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Effects of Metallic Ions and Oxidizing Agents on
Corrosion Resistance of Commercially Pure Titanium
in Hydrochloric Acid, Sulphuric Acid and Phosphoric Acid

by Shujiro Suzuki

An investigation was carried out on the effects of metallic ions and oxidizing agents
as inhibitors for corrosion resistance of commercially pure titanium in hydrochloric acid,
sulphuric acid and phosphoric acid at several concentrations and various temperature.

The results obtained in this study are summerized as follows.

(1) At room temperature, a small amounts of ferric ion, cupric ion, chromic anhydride,

potassium bichromate and potassium permanganate are respectively effective on the
corrosion resistance of titanium at any concentrations of above three acids, except the
ferric ion at high concentration of sulphuric acid. But zinc ion is uneffective. The
corrosion rate is below 0.001 mg/cm2/hr for inhibitor concentration of 0.0025 mol/l
and above.

At 55°C, five inhibitors have their effects up to medium concentration as well as at
room temperature. The corrosion rate is below 0.01 mg/cm?/hr. Especially, ferric ion,
chromic anhydride and potassium bichromate are very effective in 109 sulphuric acid
and phosphoric acid. The corrosion rate is about 0.001 mg/cm?/hr for inhibitor con-
centration from 0.0025 mol/l to 0.05mol/l. But the zinc ion is uneffective at all con-
centration and the cupric ion is uneffective in 509 sulphuric acid.

At and above 100°C or boiling temperature, most of inhibitors are effective in 109
solutions, except zinc ion and potassium permanganate, the corrosion rate being about
0.01 mg/cm?2/hr, but are uneffective at higher concentration. Chromic anhydride and
potassium permanganate are effective and the corrosion rate are below 0.01 mg/cm?/hr
and about 0.02 mg/cm?2/hr at every concentration of sulphuric acid and 409 phoshoric
acid respectively, and a few other inhibitors are effective at high temperature and at

higher concentration.
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Table 1 Chemical composition and hardness of the

titanium specimen

Chemical composition, %

VHN

Grade Impurities 1i | (load: 10kg)

N |Fe|sijc|H]|oO

ST-60 0.01]0.07 | 0.02 | 0.015 0.005{ 0.11 | R 175
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Table 2 Condition of corrosion test

Corrosive Testing {Immersion/Concentration, P
solution temp. time % Inhibitor
Room | weeks | 10. 20. 30. 35
Hydrochlor Cmp. 1;58%3, Suglzy
ydrochlor- o nCls, CrOs,
icacid 50°C 24 hr | 10. 20. KaCrsOr, KMnOj4
100°C up. 7 hr | 10. 20. 35.
Room
2 weeks | 10. 30. 50. 95
Sulfuric-actd o ForS0s)s; CuSOs,
ulfuric-ac; o n. , CrOs,
(H2805) 50°C 24 hr | 10. 50. KgCr;On,, Kﬁ/InO/.
100°C up. 7 hr | 10. 50. 95.
Room
. . temp. 2 weeks | 10. 20. 40. 85 232(15384))5'%“%04'
hosphoric- o ng(PO4)2, CrOg,
acid 50°C 24 hr 10. 40. gggézom KMnO.4,
(HsPOO | 900°C up. | 7 hr | 10. 40. 85. oL
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Fig. 1 Schematic diagram of the high temp.

corrosion testing.
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Table 3
Nominal Cogccelntv Inhibitor
temp. ration, % Non. FeCls CuCl, ZnCle CrOs K:CraOr KMnO,
10 14~21 14~21 14~21 14~21 14~21 14~21 14~21
R.T. 20 ” 7 ” ” 2 7 7
30 7 ” ” ” s 7 ”
35 7 7 7 ” ” 7 ”
50°C 10 58~61 52~61 52~61 50~61 55~61 55~61 50~59
20 7 52~62 52~62 50~59 50~60 50~60 50~60
10 100~107 100~106 105~109 100~104 100~107 103~108 100~104
Boil 20 100~102 100~102 100~102 100~102 100~102 100~102 100~102
35 101~106 100~108 100~109 100~104 100~106 100~105 100~108
Nominal C?rfcsgft— Inhibitor
temp. ration, % Non Fex (S04 CuSO, ZnS0, CrOs K.Cr0x KMnO,
o 10 13~20 13~20 13~20 13~20 13~20 13~20 13~20
R T 30 7 7 7 7 7 ” 7
50 ” ” 7 7 7 ” Y
95 7 7 ” 7 7 Y 7
50°C 10 50~60 50~60 50~60 52~60 50~60 50~60 50~60
50 58~60 58~60 58~60 51~60 55~60 55~60 52~60
10 100 102~108 100~102 100 100~104 102~106 100~102
Boil 50 125~128 124~128 124~128 124~128 124~128 124~128 124~128
95 190~210 180~200 180~210 180~200 180~193 182~200 183~200
Nominal C}if:g:t- Inhibitor
temp. ration, % Non. Fe2(SO04)s CuS0, ZnSO4 CrO, KeCrz0q KMnO,
10 17~23 17~23 17~23 17~23 17~23 17~23 17~23
20 7 7 ” ” e Y ”
R. T.
40 ” 7 7 7 ” 2 ”
85 7 7 4 7 7 3 7
50°C 10 50~60 50~60 50~60 52~60 55~60 52~61 55~60
40 50~88 50~60 50~60 50~60 52~60 54~61 54~61
10 100 100~105 100~102 100~102 100~102 100~102 100~103
Boil 40 108~109 108~109 108~109 108~109 108~109 108~109 108~109
45 140~154 140~150 141~150 140~150 140~150 140~150 140~150
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Texture of Extruded Aluminum Alloy Plate

by Eiichi Hirosawa

The texture of extruded aluminum alloy plate has been studied in comparison with

the known texture of aluminum rolled plate.

The texture of extruded aluminum alloy plate is a combination of rolling texure and
cube texture. The former can be described, as can the pseudo-spiral [111) texture of in-
termediate zone of extruded rod, by rotation and inclination of the cristal lattice. This is
suggested as a better means of description than the usual expression by combination of

indices of rolling plane and rolling direction.

It is also clarified that fiber texture of central zone and intermediate one of extruded
rod as well as the texture of rolled plate are all interrelated.
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Fig. 4 Inverse pole figure representing the path of rolling

direction and normal direction tracing during the

process of lattice rotation and inclination.
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Fig. 5 Inverse pole figure representing the distribution of
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Fig. 7 (111) pole figure of rolling texture calculated from

assumed distribution of R.D. and N.D. as well as

lattice rotation and inclination.
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Fig. 8 Relation between the texture of extrusions and that of rolled plate.
(a) (111) pole figure projected upon Z-plane.
(b) (111) pole figure projected upon Y-Plane.
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Fig. 9 Relation between the texture of extrusions and that of rolled plate.
(a) (002) pole figure projected upon Z-plane.
(b) (002) pole figure projected upon Y-plane.
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Effect of the Small Addition of Manganese, Chromium, Nickel, Zinc,

Tin, Antimony, Lead and Cobalt on the Mechanical Properties and

Electrical Conductivity of Al-Mg-Si Ternary Alloy

by Shiro Terai*

and Yoshio Baba**

This is the report on the study of the effect of the small addition of manganese,
chromium, nickel, zinc, tin, antimony, lead and cobalt on the mechanical properties and
electrical conductivity of Al-(Mg+Si=1.1%) ternary alloy with different Mg/Si weight

ratio.
The findings are as follows:

(1) The addition of manganese or chromium, especially chromium, gives the largest
effect on the decrease of electrical conductivity of the extruded products of Al-Mg
-Si alloy. It seems due to difficulty of precipitating chromium from the ingot of super-

saturated solid solution.

(2) In a practical view-point, the properties of extruded products of Al-Mg-Si alloy

added with less than 0.03%/ manganese or chromium can barely meet the requirement of
2EC-T6 or 6101-T6 standard, where the electrical conductivity of 559 IACS and ultimate
tensile strength of 20.3kg/mm?2.

(3) Zinc besides manganese and chromium fairly increases the strength of as-extruded
products of Al-Mg-Si alloy. It can not be explained by the extrusion texture “press-effect”
because the structure of extruded products containing zinc shows enough recrystallization
in the state of as-extruded. Therefore the closer investigation on the effect of zinc on

the precipitation of Mg,Si (“hardenability”) may be required.
(4) The mechanical properties and electrical conductivity of extruded products of
Al-Mg-Si alloy are not particularly influenced by the addition of nickel, tin, antimony,

lead and cobalt in the present experiment.
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Table 1 Chemical composition of test specimens, %
Mg Si Mn Cr Cu Fe Zn Ti Mg Si Fe Cu Mn Zn Cr Ti
Al | 085 0.37]<0.01 <0.00] 001! 011| 0.01] <0.01 6 | ore| o4 —| — ~1 0s0| - -
2 | 0.69] 0.48)<0.00]<0.0t] 0.01] 011| 0.01]<0.08 7| oes| oar| —| — — 00 - =
3 | 0.63| 051 <0.00]<0.00] 0.01] 11| 0.01]<0.01 8 | 06| os0| —| — —1 03] - =
9 | o062| o047| — =1 s | =
Mg Si Mn Cr Cu Fe Zn Ti
B1 | 08| 035 003| g.01| 001 0.01] 0.04] 0.0 Mg | 8i | Fe | Cu | Mn | Cr | Sn | Zn
2 081 0.8 011 0.00) 001} 0.01) 0.04] 00.1 F1 | 08| 031 010 010| 000/ 0.01| 0.13] 0.00
e I e e B e 2|08 02| —| —1 | —| 03] -
4 | 08| 035 05| —| — - — ~ s | oss| oml| N N
L e e B It It el el R ¢ 0 e8| —| o~~~ om| —
61 070 040} 02— = ) 5 | 07| 08| — —| —| —| om| —
L e e e It At B 6 | 07 087 —|  —|  —| | 04| -
8 | o069 043 o053, — - — - - N YN B _ | oenl -
Al I B e A B 8 | 06| o4t  —| —| —| | | -
0 | 0.6 049| 012] —| —| — — - o | oszl ol B _ N S
1| o6i] 051] 0.3 ~ - - - —
12 | 0.6t]| o045] 053] — -~ = -
Mg Si Fe Cu Zn Cr Mn Sb
Mg Si Man | Cr Cu Fe Zn Ti G1 0.85, 0.3t 0.10] Tr Tr Tr Tr 0.04
o 2 0.82 | 0.3 - — — — - 0.10
C1 | 0.83| 032] 000, 003 0.0 0.09] 0.02] 0.0
3 | 08| 03] | - - — — 1 018
2 | 0.85| 0.3 0.00 009] 00| 0.08] 002 0.01
¢ | ol 03 —| — — — — 1 010
3 | o8| 03] —| o02,| — - - -
5 ] on| o043 — — | —| — 1 —1| o1
a | ol 02  —| o4| — - -
6 | 07| o - - - = o=
5| o2| o042 —| o003 — - — -
7 | o064 051 - - - =~ = 010
6 | 0.71] 0.41 S " S
8 | o0.62| 0.9 - = — - -] o
7| om| 04| —]| o] — - N —
o | o6z 051 - = = — | — 1 o
8 | 0.69 0.42 —1 os2| - - - -
9 | o061 047 —1| 003] — - - -
W 061 0460 —) 007 =) = - Mg | Si | Pob | Fe | Cu | Mn | Cr | Zn
1| o60] o04| —| om| —| - - -
2 | o6l o4l —1| o4l | — — _ H1 | 08, 031] 014| 0.09] 000| 0.00] 0.00] 0.00
2 | o079l o2l 03] —| —| —| | —
3 | o7| o030 o5z — N - N -
Mg Si Cu Fe Ni Mn Cr Zn 4 0.69 0.40 0.08 - . _ = _
D1 | 081 03¢ oo01] 010 12| 0.00] 0.00] o.01 50 069 0460 0.86) o~ —) - =) -
2 | o8| 082 —| —| 0sm| —| —| - 61 088 0d3) 054 — =~ = -
3 | o8| 082 -~ —| 05| —~| —| - e e I e It A e
| o oam| —| =] o2| —| —| - 8 0660 048 0861 —) o~ —f = =
5 | 016 040, —| —| 03| —| —| = R e B e e e e A
6 | 0.75| o042 —| —| o058 1| —| -
7| o6, o4r| —] —1| 012, —| - -
Mg Si Co Fe Cu Mn Cr Zn
8 | oe62| ov47| —| —| 03| -~ —| -
9 0.61 | 0.50 - =1 0.57 - - - I1 0.80 | 0.33| 0.10| 0.09] 0.00| 0.00] 0.00] 0.00
2 | o8| o031 02| —| | —~| — =
] 3 | o8| 03| 040 04| Tr| Tr| Tr| o0.01
Mg Si Fe Cu Mn Zn Cr Ti
4 | 04| 043| o008 — L
E1 | 08| 033] o10] oo1] ooo| o.08]| 0.00] 0.00 5 | on] o043 02| —| — —| —| -
2 | o8] 03¢, —| —| —| o3, — — 6 | 07| o042 051 015 Tr| Tr| Tr| 0.0
3 | o8] 032 —| —| —| os] ~| - 7 | o6z o048 011 U S ) I
¢ | orel o] —| —] —| coul -~ - 8 | os0| o051 036, —| —] —| —| -
5 | o] od2| — —| —| e;m| —| ~— 9 | o062| 051 049 06| Tr| Tr| Tr| o.01
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Table 2 Melting and casting condition of the test ingots
Melting Chlorination Casting Dimension of Temperature of
temperature, °C temperature. °C temperature, °C mold, mm mold, °C
760 730 720 684 < 1701 100
Table 3 Extruding condition of the test specimens
Temprature of Temperature of Dimension of Extruding

Temperature of

billet, °C container, °C die, °C die hole, mm speed, m/min
480 350 350 104 x 3 holes 19
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Fig. 1 (a) Effect of additional elements on the tensile
properties of Al-Mg-Si alloys with different
Mg/Si ratio. As extruded condition.
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Fig. 1 (b) Effect of additional elements on the elec-
trical conductivity of Al-Mg-Si alloys with
different Mg/Si ratio.

As extruded condition.
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Fig. 2 (a) Effect of additional elements on the tensile
properties of Al-Mg-Si alloys with different
Mg/Si ratio.

Annealed condition.
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Fig. 2 (b) Effect of additional elements on the elec-
trical conductivity of Al-Mg-Si alloys with
different Mg/Si ratio. Annealed condition.
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Fig. 3 (a) Effect of additional elements on the tensile
properties of Al-Mg-Si alloys with different
Mg/Si ratio. Precipitated at 230°C for 2 hr

after extrusion.
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Fig. 3 (b) Effect of additional elements on the elec-
trical conductivity of Al-Mg-Si alloys with
different Mg/Si ratio. Precipitated at 230°C

for 2 hr after extrusion.
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Fig. 4 (a) Effect of additional elements on the tensile
properties of Al-Mg-Si alloys with different
Mg/Si ratio. Aged at room temperature for
2 weeks after solution-heat-treatment at
520°C.
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Fig. 4 (b) Effect of additional elements on the elec-
trical conductivity of Al-Mg-Si alloys with
different Mg/Si ratio. Aged at room temper-
ature fcr 2 weeks after solution-heat-treat-
m=nt at 520°C.
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Fig. 5 (a) Effect of additional elements on the tensile
properties of Al-Mg-Si alloys with different
Mg/Si ratio. Precipitated at 175°C for 8 hr
immediately after solution-heat-tratment at

. 520°C.
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Fig. 5 (b) Effect of additional elements on the tensile
properties of Al-Mg-Si alloys with different
Mg/Si satio. Solution-heat-treated at 520°C,
and then precipitated at 175°C for 8 hr after
aging at room temperature for 2 weeks.
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Fig. 5 (¢) Effect of additional elements on the tensile
properties of Al-Mg-Si alloy with different
Mg/Si ratio. Solution-heat-treated at 520°C,
and then precipitated at 175°C for 20 hr
after aging at room temperature for 2 weeks.
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Fig. 5 (d) Effect of additional elements on the tensile
properties of Al-Mg-Si alloys with different
Mg/Si ratio. Precipitated at 230°C for 2 hr
immediately after solution-heat treatment at

520°C.
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Fig. 6 (a) Effect of additional elements on the electri-
cal conductivity of Al-Mg-Si alloys with
different Mg/Si ratio. Precipitated at 175°C
for 8 hr immediately after solution-heat-
treatment at 520°C.
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Fig. 6 (b) Effect of additional elements on the elec-
trical conductivity of Al-Mg-Si alloys with
different Mg/Si ratio. Solution-heat-treated
at 520°C, and then precipitated at 175°C for
8 hr after aging at room temperature for 2

weeks.
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trical conductivity of Al-Mg-Si alloys with
different Mg/Si ratio. Solution-heat-treated
at 520°C, and then precipitated at 175°C for
20 hr after aging at room temperature for 2
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Fig. 6 (d) Effect of additional elements on the elec-
trical conductivity of Al-Mg-Si alloy with
different Mg/Si ratio. Precipitated at 230°C
for 2 hr immediately after solution-heat-
treatment at 520°C.
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Fig. 7 Relation between tensile strength and electri-
cal conductivity of Al-Mg-Si alloys containing
0.39%; additional element. Solution-heat-treated
at 520°C, and then precipitated at 230°C for 2
hr after aging at room temperature for 2 weeks.
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Photo. 1 Micro-structures of extruded Al-Mg-Si alloys containing 0.3%; Mn.
(x100)

