.1 | 0.8~1.4 | 0.40 — 0.25 0.20 0.05 0.15 2
6076 1.0~1.7 | 0.5 | 0.15~0.40 | 0.46~1.0 | 0.50~1.2 | 0.10 - 0.25 0.15 0.05 0.15 7
D rRRVEY R~ 5) 5056 &&Aw KoK
2) B 0.06 max 6) Si & Mg B0 45~56 %
3) WUAAS 7) Pb, Bi #hEh 0.40~0.79%
4 04 A&abEROEH
WERRERELTHY, MEOREEY v ¥ 7 — 2 TR 16
HHMED X603 5 DFNTE L, BT ZDHREE
OEELTR UL, ZOREEOEELNIE DS, &0 1.4 /
4&EEATHCE, bbAHAMg+SIOBRTRSAD— 6070 6066
FETHHA, Mg BIV Si ORMEA MSi oM 37
%% M (balanced MgsSi) H5WEFDEEL VL Sip o (Excess silicon).
%\~ (excess Si) »HBH\iE Mg O%\~ (excess Mg) T ™ $351(0.6Mn) i ]%,\
L HBLTHBONEE V. K31k 17 TR LLAET, ® s ""6?;2‘250160'1 1)<° 63Cu) NS !
i . . . « onductor N
Mg % Hliic Si &G LTEb LThiz, KE7 V3 if edos| 4T >
_ A A = s ; 0.6 (B ductor) o 253(025C;
=y APEBFEOAAEDIZTEA LM, balanced MgeSi , :s]*gin AV o /6053(8250))
7, excess SIEHIRIC A - TWW5B Z & 3binDd, excess Si 04 | Eg-gggu))
. =~ . r
RO A 41— HILEE DM X 75 excess Mg © & 0 /gs]wgfgf, -
L DENTWD, 0.5] (0.27Cu
61013 L 062014 i, 7 ATEBH & LTHAISNT =
™ A = 0
WHEET, %%180 RUIcL ST, BAERES LEREE 0 02 04 06 08 10 12 12
KI8 7=y s TAEKOEBRNMEE L EREERE Mg & F & (%)
&d, BIUE el EE%E@E K3 Al-Mg-Si%é&& CRE7N: v AGEiEdEic X 3)
) | JEE B | 1S DYT ALY LB LT A ROBHE
EC—HI11 e 5.9 2.5 62 . -
EC_HI12 3125 77 s EELTED, ULrdHEERBENTHEODT, BETIK
;§f~§gg gg 2.8 WA 7 A E > TABRERAEINDCE ST WD,
.1~37. . 2.5 N
EC—HI12 3~25 8.4 5.6 60635 4:1%, ZAHED L5 cFDENI-IHMYE, BiEL
EC—H13 3~19 9.1 7.7 ) o~ 7 w el
BO_ 11 a5 1o s BREEOI-DEMBYy YEAWDNS, ZDX 57
S101—T6 Y 03 . 50 EBEMICRD L, HEMTHEA%ETS - L NBERE
6101—T61 3~24.9 14.0 10.5 57.0 L Bh, FHMENSEHRO TN A X I Esy
2537 4 12.6 7.7 .
37.5~50 10.5 5.6 (@] VC% D s —‘ﬂ’ikl HO &ﬂ;‘ﬁ & J: %ij’bflz\}:) %%%ﬁﬂﬂ?;}
6101—T63 3~12.5 18.9 15.4 56.0 p 0 z U -
610161 oo s > oo AT 5, HO B k of%ﬁitﬁiﬁiﬁf < B ER
6101—T8 3~12.5 20.3 7.5 56.0 Z/ID)b\'C&i B4« OERNRD DN, WARKD (Thol HBET
ity - w6 | us | am if, CORBEDEEMHTHD MgaSi MR HHL
6063-—T6 - 20 | s 530 THH L TWAEBA, BRICHTAEREINBLELS

Too TWD Z LD, SEERICHREIERE I Tz MgeSi
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HTCELETE— BTN I 2 EREE L 70
W

DETIX 6061 && X bmeE Ao EE )
s, SKETCE R b B S & UTHER
TNTW5BH, 6061 Td#HE, 7V 3= o EEHM

5 I(kg/mm?)
o
o
I

Sl 5|5k &
EUTRARRT LS, b ) ERMEEo®R  © L[] & n
TEETHMET, AL BFLEEcBETs 2 oo UL Ll #nms
R, EEMEB083R DA LI LT B o,

BEQ &5 ICHEBEC LA BANTERERD LR e e 280 & B R e
REE L LCOREE R <, BEREINTA S 3 38 23z & & Fp pb
BT, WA L ORI O SR 1350835 - ® %% $8% & & 8K RR
DEEIMERENDIBANE E4 Fe7uizo &SI OMBELLE
62624 41%, BT VI =y add s LTHES N

LT, BED2011441%, Al-Cu ~— 2 Chb I

BVEDTE CRRCHIENR D - 773, 62624413 Al-Mg-Si .

R AT BT, £ OMEMIZ011A & kil URIFT, 10

M AERME L5 X 5 afarEs: LTREWDIS, o

9. Al-Zn %44 S

AlZn Roasi, brETEEN ESD OAKT, . oy e :
Al-Zn-Mg-Cu 0 U2 MZEfio ZEHH & LT « Wls¥ersl o1z
HRHINTAA, BED Al-Zn-Mg-Cu R KEMiIC «, 8 22;;17 *24
FEAZEITED B\, 172 HE &< OMTHRN DB o S 19 1

T, AEERT Y, FBARAECREWTY, 2k VEL ‘ o2

LCn5Z L3 ERTHD, RINT Al-Zn REEOEH 1 .