As-extruded Precipitated at 230°C

(Mg 0.8, Si 0.3) for 2 hr after extrusion

(Mg 0.6, Si 0.5)
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Photo. 2 Micro-structures of the extruded Al-Mg-Si alloys containing 0.3% Cr (x100)
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As-extruded Precipitated at 230°C
(Mg 0.8, Si 0.3) for 2 hr after extrusion

e

Photo. 3 Micro-structures of the extruded Al-Mg-Si alloys containing 0.3 9% Ni. (x100)

As-extruded Precipitated at 230°C
(Mg 0.8, Si 0.3) for 2 hr after extrusion
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(Mg 0.7, Si 0. 42)
b ots

Photo. 4 Micro-structures of the extruded Al-Mg-Si alloys containing 0.3%Zn. (x100)
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Study on the Corrosion of Copper Alloys in
High-Temperature Water and Steam (Rep. 3)

Corrosion of Alpha Aluminium Bronze and its Modifications

with Various Additional Elements
by Shiro Sato

An investigation has been carried out on the corrosion of alpha aluminium bronze by
high-temperature water and steam. The copper alloys containing 7% Al and small
amounts of various elements were used as annealed strip. The specimens were set in an
autoclave and exposed to the saturated water and steam at 300°C. After the exposure for
250 hours, measurement of weight increase, tensile test, microscopical examination and
X-ray analysis of the corrosion product were performed. The following results were
obtained. (1) The weight increase and the decrease in tensile strength and elongation due
to intergranular corrosion were observed on every specimen. (2) The corrosion product
formed on the specimens was a mixture of metallic copper and Bohmite (a-Als03-H0).
This fact shows that the aluminium atoms near the grain boundary were selectively
oxidized by high-temperature water and steam. (3) The little addition of arsenic or
antimony to the alloy promotes the corrosion. For example, the penetration depth of
intergranular corrosion of Cu-7%Al-0.34%As alloy was more than 250u but that of
Cu-79Al alloy was about 30u. (4) Tin is the only element that can reduce the rate
of intergranular corrosion but it can not inhibit the corrosion completely. (5) The little
addition of Mn, P, Ag, Fe, Ni, Si, Ti, Zr, Cr, Zn, Ca, and Cd has no appreciable effect on
the corrosion. (6) From the fact that the corrosion product was observed porous and the
corrosion rate was constant through the test period on each alloy, it is considered that
the rate controlling factor of the corrosion reaction is not in the formation of corrosion
film but presumably in the nature of the grain boundary of the alloy. This is the reason
why the corrosion action of aluminium bronze by high-temperature water and steam is
intrinsically different from that by dry oxygen gas.
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TR DN TG Lo Ra s 3 %,
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Tead& % m R ESIACERNNY v R4 A TIER Uiz B
BAa&eosEms 4 Table 1 Zificzd,

22 EBA
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& LT Pb, P, As, Sb, Cd, Ag o—F4FnFN1%
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2-4 REREZfG
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3. R OB R

A b v DI LSRR TR b REE
DRRLKIFE O AL R B LN TR D, BERFIORR
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A7 — 2% Tablel it

31 EEXE{t

WAL A D 1o FEBEFNELRE Lico £8HR
FOBEEIWINGENL T, BEERENE X RMITE
L DOBAFRE Fig 1SRt BER4m o —Sic i34 L
TebDbHHOT, HHEEOBEIIMAE L E B
Vi, Fig.l @snwe As % 0.349% £7-1% 0.459% &4
TOHEEDOEARENEIC KX {EbITkY., As O
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3-2 BlsREAE
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Table 1 Result of the corrosion test on Cu-7%Al alloys containing various additional elements by
exposure to water and steam at 300°C for 250 hours under the saturated pressure.

O e mona sy W anaesse L e STalSOmE % | (> : desres ol Becrbase, % |corrosinienel
Cu Al Additive Water | Steam gfepared Water Steam é\rsepared Water Steam Water | Steam
92.08 7.01 None 0.33 0.38 45.8 42.5 (D 41.0 (1D 58 49 (16) 43 (26) 33 26
92.42 7.26 Sn=0.30 0.25 0.26 45.2 43.6 (4) 42.9 (5 56 46 (18) 44 (21) 26 36
91.86 7.46 Sn=0.51 0.23 0.18 47.0 45.5 (3) 42.8 (9 56 48 (14) 56 (0 10 10
91.00 7.36 Sn=0.64 0.29 0.15 47.2 47.0 (O 46.5 (2 52 56 (B 58 (0 13 17
92.61 7.21 As=0.12 0.39 0.24 45.2 32.4 (28) 30.8 (32) 58 28 (52) 28 (52) 53 40
92.20 7.36 As=0.34 0.88 0.68 43.1 0 (100) 0 (100) 46 01000 0(100) >250 >250
92.14 7.32 As=0.45 1.47 1.27 48.2 0 (100 0 (100) 45 0(100) 0¢100) =250 >250
92.10 7.61 Sb=0.12 0.43 0.55 45.7 28.3 (38) 24.3 (47) 45 10 (78) 5 (89 110 100
92.29 7.37 Mn=0.34 0.30 0.23 4.9 41.1 (9 41.8 (D 68 56 (18) 54 2D 40 33
91.81 7.21 Mn=0.97 0.29 0.23 45.3 40.6 (10) 41.6 (8) 60 40 (33) 52 (13) 46 33
92.17 7.59 P=0.14 0.51 0.22 55.0 50.6 (8) 51.4 (D) 38 28 (26) 34 D 26 30
92.42 6.61 Ag=0.91 0.45 0.42 51.3 45.6 (AL 46.4 (10) 38 33 4y 30 2D 23 40
92.14 7.24 Fe=0.61 0.38 0.24 55.0 51.0 (D 54.4 (D) 44 34 (23) 32 (2D 20 20
91.56 7.16 Ni=1.07 0.32 0.24 45.6 44.5 (2) 44.3 (3) 46 50 (O 50 (O 20 23
91.93 7.39 Si=(.56 0.39 0.28 55.4 50.8 (8) 50.4 (9 44 40 ® 40 @ 33 26
91.68 7.47 Ti=0.66 0.43 0.40 61.7 59.0 (4) 57.8 (6) 32 32 WO 26 (9 17 17
91.70 7.63 Zr=(,64 0.30 0.32 57.6 54.2 (6 52.4 (9 32 32 O 22 (3 23 26
92.47 7.26 Cr=0.18 0.32 0.23 53.5 50.8 (5) 50.4 (6) 32 36 (® 4 (O 33 26
91.12 7.22 Zn=1.57 0.43 0.29 47.1 36.7 (22) 37.1 (21 56 24 (5D 30 (47 43 26
91.70 7.57 Ca=0.60 0.32 0.26 48.1 44.3 (8) 45.1 (6 52 52 (® 52 (B 33 38
92.10 7.58 Cd=0.15 0.36 0.27 — — - e — — 40 20
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Fig. 1 Effect of added elements on the weight increase of
Cu-79%A1 alloys exposed to saturated water and
steam at 300°C for 250 hours.

N

)

3

\bg 100 ® Exposed to water

’b\‘ 0 Exposed to steam

é 80

£ 60+

5

= osb

o 401 oShb

% QQS

o} : 82n
£ !Z)lone gife 7 Aggafv\

2 e P 8 Mn OF ) no

é o | None aﬁcrg ¥ 6“%“ o Ni 5@
5 Sn c Fe Zr

8 a

- L I il 1 1 ) L 1 1
o 0 02 04 06 08 10 12 14 16
g Weight percent of added elment, %

jol

o

Fig. 2 Effect of added elements on the degree of dacrease
in tensile strength of Cu-7%Al alloys exposed to
saturated water and steam at 300° for 250 hours.
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Fig. 3 Effect of the added elements on the degree of
decresases in elongation of Cu-7%Al alloys exposed
to saturated water and steam at 300°C for 250 hours.
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Water or Additional
steam element.

(@) Water

Ncne
{b) Steam
(© Water

Sn:1.649;
(@) % Steam
(e) Water

I As:0349;
(£) Steam J
913j0/3]1 3
Photo. 1 Some typical specimens after corrosion and tensile test showing the effect of

additional elements on the corrosion of Cu-79Al alloys by water and steam
at 300°C for 250 hours. (c¢) and (d) show the slightly beneficial effect of Sn

addition on the corrosion. (e) and (f) show the very detrimental effect of As

addition on the corrosion.
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Fig. 4 Effect of the added elements on the penetration
depth of intergranular corrosion of Cu-7%Al alloys
exposed to saturated water and steam at 300°C for
250 hours.
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e, SHUTERIMEN DIz TH A H o Kk LU
AR L7z Cu-7 %Al £&OBEERMMHELN
el A Fig.5 @k L O00IR T,

DWT, IR U7 B T & R A B Y Lok
RiCod <, BEERDE BRI NDE L, 20ERST
b5 Cu & 7ve=7KE BRIKED BEKT L DE
R s, FlE L. BolkcBEohReONTXi
TR AT ofzo EOHER. a~Al;05-3H,0 (Bohmite)
DIFR B REE . Ihh% Fig.b (©) kLT
eV

B, BRERDCOWT, (LFESHHE LS Cuksk
AL, 7vE=7KEL DiH L-BEOAGBRE.
B U ZD\HAROBE L 0 RbIokFigin & 4 3%
LTable 2 RT#E% B, ZOMFEIL, HAEodEs
ol BRERMOENR VIR, bABEOHEENRE L2
ol ERFBEAIE, BAEEND Al.Os-HoO &
i (CW THBETH XEHNO HEAXETLL0L
Him LTI WEBbhs,

Table 2 Analyses of the corrosion products formed
on the surface of the specimens exposed

to water and steam at 300°C for 250 hours.

Chemical analysis, % | Aqua ammonia extraction residue

Exposure
to Cu Al, %, 0f | Ignition loss, %
(AlgO3-Hs0) [residue (n in Al;O3-nH;0)
Water 78.0 4.60(10.23) 12.4 1 18.8 1.3)
Steam | 869 | 4.6410.32) | 12.9 | 6.1 (D

( ) : calclation
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(b) Sn: 0.30% (c) Sn: 0.51% (d) Sn: 1.64%

(p) Zr: 0.64%

(@) Cr: 0.58% r) Zn:l.57% (s) Ca: 0.60% (t) Cd: 0.15%

Photo. 2 Longitudinal cross sections of Cu-7%Al alloys containing various additional elements exposed to saturated
water at 300°C for 250 hours. (x500)
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Fig. 5 X ray analyses of corrosion products formed on the surface of Cu~7%Al alloys exposed to saturated water and
steam at 300°C for 250 hours.

(a) and (b): X ray (Cu-Ke) was irradiated on the surface of a specimen. (c) and (d): X ray(Cu-Ke) was
irradiated on the powder of the corrosion product after extraction of copper by aqua ammonia.
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BRI D X ORER 1B, a BRSO 7 2~ 2
=Y AEFIIERESEOKRE L OERKIC L - CUEaE 2T
Cu & a-AlyO3-HoO 24T 54D THBZ EMbho
feo 0 a-AlgOz- HeO (ZAEDhD 7V 3 = v LEF
Ao HeO EROSUT, KEF 2% JE4 L, 2NN
KL ART TE LD EBADND, TOF, 540
ORI HeO LR LI\ T, £BBSH & 7 - TH
BLERDOREFLEST DD THS o

M- THAC X 2EAMNED, BaEshiaso Al
7 AlpO3-HoO ZAL L7/ DOERBEMEZ Z BN %o
CDZENRFEULECRE S 0EED DD, HEIN
BEOFEWHBEL D, SEETRD, b THE
nH EEBENE & SIELY R L Thice 20 R I
Table3 DI { Th > THEE L —H Lo 2D &
b EROFBLEIME > TWAWL S IcBb b,

TN =y AEIIKER O\ B LB IR S
BA. BARERmE LT7 v FOERARM L. DK
EREEEREST D20, MR LOMOREE LD LE
Table 3 Weight increase calculated and measured on
Cu-7%Al and Cu-7%Al-As alloys exposed

to saturated steam. (300°C, 250hr)

Alloy | fvx100 | AWe | AWm
Cu-6.52%A1 2.6 7.4 6.7
Cu-7.21%A1-0.12% As 2.8 9.7 7.4
Cu-7.36%A1-0.34% As 6.6 18.0 13.1
Cu-7.329 A1-0.43% As 188 | 45.7 31.9

fv=Np/NT : volume fraction of corroded part obtained from
point counting of cross section.
AWe=fvx(Al% of Alloy) x ({035 -H,0)/2(A1)) x10-2
: weight increase calculated in mg/19cm?2-250hr
AWm : weight increase measured in mg/19cm?-250hr
W : initial weight of specimen
19cm? : surface area of specimen

NIHEBAL AR Z E MBI T WA, COHBEHLEN
FiEF OB EECS Do L L. BEEEDKE LUK
KhREZRNT, 7o 3=y 2ERE AL FEF OS5 RN
LI AR, BaERE LTEBI L7 v 3
=w » (Bbhmite, Al,03-H0) DiE&Maid 5, &
DOEEERYE Photo. 2 Wik LicZ & < &b THHE
DLDTHVEEERREETHLOEELE N ZOK
HHEEES Bz, Tablel BlOAEED H b, BMITHE%
S Ui\ Cu-7 %Al &4, BAarIEd 208 NTHE%
&ir &4 (Cu-79%A1-1.64%Sn) & L0 EAETILET S
BINTTHEEY &L &4 (Cu-79% Al-0.34%As) DWTH
BT IR INEERR & 1T 70 o TS A SRS I oD 218 & TR A B 5 in
DREFRA RO T (Fig.6), Fig.6 L0, WThoad
ERWT HIEARITRMOEE & S IRITERMITEAL
TNB I ENbholre SN LIL. BEERYNREDOE
DEEFSAHE ST AEREYE L TCWAEWI L& RT D
LHBND, BEEEARIVCERLLB 7 VI=Y AHK

FOBERIEEERD HO o7 v 3=y aETEd 5
ERBERISK LA EDOTEH D, BEAFHBBC L DK
AT —HEOBIERIETH D L ENEZ Do LML LED
BHERT & LTI EEAEERER L L L Wit gl

09F o8 Yoert cur.0% Al .
sl S g ot} cy7.36% Al1.64% Sn
. ' 7
S 8Ly 7.36% AL-0.34% As
07t :
o .
£ 06
AN
o
€ osf
g
®
5 04r
£
5
® 03l
=
02t
o1}
0

0 50 100 150 200 250
Duration of test, hr

Fig. 6 Result of the corrosion tests of Cu-7%Al, Cu-7%Al-
1.6%5Sn and Cu-79%Al1-0.349 As alloys exposed to the
saturated water and steam at 300°C for 100 or 250
hours, showing the nearly linear relationship between
the weight increase and the duration of test.

— IR\ NDAL TN B BN IR 77 A L DR FUS &R
KRN DETH D, 22, BIRBEDOKE LUER
Xl AEERSN, B hBtRGLE2{ BB s
o CWAHHERNRL DD EEL BN D,

o Ty AEROFEREDM L o lc—HORMITERT
& B AECE R EAE R R OB CEER ST 5
LA CRINTEE MBI EIROBE R DO EHIC 5 2 55
WABLTIAIN DX LD TR, BIOEA, Bk
OBERLOME L VHESNDERELDTHAS I

Klement B3k KIC LD 7 3 = v AEHRORRE
HEEY vOTZRMR7T VI =y MRFORSRTCS D Z
EHTERLT WD, F LTHHIEAEE LT OED 4 R %
Rated C EHREMTHS S LEZTWDo (DBIFICRET L
P WRIMTERE L A IR LT 7 v =7 AR
FLRIMTCEAEET Do o THRMTHEO R FEEILH
DEFERLVEDBANLKRTHD, 7r3i=y aORFHE
B NS DRI QFOHRMTRIAEPICL HEE

DERELFETH L QTREROUECIE U TBLEERN
THILE @HRMTEROBER (AG) AWhENWI Lo

%LTC@4%#%ﬁk¢ﬁ$kaSmAg&Zg&b\
HEEDERFONREABER LT 5, +1LC Davis £k
% Cd OB DONWTL ZDBLZNLEIAL T2 T 5%,
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ZOERT I NTRZT SN RMTEOERO P TR
LI TH -72b DIk As BLO Sb K L5 FELWEEA
ﬁ@ﬁ@f&éoKMmmt@%x%ﬁm?ﬂmSbmﬁ
FEEL 289A ¢ Cu » 2.55A L hAx<. BILES
WERET ST dH o (Sh-+Ha0=Sb0O+H,, AH=:38kcal/
mol) SboCu-7 % Al &&Ad BIRET DOWTIE, 7
— ZhInnas, Cu E!ﬂ«@i’f?ffﬁﬁfézg/;a%%ifiﬁ%f;j(%é
EHETHLDTHAH L Bbd,

HoT, TNEHOZIENBE 2 HEHE T, Sb ik Sn
LU L 5 &g A BN IER B,
COZEIFHBNCERFRCTL LT D, TDI EMb,
KEAFEEE L LT, Klement BB HHHE & 5l
O HE 2 HLENSH D T EMEBNTH DA, BIED

2, AFEBREESEA T LE A BRI b0 o Ty
Te\no Tofd BRI & MRS GR/n R O AL 7‘:&71026%*

SRl R OREE & AR H D & LIk T A I RE
ENBEZATH B,
5 #& &

300°C o f@Fikk LU IR OhCa 7=y A
#H (Cu-7 %Al MG DHHEE L TR ETHMT
FOPETOWTHEL, ROFEEE

(1) BEREEEFICR - TETT %,

2 REERmT £BIRE a-Al03-Ho0 0lR&HI
Yo THEEINTWS, ZDOZEIFEEDHhDTVI=Y
AEFN HeO i & D BIRMICEBL ENB LD THH T &
HRTEDEZELBND,

(3) As, Sb OFIMIE L < HA% BT 5, Sn DR
I A 22 M 2N 2R LD TR Mn, P,
Ag, Fe, Ni, Si, Ti, Zr, Cr, Zn, Ca, Cd 7 & &tk
BRI LA PEES 2 v,

@) ABARSE—BOBKETH DA, BAKEL
HHEDLDTH B, —BREBLEIEE R, fEA
TAH M LT,
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Study on the Weld Hot Cracking and Hot Tearing of Silicon Bronzes

by Keiichi Mizuno and Yasuo Fukuda

The interdendritic feature appearance of weld hot cracks suggests that the separa-
tion occures at a stage of solidification during which interdendritic liquid film are present.
On Cu-3%Si alloy containing the small amount of Fe, Zn, Mn, Sn and Cd three types

of tests—Houldcroft test,

restrained contraction test,

and unrestrained contraction

test—were carried out to know crack suscesptibility of these alloys and establish a cor-
relation between their crack susceptibility and their metallurgical factors of hot tedring.

The results obtained were as follows.

1) A mathematical analysis of the Houldcroft test by Rogerson et al was applied to Si-
bronzes: It was examined that the experimental crack length corresponded to the

theoritical one in lower welding speed.
2)

The crack susceptibility of Cu-39;Si alloy to weld hot cracking was decreased by the

addition of Fe and Zn, on the other hand, increased by the addition of Cd.

3)

It was known that the addition of Zn to Cu-399Si alloy represented lower contraction

characteristics in film stage period, and the addition of Cd represented higher one

4)

It was due to the effect of the fine casted structure which was compatible with the

strain-liquid film theory of hot tearing that the addition of Fe to Cu-39%Si alloy

minimized crack susceptibility.

1. #®

rAHEFMEL3% S w/VED Mn, Sn, Zn fn ¥k
875 Cu-51 44T Y., LENiNBEELET 20
{LERCFERIN TS, 22, TOBEMERS
L, HMEISHIEE O DB EEEIC R WT, LKL
WEREY VvIRFETDHENWD S EThDH, BERLELEN

[l

THEz XD ZDED v v Hot Tear & I T
AHEOT, GREFBICEWT, BRGEOEBIET LT
BWENIGHE L - TR E L EONHBERTH D R
O DR Y VORMBBETR Y LIF, 5B IRE0 R
H1EAHE~L, Cu-3% Si i« Fe,Zn, Mn, Sn,Cd o/ &%
aml. Hot Tear a4 2EZMHEDOHE, BLU. £
DHENER L OREMEABR Licb DT, RO LD 7K

Table 1 Chemical compositions of silicon bronzes
Chemical composition, %
Alloy No. 7 - -
Cu | Si Mn Fe Zn Sn Ni Cd
AR S Rem 3.4 | e 1.08 0.10
Everdur - 1010 M Rem. 3.4 1.03 ] e ] e e e
ASTM. B96-56A-1 F Rem. 3.4 | e 0.58 | e | e 0.50 | e
Olympic Bronze Z Rem 3.4 ] e e 1.26 | e ] e e
Table 2 Mechanical propereties at elevated temperature
sr\ _____ Material AR Everdur-1010 ASTM B96-56A-1 Olympic Bronze
~~. Mech. prop. Tensile Tensile Tensile . Tensile i
Temp., strength, Elongation, strength, Elongation, strength, Elongation, strength, Elongation,
°C x 30min, | kg/mm? % kg/mm? % kg/mm? 9 kg/mm? %
0 68.8 13 65.1 11 71.6 8 65.5 . 9
400 29.6 47 34.4 12 43.9 10 2.5 28
500 14.8 91 13.4 82 15.2 40 1.7 54
600 9.0 72 7.2 96 6.0 132 7.2 76
700 5.0 93 4.2 96 3.9 119 4.5 76
800 2.9 128 2.8 86 3.1 17 2.4 107
900 0.12 1} 0.82 0 1.9 32 1.4 95
*Ho #
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BRPVEN B> Tndo (VB Y vEBRE 1T - THE 3
FEED Y VERBHC S JIFTEREEY LD NS QFHRIE
KA TR > T 3 TTHEOD 5o Hot Tear i JiF
TEEY UL~ b, (QIEHBUNAERERC £ 0 BRI 3\
Thb AIEH Bl &0 SBoliEaEsd WET 5. 7
¥, Table 1t RAMNTHBND 7 A HHFFO/FHM A

— 762
69.85

K Line of weld-

..

L

9 slots L—q

0.793 wide 7.62

Table 2 122150 HRS IRFERGRY R Lz DT,
WS SRS RN D DEEMA B LTW5 Z L a%b
Do BEREOY LITZINBODF — & ¥k L OREEOFH
OEZEND, BMHEEECR T TREELZLD TS
B ENRDBHILD,

2. BETLVRR

o
o

Molten pool

Root of crack

Fig. 1 Test specimens in 2mm thick sheet.

Fig. 2 Photographs of Houdcroft test specimens.

Fig. 3 Photograph of welding equipment.

Cu-3% Si = Fe, Zn, Mn, Sn, Cd % FhFIE 3 TTHE
ELUTHRM LR Y SHNESFCCER L, B, &
RAFESER & v 2mm FoHikt % BRI L, Houlderaft o3
% ) % Fish Born Test #7177/ o720 Fig. 1 CRT D
73, BB ORI, T, BRO@HND 2wy Pk
FREIC A D A SER e O s B IR S Lo i » T 7 —
MEBNEN NI D, VURFEET D, Avy FPODIC
BEH AR EL R > TRV T 2720, BDHUETY
ViIEE D, 2OV VOEER X 5T, YV VAT DR
VEDELEMHATHLDOTHDH, Fig. 2, 3EERF &E
BAERRLICODT, KA LR 79 7 74 YRR %R
BEEBEEFAZLT D, TOFELLEHMELDEEY v
AR &R, EAED 0. HEDOHED O DHRM 4
B4 57 — 2% 1EDITEN B EREEROIEL B
W 07, Houlderaft o 5% B0 s L Al
E&BITONT T T 5 Rogerson BDOFED T 4 BHE
RO A% R Thiz, Rogerson b DT - foffli %
BEeo~Nb e, v VvOREXBALARETLZHI08FOHR
FEFRETH7V VOBV LTI 2L LT, &
B~ OWERTHY vORE AL ARET SN
—VER T ~ A& LT FOMIC - T 5 TR 2D
HEbXosT\Wb E# %, Table3 (1) ARdD D, wic
BYSHI X BIE D HETH T B D iEE 7 — v D SMAIDIE
EotYy, BIELTWAENOSIEBREE L. REH»S
DERR AR D LQBNE DN D, BEROBARIE
Wells OB (3) K& A5, F-MHAFAR LU
FEOBMEHTSEE DD, LRI AR nRELNS,
IhERORERALTEREE D, ZOMEITRBRF Q%M
PR BE, AR, BNEIRGAEL. BMREERR OB
Th D, ALTBERCR > FNENOMBEIT RN TR

—_ 9
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Table 3 Calculation of crack susceptibility factor Table 4 Crack susceptibility factors
E 2
,E_:flPﬁi [1_4_0.98 (ﬁ) ] —(1)— Thermal Bead ‘ Welding | Crack P
2 Ec d Material |diffusivity,l width, | spe/ed, length, T T
2 i "
E:Young’s Modulus. cm?2/sec cm cm/min cm
T=T,+ ZqK’ , 1“‘“;“ —(2)— 1 S3 0.12 0o | 120 2.51 0.087
" d ] F1 0.12 0.9 1 12.0 1.45 0.216
T n=melting point K =thermal conductivity

g=heat input r=distance from electrode

d=Dbead width

r=8K T, [0.2+A] —(3)—
)\___Xi V =welding speed
4z @ —=thermal diffusivity
op
= 9% T
Er 57 [+
ge:_L+_1_ _5”_:047“
4 7 0

where &=strain ¥, §=polar coordinates
a=coefficient of thermal expansion

T =temperature

e — _
=y (4)
substituting eq (4) into eq (1)
1/c\®
P _zlg) 02N 5
EaT,d [, c\2 - -
[1+038(3)}

R tofih it BRI Y vOIRET D a3 BEHC 2 DB
A UACET LIRS RBINBIVE TOMNEBETY v
B E B Th b o TV vDILE ZAEC KT 55)
#xD P/EaT,d iy vEZMEOKRXEE 5252
Cinhe Z 2T, MECHENBREDH*E LWL D &
BRUEDOEE 52 Th, WD BAREY —FICT
5. TihbbY—~ Fiid—2B i TRITIEHMEO Y VK
ZHIEL Lin b, L0 v VEREMOME A RR S — £
D1 ENSKD, TNESEC LT CcODE, Wi b
v vOEY LEBEEE L OMERNBIRNRESN S, . 7
A, BN BIHRCE L BID 7 vOREDER & R
Fe R EFROILDEIED L L{—H LT,

() dx—BB AL BN 5584, BEEEY LT
BHEELEEREABEMEESLZ LR D, ZOEEY VI
F i VERT — 2 & —¥T B,

(i) —~BOBEREC S TBRAE NI 5, BAAR
- FAAT B8, ci/h& b c/ldDiidic &
D7 VIREL i he ZOABIRIERBEOHEMAAR i,

(iil) AL L~ Filig ;<32 7 vidkic
PANARS

(iv) BrAh—mc LUCHEERELT B &,
L e Bicb v VIEEL Tt %o

(V) MoEE, v vidiEL b,

PlLED XS Er A BFFCH LT, L% DN A
ATCEDHIICELDND,

Tabled X 3TEL LT Sn2% 445358 93,

e Fils

— 3

B L0 Fe 05% %4tk FlL o, & 100A,
wEEE 120cm/min LRkiF3 v vEYEHEL. vV
WD PlEaT,d #FI5 UlcflRERd, ok, &
DR UcBE B ES L Cu-S12 FTED & D Th 5H A3
Fe, Zn, Mn, Sn, Cd 7 ¥ OFMIz L % 3 Ta&DHED
EEEBTCIHITE LA ERERFENRBELNR ol 2D
v VERBVEDED SR OB A AW TAR D AT LT
D c DExEFD, Fig 4 KRTHBEEEL v vORE X DOH
HBIREAE BN D, rhOFHLIE Y ~ it 0.9cm 2T,
BL0ETODRBROFEHEA & o7 b DT, KHEDHE
MR L WEERE & O—BEED BIb, B EOHMREE
L, BEHEIVNS WA, 2 DV EREOL D8
By vBEBRATTR Y CENTEL L ELNSDT, A5
COWT, B 100A, BEHE 0.2cm/sec &\ ) FEESL

5
4 O
5 /'—_—-
(8]
< Pl
5 3
8 /
. .
g 2 /‘é
V)
1 3 Experim?ntol }—Beod width 0.9¢cm
—— Theoretical curve
0 0 Q.2 0.4 0.6 0.8
Welding speed, cm.sec.
5.
4
E
g o
< 3 [
g) /
<
T2 P
S /
1 A Experimentol }rBeod width 0.9¢cm,
’ Theoretical curve’
0, o
0 0.2 0.4 0.6 0.8

Welding speed, cm /sec.

Pig. 4 Effect of welding speed on
crack length in Si-Bronzes.

B X DERETR, vV vOEY B IOY VEREHOE
HEBRBPICOWTRD 7z, Tableb X £ DfERER LIS
DT, HITHELLTO Cd ofmit, EbHTv vES
YA EmX 4, —F, Fe RT Zn R Fniimsd
HLDDHT Ehbnbde
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Table 5 Crack susceptibilty factors calculated 191¢

from test results of Cu-Si alloys Breck shap corfer- 154
P 7‘:5““
No. Composition, % | Crack length, T EaTmd |
- 2NN ¥
c cd 0.00 1.80 0.183 | "
cs Cd 0.46 3.50 0.045 / \ /
cs cd 1.37 4.50 0.003 / %
F1 Fe 0.57 1.45 0.210 Selit mold =z I % ©
F2 Fe 0.97 0.81 0.281 | &
F3 Fe 2.72 1.16 0.246 | /
M1 Mn 0.30 1.80 0.183 / 324 o3
2 2%
M2 Mn 0.80 2.04 0.160 /L ‘SJ/_;_,
<
M3 Mn 1.97 2.80 0.084 566Y oo
— 2
Z2 Zn 1.14 1.75 0.188 ’ .
Z4 Zn 2.18 1.60 0.202 % ’ /
S1 Sn 0.55 | e L e / ! ? S
o™
s2 Sn 0.9 2.66 0.105 } /
sS4 Sn 3.82 1.92 0.171 / \ /
/ /
) 1IEAl |
3. MEIPNMEAER .
Fig. 5 Ry WA mM i MR E 52 5 & 5 7/ Shekiushn 112046
R THAL LTI\, REETHLLT > Fo4 _ )
PO 7 v oRREMD, 858 5E% o Hot Tear s kiF Fig. § Mold design.
TSR LB/, Table 6 ko Ha O LR %,
Fig. 6 138t B A Li- L 0T, £I0KFo0EE > Table 6 Chemical composition of test pins
Wi\, VVORBEA 4 DI Uiz B3TELE L N Chemical composition, %
o Fe 13, Hot Tear i34 AESM4A £ L HE L s ] Fe ] Zn [ Mn [ Sa cd 1 Cu
W, RWT Zn, Mn, Sn, CADIETH Y, By villhe F | 2.8 | 0.8 — — — — | Rem.
—H U RE R L Tnb,
z 2.79 — 1.30 - — — Rem.

4 EITROZEXBNDOE

=2
|

I

|

|
b
o
8

Table 7 1 T A REHC D THAN AATIL, F35 &

. - s | 2.8 - - — 0.88 — | Rem.
FOBREEM A LHNThie, £DRY Fig. 7 R,

Sn ks LY Cd ot Cu-3%Si OEBEXME ) E c1 | 2.80 - - - — 0.08 | Rem.
T bbb C2 | 2.8 — — — — 0.91 | Rem.

5. FEimFRINIEER

Hot Tear ##a3 ik BERMO \Whd 2 BBk . T T 1
o _ Crack extends Wide, deep crack

WTTHBH, TOEBbBIET-E4EE DIEE No. No crack | Fine crack laround pin extends around pin
CRIE L Tndo /bbb IO AXWEE, WHIN Fm w w. W
TREE T COWBR D BIETEARZ b Th B, o 7 " """ " '
T, BB RT 52H o EE 4 HEdE, Hot M m' '"
Tear ORI AT H—DOBEEAEEABD Z EMNRT - m —
5B BNB, Fig. 8 (5 A eOERFNET 57 ad mw._mwm
R LB, Fig 9 3o S84 5 Lz 40TH < W w MW
Bo KEBHDICL>TLomVERESN, B OFHEC 2 W FTYYYYW
FHYHIHET B L5 CinoTH D, SEic T S ALy Fig. 6 Restrained contraction test. Casting condition:
AF 2T EEE L A YT - L DIEE S = Casting temp. 200°C over liquidus. Mold temp. 150°C
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Table 7 Chemical composition of specimens
used to thermal analysis

Chemical composition, %

No.

si t Fe | zn Mn | Sn | cd } Cu
F 2.93 | 0.90 — — — — | Rem
Z 2.87 — 1.13 — — — | Rem
M 2.92 — — 0.93 — — | Rem
S 2.94 — — — 0.90 — | Rem.
C1 | 2.93 — — — — 0.04 | Rem.
Cc2 | 2.9 — — — — 0.82 | Rem.
Temp, °C] 1040 1020 1000 980 960 940 920

c | 7

S |7 7

v, 7

F ‘

M

Cc2 7

Z |7 47

v

Liquid  Liquid+Solid  Solid
Fig. 7 Freezing range.

100 —-{-— 300

L ool —

029

|
|
|
T

Fig. 9 Dimension of unrestrained test bars.

Fig. 8 Mold and pattern for unrestrained test bar casting.