BRI, COREEE, RERATSE, 1015847 ’ ) e rie
DEHEEDEN, ErEENEL  CBETOENORIL, — 5 — 2
BERORYEORER FAEE UBEREY, 50 Mg & F & (%)

CH X OMCESE BN B IEEM D=2 44 2 & 5 SEIcs 5 REEER Al-Zn-Mg =440 Mg
INT&E D, Y ZnDEEE

FTRIEFEC - TWABREREM T OWTE, 7T
CREADBENRSDHDTC, SERFEOLEL LMD I A,
IDERAEDOEFELETHH~ 72 vy B LOHERET 50 —
PUENREELSS X Ot & 5 T, FEC KT 2B EREM E=n
#E 5 iR T, RINCR UIKE 7 v I = 2 aBSe B
ENfzadehicly, Zr ZRML7cdONRB ML Tnhb,
FOBMA & L THEEOBROENFILOMENREZ B D,
BEOKEOEINT, BASBIEET 2B, BB
W THRAEBENE , Al-Zn-Mg RE&&0 BED &b
ﬁﬁ%hm%ﬁt@%ﬁ&éoa<m%$m%%®%m
o Mg &7C, KE7 V2 7o T, Mg2 %Ll E
TEINERA2EDS U, 703984 B\TiE, Mg28% ek
BEME L LTW5D, £ ZAN, Mg BE4EMIE52 213,
BEENOE CEIEFERSRZ 5N Th, BMEMNTE S\

EIFEE

(mm)

Hings

BEMTHEAYSEIES & b, IEHBAZINOERY 07700 5052 5083 6061 AlZaMg AlZnMgZr
BINXELZ &M, BTFLLRFLRNZRL, ZOX TN GO
FREIERTA L, Mg BRI, PLTHMT ®6 KE7NI= Yy AGEOREHNERZED L
PR X THEEbIT, BEENCELUTCHIER EMED ‘ (Fish-bone cracking test iz & 3)



(130) E R & 2 B & & April 1969
F®19 Al-ZngetRlOEE (196848, KB 7 Vi = v 2HxER @JISHIE

N t # = P % o | 5.

w7 si | Pe | ca | Mo | Mg | o | N | zm | m & | =V
7001 0.35 040 | 1.6~2.8 | 0.20 | 2.6~3.4 |0.18~0.35 — | 6.8~8.0 | 0.20 0.05 0.15 P
7004 0.25 0.35 0.05 | 0.20~0.7 | 1.0~2.0 | 0.0 — | 3.8~46 | 0.05 0.06» | 0.15 %
7104 0.25 0.40 0.03 — | 0.50~0.9 _ — | 3.0~44 | 0.10 0.05 0.15 #
70052> 0.35 0.40 0.10 | 0.20~0.7 | 1.0~1.8 | 0.06~0.20 — | 4.0~5.0 | 0.00~0.06| 0.05» | 0.15 P
7007 0.40 | Sit+Fe 0.25 0.40 | 1.4~2.2 | 0.05~0.%5 — | 6.0~7.0 | 0.01~0.06 | 0.5 | 0.15 7
7039 0.30 0.40 0.10 | 0.10~0.40 | 2.3~3.3 | 0.15~0.25 — | 3545 | o010 0.05 0.15 7

o | 07 Si+Fe 0.10 0.10 0.10 — — | 0813 — 0.05 0.15 7
72 0.25 0.6 0.05 0.05 | 0.9~1.5 — — | 1.3-19 — 0.05 0.15 I

@75 0.40 0.50 | 1.2~2.0 | 0.30 | 2.1~2.9 |0.18~0.35 — | 5161 0.2 0.05 0.15 A
7175 0.15 0.20 | 1.2~2.0 | 0.0 | 2.1~2.9 |0.18~0.30 — | 51~61 | o010 0.05 0.15 R
7076 0.40 0.6 |0.30~1.0 |0.30~0.8 | 1.2~2.0 — — | 7r0~80 | 0.2 0.05 0.15 7
7277 0.50 0.7 0.8~1.7 — | 1.7~2.3 | 0.18~0.35 — | 8.7~43 | 0.0 0.05 0.15 7
778 0.40 050 | 1.6~2.4 | 0.30 | 2.4~3.1 |0.18~0.35 — | 63~7.3 | 0.2 0.05 0.15 Py
7079 0.30 0.40 | 0.40~0.8 |0.10~0.30 | 2.9~8.7 | 0.10~0.25 — | 3848 | 0.0 0.05 0.15 %
7179 0.15 0.20 | 0.40~0.8 | 0.10~0.30 | 2.9~3.7 | 0.10~0.25 — | 38~48 | 0.10 0.05 0.15 P
7080 0.30 0.40 | 0.50~1.5 | 0.10~0.7 | 1.5~3.0 | 0.12 — | 5.0~70 | 0.2 0.05 0.15 #

D Zr 0.10~0.20 ) mEpH 3) Zr 0.08~0.20 &) Zr 0.05~0.25

5) 3003, 3004, 5050, 5156, 6061, 7075, 7178 &-&dr> WA DK

MWL D TAROBEMABE L BND, ZOX 5 EHICE

BT HIMMICED—DIC, Zr ODIRMEEF TS D, EH
5k, ZOEEDWTEAEREITR-oTHWHN, Z0OH

MBI, ZEDOF ~ FEDOWT I THE, K6 IRRE
& (Al-Zn-Mg) i Zr 2FMLzs 0k Lt o,
%iﬁlwm5%1§%&6%1®%%%ﬂ@ﬁ%FEb
bone-cracking test i X o CTEHER LIiGR TH B8,
Zr #HMLU T Al-Zn-Mg RA&4216061 FH24 0|