T Do BERED DT IV AN—F v 2 VENE RN H RO
FRIZE D AT Do TakHEINICO 7 m w2 L DFRIL
#2b DT BHo Fig. 10 1k Cu-3%Si &R 28 L
7o DT DOWTO PHERE L BEHEED 7 — 2% R~ L7zd
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Fig. 10 Contraction and cooling rate of silicon bronze in unrestrained test bars.
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HEF R ECAbBNS, ELAEERDDOT, £
EHIEW,

B) marwF 9l Foy s by—j

BES Ny F -y ~gkh7vi=y aloBenTs i

2 TWBHEZAS
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BT RV Py -y~ BHE8 HKeRTNV-rvIF-

7V =3
Ta-vF vyl F oy by - VTR TTICE
BITIEH DN HME O BCRENRD Do & -BEROIIL
DN RLEBERMPMOMBEETI OO RESFIAIRTY
Do ELRRMBEOBECHNDHEEIL, BobNE%
RT, BehBESBRELCWANE IR RATH T
ENRTEHDT, OTEEL DITEERL V. 73z
v AROIUIER O WiRT L O i, —RICEFEC B
ENTWAHLrREDKE v~ - 7y T VRBETSH

Dy EDTARIZABM RO DL L T2,

6) 7ri=vaHRTH

—HCEH ENTWDE T D% 7viz=y all nsd
&L HEEI D BAasksE LTI E L < Anwas, ALCAN ik
TI=Y A ACERIOCRETRTOAER LT, B
ot B di BB e~ 2 v BB O B R ST

HE9 7rizviRkFEHERS

J e bV

a=RFyy  FyY

NTERFROFHOEDO DN e DItk » Tl - T
Who
TebEEEOR VI, B T - BB OWER
K& DIz,
I oD EAN
fohd, Ak b AIEER
W/HHT, Tk
FOBET A Y « ~—
3 T 258
T E oL,
TEEST T RIEH 2 /-
W D72 LR Lo
DOOET S I E
L7zl & T
WD, VESEMEIL R
Wi BRI EL - T
Ho LM LZOEDR
3 D IEPER A Ul

HEI0 7riz=varfinbhb
KHEDORT D
B AFT5HI ENRTE D,

4. BRBICHT S BREROMERHBRE K

FLrz b B (RENEL b - T AR D BET
b, BEOBEMA DI DD—DDFRE LT, X
W o\ LIS e e A W T 5 BT bR, R
JIS DI CH Bh HHWITERBRE TH 5D &2 T,
REIERC B W CARERT. BB OERE LTRRIC &
Z ORI BT REFERE L ONRD D E 21T
DREERTDHEZATH Do bHAAERTHREED S
WD Bl S BuLWHid B BRI LT
b, S ZIET LS Al B B RTINS, Dl
& LR BRI I A B LT k0 kR, BE
R BEEARRRCELZDZ LRI 5T, HHEEIER
B BE B BHT A LN TEHTHASH LA
W, ALCAN k1) % R L BN T 50 bbb DA
25 LRSI BT b 5 5 NIRRT W
T, —EOREBUAERT NS > T FARETHB L
HWS £ TH RN

4-1 ROt

BEBULA DN K TIREWRS WO TH 1 Ricid &
&< Wk X A A R L. BB S0 B IR
BRE SRECERBRA . B SRR B L ORERBR A A A
2fE, LT~/ vilBA 1 HE N ENRET 5o

4-2 HBREOYES LUMT

BRI BRI & T BB AL, TR TSI
HFONIBEE S CRT/AY F - v~ TR L, REDY
. 7 BERE DBIR D i KB RO EROEA b
57203 ) T LT B,
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1357 27 :}21 1]£" E/zw
i 2 1 |re jnelra | T |RBNB|FB | T | 2
S a (CCCCTOQE QI e e
J Mm]
i
18~24"

B fERoAE X
T 1 BIESES
R B [ Bl 3
NB : Bty
F B . & sl
M e B

4-3 RRoFEk

4-3-1 8 B & &

Y- FoOAMEEY EROdESEROBRBEL AW KWIR
FIiCE L. ¥~ FAMEOB—ER L ORRORE, 7
Fe e Wy by Fesie s 79 7 BWIARTRE, € V&
HOT Vv, 7 v 2OWRBER ERTNBHM, & IR
BREECIE BN R & e UTHBT T IUEEE b 2340 /s,
Z ORIRBA TR £ ofhoRBRFICEDBEE T,
EBTIUERR INDS B Th B2 BELBRBEDO—DT
2’060

4-3-2 v o #&

Fatcbhi~ 7 v ik & - CEBHOWE A Rad 55
B, BREZOELTHB I 94 v XRT A Y « A=
~IRERI V. D oA R UCRF 21BN T 200
EETh D, & AN THRREETNTRT ) TH R
W, TOEFHRARCUEE L THRELXF Tk H, &
D7D BT HEERIL X b TE V.

—fRiC < 7 v RN X DA TR, BEROBEIALOR
B BETRE, KM, vv, 7 F— -y b, A —3-
Ty, E-TORNEEETHRDDTHDHMND, T2
Vo« =R VOB LTS X BEMA BT O, B
WA HREEIKTE D L Wb Th Lot
THAHH,

4-3-3 B W K E

Ze LRI LTk nick break test 23f77cbit
Bo ZOFEIFINLEETE DD, BEHO—EHI
WEARND 5 X HE N ORBEW R FETH Y, HEL
HBEEEO— L LTohie Z0EB AT Tnb,
ThbbERIIEFRET L Sy F - Y — 2k b s

SRR AU L. BESBh RSO FARCR2iE D Ry ¥
V= T UHAL T AN TH B S, A ZHIA, ~¥y<—T
MINTEEY — Y BT %5, F L CREIIEOREESN D &
M, AW, BABRTRER LY —~ ¥y vinE 5 H~5,
7o A R EEEOWERE CIREEY A5 00 Tk
W, BEIZIRT I HEBIREY S ARHRAT, v
TV~ PERBEY - PR S L5 T R A £
L. ZOWEA %,

4-3-4 45 H B

720k b Bk ORI & B U B DB e R
BHED—DTH T, & LTHEEOEEMR LU

HEIL Z25-R AR O iEin A
(nick break test)

BH12 3 EHEE O B
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PA TS S i-DiIc b, BESBHOKIL, feh
B, 7 vy U, Y Ul L OWEIAST R s & AR
Tx Do ZOFHBRCE T SERA ORI R L O ED R
FWEBEEBEESNDLZE L, =Sy e v - LT
DTN HDT, AROBERE & & SCHBTR N
THBIZRIET 522 TE D, P RBEECRT LI
ST Th o T, ZOFH R IIUEERF 24
HFD 2 EMTE, Fle7 v 3=y aOBRERIER T
BB L LT B i i F 7 B B W — iR DA
7 B Tl BB A—R A SRR G D D DT
#H L. COHFETIRED OEALNOT, ALCAN Tix
7Ly AR LT OB O EBREN D o
ERBLTNBHE LT 5Ds

e

HHIS

POy BB Hitk & BRPET

SR ORI EHC I E ST b, fiREe—fs 2
Brzoicit, B4 T (TR HoRE  Byiddbikls
L8 ILETH D E XNT B, L LEBIC I 5 A
w8 DERER OV T & B \ R T B BB 3R
DIRERE R—IFE DI T Wb, & LEEM OBIE 4

k. eE OB TRy ARBEOFTHEAMICE D,
4 UM SRR D Al r BB AT R D L b D
bo

SHEAE DA Vie"R CHBWRT D THRY, REDP
VL b 2 TR & F—E E THIBR L TERB & R
BEIBE Ui iy BREBD v £~ - ¥ Y ORI

180° o fiFCTEIRATT /R o D BED M RSB

BIOBEY A VOMECL o TERN, BLIRDOITLEL
Tbhho

BLIE 703 = AEBE Oy BRI S 1T B il o AR

FH QT TR Lol 7 2%
ALCAN 2S5 \ ALCAN 335 ALCAN 565
v 4 x v 4 x| v A

/o oo OB
(EA &3

v i
ALCAN 18, 28,35 2T 4T 2T
ALCAN 57S AT 2T
ALCAN B54S : 2T
ALCAN 653 6T 4T

1 180° i aie. 1/87 B kit iz o TR E TSRS I/ Bo

BECR Lk A, 2 OBEE TR B RO
v ErRf e v e LD ey £ - - Y O DI
B, BRI E YLD TABRWE I EEEINTHY
Bo BEHOROME Y Y CTOEMITIN BT L T
Bl B3, BBRICE LT Y Y IREE Y ~ P o
B B L AME LT ATUERDT, ety 2
- vy BB~ VORI T OREICE L <k
FhEa bl 23 ) ETHA e

T3 Z OO M 7 SEREEL B. S, 3451 : 1962, “Methods
of Testing, Fusion Welds in Aluminium and
Aluminium Alloys” i HHEEINTndo

435 5] & ® B

BEESENT B0 BRI W TER D Anbn Tl
P Er LCHEEER AW TEOFERICHWBN, &
OISO L AWS 2 ASTM O#IgK LichioT
b Tnd X5 Th Do

R BEDAYICDONT

Ao =k <, TVI =Y ADEBICREWTHE, JEEL
A4 OEPEROME LR EROFE L 2Tk L 2htH
B EBRREE TR Ly Wolt AET LCRET BRI
AR A2 R D MES LA Z L3/ TE .,
o lE B A ST BT b, JEEMAEEA 4 & FIRREE
DB X DX HICEBEOMENET L, MRy
MREA D HICIE. — IR OELIEA & CIRE BRI HHLE
B b O UE R B\ BESKIH At X OV R
T h B bl i L OYLFBI RO AAIRICT AW BT
CEXETHEMM7IVI=Y s3, BEROBRENRLE VKR
XD T, WERBWHBRICRERS D, M7 3
= aiT EFo Mn &inzic 3003 &b 7=
LF D EERERE W, R EEE E LTERTAE
Sy, EERRMEA ST v 3 =Y » E FAREREC
RS Do &5 LEEIC & V. BolEst, MRtk
W LR o RIS > Al-Mg FR& &/ EEiEmic s
D ERECE AN DND L) Ko T& e L Lian
b—ric Al-Mg ZAa&b\vwoTh Mg DEFERE Lo
CHEEOLSNH D, EHEAUREOEETHRAK
55 LB ASAIE LDD5 bs CNHOERITEN
FPMEE L BT, BREIEUTHEOERIIGLS
Joi BRI\ TSI OBEI & IEET HULEN
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bbb SHLMETHE TN I =Y AR LUFDESDRE
VA& LT, ALCOA FBETWH 25, 43S, L8
S56S 7 ENEL LTHWBNTWADKRT H B, BT
WEEAEE b, BHMOBEIC L > TRED Y A ¥ & {F 5
FTwBe, ALCAN i\ WTHLEREAED v 4 & 4 Kk
HDHNEIBER L TH2DC, BT BT 7 O E4 M
T %0

5.1 BEVA YOS

ALCAN TI3E#R v4 ¥ & LC—fEo MIG &
101b = 77—, spool-on-gun type & + — F iz Hi B
B1Ib 27~k X0 TIG, # 28, BFREEER
DIMEOEMHAEEL TR Y, FOBETEERL L
THEZEDIELXLDNE 5,

2K ALCAN oMy 4 v

ALCAN | Anms | zmws i #
25 1100 | Al ALCAN 28, 35S
338 4043 | 5% Si Mg.Si £ 4
358 4047 [10—12% Si| 7v~T vy

2.8% Mg, | B53S(AAS5454),
C53s 5554 Cr, DMn Pressure vessel (high temp.)

3 5% Mg &&

C54s 5254 | 3.5% Mg Ungred px?essure vessel
56S 5056 | 5% Mg gaﬁin[—E#ﬁ%&MH%%< bHW5E

5-2 T4 Yoa

BEY A Y —Read, BE vy FRER L OEE
CEOBANSNTABORBEMDE BN Th B, 27—
MEZEPNT v A4 v 3B e LT, TIG Bk Yic v b
NBHEFROEIFNL, ERhT & X icF OGS b
LS BDEEL BbORBRTDLLEIATH S,
ALCAN I3\ Tt & ORE DM OB 13, 5268340
2dmm) Dl Eo & w U Tk ZImAeit s L, #
DT OMEOEINPHCIZE 3E£ D & & < BIT & » TH#E
T o T b,

BB, b LEB L LT NT, VA YOBEREBH L
{lao BB, BERIR T L 1L 28\ A8, v A ¥
ERCELTHTEDHIZLD, £BEOTH b0 Al-

B3XK v 4 v 0 7

v 4 ¥ o @ H &
ALCAN 28 R
” 338 53
”» 358 jiy
” Cs38 7 Had)
” C548 3
7 96S o)

Mg RvAx. 4 #EDT5 L1k ALLSE Zoov 4
YERBILAD, BDCEFRE S THIFTHT, #lisb
HRIIRZ 2D b Dik Al-Mg R i 2 % & 5T
HIASB D Al-SE Ry A v & ABED B¥MA DTS &

Tlbhd,

53 T4 VoBE

DORETE 7 VI =y 2o MIG BEREWBIS v A
T OB, A5 A5 Yhe” (16mm) b L < 1% 34s”
@Amm) THHMN, #FEL LT 2 Y B BANTIE bW
% spool-on-gun type % pull-type ® + — #+ & & 4
. MY A YRS FERINTWS, BE%ETIC
ALCAN @ THEEINTWS v A & OBy Rt 84
ROZTELTH D,

BAR v A Y OBEE

MIG # #
TIGw® 1ib 27— | 1006 x7en

1/16%¢ 0.0307 3/64%¢
3/32 3/64 1/16

1/8 3/32

5/32 (0.030
3/16 1/8)

1/4, 5,16

B ARIBEORECH D, dbAARKEBRENALNAOHRED Y A ¥
BERT5B,

54 T4 YoRENE

AT~ PHR T~ JEBERITIT V=Y A OBELR
AREHFHETHY, TEHBLLTO7VI=y ADER
EERBWNCEIL > THB28, BEmsns MIG BEditb
REZ W THEBORIC Bl U, B & o sk
END ICHSEFC A4 B5EAR BATWS L 51 Bbh
Do TOEME LT, BEMCEENE LRI 2R
Fhiv, COMBIZBET 2 WEFER BN TN 0088
KCHDo Lo UnBBEEROSIEORERE LT, kE
MERERT LR THH L INTE Y, FOFRER
Tid, BV 4 Y RO EECERKE LTEERD
IR R E DHTHIR S BN 7Y — 270 & OFE 5 1 5
NTWDo HARETIXY A ¥ DREMIL b o 1F ALY
RFETT LN TE D, ZOFEILT LLTEYTH
B EWI fERE B EhTwivgs, ALCAN Gliy o4
HE DR RSB EEEA B LIFT 2 L L 5
. MWW IEOFR “shaving” o TE4ANTEY., =
Dz ALCAN o MIG ¥ v 4 Y I3 ERCHIRA2H L
TWT, —RELAETHEHAIN TS Y £ ¥ L 1k—B 1
TRHNRTEDIZETH D, ZOENRENE L OEN O
DA=D=DEDERN ST B LM ES DT
ALQ%J@S&<sMwmgK;5v4«@mfnﬁ¢¢
NTADMITDNTUL, —B LI BEMR <L 7o & 21Ea
XU 2 TIRIEESROMSE, S L TdEgsmn s
U, HEETIRALEN R HERC LD 7 4% REHLA T
Do WolEH ALCAN & Jiuis shaving wrzav 4+
DR E U, BEMEBENEDND, VA ¥ OEEN
HIETHD, 227 b« F 0 — 70 L AEHOME S
STHD, LT ELFL BT EhhTd, shaving
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T EAH7A4NIE(LENRFECLD VA YLD L EHOLE
BRI Ea2 b T Tnbe RELDIEH T
ALCAN BXOA XU 2MBEA L 7 4 X DWT,
BELEHELR T o THBNR, FORRIZE LN, W»
FTIZ L Th 7 A ¥ OREWEIC DN TESBIRE 2%
BNBERETH Do

7ok, TIG, 72, RE7 — 7 5 L ORTFKERE
BoEmiisimc B Lk MIG B i 513 KUK
Tl T, MIG ## v 4 v O Ik < BBl 347
b Tk 5 TH D,

55 BETAVYORE

TN I = NEEEY A Y OREIRREO I LS b v
ol kL, BERORIBCEE 52 50T, RECHRL
TETAXBBRB LD, ERLED LWL S REEL
e B, TE H IUEERE5~80°F (#919~27°C)
DRBCREINCBES CTRIOAVWBBICAE ST H0M0
YFE Lo MIG B v 4 v i3 OREE L, BELH
=L D, BB ANLA T — VORI B
. VA VIERBAIE & SEAY 25 vy RREAIN
XHERECROINTWAEDREBTEHHND, REH
133 R BT B O R BT, Lol ABENBH Lisy

A X, AR E DRIEECE LT < LI b#
g 5 03 s ERRBRBIC B W TRBEER O R 77— v
BB R ER, BRTOMOFEELNLHREL TR Z
&ﬁxgﬂf L/Lz\o

5:6 BETA YORBRFE

i v A O BB LRI s L, Rk BB L
B b U2 eBlE LB s 27 - > £ — 12T
VAT AE DFR(L B A bR e LT, #lv 1 v
RAWT MIG $EB) P ~Fi LD, EAXEETHET
BPSREE TN, THE /S ACHRAT, 77 vy
T e v FEREL, FOREEHONUDELTHS
B L i L TETAHE L5, BERGIHERY A«
YO MEAR IO BBICL > T EABN, TO—H% T
&. ALCAN 33S (AA4043), 146"¢ 7 A4 ¥ DRERITE W
Tik. BERMCHIE 367 (9.5mm) o ALCAN 655 (AA
6061)-T 6 1% Fi\ . IAEEEM265A, 7 — 7 BE25~26V,
e 15ipm (B 38cm/min) T_Lf &3 AP EA
Tl o5 Tub,

57 BEJAVYOEE

— BT Y A Y OBV E OB L » TEHR
T, BENSTEULBSCIE, BEY v, BEROME

#5% TIG BIUMIGEHEE, T~%- -7 v—Yrr, #ABRBICRTEEY 4 v L BHOMEaE

40431060 B () | RS GRE)
AA1060 |31 & S
1260 | 4047 1. GBE
4043 | 11004043 1100 2.8 %
moo | — T
1100 4047}1100 | 4047 3. Kims i
3003 @
4043 1 110004043 1 1100, 1100
BoL *{_ "‘_{m 404_35_ BAENIEND | beF - TUmT S
A28 1100l 4047i1100] 4047(1100] 4047 s Een |
5356 5356 in 535610 5350

coa | 48] 525414048 | 55043 | 595414045 | 5254
10431 4047]4043 | 40474043 | 4047]4043 | 4047

53580,070 53501s00a 5356 (5) 5350 (5) 5350
sion 104359544048 525414043 | 55414043 | 5254/0043 | 5254

4043 1 4047|4043 1 4047|4043 | 40474043 | 4047|4043 | 4047

(1) 5254 % ASME #i#sw k% Unfired
pressure vessel KEREN 5,
(2) 5356 iBEMLARBOEHAYRBET Do
(8) /84 THEBEL 5254 K\

048] (6) 4043 (6) [4043] (6 4043 (6) 043! (6) ja0a3 | (6 (65) B BEHOBAEICHE RHTEY B0
Ly [F955 3254595 2455 52515350 5254 56| i 5254 Gt I ff:z)_’c 743'17”25;;‘5»%%
s554] — 155541 — l5o5al — [ss54] — [sssal — lssoal — lsssal —
5154 5356 | 5254/5856 | 52543356 | 52545356 | 5254/5356 | 52543356 | 5254[5356 | 5254 e 5254
sosa| — [szsal — sosal — [sasal — [szsal — fsasel — [sasal — |ooc | —
BG4S [3896| 5254/5356 | 52545356 | 5254/5356 | 52545356 | 5254/5356 | 52545356 | 5254556 525415356 | —
MrMe |l lsmsal - sasel — [szsal — [sesel — semel — [sasal — [sasel 1 [sasel —
s 201075 5356 | 5254/5356 | 5254/5356 | 525415356 | 525413356 | 52545356 | 525415356 | 5254/5356| — [5356| —
sosa| — lszal — |s2sa] — Is2s4l — [sasal — lsesal — |sssel — sase! — lsasel — sassl —
o5y [P35D) 45800 | 52565356 525415355 | 25415256 | 5254 5356 | 5254[5356 | 52545356 | 5254/5356 | 525415356 | 52545356 | 5254
somal 6 15254) (69 (5254 <6y 152541 (6) 5254l (6) 5254l () sasal — lszsal — [sasal — [sasal — Isasel (6
DA%, laoas 5356 043 F0h0ss | 0043 3300hous 320 1043 | 232615356 | 52545356 | 5254/5356 | 525415356 | 52545356 | 3254 4(@)3_132_23
P 1043) ) 40431 (6 40431 6y 40431 (6 laoa3| (6 Jao43| &) [s2sal — sasal — Psasel — fszss| — [sesal &) 4043) &)
3003 ARG6
BH 2 | aate0| 1100 igg)js; 6063 | 6101 | 61 | sas4 | sise | fLEME| 06 | 5052 iggﬁi;
& 4

— 10 —
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KT, MaEEOFRR, 7r~a MUBBBOGBRHOXEL LD
BREmBDT, BERTLEY 4 Y OBRCIIHHEEL
R, L ERAROEETLE TR EES
MHEE L ODH % BIETIE ZDORMNRE V. 72& 2iE Al-
Mg %44 Tik, Mg &BEMR 25~5% BED HEH T
BOS&ERHY., INHLDOEETVWTNLEMEFAED Y
A XCCHEEEEN D HH, hicid 5052 o 2 & < HihyEin
RTNEEHLH D, YV vOENDIL MggEEOE Y A
FARMEH LB TS, BRI L o TEEnTERNES

VT Bo E72fHb LIRS DRI 577 £ X BT
DAL, MFOBRIC L - TELT HFIROBEL L
LA ER B,

ALCANI 1 B Y A ¥ D KIEDBEO H1x EiRDO#H
2EDEBNTHDN, EPCAKHEEAEOEGEF LU
REAEMOBEAEE LiovA vO—@B) DHEESR (8
5%) % Aluminium Laboratories Limited J hifftx
F- & BT, Modern Metals 508X S BB A
BEFALTER S mFpdFo 5356 4411 5056 (ALCAN,
ALCOA 56S) w#To Ti MEBMENTzbDTH B,
ALCAN G 5356 & 5056 &t/ & LT 5056 % (g
BLTW5,

6. EBICHTHBERAD
Bz, Bribi ALCAN Cfift - 2EH O bbb E
b DREY, BEBMOBERE &bk, BELEYITLT
<o

6-1 TIG HEE#E GamMi L)

(1) LM

7 B : ALCAN 2S-H16

v B 0.064” (#51.6mm)
AR « 280A, ACHF
Fysipr 2 80ipm  (#200cm/min)

BB Yva=y s AD 2y 7 AT 2,
346"
7 — 7 %" (2.4mm)
RIS A2 B RMEROBRECEE LT, A4
F- v~ T #HEE 5 Linde HW-13 ¢+
— FIC T
@ w1 a4
Yy LB —>7 & T2 F v s v - T
EEEELE B ORRAL B IEFR B4 B E A W= A0 Y
THIDE D=7 & F v THlE—~>¥E
BRICHEERORR L OERA R
6-2 MIG gEhas
Linde #v £ v« ¥ — n% MIG g@asE (HW-
6r—7) kb, ZKMEROEIREA A TEE,
(1) WE (W64mm) D4
BdtosE : ALCAN C54S

e

PRSE DGR « 1 Hlge a4, Wil L D A —BEE GBAl
EHEBREROD)

v 4 v ALCAN 568, 144"¢

75 1% R W : 250A, DCRP (FE TP HD

7 — 7R 23~24V

VA B R B 1 57ipm (#145cm/min)

7T B AR 60cfh

P — R #915° (leading angle)

gl L B vy L AU, RBAYEARPT YT
tE B 5,

LFRRUETAT I » B EE O SV, WIERR S L O X &
FREB DR A FNFNEEILI~18310 57T,

@) BES" (W19mm) D34

B o# % : ALCAN B54S

BASEDIEAR @ BEMEKI0CD =T V 7 v — 7gesy
MFT, WL D E—BEE, B%iE=
2= VT 9T e F T e f oy~ T
Mo FEDH T, v — FEIOFE I
1Y%

: ALCAN 56S, 144"¢

Y W IR K9450A, DCRP (3B T4 MEE R

7~ 7 EE 4928V

¥ B B /923ipm (§958cm/min)

FT }J7\ i 60th

P~ ME : 25° (leading angle)

Bl BERKMC X 5 BB S, Wimgtk, nick
break test iz X ARk L U X B RRBRO B a Fh
TIER 16.1~18.477 T, Wiho X#EER TS BRoh
BDITEL BESBIICING & A ESINRERD BILR N,

6-3 M 7o MIG gamERE

ALCAN o#st. Linde #&l{eic i % 2354 7 & MIG
EBIPIAE R L 0. k7% expanding backing %
H N CH#o

B % o % B : ALCAN B51S8-T 4

s34 TOEE T 6547 (W1T0mm)

4 7ORE ¢ 0.188" (#74.8mm)

Bl 9 @ B Ik« ALCAN CRFEIN: BRAEEU
TN THELE BT,

BH# v 4 v : ALCAN C54S, 0.035"¢

By A %

— 11 —
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115-1 KifE6.4mm, CH4S MIG H Biya O 485

#16-3 #FE19mm, B54S MIGH B € — F ORI

¥ B dE g 100ipm (254cm/min)

72y HAWE « 45cfth

OB B AT Y VARY 2 - OEETELD,
[Elfis 7 M % 25 2 C 6 B,

DR & o TR Uic /A 7THEBNE OB IAS O
A, BiE4&EO nick break test ¢k ARk R L O
BoREM I RRO EREY TR ENER 17.1~172 12
Tto BEKREOND Z &L H—TLobToRERS
HESN FEr R BnTh A D Mk 7

16-2  HUE19mm, B5AS MIG & G e i

e

VA B W 200~210A, DCRP (GEFHHAETERD 72, BEBESBOWHICE TERENRD BNDLH, Bl s
7 — v EE: 1EH21~22V, 2~5EH22~24V CATRIOBEOCTRTHIEEHEIE LWV o T,
6EH25V I+ Aluminium Laboratories Limited %> 7 2 t

— 12 —
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VBRI IV DR EMEEORME PO, 7rIi=Y -
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HIHBRTHHHBEIN

TUT Ty 7EOTELRKRBEEICK TS
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O oE -
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K B8 A MBI DI B B ARHET B fo DI BB S ks & W 2m/sec THAFN384:6 H 200 XD 2 7 B0 RERAEIT W
<MBERIRNTE fehd, WTARRIT TSI BT D545 TRIDE R & 1570

KGO 723D Z DFEIMET LTE TS, ZIUIHKEL S X B ETEREE 150~200mA /m? Tl 709%7%5 A
B AR A ST K OEEO BAER 150~200  OFAE LoD bivy, BaRRE1990% 4 5
mA/mM2 ZEE LT B0 THS 50 oD iR 600mA /m?2 Bl EDOAER A LEL T 5,

ﬁEO T D J: 5 7&2"5%’%7“%@@%%01%%% é’. ‘j‘%)[gjﬁréa % CU)7J<TEQH?(1T22 :73"\'@.0
e B A KD IGHEE B B e B L B 7o, HHUKEE &
DU AR GERDE e 7 v 2 v 7 vy — BT

Wi E ok O 4y BT OE O — B

A d i oA o, °C HmanE,  pv/cm? pH COD, p.p.m. | DO, p.p.m.| NHip.p.m. S, p.p.m.

7/7 b i 23.5 22,987 6.88 8.2 0.86 2.0 0.01

7 B M 26.5 10,865 6.92 10.3 0.11 3.0 Tr.

7/23 ! b bidl] 27.0 — 7.22 10.5 0.34 2.2 0.04

” B Rl 29.0 - 7.08 6.1 0.29 9.4 0.08

8/8 b 1 26.6 34,887 7.60 4.6 0.78 4.8 Tr.

” 4 1 27.4 29,328 7.38 8.3 0.41 13.6 Tr.

8/20 b ¥l 29.0 42,849 8.38 5.1 0.36 Tr. 0.01

7 Ea o] 29.6 26,675 7.85 11.4 Tr. 8.6 ; 0.10
f m
50 - -

0 i
£ 40 ' !
E % 'C"_ﬁ'im‘ BN T Bifiid 100mA/m?
s PREREE I
#® N , : |
. . x 1
10 L 8% ‘ ‘ ,
R /) B A 90% ; ’ . :
o " 1o 50100 500 1000 R
7 fe o AER M S [T 2
A b iR m/‘\ /m - B5 &EHE 200mA/m?

AL £ B LR O (T R
FAT Ty, 2m/sec DIGHA) ; *
' |
1
A ———————

B & WO gL

FEETEH 600mA/m?

(x20x1/2)
BFECBHE 50mA/m? TNT Ty 7 DT JIE SRR O R (TR
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LTI

LTHEHTT T

Al-Mg ZR&&DEERMEITOWT

1. & L & &

{LETHEORRBI & b/ ) TERBOBEME & LT,
Floh A ORENEREE LTOBLS S WRELOR
b7 A BRSOV L OERBEBR TSR
HEREHREINDZ EMSE o Tnb,

TNV I=Y M OEREESE O IE T THH D
EEECEEESRL, FEHAIRE AR LEDD
THEMER T <NT WD Z &b 2D OER THARE
CHEALSAEBHE L LTHENTHDEE LN D,

WALy 2 DEBR D 5 NI RASR L EOBEEm L L
T, BRCEWTHARMELE LEWERR W & &
FFFC R EOKEENERIND B ERE L bl

IR BIR N & BIRERIC b SN EMED L~ Al-

Mg REE&FERHINH LD EEBbND,

2, 30K Al-Mg RESEOWUERIRITS
FIREER, v v v~ R K L O Tear test %77
ofco Tear test IME—MrERaInE L, X BUMRK
ETHECOTANE~ &, XEUNKEFTTHEEBO 2 v
¥ % ZOBRBBECHIE LT, MEBEETS 55
HWETHDLINFHBICHETE 5EER D5, 2hbD
BRERETZLIBEZCHE LV,

2 #8 ®H #

HEH T Al-Mg 244D 5 5 5052 33 L 006083 ©[FIE
DEE (R, WE HiD., KA (OF) 3 LOmEH
2 5056 D Hibt3s LOOBT, & 1 R ERHOLERS
Rt

E1xk HEHOLERS

t %= B 5 %
Mgan[Cu[Si[Fe]CrlTi\Zn Al

w8l

5052 | 2.61) 0.01] 0.01} 0.09] 0.21 0.25 0.01) fiees | 3%

5052 | 2.58| 0.03 0.01 0.09 0.28 0.26 o0.01 sepr | ;m |E ¥

[
"R
EDF
BB
oA
LG
MoK

5056 | 4.95| 0.11 0.03 0.13 0.18) 0,10, 0.01] 0.03 =%

5083 | 4.65/ 0.58 0.02 0.11 0.21) 0.18] 0.01f 0.02] 7% K

EEOE ¥
394273

5083 | 4.49) 0.60; 0.03] 0.13{ 0.24/ 0.10{ 0.01 0.02 2%

REFGRE 6 mm, FOMitdmmodorAn, R
FRTNTEESACEF EEAD 2 FRICERIR Uiz, B
BRRHEEH & U, MIG BBIEEY Thofe HBOD
BRI [ OBARBIEE L, WY A ¥1250524%10
{35556% Fiv~, 5083#ikske A #EA Lo

* B oo

H & %X @

. AR R F &

31 EREE

HEt 15°C (BR), -75°C (v 7ma—~pe ¥y
A 74 ADBEE) LV -196°C (HHEE) O 3BE
DWW TAT I o 720 ‘

3-2 FERER
BRAZEEDCF £ T, WHoMm 12.7mm, £k
26mm O/RERERKE L L, 10ton 7 » x5 —EHTRE|
REBRE A AW TERA T o %o

MWHER-NV Py v AHE—(FEERRGERCLD
HE— 1 CRRIA RS U THIE Lo

“Eltikd % Tear test &HIEA AL oo

33 Y-SR

BRomalEEOxx & Lz JIS Z 2202 3 55HBH %
Aw, 30kg-m v 4 v e~ EREARBIC X O BRE T -
720

R Do UCHRBRIRECHHF Lo RRE 2463 X
DD LT Ro7end, BBRAAEOH L TERET T
T 5 E TOMEMIE 10sec BINT, Fof -196°C D4
#14°C DEE EF BB, -196°C i 5 HBre L
THEbTZEE Lizo

3"
o
p '
J/
=
i1 5
/J’ |
No.47 R
R
., K
o)

B 1E Tear test HEEH DBIR
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3.4 Tear test

REBRF OB E L O~FiEik, KE D Navy tear test i
FOWTHEAINTWA LD E L, #1IND X5 CHBROK
RICEE L WEE 2 DNDHS 2ETBE LEHIRE
DEFE L, BERRE OBREROMBILE 2 KicrT
4 @& l/fCo

HERiE 30ton 7 » = 7 — R HEXE IRREREA B,
HEBRF O W R EhER e Y ERA L, 8 3RICRTI
FEAN U CERREBCH DA, SERWMEY ML TR -
7o

FE— M CEEIIRBR CEN D WE L BB ~ 7 v
DEVE K, K-V Py o v BRE— Y E oSSR L
DEdEk Lico

SEREE OIS A 5 4 KSR B 2B LT,
SHECILEBE RO TE L BB OEMEEDE LD -0
FoA4742%8AL, RHEICASEIRY BT 2rmntse
TiEDH X5 EALCEBRA B L OB A% R CHREE
I DR & oo

-75°C D BABLN LD FI4 74 AT T4omHEI L
TFNT - ERBCEA L, AELSBWETIA T
A2EMATYTA 74 ZADEUNFERES I SRS
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DNWTIRENRIIIT bR o120