NERAR LD L, Zr MU #ECik, Eh
EEES083D ZIEW xR LT Wb, BB, HE

- 12mm BEOCEREC A LT, T R IWHDWE+=xH
z W7 ¥ OEEFEC L o TENLHRE LR, K7
LﬁLtF%%xto_®%u,ﬂ~ﬁﬁ®ﬂﬂ@ﬁﬂ
%@ﬁ@ﬁﬁm£ofikof%b,~ﬁmm%ﬁﬁm
53567 K DB~ 7' F v v A ROEEB A WD R B
AT B fe s

DEW, ZOREEDOEBERFEONTETSNT
BT H, Al-Zn-MgR& & h OB M7V I = &
B&EI L BT, BRFEENELDTIEL, ZOBRRE
MO B ARXIWDT, BECMAENE, BHARZER X
O ZDBEOEFE 4 DT <N/ GRER0 Bilb,
Al-Zn-Mg F#4&OBEHLAEREE, Al-Cu-Mg %
XU Al-Mg-Si REE&0 Nt 480~500°C [ ETh 5
DL, & xiE Al-4.8%Zn-1.4%Mg #4&E&TiT,
#1300°C CEMFEAZ LU E D, 350°C ClRiIFRar Bl
MBEND X 5T DEC OISR TH B, N E—D8h
B BT DR E UT, RREETTANENREL,
mmznd%x@xﬁ%%<,bkﬂof%%mm@ﬁﬁ
B OBHEEIE S, fok 2ITERBRET LKA DB
LITIEAREOME(LEE N 2> Tnb, LL, <7
v LRSBENEL, Cr, Mn, %5\t Cu 7 ¥R
MEND EFEAMENEL Y, AEDOEAME ClriivuE

E R BRI COBRAENME L RD L RiE D, K8
K:,E®§§éﬁ®ﬁ%&®%ém%;&?ﬁﬂﬁﬁw
BEER U, M=TTa4 T, %M 15°C/min % ¢
1, REIBROMIITEA EENRRD BN, DL ED X
5 7eEEH, D, Al-Cu-Mg RdH 5\ ik Al-Mg-Sik 04
& TR EDOROBEEN, BREHSEE R THNLLD
LT, BRELOBAITE, B LLBARE L2
LY, EBEEOBROHBEIIC L - ThaLH %
BIEL, 1~37 A OZRREEBC L - UTHH L AR
ERECEETIhITTH D, LichsT, ERFEZE/L
B 52 BTLEAYEZEB LTS DRV, ZhE
TOFRIE L% &, ERFRZEAEZEETHTELLT,
Si, Ge XU Sn iEnRmbnTHkY, Cr, Mn &k
O Zr 7 EEESN M CCZIR DR ZWEETCHRIL, I8
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= l 1 o | 120°C 48 B, FpshiRfbassg
_ S 170
gy
Z — |
]l & 3
0 A % é wL 7777 160 - -
150 T
U O None
400 - remn [ LsoHec 001a% :
= EaREIN T OCr0.03at%
E % — - & 130 [-{@Cr0.05a1%
U i 2 @Cr 0.1 at%
% 200 » | 02 at?
< 7 120 [ { @G 02 % T 1 1
B ~ ~ .
|
70 | !
—1 @__ J )
AlZnMg AMgZn  AlZnMgZr  AiMgZnZr 5356 . 40 AN 2
ERRNOFER
50
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& D0HEH B 2l 3[5@52 E} jjz 1 . o3 § P gz P (@;@1@: Jome s)-@f?; ¥ OEm o odh
(kg/mm?)| (kg/mm?)| (%) (kg/mm?) g-m/cm?) it RS FEOEE
Al-Zn-Mg T 4 34 25 17 7,100 94 5.8 14 10.7 10.1
T 6 39 35 15 7,100 118 5.2 15 10.7 10.3
Al-Zn-Mg-Zr T 4 39 27 15 7,200 90 6.6 16 15.1 1.7
T6 43 37 12 7,210 130 5.1 17 17.6 13.4
Al-Zn-Mg-Zr-Ag T 4 42 32 25 7,120 105 5.0 16 14.0 11.0
[ T6 29 44 14 7,180 130 2.5 17 14.5 10.0
W 4 mm E, EER (@ 20 mme ITHME, U/ » 7 (3 26 mme MR @ 4 mm &, FER ® 4600 =AY~k
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= - w m ko
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mm
Go.z ’ I [ Go.z 23 3 o2 ’ G 5 | Gouz | | 5 | oz ’ 3 5 Co.2 3 [
* (%) * * %> * * (%) * %) * * %) * * %>
2 |T4| & | 21,4 | 36.1 | 15 | 21.9 | 36.8 | 15 | 24.4 | 37.8 | 14 | 26.0 | 38.5 | 14 | 27.0 | 40.5 | 15 | 27.7 | 40.6 | 14
TIG T6| % | 209 | 35.1 | 15 | 21.6 | 35.2 | 15 | 23.8 | 37.4 | 14 | 25.1 | 88.0 | 15 | 26.3 | 38.5 | 14 | 27.4 | 39.0 | 14
Ta| | 204|300 | 14 ) 224|364 |15 | 228 35|12 2.1|3.5 138|248/ 3.1 | 13| 26.0 | 385 | 13
4 @ | 19.0 | 819 | 10| 20.9 | 34.9 | 11 | 21.6 | 82.4 | 11 | 28.5 | 35.5 | 12 | 22.1 | 85.2 | 11 | 25.1 | 36.7 | 10
MIG | | # | 20.2 | 347 | 14 | 21.8 | 85.3 | 14 | 22.2 | 35.3 | 13 | 242 | 36.8 | 13 | 24.8 | 38.0 | 18 | 25.7 | 38.4 | 12
g | 19.0 | 31.8 | 11 | 207 | 34.2 | 10 | 21.4 | 32.0 | 10 | 28.3 | 35.2 | 11 | 22.7 | 34.3 | 10 | 24.8 | 36.5 | 11
pa| A | 198 | 346 | 13 | 2.8 | 36.0 | 14 | 22.8 | 358 | 13 | 23.9 | 37.1 | 12 | 24.6 | 365 | 13 | 25.6 | 38.2 | 13
13 4 | 18.8 | 31.6 | 10  21.2 | 35.4 | 10 | 21.4 | 32.1 | 10 | 22.8 | 34.5 | 10 | 22.8 | 34.3 | 11 | 24.8 | 36.2 | 11
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S T 5 6 9 9 7 7
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i) i 1 2 3 4 e e
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= i v
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ERRA OTIT844, 107548 LT3 SNk Es AL s
. e s &
HaSoTED, & IEHREAEIER O BE IR XAPOOI® XAPO05® | 25.9 22.4 | 18.9 154 | 12 9
THDB T ENBEINT D, XAPO02> SAP920® | 25.2 217 | 147 12.6 12 8
. . XAP0044 SAP865© | 37.8 32.9 | 26.6 22.8 5 2
BT, iR 7 v 3 = v n OELERTE S Btk % 204.4°C
4 & O - , . i XAPO0I® XAPO0S® | 16.1 15.4 | 13.3 11.9 29
B U« OB 7 L\@ﬁ%ﬁkﬁﬁgnfh XAP002® SAP920® | 15.4 126 | 11.9 0.1 125
X181k, #MER(b7 v I =y & &—ﬂ‘i%ﬁ?z)ﬂ/ =9 LD XAP004O SAPSSS® | 23.8 217 | 20.3 17.5 2 2
. - ) 15.6°C
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C 0.40 0.19 0.39 0.40 XAP0029 SAP920% 4.2 2.8 5.5 2.1 4 3
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NTW5B, ZhbOFTE#$EAEE IDCNA (Insulation
Distributor Contractors National Association) 7 &
T, ZRARbNS,