4. Tear test DOEFF{HA
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Wo & Lo b
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BIREBR O ELE 5 RiLiRiT, °C T4 5, 5052 (ZEEEEEsh, 5083 (AT
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Al-Mg RE&&DOEREM DWW T (155)
E 2 X Tear test OFEE (1)
e | WM | WoEAL | MO | Wm0 | W E4 | GIED, %
ESEH 3.02 10.0 6.9 1.8 14.3 21.8 21.2 67.4 a
A [ 3.09 10.2 6.9 12.0 14.6 22.2 215 67.9 a
5052 ] EEHH 3.16 14.3 10.8 18.6 21.3 32.9 32.1 £6.4 b
EEo¥ ¥ - A 3.27. 14.6 10.6 18.6 21.4 33.2 32.0 66.9 b
| EErm 3.98 21.3 11.6 19.7 23.9 41.0 3.5 67.3 a
T Tamra | a0 21.3 9.6 19.2 23.6 40.5 33.2 7.1 b
AT 2.12 4.8 3.3 3.1 4.3 7.9 7.6 56.6 a2 a
. EAEHH 2.22 5.2 3.3 3.8 5.1 9.0 8.4 60.7 a a3 a
5052 FESEH 2.32 6.1 4.0 6.1 7.6 12.2 1.6 65.5 b ab
o o mEER | 2.57 6.1 3.8 6.3 7.8 12.4 1.6 67.2 b, a
REEE 3.02 10.2 4.2 10.2 12.7 20.4 16.9 7.1 b
1% H A5 3.04 10.3 4.2 7.5 10.0 17.8 14.2 70.5 a
ESEH 1.50 9.3 6.4 7.6 8.2 16.9 14.6 56.1 e
1 HAKRA 1.51 9.3 6.4 7.4 8.0 16.7 14.4 55.5 e
5052 ERAM 1.64 10.7 6.9 10.3 11.0 21.0 17.9 6.4 e
«  ® o WA 1.66 1.2 7.2 10.1 10.9 21.3 18.1 60.2 a e a
EREA R 2.12 16.3 6.7 12.1 13.3 28.4 20.0 66.5 a
T | 2.0 15.6 6.9 1.8 13.0 27.4 19.9 6.3 b, a
EEHR 3.05 6.4 3.5 1.0 1.1 7.4 4.6 23.9 a
0 HEAR 3.16 7.3 4.0 1.4 1.6 8.7 5.6 28.6 a
5056 EEHE 3.33 7.9 4.0 8.0 11.0 15.9 15.0 73.3 b
_ P Tamm | sal 7.5 3.7 3.0 3.4 10.5 7.1 47.9 a
| mEpm 3.93 10.3 3.4 2.7 2.9 13.0 6.3 46.0 a
N (P p 1.1 3.9 0.8 0.8 1.9 47 17.0 d
EREHE 2.02 9.5 6.1 6.6 7.7 16.1 13.8 5.8 a
. BAHE 2.01 9.7 6.4 7.4 8.6 17.1 15.0 57.3 a
5056 EIEHE 2.20 14.1 9.2 1.7 13.1 25.8 22.3 58.8 a
P ik EAH R 2.2 18.4 8.0 1.1 12.5 24.5 20.5 61.0 a
AT 2.46 16.8 8.7 .1 12.8 27.4 21.5 59.5 b
R T 2.57 17.5 7.9 9.2 110 26.7 18.9 58.2 b
EEAA | 4.9 9.1 4.0 9.0 14.0 18.1 18.0 77.8 aa
[ S 9.3 4.3 7.4 12.3 16.7 16.6 741 a2
5083 EREAT 4.47 12.5 7.1 9.8 15.1 22.3 22.2 68.0 a
goss | | mesm | 44 1.5 6.1 9.8 15.1 21.3 2.2 7.2 a
ERAE | 4.99 12.9 6.4 7.7 4.1 20.6 20.5 68.8 a
A 5.35 14.8 6.9 1.1 1.2 15.9 8.1 14.8 d
EREHH 2.91 4.4 2.1 0.6 0.7 5.0 2.8 25.0 a
S . 2.86 4.0 1.6 0.3 0.3 4.3 1.9 15.8 aaa
5083 RS 3.34 4.7 1.3 2.2 2.4 6.9 3.7 64.8 a
Woom A 3.43 5.4 1.7 3.0 3.5 8.4 5.2 67.3 b
EEHA 4.05 8.0 2.9 0 0 8.0 2.9 0 a
T amam | 4.0 7.2 2.2 0 0 7.2 2.2 0 d
EREH T 2.17 9.1 5.9 6.4 7.7 15.5 13.6 56.6 2
I e 2.18 9.0 5.6 5.7 7.0 14.7 12.6 5.5 a
5053 EEH A 2.33 10.4 6.0 9.2 10.7 19.6 16.7 64.1 b
g m | [ mmrm | 2w 11.0 6.6 7.2 8.6 18.2 15.2 56.6 a
ERAE | 2.62 10.7 3.7 8.1 8.0 16.8 1.7 68.4 c
R e 2.62 1.8 4.9 5.0 6.9 16.8 11.8 58.4 c
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= 3 % Tear test DFEHE (2)
N %Q?HBE, s _ 5052-%%& ] _ 5083- 7 bt
¥ % © &%’oﬁnﬁ, l tonv—Ver ] toxfyt;’m &;fu‘zﬁ' ﬁﬁfi' toryr;{m ! toryytzxfm Vtvozn%:r‘g’tgr;
FEREH ) 3.27 14.6 17.1 31.7 4.22 9.1 20.7 29.8
» HAHFA 3.16 11.9 15.6 27.5 4.72 16.8 12.1 28.9
FEHER 3.28 15.9 21.2 37.1 4.76 19.0 18.4 37.4
A o B AH 3.22 15.3 20.9 36.2 4.42 4.5 16.9 31.4
FEHEH 3.59 9.6 25.3 34.9 5.12 16.2 13.3 29.5
8 EHH M 3.86 12.9 23.4 36.3 5.32 16.5 0.9 17.4
R F 3.30 14.1 14.6 28.7 3.90 8.1 14.1 22.2
15 EHAHA 3.42 11.0 20.1 31.1 4.04 10.8 9.0 19.8
FE3E 7 1) 3.72 21.7 19.1 40.8 4,25 12.0 19.6 31.6
" o EAH R 3.66 17.1 24.0 41.1 4,23 10.1 21.7 31.8
FEET 4,29 8.1 24.9 33.0 4.88 11.7 14.6 26.3
1 HAHFA 4.28 6.0 21.8 27.8 4.67 h 8.5 8.7 17.2
A 3.23 10.0 13.8 23.8 4.31 10.2 7.1 17.3
1’ HAH A 3.35 13.3 11.5 24.8 4,27 9.6 7.0 16.6
EXEH 7 3.33 14.3 17.3 31.6 4,27 11.5 18.1 29.6
¢ e HAHRM 3.43 14.9 14.6 29.5 4,63 14.6 13.6 28.2
EREH 3.90 9.1 19.6 28.7 4,60 7.6 12.6 20.2
B WA 3.68 6.8 17.9 2.7 5.17 12.1 7.2 19.3
ER5A 2.85 9.1 14.0 23.1 3.77 5.0 17.7 22.7
» HAHA 2.97 9.3 13.8 23.1 3.95 5.7 13.7 19.4
FEE5 A 2.96 11.4 20.0 31.4 3.96 7.7 17.3 25.0
P - HAKA 3.13 13.4 19.4 32.8 4.07 8.0 17.0 25.0
EXERF 3.73 12.7 21.9 34.6 4.65 7.7 13.9 21.6
18 EAKR 3.90 11.5 20.4 31.9 4,80 8.2 3.2 11.4
g 4 % Tear test © & 5 (3)
SEREL, RS R/ R, ton/mm Wi/, ton-mm/mm Wo/RE, ton-mm/mm
#oos | Tee HHHR : \ : 7
HEOF % 54 k4 [2¢ B’ RO ¥ 4 ® & H  mEEox:E | oW H 28 H
RS 0.50 0.53 0.38 1.14 0.82 1.62 2.36 1.09 2.06
» EAKA 0.51 0.56 0.38 1.14 0.84 1.61 2.40 1.29 2.01
5052 s EEH M 0.52 0.58 0.41 1.77 1.02 1.73 3.50 1.90 2.77
[ERE P 0.54 0.60 0.42 1.74 0.95 1.80 3.53 1.97 2,73
EXEH 7 0.66 0.76 0.53 1.91 1.06 1.69 3.93 3.20 3.36
1 BEAKA 0.67 0.77 0.52 1.58 1.06 1.74 3.89 2.52 3.27
FESEDS — 0.76 0.50 — 0.87 1,51 — 0.27 1.92
1 HAHRA — 0.78 0.50 — 1.00 1.53 — 0.39 2.13
5056 s EERHF — 0.83 0.585 — 1.00 2.‘29 — 2.73 3.25
HAKEH — 0.82 0.56 — 0.92 1.98 — 0.83 3n
R — 0.98 0.61 — 0.85 2.18 — 0.71 3.17
i e - 1.00 0.64 - 0.98 1.96 — 0.20 2.73
EREH R 0.67 0.72 0.53 0.64 0.51 1.45 2.17 0.17 1.88
» EHAK A 0.67 0.70 0.54 0.57 0.40 1.48 2.01 0.08 1.73
5083 s EXEH A 0.69 0.82 0.57 1,10 0.32 1.48 2.35 0.59 2.63
=AW 0.72 0.85 0.57 1.06 0.43 1.62 2.31 0.87 2.13
A 0.79 1.00 0.65 1.04 0.72 0.92 2.15 0 1.97
190 HAKH 0.83 1.00 0.65 1.07 0.53 1.20 0.19 0 1.69
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1 1 1 1 6. #& )

BlEok5ic Al-Mg R4 ERICRNCERRY . M
ABICHEEREID BMLT o BExE LT
Z:)O

RKERH 1T/ - 72 5052, 5056 J L0U¢ 5083 0344 % Ik
\ ‘\\/ — - W T B L, WMEDSTIE 5056 L U° 5083 A3 <hTn

/™) AP, 5052 13 Tear test o XTUMNRETHETOI X

WFE e~ XEUNETTHEBO T A VF - HRICKEL,
BEERCBS N THRIZE LED LERESRLTINT
Who

Fl BT E ML 5 Z &k Tear w34 AHE %91t

L - S, YoM EREAE T A S L E s DIFE LY
a < e

AT
HEB8E Tear test OREEMR

EELR
15°C
EAER

EREH
—75°C

EALMA

ERL A
-196°C

EAG A

5056

e B B A O i W

]
it
—

-75°C

5052 R ‘ ‘ - 5083—R
BHE 2 Tear test #{§% ook
s it '
N. A. Kahn and E. A. Imbembo : Weld. J., 27 (1948), 169 3) R.E. Lismer : ibid 5 (1958), 523
2) R.J. Durham : Brit. Weld. J., 5 (1958), 510
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i
RMEF

Ty

TSI =T AR
- =D
R OH OB
1. # El
TV I =y AASEEE T AREIISINRIESEE L T

e BE R <L R & P o THRIE B LE R
LEEREO LD LD WD FlEE 4B £ TR TN
o Tihibb, 7VIizmvrbeBEEr 2EELE LTH
DHENTWBE LD, BEELTE NI TNV I=Y nEE&E
2%E (2017-T4) 7213, FETATHF AFFIME., EH,
Ry Ak LOERD 4BHEOL, fEHFELHEL LD
LT ERIHRIFAD LN T\,
:@;5&&@meﬁ@ﬁﬁbrﬁ%ﬁm&bf%7
EThHh. Fi, ﬁEﬁ@$Vm%U@%r&émﬁ/w
1=V AEELERLAEWEWIBEELLBHDT, ki
o b DL ICERORTE AR BEEY B S CE
ST oEfoE ., WHFIS74 3 A EPaiEE AR TR
BRI TEkOBRI E DT, 7vi=v rdsd

DWEEVER s UTcREEER D D] &R ARV,

N 2 TREBHATREGEESERBERE RN
b\ME&L&@%@Z%H%K%HT@%?%C&k&
-7170

B Eo—8 & UTHRE A2 UCGERBRA TR0,
MER LTV Iy A AGHEEY ABBEE () L
TRETEAE, BhEEE, POREE, WOEEEE AR L
AL Z NS DHEIRIC DOWTIRARB AL, & DSk
OB DONTHE LU TR E e A & BIE, Bkt
Ty AESEIIE e USEE 7 2 BRI L TERAE
Me—DEEEHEETH D, BLE L DHFEERA LD L%
2 BB THbBo

ok

=

SHBEE %2 LeEy 2B+ 5
Fhr & T OMRIFAE T O

Sk
/R

nmoA B B =
TMIE Y A UEES A ERICHT B BRI 1%

ZRTEHREZBLTUNS, Thbb,

(1) EEi/m SEBM2A4E5 A £ TOHB

(F T EERMETC B R AL B AR Bk ) 1R TELL4E 4 A11H B
BEINFIC L > TR IN, BERES A 1 AMITINE
[REITS ] D234 1 B [HEHEME ik eks H.5
HT Lo BL. FEMENE I I E A FE58 3 5 /i Bl
Z L THRBREDF W% Z1 7= 5 HOHE L HiRA 45
DLDIAH TRHLDOR Y EES T I MEINTH B, T
bbb, TVI=Y AEEHETET 2FE GILT) ofis
BRFAIHITH D, ZOMEIBRTBL T 2503 v
THh oo

BUEC OARIZIEFIIES B 5 AN EERE 435 20 1F
LRI BRERTE lo b, Mot L 5
LHWES 150kg/cm?, MERERES 250kg/cm? <fa
ABEINL0% LT, (e 1090 B, dhr SBERrHIREE 26 (¢
VREED) FHEEURIL 61 Th oo FEHEER T BT
EHObDL @< AUTHD, [BIx60° 5k 00k 13
mm>Oil kD 75 A E 5 2 @Ok A LT O
SO EMEREEDOE XD 6 FIE b g - I EFEENhT
BBo ok, FEREAND FTIETM Iz nALRSTH
AEHZOHMEE UTEHMEO LD KB LTH ot L 5 7
ZEERWD L,

DX, HEAET A28H I NIEE SR 426 B [FER
B REAC OB RET 2 i, FEil, AE(h L st
BiiRe | AT &, Bk 435 B pEil X hure,

HIREE 4206 SO 2 Rk [ R B R/ NE BT B B R
X - P = 3
2. THI=YLAEGERMBES R S B HAL BT AR 45 235045 4 B DIRRRIC X 5 FEI AR,
73 B & o ' JH 9 o iy b g -
BEDODEROEE EARAURE R TR R I B RS (5 JES) % 564
B 1R 7MI=Y AGREEY AEBOHEROLE
AT & foik b} Fraes)
L B # R " ] sigsy, | W, | #ov. %] e | e
T TR REy, | ) oY, AR, A BIRETE, iR,
ﬁlu kg/mm? igg/mrr:l"‘ ’ kfgifr{ll/lcm2 W%B‘i& FERAR
e (A eeee—— :
Wi RIURICR | i1 pytpa
i~ 1. 24 e | DR 0.1~5 - - >10 - 2
" (F 341 B | Grils g | AP g <6t
ma-til m E Al E W o R H | 0.1~5 >3 >18 >15 - - <6t
WEy | HRICERERER | o g 37 - >18 - - <
1.26.121 FEWW’“;* ) H286% <6t
L & o H26.11.14.
BRANS S 145%) PRSLPIEAET | 0.1~15 >87 - >18 >2.1 - <t
(1) BAED 150kg/cm?, BERREDSHMEDD 5/36, AN 109 5T
* OB I %t I I % 4 wE L BF 98 i

-1 —
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T3 =y AEEEHEE i USIES ARRHCBI T 52, Z0%ER e £ ot oL T
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BEEML B EC L ERAR T RCK ) B8Rk 258
|EMIL LT INETO. BB LAEDEIE o] &5 5
A, T JES 8 564 5% SRS BT 2 b D TH Bo
BN SR D LB MEZ TWBA, 20 5 IE244E
BAETTVI=y 2 EERIEET AFRBOENERE L
TG JES 28 564 5 o &5 2 4 [ 485 © iR 45kg/mm?
FRED b OISO 5 | A @A LT ice

Tnds. HRRRRICVIATZE BB I R R AR O BB AR T
<, IRBIREHOBEAEZT b ofc b L, fHER
FEERIEE DIV TV D28, MIEMILE 2 RiCORTREM M
Rk (i) 7215, @ v S = A AEH 1 ER
i (211 ChH Y. WAESE 150kg/cm?, HERR
1% 250kg/cm? CfEAMKE M 10%LUF. LR 6 ©
B oTlco

(2) REFA4E 6 AHh SIBFEI12AE TOHHE
FRfn244E 6 A 5 HIC PRSP EEER. B
BB LR A LSS HHE L. iROEF AR
BERBEDHMFOME R E UTHIRDS 1 BioR+EE
WA DI, SHIEETRE 426 5038 Miass & Stk &
LTEXTWARL 7A=Y AEE&EO S ORI Y
EIEINIADTH Bo

DEW, BEFI2E 1 ARSI D INER 51 Ko7

BELRVWHBET D708 3 KD [RE&ESI/NERCHT
HHEVERERESE | MR IR A S tce MFHIR BN KD
ThMnofofodFhA ERBNTE T, BE4ACDOEDX
SEE Lico

R DR EIILE FE ST 3.8 (33Ey 36kg/mm2),
MEFHBRT 2.3 T 25 HEMMEEER DM AR D% 4

T 18~2.0 LN TREMCH D BERRIIEREI
WD TCRMTE A (LEEINIRE 7215, 7 211 7
BTH Y. BRI TS 5IRm Y 36
kg/mm? Dl L, {#E 14% B"ZETH D, EEHRRE 5¢
TIHEERE DY ERBTOL LB, 7=y s
BEEEE Y AFIE GO & D & ANTUNERS N
NBIMTTERENNE  fno TIEB TR &£ /e Do B IEMEY
BB ETHRERIL Tt HAEETHA 5,

TO%, HFAGELF CECEER L D EBEARDD
o, BB 4 RIRIR S ORERE DO B b ROBME R Y
BH Lo

L) 30 1R~ 5 IR FN26 48 FpE PE SR AR 45 7R ER 286 B oD
Ty AEEREEY ARROBMEOL Lok
Ex BNDH, EOMEITE 4 ROFHERE LD TH -
7o

(3) BBHBEI2RLBRECELET

FEAN264E 6 A 7 QicgEsg 204 5 [EE 7 2 B | »
A, TEMBTHEAL 038548 1 5 [FaROME
ik xR T Ao L, BEEREST
VRRER 7 2 & T AT HEBEOM BT 13RI v 37kg /mm?
BETH - THEIB%L LORESEHAT2 L XD
RO Tl D Bitico MEOEEIL RV, T D5
EHE AT A Lo JISHAISL, Shorvi=vasy
&2 (2017-T4) DB TH B FHALERE 286 5
v THWERKS I LT, EHES 150kg/cm?, [HESR
250kg/cm? GEAREM 10% LT, 3138 37kg/mm?
Bl bk, e189%Ll 1, FEMER 6 LIT] Thoto

WFn284E 5 B, 10A 3 L UHEFN304E 9 A S [Hicb 7= 9
(7 3=y LASHEBITY A BB LFME D S 0 & Ik

B 2% PEHREEALZeA MG 7215, mi 7 v 3 = v aAeEEmEs 1/ (5-211)
Tt o 5, a, % B owm B l
: TR, T Ry
Cu | Mg | Mn | Si | Fe | Al pEEy | e | My 10/500/30
3.3~4.2 ] 0.3~0.7 ‘ 0.3~0.7 i <0.5 \ <0.6 l % 1 >35 5 (>22) >14 >00

B3R ARSI T S AR
A PR BRI ORMBTRC M E 5 Al SRR
BB o M H B by 1 ES e » % %
L. A, prisis, A AAVE UCEBRE LICEIET & A7 & 0 HEnd Bo
<P 91"
2. BORER IMERDH, T R E BGOSR TR, B | A, S CHuE TOREED & WEROR LA IET 5,
WA, BRI O REIE S X U ERBOLEOHEEN | B. MACK (95%) %5 (5%) % 1blkg/emc HTAL, 2mo
Y Bo FUmBETR LOREE S Thbo
C. FCAEDERE L2 CHERD 1/100 L/ b (1210000
) LA, BORBETL .
D. LREKO 1/OOEHERSE #HT Trb L A, B ORBER
50
3. HHHRR REORM, BHORHES LS RO R s HRRERGNR | A poBs
BT Bicdo B. & ©
C. @ %
T " E 5

B. L EORBRERICE»>T5] £l (RBOBAR) ORSLGMEBNCORBTROAEIRNET 20 3L, BT 2 50T THIME S LRIELTELBIET

AT ko

-9 —



(1605 F R 8 & B ## 8 Apri 19641
B4R WR2GHEED Y o TV B S A RIS 0 BbinE
% B B EY I
s 53Ry /. 2 9. 5
FARIZSE 3 0 264 O I IO AAAIC ool | Gpon sy kemm i S058 x 5.0 \ %6 ] 34
93 7, kg/mm? ] 40.17 ] 45.2 1 35.7 | 1.88
H a i
FEE A DT ORSERER (FRFIZBE O A) 1 ¥, % i7.37 23.0 11.0 l 3.44
oW 4Lt [ 5.75 j 5.03 : 6.80 1 0.57
B 5 R FEF264E10 iz U 7 v 3 = v a S GUEIE A A RO B KR
it o % s % 3w & ® * by
“ " ; TR, | W H ] W €, | kg/ome),| FHHB
Cu k Mg Mn \ si Fe [ Al IER | B i | % A
BT ATy | 3.3~4.2 ] 0.3~0.7 | 0.3~0.7 } <0.5 <0.6 1 7% 1 =35 (>22) \ >14 t <10 <7t

CEIREER A ST N E TH B | L OBERNEEREDE
FIRTHMHEABL LD, ThEHg LT, [7rviz=y
LAEVTEA & B D AREIEMED A B 1 B A MR &
TRBH I EMR e Uil 28 o T, BREBRATT 2 5 LB
s, B THETS b vy vy — HRET 2.1
kg-m/cm? Bl LChAHH | EFEE L

FEFS0E KB 7 v I =y v &HEETERER (7277
7)Y OWENRBIY, kb OHEK A FCEE
DNEIRIE I NS BB 3 Al o MRe
SR7 1 K RIRAREMEEREEE ] 2R AN, FORK
S SPE- (b N

a) B JISH413Y, w7 v s = v 26458 2 T,
TS 151 DUF o S 7 2 B8R © FE L 3B aly 37
kg/mm? Bk, #v189%L L, ##E(E 2.1kg-m/cm?2 L)
e FEMEBR 6 TEX AW,

b) REENEHRER W AT 150kg/cm24 720[H (8 2
FEIFRETAS0ESEE L, #OT2E H & & 12250kg/cm?
DOMERR LT D0

o ETREN LAROBBRATR oA 8Rrk5%, 22
K5 %xFTA (150kg/em?) L., ¥ 5.5m 75 230
mme HitF D HICHERTHLICETI L5,

d)  WEERR X rf%fﬂﬂza‘ﬂz‘r)féifi D=

ERER OB AR IN TR Y, JISHA4131, &
FT7NEI =y A AEE 2TEITEKAEEEROME & LT
RIEHREBD BN oo I X o THKE A FN344ER

PAERE SR 158 5 CRIE X R, PIgTRE 151 LT, R
AR TE DUT, vy —@EE 2.1kg-m/cm?2 (Zofh
WHESIR YD) Lot INMBTOBEMBTS 5o
3. HBHIIHITIESEH AEHREE
DEEICDNT
WHIBEFI 6 £ 1 B (Y3 & (SRS Mk A ek ER

D AR LD 70 3 =y R AGHETE T 2 /NERED

WEHAE R, FOBRBRAECES ¥ CHI0FARMELT
WBDRIZER R ER A BT LefiniZve BTk n
T DT D Z OEWN OREE 4 BT R~ 5,

(1) EaTd SEEM20%E 8 B ¥ TOLM

BEFN 6 4245 D 7 A RER OB B I L UK 7 K13
FBENRBEFEL TR L L, 646 A25HIcdE L
e a7 vEO 0.8 BRERE % =L S
JWSEZERRC 2 EMMEH Uy F 0RO 2 K% ) ISR AT
BTIS O TR 8 E1LA A Li-ind 5, IR
VRER 6 BICR Ly ~TERIERIBTH A K ERRATH D |
M&& DT,
BIROBEIIEFISEEE CTH v v VB L 5T
M, FES ANLEBRIIBERM Y LBEET ST
D7y JEREE Lo, HROELETRL 7] BMER
BEFCHITFHED2EDL 5 Th b,

80kg A ZUgE Mh— skt (77X 8/)— FEAE163mme— Jif )

D (18kg)—>TiE-—>" 7 v 7 (SED>BH X7~

B 6 K IEROENEBR2EFEALADLOY o5 3 8l 0.8] HEEAEODOMEEE
- . B3l . N <
5= E 9 TP THERBR50kg/cm) | B 4 @ 0 & % 8] ER
FlaRM Y, kg/mm? ¥, %
19 D 5.4 & s Bof oL 41.0 22 —
2 D 5.4 & # W of oA L — — & #
(1) EHHAOHFMIATMER T Iv,
BT R WMITEEOY 27V s v BERAB O & R
. 1t 3 i & % 3l ® OH H| ¥y h— 2
H " Cu Mg | Mn Si Fe Al sy 1 W€, | P
kg/mm? | kg/mm? % 10kg
WH7 Vv =y aaes LE(#21D | 3.72 0.43 l 0.46 0.35 0.44 R 42.4 2.4 2 1
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TN I =Y G BERE r DS 2 AR

ZBF 5=, ZO%ERE ORI DWT

(161)

77 (2 [E) —> O —>mfe b —Ehsg
Tl BERBOTEOBEMI S b, BEMD iz
T 5 &, & 670mm, A% 515mm, #4E 140mm, B

F9.5mm (PEEEERL ATy 9.6kg/mm2, %243 3.6)
BETHD, KEHIEYy 1Tmm BEORBEMTLH D, F

7RI 2EAT I o Ao BEAE R R 0 1 A R T

(2) WEFI20E 9 ALBRECESET

FE R LB TR SRR N & R felc D B PR
A S SN B W TIBAN214E 7 B30 AT a8 & EM
s LR R B AN BREHE L. RE9I A6 B
TBEEHRE 100 5 CHFR & vico BRI SN EITE 83
WRT IO A 215 @ h 7 v iy nB&E 1B (&
210) BIURE4HE (5214 ThbH, BEL 7T w7
FUA R Lcb O TH D 1 BRAEERR & IBF214E1Z 650
A, WBFN22451 14004, EFN244510 16804 BIME Ui, 24FF

DEE TR DERCRT -

4
-l S
S -

~0

t

E L

19.84

70kg FEM—~>BMMEAE > I D —> b v ¥ 7

= FEHl—> 18 Y —>BYLE % 81D

1l B L0 331 BERBMOMINEE T Bcw L,
B EEAE E TE 5 T,

Foth, BF234EL A 8 B, BaEMEr [T
MEICHFRaREE R ] ARE L, M- SHATRIC L - T
BT HHE (T v i) SIS,

28 DR 7 R R BRI s i SRR R G311
) wRZTHRESSBFE L. FERB L O ERER S
W IUER M oo MIETZISE ATV I=Y L &EH4H
PRl IR & WO TR A Licns, Bl
BRI D L &Mool THBMM L L b D
%o

M Fn244E e LI O g aR o M- b BT JISHALZL, &
H7NMI=v nidf 2 (2017-T4) ThdHo 859 RIX
BT 2 SEM OB AR A R L. F, BETRIEOER
To

FEBR—> I — = v v B3R IRPED D KR 7

—~ /8T D) = Besti—fl il el — 0 b B> & v )

h—> g3

FDH=

-S. .
N7 T Tods, WATISOAELLE, FHHEFT O & D ﬁUSJLO\‘
oS \ j“’ D R RAE R 2017-T4 © 4RI L

20 \
62 234 Do BEAIA AN B, PIAENE 1100 A EE 50 &
, 29 7=1% 35kg/cm2, NEL T VA FAER, AAEIRY v 7w
BFEA AR - BT Do BT, AN D DO D HEED
s / —p LOBBARIT D M I TR B & X <, ZOMICT
©
27} \/ é; HULTe < o W T b FEAERICTi 2 5 b0 & BB,
. . AN
"ﬁ - B8 4, FLIoYLAALREES RS
B - . .
¥ 1 OEEEERICEYT 5EER
3 L
R s LI Uit BRISTAELS, BEBHAES&E
F — 6% AR B ADME 7 UAIRATIA & UiTia 12 REsk
b) 330 BEAABE DI & B 4o < FT B LS R B TIE 7 A s
B T 2RO DEMEEBE UL D ERdd, WETHL, SRR A
B8 x  WM2I4E9 A, SEHT X NEOME
] BOo® ot ¥ m S % s omm Mom o5l ® B A
K " c | Mg [ owma | s | A °Cxhr DB B | My ©
BWHT V=Y LEeH (721D 3.8 0.5 0.5 — 7% 490~520 K 5 " ”
WA A=y LAGEAR(FADD| 45 - 0.8 0.8 % 310030 AL s
1) #t #% 7215
B9 =X BTN =Y LA 2 FREE A X B OIS O Bt AR
5 H t &) # 1 PR ! o l Bk N CERES
Bl icd i A, kg/mm? >37 52 42.7 46.5 38.5 2.32
it e, % >18 52 22.4 32.0 18.0 2.60
¥ x M E ~ {5 " 4, kg-m/cm? >2.1 42 4.11 5.0 3.0 0.72
E t e B, ¢ <7 52 % 3 & i3
24 A 3 tm (250kg/cm?), % 1 <10 l Wik 3 P4 & 3




(162)

TR &8 & B

%8 April 1964

37kg/mm? LITORHE €4 BE A K X {40 iE Zeiin
BEITHM 3Tkg/mm? L FA ST B0 L H 5 F W,
Fioy EPWEBRIE 7 TRTHLIHERLETERR, H5
NIRRT 2 NI ESR AR 2 CThER 2 RS
Iy WD B HFTHDB, Toll—20D &Kl & LT it3kD
JISH4I3L BhH7 v 3=y 2 Ge&E 2y uiga LD
BEIT D0 RBYO@mAbO L, MERSVETL
THMAEOENI- S DA L Thkirh 3EEOHE I
LI2WERNRERDOMIES 5720

EIAT, ERMENRS S WD 2 e HET DL
AT RERAAT I D iR KB LA, [1Esks 5 JISH
ABLE N7V I=y A ASE 2BORRNEEAC b -
CTHEHBERINE LD TEETH 7o b, FOFERREE
EFIBEOEMRA T/, TN EFA—MREx & Db DikEE
FAMHEA S % & L CAER 2 5D E I DX b %
2GR AFE Lic/d, FO®RPCHETHIEHCEE L
THVORELCHENLE LAY, R LD THELT
&,

41 # R &
PEABRILELI0RIT R 6 S CHUE Lizo T70bb,
WhH7TNVNI=Y AEE5 1 E (2014-T6) HEH7 s
v hg&E 2 (2017-T4) L hmEREN TN LHED
FTMIER LD T2 5O, a7V I=Y L8856
i (6151-T6) (12017-T4 X DBREMNL B 0MHEMR L O
BHEMENRIFIRO TR Lize & 2AM, Ih HOR
PRIENCEEROME N 2017-T4 L T4 D BIFTh
IrolaDT, WMBHEE RS D, Lk, fattofhe
YDELTHE7VI=y ne4& 8 1 (B052-F), FEE

28 (5056-F) kLU R 7@ (5083-F) o £5F4ITD
WTHRER Lo

28¢

590

B2 71 B ER Ok

SRR OPIATEL L Th ). OIS 2HL 5

NIRRT, BEE t OF IR X D 1775 o
t=Pd[200 ¢ (1)
P:wmEs 150 kg/cm?
d: e 132mmeo
o RIS kg/mm?2 (=3 /R4

). HlIRSH

7oL, WHESE 160 kg/cm? & LT #E Li-olk
2014-T6 (uikA), 2017-T4 (BkB) & L ©¢ 6151-T6
GERC) DFEDHRTH D, FOMOMEILDNTIE
KRB F 7212 C RO T A FIVTHIE U,

HER T A M E OEZICOWCTIERER, Bl nE a2k,
IEREFEM, MEE TER. ErvREk, 5ERREER,
BEBRZ T, COERIUTF 125817,

4.2 W E B R

M EERBRE 038 A1 D5 36%, 37 b, 250kg/cm?

BLX 1L & % 73
t 4 % , %
# # i
Cu Mg Ma | si | Fe |z cr Ti Al
2014-T6 4.2 0.57 0.78 0.74 0.27 0.01 <0.01 0.01 "
2017-T4 3.95 0.61 0.50 0.20 0.23 0.05 <001 | 0.02 %
5052-F 0.02 2.40 0.01 0.09 0.19 0.01 028 | 0.01 7
5056-F 0.03 47 0.10 0.17 0.21 0.02 0.00 | <0.01 7
5083-F 0.04 4.2 0.64 0.12 0.26 0.08 020 | 0.0 #
6151-T6 0.15 0.62 0.01 0.95 0.34 0.02 0.6 | 0.01 N
1R ERORIGE 2 EE
wROWK | M Gt | o, | | 2 % S amst | T
HEROWIK B 2 S i £ m
kgfome | lg/mmt | ¢ nE, D | mm d | o, o | CEQEY
A 2014-T6 150 % 45 ] 11.25 4 ] 149.6 ] 132 ] 8.8 1 13 16.0 1.48
2017-T4 150 57 9.43 3.93
B 5056-F 100 % 6.25 4 153 132 10.5 15 13.6 1.43
6151-T6 120 30 7.50 4
5052-F %0 18 4.50 4
c 5083-F 135 27 6.70 4 158.4 132 13.2 19 11.0 144
6151-T6 150 30 7.50 4

(1) yigEE dm=d+t
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& U7=A3, 5052-F,5056-F,5083-F s L 0* 6151-T6 (F4kB)
DEFEEDORREN L FET &M A #HE LT 250kg/cm? F
FolEENLETF & Lizo

RGBT IBRICIRT o AMEADOELR & SEATE ML
EHEIMDO 5 BLTTh o7

4-3 EERIMERER

R AR LERRAEFRE D 77 ) v — (BRI
E#RE 6SESV-9V % HWTIiThw, TOMNBEEER 1
Toto VEENTHIEMIL-H-5606%4 FIu~, SRR AL 6 & 72k
12cpm, #HoEREHEGE 10,000 @& Lz AL &
BHFRICA P vA 75— So1 BB L, Bile X IFF
DS-6-MTH %% JOVEREA v & w777 7 % N CHfalm

gi12E % B MW JF

FEfRizdsiF % v X 3 & & F OBIIAE . 3,000 % /2135,000
EfER Ui & &3 L O 10,0008 R 2 Uiz & I EhT
P U, (@370 B AVBEES 5 MG T0 & D Too
coo=EE[(1—v/2) (2)
2L, E o BdEs 7000kg/mm?,
y:®R7 Y~k 0.33

Fio, SNEEET B0, BB DI

&7 oo HEBFRIC L DEE Lico

-

EERB: %B’si@jmli;}ﬂ%s?mlfmﬁfzé%ﬁﬁﬁl%)&:‘&%?ﬁ% Eusn | BRI
o ——0 o
O —f—>0-——0 — O
0 ——0 ~— 0 o
o o — 0
o -0 o
o — 0 o
o o
BEL K W E R B KR
BEBx W RS
b, WOE R OB MR
# " B | Rk o -
# | tmasmm, % fi %
2014-T6 A 21 250 )= 0~2.6 1 kozfaAlin 2.6%, 4i30%
2017-T4 B 25 250 B 0~2.7 1 XKOBIEATM 2.7%, 1EiL0%
5052-F C 21 110 B 0~4.6 10K 0 HIEAR MO %
5056-F B 2 250 B 0
5083-F C 21 210 B 0~2.2 7 ROHIEARMO %
6151-T6 B 3 250 =3 0
6151-T6 (&3 19 250 =3 0~3.2 1ARDREARM 3.2%, k0%
(1) BEEAN DI
BEUER & ¥ E R B O OR
- T prae e P
# B | mEER | RERAH | p/mm? : T | EEH i %
meoom A (10 | "kg/mm?
6 150 12.056 10.55 1250 10.48 10024
2014-T6 A ®OE &L
2 200 16.06 14.06 1727 14.48 10000
6 150 10.23 8.73 955 8.01 10015
2017-T4 B ® W U
2 200 13.65 11.65 139 11.69 10000
3 90 4.99 4.09 500 4.19 10150
5052-F C 2B UL
4 120 6.66 5.46 632 5.30 10150
5056-F B 1 120 8.19 6.99 807 6.77 10000 ®OW ft L
3 120 6.66 5.46 522 4.38 10150
5083-F C Az ¥ kL
4 180 9.99 8.18 795 6.66 10150
B 1 180 12.28 10.48 1202 10.08 10150
6151-T6 C 6 150 8.32 6.82 862 7.23 10015 2 oW It LU
C 2 200 11.09 9.09 1079 9.05 10000
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Geo=p 2d2d ) BR 2 MREAERT LD B O ke, #5mcEin
co D2_ 9