S A NGB & U CHERT A8, X055
7o DREBALLEETEN, TP 7y MEEONE
mEAWTIENTERSEIY T HIvE ORFETH D,
ECHMEROBL LY F7~7 CRAFERES &H
WTERATHABETH 5D,

2. BEFE AHREICKETIA

Ty PR ICHBROSNE R Photo. 1 &, &
EMDOiLREA Table 1 e FhiRd,

Photo. 1 71T x4 v ML UNEBR
Table 1 712 v 47 o FBIONBROREM

& % # R HE(mm) i R
FAFxry b | AIR1-1/,H 0.20, 0.25 | 81,000(mm) =4~
Ml s ¥ AlR3—1/,H 0.40 rpE{?gxmifztiZOmm
B| v - n 2 »
B ¥ 7| AIRI—O 0.20 #00% 713.150(mm)

* PEfI44FE 1 A24BE TR 7V T 2 0 AEBERAR (REFIT
&
** BIFEER

® OB O O# % x x FY

21 P edy b

TV oy bk Figs 1 R $TEHECRAT NI Uz
LDC, BELE (EROEX) vk l4mm, (L#iiE 5210
[800mm, AT L 5 T EBHTRDE S HEODIX
EEIRIFUGTHD, 7TVY v 7y FAE Im, X
50m & LT, HE 0.20mm O & % 30kg, 0.25mm D& X
37.5kg O a2 VIRTERAAE LTV S,

2.2 v R

Ny FEEERCEMT 7 v r vy P EREETHD
TRV, BAEI0mmF 7213 20mmd 7 — 7R B Uiz
LT, HE 43kg (EX400m) F/zik 8.6kg (&x400
m) OIANVTH D,

2.3 ¥ —

e ViR Ry FRERETEDD DT, 7 vEHS
Th%,

2:4 Ry FF—"

VT EE AT B & D¢, E@o0mm (NMEERD
L 150mm CAERER) OB 7Y 7 v P ChbH, 2
A v DHEEATIFE S 1.3kg (EX50m), #HFik 3.9kg (&
E50m) %FHEL T 5,

25 I @

Photo. 2~3 1 XK NWEREFRC KT HES - BHOK I
%77, Photo. 4 |XEE ¥4, Photo. 5 X EHEFh
FNHT LT ARIEER T
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WA e —n

2 o—n

Photo. 3 KNRBHRENRERBI B 7MY v ¥ v MELH

3. &

M7=y 0L OAEEDELE, BNl&E,
BRE LW BT OWTIIRAOHEETH B, BT
V3= M I - BOREENE , EHEEOVAE W E
WA ENLWEE R D, RS OWMEEN & L CHERX
N5HEXEHEOBBNZ ENERE Y, REBHDLZ
W, BHEHEERO/NI NS ENER B, TV xry b
RENBDOEBERENLIHERTD 5.

3-1 HMIEOIER

A FERTHESTRRD X 5 CREMALBE L T
50T, ESOBATRRCITEBTEZD S ODHE{LEESN
ChBEE T, SN LTT7 VY vy MEIRED
BRNDABATOBSCHELTELONRAEREETS
BHo LD EDIERXHBKTHELRDL DD, TE
BIIAEEDOIRPBELRHIC L o TELLEDLSHLDTH
Bh, MEBTESMRNTROKM L > TEHL—F]
BIHRANE D,

G

Phot. 4 EEMICKIIZ 7 NT v & » FOET

Photo. 5 BT IT AN K7 —TDHEL

Wt SVERD 400mme, & E b g O\ S REE T, Y
XO6'HE (917mm x 1,829mm) 1 ¥4 h DTHEEEZRD D &,
B I gD B4k Table 2, 7Y 5 v O FIk
Table 3D X HC/eb, Thbb, THERITV vy
FOHRNL BART B, EBNEWH T ELHEF
TN WERIBRWORAZTH D,

Table 2 45 — @ik ¥ X6 —HWHI2 b ODLTHE

. . A B A+B

B mm) | ok o) g et/ | ceR e
0.3 (330) 917 1,829 325 710 1,035
0.4 (428) 7 410 7 1,120

Table 3. 7L v & v I XE—H DTz b ODLHE

ABRR P/ |p e ATB
WE (om) | I (mm) ‘sl T T T (R
I | R e (/%0
0.20 1,000< 1,670 485 32 450 967
0.25 7 602 56 7 1,108
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32 ZzotholEE

V7N 7y MEERDONWTWE DB LU 4
BB\ LieRo THTHROABENREL WL E LR
HEFTZLOCERNEETH D,

QEEBOME TIIRES B EE, BEC b LTES
CTCED, 7o12 L, ¥ F7— 71X E O & 2icid
TDEEFREN LD TR 7 v AEE Licdh D BE
HRWCERFTH Y, MEZERTH 5,

(WD TNES T B, Photo. 6 w—plam7,

Wik, KB OWTIEL, 13EA FMBERRWA, B
BRERRDD EXWET 3 -2 v~ V(ART7 AR D
EOWEY — U Y IHOMANEE L,

4. © ¢ U

TV x 7y P OEER, B, BEREOELSELE L
Wico HIE, KHFER, AMILETS, —HRIBOESR
g 5 OMEBE M I BER W 22 XA B LT %
DT, ZOBWKRCKEEDTDLIEWTH S,

Photo. 6 s & RO L
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TR =T AEERMMOUIRENRE (£02)

MW OB A
| o

pi

ErxE«RBELEKRRX S H



—

Ty AFERMMOUIRENKE (FD2)

1) 5454-F HKU -0 &

g1 = {t ¥ i yiy
1 £ 2 % %)
* =8
Mg Mn cr si j Fe Cu Zn Ti Al
1 QQ—A—200/6C 2.4~3.0 | 0.50~1.0 | 0.05~0.20 <0.40 <0.10 <0.25 <0.20 7
5454
’ Fis L 0:0% 2.79 0.81 0.11 0.06 0.05 " B 0.03 0.01 %
£ 2 X B OMm O m H "
] W A 2 A S e & 0
o " : o4 | : 9 JIS 383
# (mme) W 71 | BlEma | AEmE | WO r (mysv=r L 7]
(kg/mm?)| (kg/mm?)| (kg/mm?)| (%) (%) <10/500/30><Fm~/v> (kg-m/cm?)
5454-F M, 20 Gf oW oo o %) 14.2 28.5 - 21 — 57 61 14.6
. ] (>8.4 (>21.8 (— (>14 (— (— (=) (=)
5454-0 Hhif, 17 350°C x1h Zeny 9.4) 26.1) o 32> - 54) 56 13.1
) RErF JIS Z 2201, 4 5REBRA. 2) HBRA LT3, 3 () PEkEESEK QQ-A-200/6C OB E T T,
g 3 X WIRENFERE I & T EIRARE
DREDAS TAREIK F # ° #
P EhigEY (kg/mm?) w Rk R B B EHIRED (kg/mm?) W R KRB B
(mm) o 105@ | 100m | 107m | 105@ | 100@ | 107m | 105m , 0ome | 107m | 10em | 108m | 107m
- 1% 19.9 15.4 13.3 1 1 1 18.1 13.6 12.8 1 1 1
1.25 1.89 14.0 10.0 9.6 1.42 1.54 1.39 12.5 9.8 9.2 1.45 1.39 | 1.39
0.3 3.00 10.3 7.7 6.3 1.93 2.00 2.11 9.5 6.9 5.8 1.01 1.97 | 2.21
1) ANEFREEdENERE (1,700 rpm) K X 3,
2) 10 mm¢ BHERRA (FR3 D HE,
3) FAABROKFRHS (D=12.5mm¢, d=10mme¢, t=1.25mm, EEID% %),
9 60°-VEIEREIKARE (FE.
20 2
S T 0 []
=1
18 L 18 ag =1
<l /
=16 =16
£ NS £ \\<
< 14 oo S 14 4 P
= s & F\ﬁﬁ“
R 12 S % =138 R 12| P H—— &
\*A ™ 2 =18
. N N N ™~ k=1
. 1071% N D I 10 N 1l I~ N
2 \\w\ g 2 \ -A_________T
8 | 8 N
\V\ 7\\\# . -
LU I
6 @y =3.0 T e= 6 1] — L
L c2 =30 i
4 4 L L]
10t 10° 10¢ 107 5x107 10 108 10° 107 5%107
# LS [a # & B [ #
1% b5454-F #md S-N ghsg B 2B 5454-0 oD S-N fhig
‘ (AN
(R4 4 ) EEXBEETE T HEKRKX 3 v S
- |




B 4 X 1t = % va
" x it 5 B & %)
Mg Mn Cr si | Fe Cu Zn Ti Al
l QQ-A-200/7C 4.7~55 | 0.50~1.0 | 0.05~0.20 <0700 <0.10 <0.25 <0.20 %
5456 =
l Fi L 0508 5.17 0.62 ) 0.11 0.09 . 0.13 0.10 0.03 0.02 7
B 5 X BOm M % B
R I e~
g m EEPERY . o4 om 3l ® & H Y » 2 m g
# (mme) | 7| JEEE TEwEE R U | B0 RN BT e gis 857,
(kg/mm?)| (kg/mm?)| (kg/mm®)| (%) (%) (16/500/30)(F = 7 — vy (kg-m/cm?®)
5456-F ¥, 18 @ H oo ¥ %) 15.3 32.6 53.5 29 46 73 77 9.1
. >13.4) | (>2.8 (— 14 (— (— (=) —
5456-0 fiof, 16 360°Cx 1h 2% 1405 ‘ 5o ‘ 603 ‘ 31 ‘ W ) 0 , 76 ‘ 9.1
D HEF JIS 7 2201, 4BREBN. D () FEKEEARE QQ-A-200/7C ORRIERRT.
g 6 % FIRFEENES 72 b R HIRREK
F o
PREDAS BRERK # i
. s (kg/mm?) 9 K & B B Eh#EaD (kg/mm?) . PR
(mm) e 105m | 100m | 0E | 105 ] 109 | 107 | 105E | 1090 ) 107E ‘ 105 ] 1080 | 107E
o 1 20.3 15.5 15.0 1 1 1 21.3 16.7 15.7 1 1 1
1.5 1.8 13.8 11.6 10.9 1.47 1.34 1.38 132 11.0 10.6 1.61 1.52 | 1.8
0.3 3.0 11.8 9.5 8.7 1.72 1.63 1.72 11.0 8.5 7.3 1.94 197 | 2.15
D, 2,5, 4 BEIEOELFL, 5 HEEAE, 4 (1963), 28M,
28 l { 28
24 @ =1 24 J)
% 20 Ny |l < Ihi fr=1
£ ~ ~[av=18 £ 20 ~{|
2 16 T \0\ > \g\-.‘_
= ~] = o= =16 17 RSN
R T b = Y 2, =1.8 <
12 — I Lo % 12 L I
e ERANIRY o ~
. I g AR, & |t
=8 /] T % 2 8 T LS
b, =3.0 P
4 4 a,’=3.0
0 | L]
10 10° B L 107 5X107 104 10° 10° 107 5%107
% & H H # & @ %
F 3K 5456-F B S-N HifR AR 5456-O D S-N fhig
(s < 1= 2 = s
) EEESESETLERRERSN=IE ™ L




TN =T AEEGBHEMOUIRENBRI (FD2)

3) 5086-F k1 -0 &

£ T X 1 ¥ B i
" " 1t # |14 5 (%)
Mg Mn Cr Si Fe Cu Zn Ti Al
QQ-A-200/5b 3.5~4.5 0.20~0.7 | 0.05~0.25 <0.40 <0.50 <0.10 <0.%5 <0.15 Y
5086 o
Fis X 0:0#f 3.9 0.45 0.13 0.16 0.30 0.03 0.03 0.01 7%
B 8 = B®OW B B g7
N YV —
o om  EEFELY w4 @ AT R » e # C T
o # (mme) : W 7| BlmmE | AmbRE | WO | & 9 | 7ian [ayrvan| IS 3%)
(kg/mm?)| (kg/mm?)| (kg/mm?) (%) (%) (10/500/30)|(F = » — p)|  (kg-m/cm?)
5086- F PR, 18 GF B o % %) 14.7 29.0 49.6 28 54 61 67 9.6
o (>9.8) (>24.6 (=) 14 (= (= (=) )
5086-O firf, 16 360°Cx1h 2 # 155 29.1) 8.5 28 5 61) 70 8.2
1) BEAE JIS Z 2201, 4 5RBRK. 2) () PRKEBIBERE QQ-A-200/5b OBEBELRT .
g 9 % UIRFENIRS 72 5 PR GRK
F o)
BREDOAS BRI il #
P FhiaD (kg/mm?) g K %K B FhEaD (kg/mm?) 9 R KB B
(mm) G wom | wem | wE | 100m | 00w | wrm | 0w | 100w | 0w | 10w | 100 | 107w
o 1 ®» 19.5 15.5 14.3 1 1 1 20.3 15.5 14.2 1 1 1
1.2 1.8 13.4 10.6 9.1 1.46 1.46 1.57 12.8 9.9 8.3 1.59 1.57 | 171
0.3 3.0 © 11.6 8.9 7.3 1.68 1.74 1.96 9.7 6.8 5.4 2.09 2.28 | 2.63
1D, 2), 3), 4 BE3BROELFA T, 5) EEmVIAEE 3 (1962), 369 B,
28 28
24 24
= L ap=1 = o i
™~ £ N i
£ 20 = H 20 AN k
E, 16 \o\\ 9 ” \\\ ‘
= ] I T o—t——1 e — L T
R, L] ““Ja\ @, =18 = 12—~ ¥ T 7;52:'8
] mE _g [~ B~ _ZA\
el e 1] g bR ||
2 gl ST T R R e SRIIR
’ ar =3.0 3 o 3 0\\\"'\7—— L
k=3 —
4 4
104 108 108 107 5%107 104 108 106 107 5><10;
woOE m % IS
#5R 5086-F #Eop S-N g £ 6 5086-0 D S-N i
(FEfn44 4 FD {EE $:l:ﬁ)§ I%ﬁﬂﬁ *i Bges Mo
=]




s E Y A BSRMHMOURENRE (202)

4) 7001-T6 # H &

B 10 ® e =2 & v
) it = o & %)
H "
Zn Mg Cu Cr Si Fe Mn Ti Al
MIL-A-52242 6.8~8.0 2.6~3.4 1.6~2.6 | 0.18~0.40 <0.35 <0.40 <0.20 <0.20 %
7001-T6
= o 7.65 3.20 2.2 0.28 0.13 0.29 0.08 0.01 R
B 1l % oM M B "
N Y e~
wErmet m om om Bl m o " P » T3 o %
OB Dk mmey | T W | SEGE | ARWRE | B O | & 0 | 7uxr ayrvap (IS 38]
(kg/mm?)| (kg/mm?)| (kg/mm®)| (%) @) | (d0/500/30|(B2r—~ay| (kg-m/cm?®)
465°Cx Th K% >61.9) | (>66.1) (— >5) = [ (— (=
7001-T6 17, 20 120°C X 26h 2 69.8 73.2 80.5 7 10 160 % 0.9
1y st JIS Z 2201, 4 8RB, D () Ak MIL-A-52242 OUSEERT
£ 12 %  UIRENIRI LS IR ERR
DREOAS| mpoerapy | BEED (kg/mm?) g KX kB B
I3
(mm) ak 105 | 100 | 107w 105@\ 100 | 107m 1.0
- 1 0w | 817 | 2.8 | 22 |1 1 1
1.25 1.8 | 203 | 15.6 | 14.5 | 1.5 | 1.583 | 1.46 0.9
0.3 3.0 | 16.8 | 11.6 | 105 | 1.89 | 2.05 | 2.02
0.8 |
D, 2, 3), 4 153 ROELE Lo \\\\
207 -
o W
% 0.6 N
. . N
‘p{s
~ 5
32 L 0.5 108 |
% =1 = A \
P S — 6
£ 28 NN = \ 10° [
N < N > 0.4 107 @
R AN N o, =18 \\o~_____ 5 {%‘
20 R~ N 0.3 28
pre) 16 NN ™~ %@/ ~
A Tt —a 'LZ.'/J?\
12 | b 0.2 ’ //ar‘_ =
ay =30 v D e A N AT L Se—]
T A
gl L]
104 105 10 107 5%107 0.1
. . 1 2 3 4 5 6
#OK H %
ok B B, «
BTE T00L-T6 LD SN ik E8E 7001-T6 MUHED LI
X - ~ 1B ¥
(RF444F 4 73) IEEXBEEELTLEERRRX =%t s I
=)




5 7039-T6 3| H &

I =0 AGERMMOUKREN®RE (£D2)

B 13 % 1t 2 BR i)
" " it o B % %)
Zn Mg Mn Cr Si Fe Cu Ti Al
B4 %O 3.5~4.5 2.3~3.3 | 0.10~0.40 | 0.15~0.25 <0.30 <0.40 <0.10 <0.10 ”
7039-T6
® p; 4.4 2.82 0.25 0.17 0.13 0.27 0.02 0.02 %
g 14 K BB 0N & B
Yo e —
o m mEEEeT . . om s ®m & H Y R
¥ (mmsg) I ‘ SRS Eb)&'ﬁ*ﬁ%ﬁé| TR ' %0 | 7uEr [wyrv=m| LIS 35
(kg/mm?)| (kg/mm?)| (kg/mm2)| (%) @) | (10/500/30)|(B= 7 ~ )| (kg-m/cm?)
465°C x 1h 7k 2 BRI
7039-T6 s, 20 | (o0 AT 50.3 54.4 64.8 1 19 132 82 1.9
D) e JIS Z 2201, 4 SRR
815X UIRENKRIL S TR
GREORS BRER | BhEmsD kg/mm® | B kK K B L
P
(mm) .23 105 106@\ 107@ | 105 | 108@ | 107[a
o 1 | 26.9 | 204 | 7.7 |1 1 1
1 199 | 195 | 13.2 | 121 | 1.38 | 1.55 | 1.46
0.5 240 | 156 | 10.4 | 9.3 | 172 | 1.96 | 1.90 1.0
0.25 3.20 | 155 | 10.1 | 87 | 174 | 2.02 | 2.08
0.125 4.14 17.2 9.6 6.2 1.56 2.13 2.86 0.9 '\
0.06 580 | 155 | 9.9 | 81 | 174 | 206 | 2.19 : \
1) NEFREEGELRRE (1,700 rpm) K X B, osl
2) 10mme MERRK @HoT Do ' \
8 FHERROARG (D=12mmg, d=10mms, t=lmm, RHOFEo . W\ o
4) 60°— VARROAHERH (AL = 07 \\
, ﬁ\ o b
34— [T & 0.6 \
N ay =1 o o) ¢)
30 — S
\\( a 9 \
2 { k=1 x 0.5 % = 108 [d X
N 1 N ax =24 =3 v
™~
£ X ™ N =04 L —
ERRI SN P~ 2 107 @
= y \\Qs:“ AN o;‘;gk v
R o Ny \‘A VNN
14 T\\§‘ 0.3 @€§>(\
- &Q\Ns -k*af——-——--i—- 27 -
1 ase VI A B~
10 SRS 0.2 < -
ek'=372 e : /a, -
6 S ~—]
Fk=4.1 0y =58
2 I R 0.1
104 108 10 100 5%107 ! 2 3 4 5. 6
WK m % : ® K & B, o
B9X 7039-T6 HiHiED S-N Bhi 10 7039-T6 HAHIED LRI
’ - ~z _ (U N =
(ERI44F 4 ) EXEERETERRN =L ms |
. =]




7oV =T A GHREMOURENRE (ZD2)

6) 7075-T6 MU LVHREE @EHT7 NIV LEGE£6E)

®g 16 % 1t ¥ 157 i
1t 5 B & %)
Zn Mg Cu Cr si | e Mn Ti Al
ns m 418 5.1~6.1 2.1~2.9 1.9~2.0 | 0.18~0.40 <0.50 <0.7 <0.30 <0.20 =
7075-T6
w o A 5.70 2.61 1.75 0.25 0.15 0.19 0.01 0.01 %
F B 5.74 2.78 1.74 0728 0.11 0.29 0.01 0.02 7
B 1T r BB M & H®
y mEmELT BB o#® H Y » Ny
BoH o mmey| O O# E W 7| BERE | EWNES | O | & 0 | 79Fr [ayrvan| (IS 38
: (kg/mm?)| (kg/mm?)| (kg/mm?)| (%) (%) 1(10/500/30) [(B =2 — )| (kg-m/cm?®)
A st 20 465°C x 1h kA& (4T (>54) (=) >6) (=) ) (=) (=)
, 120°C % 24" 708 617 67.2 76.5 10 13 145 02 1.3
. 480°Cx 1h ke (45 >59) (=) >10) (=) >135) (— —
B it 20 120°G x 24h sk 537 ’ S 75.7 i3 24 156 = T3
D RBAE JIS Z 2201, 4 SHERH
2D () P JISH 4164 (BH7NVI=9 s8eH) ik HA3l (7 3=y 21 8&BES) OHEBEERT.
B 18 % BIRENRX 1T 5 IR B
BIRE DI THARER K # # A # H B
o : FhEED (kg/mm?) W OR R OB B FREED (kg/mm?) w R R K B
(mm) ak 10m | 100@ | 1ovm | 1os@ | 10em | 10rm | 10sm | 1oem | 10vm | 10sm | 10em | torm
o 1 33.2 23.3 20.6 1 1 1 28.9 20.8 19.0 1 1 1
1.25 1.89 20.8 16.8 13.6 1.60 1.39 1.51 19.9 14.6 13.0 1.45 1.42 | 1.46
0.3 3.00 18.4 1.7 10.2 1.80 1.99 2.02 14.2 10.8 10.5 2.04 1.93 | 1.81
D, 2), 3), 4 WHEIROE LA Lo
36 Y 36
|
32 N el 32
1] N
28 .28
E 24 Y £ 24 ] \ Gk =
£ AR E Q
3 | \Zk =1. S~ ] 3 \\\ N
~ 20 g L 20 N n ol Lo s
R S =] R T TerTe—
16 7 [ e o 16 ™ N
- AL B T ) o
=12 o =30/ | |1 Tz 12 aNug P T
|| L 9 [t &1
8 N 8 Jaxr=30
y i
104 108 108 107 5%107 104 10° 10°¢ 107 5x%107
. #E B [a] # # pid 8] #
B11X 7075-T6 #HH#ED S-N g FE12B0 7075-T6 $hkEkEm S-N fhig
e - e ] N B
mrursn) P IEIREESE T ¥R R I




7»5~&AA%§@M®wmfnﬁé(%®@

T) T076-T6 Rt % & U i

g 19 X 1t ¥ i
1t a 5 i %>
# B .
Zn Mg Cu Cr Si Fe Mn Ti Al
) QQ-A-367g 7.0~8.0 1.2~2.0 0.30~1.0 — <0.40 <0.6 0.30~0.8 | <0.20 £
7076-T6
- 5 A 7.62 1.67 0.72 <0.01 0.13 0.49 0.59 0.02 L2
B 7.53 1.76 0.64 <0.01 0.07 0.17 0.55 0.02 &
B 20 x L5 i )] s yey
N Y V-
8 & [MEFEEY o o4 om B # > m R # W g
¥ (mme) i 7| BERRE | ARWEE | O | & D | FUAM [myrv= (JIS 35)
(kg/mm?)| (kg/mm?)| (kg/mm?)| (%) (%) (10/500/30)(BZ'7—/V) (kg-m/cm?)
460°C % Th 7k
A iy, 20 135°C><14h7§7% 57.6 58.6 68.6 11 22 144 88 1.4
B s, 20 465°C x 1h 7k&% (>42.2) | (>49.2) (—) 14 (= (>140) (=) ~>
’ 135°C x 14h 22 48.3 53.2 73.8 18 37 151 88 1.9
1) R JIS Z 2201, 45RBRA. 2 () PEKEEASEE QQ-A-367g OERHEERT .
£ 21 % PIRFEENRS 12 & iR
- 5 B
GREOIS TR i il A = #
P g (kg/mm?) MR BB B whiRs o (kg/mm?) w K RO B
(mm) @ 10m | 100m | w0tm | 105m | 100 \ 107" | 105 ] 100 | 107m | 108 | 10%m | 107
o 1 30.3 21.5 18.9 1 1 1 28.7 18.9 16.3 1 1 1
1.25 1.8% 20.9 15.3 12.2 1.45 1.41 1.55 18.6 13.6 12.4 1.54 1.39 1.31
0.3 3.00 20.3 1.5 9.2 1.49 1.87 2.05 14.6 10.0 8.3 1.97 1.89 1.96
D, 2), 3), 4 WHEIROELFCo
36 \{\ 36
32 32
Al 1 ap =1 \
~ 28 28
NE ;._E\ ag =1
€ N !
24 E 24 ‘
E’ w\\én T E; RN ™
~ TR v [~ s N N L
20 N o~ 20
R T3 N NJ N
i\\ﬁ < R \\\ \ o =1.8 ]
16 AL R 16 o A i
2 : < \\%\ ] \ \3\.4_\~_A____
12 P 12 . 23
30 \\_ \‘{7\#
a, =3. Faa B
8 k } Y 8 ax=3.0 -
4 i ‘ ‘ | 1]
104 10° 10° 107 5%107 104 10% 10° 107 1 5%107
# U3 @l # (73 B &l ¥
B13E 7076-T6 D S-N Hi #1450 7076-T6 $EkED S-N iz
; RS-
wuzis) PIERXBE SR TR R ww
% =




T3 =T AEEEMEMOURENESE (ZD2)

8) T178-T6é ¥ H #&F

g 2 % 1t E B i)

1t % A% & (%)
w "
Zn Mg Cu or si Fe } Mn Ti Al
QQ-A-200/13a 6.3~7.3 2.4~3.1 1.6~2.4 | 0.18~0.40 <0.50 <0.7 \ <0.30 <0.20 "
7178-T6
7 # 6.56 2.88 2.14 0.2 0.17 0.52 0.08 0.01 7

B 23 x Bowm Wm ¥ H

Ve —
g om |mEmEet v a m El B & R »no ok = Al i
. % (mme) I ‘ FliRmE |RpMRE [ [ & b Ty xr myrvazp| (IS 3%)
(kg/mm?)| (tg/mm®)| Geg/mm®| (%) @) | d0/500/30)(B s~y (kg-m/em?)
465°C x 1h k&% (>54.8) | (>61.2) (— 5 — — — _
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