BRI ¥ L O BB 14= R 3

(1) HHHEOBRHMESEENITD LRI o0

(2) 2017-T4sEBROE4A, WHES 150kg/cm? % Xk
Ut 200kg/cm?2 o [HHE D BRI M2 /bl TH D05,
200kg/cm? CHLEHTEDONbENT . REFERI &
1% 2014-T6 ks L0 6151-T6 (i C) #HoOBFERIL-DOWNT
bz Bo LichioT, 200kg/cm? kit B [E1%
FEHDFNETNIERRBROBEEFWR I DVELTHZ &N
T& 5o

ZOLHTETT S L. REBRERAD 2014-T6 1k 16.1
kg/mm?2, 2017-T4 »3 13.7kg/mm2, 5052-F 73 6.7kg/
mm?2, 5056-F 23 8.2kg/mm?2, 5083-F»3 10.0 kg/mm?2
6151-T6 i 12.3kg/mm?2 2 Fh FN HEET & UTHR
NAHLDITHY, TOBEDEEFIL24~31 b, 1=
L. FROEITOREINTER LsbDTH D, (1)
KmbRDEE DB L% lkg/mm?2 13 EE0,

oci ¢ EEERR S MIIG S  kg/mm?
P BBRES  kg/mm?2

(3) ‘aks. Wi UREER RO e X 2ikEE LTH
10,000 2. Lz & & DA REGIE UCR L2, £
B BIRD TSN OF A & Afk—Fk L7zo

4-4 INETHERAER

R E A SB TERSASMETRERRFTE O 2 B 7
TV Ky 7 B LU BB A AV, 25 F /213 50
kg/cm? Z X w N OB & AR A MR U 23S H%
QU4 5% Tt oloo BRIEISRRKR T,

..

foo fo72 L. SmEmMERRA 200kg/cm? TR L7z 2014
-T6 SRR 1 RO HE KT < T BEHFmcEih, €0
WEUEINE IR D AN E Do do

Q) G, B < CEE Mg o IR R A RET
H—FELE LT, ﬂﬁgﬁ L EFHOBESH L b O ER OIS
% Watts BOFFIC X o TRz EHHEROFMILE
M L. 1R ARBOIETEHAE & OB TR T
g 3 PN RElhie EHEE dm(=d+1) LD, #Hde)
KEDIEHEEE & 5T Tt %39 2 — &2 LT EASHIR
BRDIESTH R T,

o'ci=pdm|2t (5)

BARISINEEAT ORI RAINER S ficd U, £0oKRE
TIIFEBEORIR ADEA 3.90%:, ik B 2% 3.30%, ik
CHt 260 BBETHD, LichioT, WIKADEERE, T

a) 2017—T4

b) 5052--F

(1) BTSSR R LB R v 2 (@WK AN T
A - S— P ; 6151—T6
S Ui & FRRE S Lk FNLLETh 0. BEE L ® _ ] ,
i = : BHE ) BEARABRHOAEROIE
BIS X 0 FE oo OB B & %
. i woo®  E  h
o i FRR B O R Mgkn | RSO, -
gler BT, kg/om® | o, ke/mm®
wOE B B 2 500 620
2014-T6 A > 560 540
#OE M E R B 3 =500 630
(i L, 1Ki3850kg/cmPCICHSE £ DB FCER, 1005 O
T AR S IIE T & R ofio)
W E R B 2 el 80
2017-T4 B ' 395 543 600
B M E R B 2 %) 615
355 615
WwOE B B 3 180~245 400~400
5052-F C 325
G ¥ b AR B 185 380
R mE R B 2 270 | 130
I
5056-F B BB mE R B ’ 1 5 260 % 366 400
WOE R B 2 130 670
5083-F c 340 487 650
ORI E R B 2 405 670
340 620
W OE B R 2 500 620
6151-T6 c ' - 541 625
E R R 3 495~>>500 600~620
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T/t

w
JARANY

- == £15
=14
N13
= I ke B 1.2
-9 = st iy * 1] .
\\\-\ i
A —— 1.6
) \§§:ﬁ 5
- 1.4
1.2
—4
12 13 14 15 16
dm/ &
B3I HEHOINSMOIET T
816k AROEEER L CEBOGS
"B o B R
iva iid
A B C
” ; B 9.336p 7.155p 5.022p
p)
' [y 30.768p 22.578p 14.884p
IR #B At . B —8.509p —5.636p —3.067p
' W —22.766p | —15.792p —9.384p
v ¥ WO b 4.596p 3.709p 2.758p
’ . b 5.898p 5.044p 3.714p
! e
. ES 7y 20.561p 16.325p 11.015p
rawg =51 ] " . P s —1.750p -—1.582p -1.135p
4 k
. ffEHE | —16.413p —12.863p —8.435p
+ v B O B 4.062p s 3.563p 2.866p
2] HE -16.097p 1 ~11.878p -—~7.236p
I
7+ B ] 20.245p t 15.340p } 9.815p

ebh, 2014-T6 $o & D2 hOIRD FiR & H~TE
T CEM A MZENR T W LS b, FiRo S

L 1R EBLONLEN N,

DET., AT IREAIPIEERL O RSTIHH R D E
WENEFERT 50BN T L, $/2, B3R
L OISR DY D & 5 WA EAE RIS IS8 D
WM Th Do +2TC, BIRC %K (5052-F & 5083-F)
TN T IR ks ) % RS dp de iy 1. 3B EB oD FER
55 10mm ROt S Fk L ORI M, KX
FROBNBECRTHEAIEHA L vA ¥ =Y HHANT

Wi Uico ZO8E. IREPREH T O @) X
B, A D 10mm B /- A1 iE o BSR4 05 i
—4.443p. WA T —2.393p, EIERrhoig 16 BioRE L
2 9.815p MNFH LE A TH S, Wik 50kg/em? &
i 300kg/cm?2? F Gy, E=7,000kg/mm2 » LT
JEHERD D &, AR LOEREFROMTEHMEE X
<—EH L, #AHHL 10mm g 7o (o BEEED
BEIF12Th ol

DL EOIER N BHES 2 &, ST OISO
FHEAER LA DR, FoORSAOIS oK & SFEHRME L
DNENbDELITEND, BEOCHEIEESTC X I K
MdHBHI & &, Watts BAIER L TW2 L 51 IKEH -
stz e v Wi L Bdhr e~ 4 ¥ P UTIRIIA
HEEL DN RBEDTHS S,

KD Z & S FROEF A b ORBIIIEAR KT
JETIRBRETR D . RENR—FEV L, TiL, AT
BHBIEHENELTHIRIEED Licb InhsnsZ x
ML I Do dmt=12~16, T/t=1.2~1.6 OHEIcH
oo TEEBE L, AAEOIEIDORNEZNHHD & T/En
1.25~135 BELIELI WL 5 THY, TEa k&<t
T HEAFO IR BT @IS OB T B EE /N E
bo%Wﬂ@@%m#ﬂ@%@%@mﬁmdmﬂgﬂt%
I & » T 10407 A2 25 2 EhFFn,

(3) 0% taEAMEm % 2 Lic Bk 2014-T6 § LU
6151-T6 #uzssEA 500kg/cm? [ |, 2017-T4 (% 350~
395kg /cm?, 5052-F 3 180~270kg/cm?2, 5056-F 3 260
kg/cm?2, 5083-F 1% 340~430kg/cm?2 Tk - 77¢

4) 7ok, HEMERBR LCEEE LD & R R
T 5 &, BEBUFEFATR Lis 2014-T6 #5880 1 fi% %
EEFHE L SFEMEERE Y RWE D TH D, 10%EA
s OIS S B CH o oo

4-5 BERETRER

TRz 3 T3 kX e R B E A AR T IK95%.
7855 YOEETIREENER T TA Lice B THRIRITER
BERTEBAMW, By Sm bl kizkhih e 160
mme ik D L EEBEOIRIEAEZTH L IRET L. [
—REBOWTIENR B X5 TR Lice BCAE &
KRR RIIEITRCR U, B 4 13RI T ROBZEOMH
% R 7o

(1) 2017-T4 #%8513 50ENE &l L 72 BRICHEEE Uz,
F DI IRER ST e N E B v A . RERER T
WS TREETh 70

@) 2014-T6 #uzssiik 6~22HC A L. L2nd. %
DENTEEENTRA TE LD TER TS oz 2017-T4 A
mrEREOEREY LD 6151-T6 (JBik B) 1k 49E %
SFHRER L THEY T, T DEWERSE BIRC) &
B4 H 2 2017-T4 L R B4 3 & Uiz, S052-FHUZRE:
VR0 BL_F#RR LT b S 4, 5083-F g4t 24~34
B CREFIER UTHE Lish oo
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BIT R MR E

by 5952—F (8%aIchitk)

¢) 6151--T6 (7@ ©
BE4 RS ARG RO
(U] 3 23 TFUEGT 2D

o R Al B R R

w0 & A ‘
# B ERER | RRRN g m TRmoRy, | BTRT, [=A- wemoe R
kg/cm* kg m 5 kg-m
2 150 14.7 5 73.5 16 %5 k05 22 T
2014-T6 A
1 208 14.8 5 74.0 6 K 13
i 1 AL 27MCR RS, Wt {hiid8[H
N 5 2 159 16.2 5 81.0 o7 wsyv 48 | Ll e
1 200 16.3 5 81.5 53 IR RN U
1 83 18.4 5 92.0 100 e e T
5052-F C -
3 117 18.6 5 93.0 50 {&] =
1 132 18.4 5 92.0 34 LN, g,
5083-F c
2 176 18.3 5 91.5 2 B LT 82 A E
6 T6 B 1 162 16.1 5 80.5 49 R, BREe
151- " - - . - "
o LA 2T LS, WS, o 1%
c 2 150 18.4 5 92.0 2T BET B e I R R N L
46 E o W R B (1) MHERER, 10%EAEM, AR, HuEinED%

SEEMERILE18E 1, EAWRREBOERD MBI ER
S ITENENRT

2017-T4 BIRBRD LA WMEIL 5.3 THH. L HE
N4 DDk 5062-F DA T, i34 b 95 5 k5
o Lico Bl VISR OMIE ClEF FIIC s & 5 OMREHE T
B HH, 2014-T6, 5083-F, 6151-T6 HLZ588E| v it T
B U= O PIBEZEG 7 A 3 X /oo

47T MEORE
PLETHBERTHIC Y » CTUEE#E L BN DAY
MT LIz T, BREAE LD THEIIRICTET, Thbb,
193k1% 2017-T4 AR L X THOMEOBEENEN
TWBNE D KRR EERZ DM BBRE Lo

AR TRARE & SMBE R R . 5052-F o[

BRI

2007-T4 L 0ER LI B2 D, THEEREH VK
M olelzDTH Dy Fiz, 2014-T6 (3 EHIE { T #EH5
A EIN T & D OWEIE T 3 & 5 72D T 2017-T4 L D

F18F T » K B OB OB

# 5 ]"&‘2&%%}: mﬁw} Erpedh | wvonn
2014-T6 A 2 13.6% K U14.5 | TR T o ST i
2017-T4 B 2 5.3 Wl
5062-F C 3 3.3~4.1 & E=
5083-F C 3 8.5~9.2 T AT O PEEERS 1
6151-T6 C 2 8.9 WXV 9.2 A £
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b) 5

c) 6

’H‘ﬂ;ﬁ H @{

%%AJJEFEH@%ENE BT oz DV EE T

052—F (3.5t)

151--T6 (9.5t)
Eé 5
W\LI/P
BT 5,

B D AR O S
ENE T IIEET

b ANEoR fab /i

.

F &R

DEFIRTH 5o 2014-T6132017-T4 & A~ THHBR R

b Y N
HATZD TEHR T - 720

50, Las

b

W T R Tl EE ORI
5083-F & 6151-T6 (ZFEA\

H2RE D0 MEETRBR T 2017-T4 » BEme
L DEDI LTREMNAD, 5052-F 1 2017-T4 k b ig
NICPEREZ &b, B056-F 135 L7 hs o 72 437 o iRl
BEOWREX L DEEXBIL H,

2) PlEofkRaiss LTl 58, 2017-T4 & 1
NTHEN & FEx2 B0k 5052-F, 5056-F, 5083-F,
6151-T6 D4 HHToH b, 2014-T6 13455 D & Infr X
NBo foid, 5083-F & 5056-F (3{b2mia 238 Ch b .

- DYERE

Flo, MEMNELERED R CWHME TH BN, WL To
D2HBEAMBETALELHDE e LEMoT, BEN

AEIMOBME & LTIE BATD 2017-T4 D3 5052-F,
5056-F F5 L 0¢ 6151-T6 o 3B A Nz 72\

4-3 BB mHHE

LU DA RER AT 7o o T BRI D U CHEBR MR 4 210
CE L, 2020 BIRE FROM AR,

BERIPE RS ST S BIFCh D25, IMFERE L o788
VTR UC B 2B <L e A% W s s
Do Tods, WHD L EEOMB AT B &, Al-Mg %4
VIR OBARY B DT

49 o B E %

uL@: BRfs iR, Bagfhie H OV MMkt o JIS iﬁ/ﬁ?}\
N:I%Mm EEBRS U MBS AR 5 & 521520 X
Y Bo

oks, 5056-F i1k 5083-F o d i LT,
6151-T6 (&b e & M3 7200 M % BH L D& < Lo
MBI NI U7 KRS O MERBRAE R L 8% L

819 % OB R o BoE
- BoOOE R R i o a - |
ZI PERR T [ 1050 A INEETHBB HERINERR PR TR Eav B B NG )
4.25 08 [CRE 0 1))
P =250 P =350~395 P =200
17.1 93.9~26.9 P =000~620 3 B
- i =17. pust | o7 = 23.0~26. i | Gei=13. R i =48~ S . $ife g
2017-T4 | Oci B (O e Py—513 i ci 7 fae | N =48~53@ | fui 5.3t Ftit TR
S.F=2.16 S.F=1.55~1.38 S.F=2.70
P =250 P >500 P =200
P =350~620
2014-T6 | Gci=201 | O | 0¢i>40.1 o mstd A | Oei=16.1 O | N=6~22 | A | 1362145t A | & 8 f
o=
SF=2.24 S.F=1.12 S.F=2.79
P =110 P =180~270 P =120
P =380~430 N =>50f
5052-F Oci=6.1 O |0¢i=10.0~15.0 O | Oci=6.7 O © | 8.3~4.1t © | #® )i
P =325 ()
S.F=2.95 S.F=1.8~1.2 S.F =2.70
P =250 P =260 P =120
P =400
5056-F Oci=13.9 | O | Oci—~14.4 P35 O | 0¢i=8.2 o) — — — - w 8
=
S.F=1.80 S.F=1.74 S.F=3.05
P =210 P =340~430 P =180
P =620~670 N>34H
5083-F Oci=11.6 | O |0¢;=18.8~23.8 O | 0¢=10.0 (@] O | 8.5~9.2 AR biil
P =487 (a3
S.F=2.32 S.F=1.44~1.13 S.F=2.70
P =250 P =:495~>>500 P =200
i = P =600~625 @)
6151-T6 | Oci=17.1 | O \"¢% | <974 . O | gsi=11.1 O | N=34~49[ % 72k 8.9~9.2¢ Al & )iz
= : ¢= AN
SF=1.75 1.10~>1.08 S.F=2.70
P : BERES keg/em?, P #IED kg/cm?, Oc; @ RS AISH kg/mm?, LA, N HoEE, ¢ BE

O 2017-T4 L D Eh T\ 5,
OFftL 2017-T4 & RREOMREY 320
AL 2017-T4 L9423,

— 10 —
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E20%X B O o om ¥ H
W oW o 8l B O F SRDB HEHT . b e
# " FHPR | REAR T 7’7,) : 51555;7:!4)»,& TE jrrtf Z, JlP&Fffr b]&{?ﬁ e M ké:fj;;nz
kg/mm? kg/mm? % kg/mm? % :
2014-T6 A 1| 422~46.0 | 488 ~50.6 | 14~7 | 46.5~50.3 | 10~ 5 128~143 1.0~1.4
2017-T6 B 11 | 28.7~413 | 383~520 | 27 ~14 | 36.1~46.0 | 22~ 16 107~131 2.7~4.0
5052-F c 5 | 14.9~190.5 | 2.0 ~23.8 | 19~2 | 10.9~205 | 33 ~27 62~ 67 11.8~14.4
5056-F B 2 21.1,5.5 31.0,33.4 21,16 2.7 30 77~ 87 7.4
5083-F c 5 | 22.8~28.7 | 34.3~3.7 | 18~13 | 31.5~82.0 | 2~15 88~ 95 3.5~4.3
6151-T6 B § | 29.4~30.3 | 32.7~8.6 | 16~15 52.4 10 96~ 99 2.0~2.0
6151-T6 c 1 | 261 ~382.0 | 82.7~3.9 | 16~20 | 31.4~320 | 10~ 5 96~104 la~2.1
g2k 7=y aaeREET A RROMERE (5
7
o " ft = " # i # o A, w7, %Izﬁ‘ﬁiﬂf ::;J :} /g{ pE =
Ca | Mg | Ma | si | Fe | zn | o | T | Al Cxhr \kgr/n e B | | R
2017-T4  3.5~4.50.2~0.80-40 | ol <0.8 1<1.o <0.25 | <0.30 | — | & | 505x10k# =02 | >3 | >18 2.1 | <Tt
5052-F | <0.10 [2.2~2.8 <0.10 | Si+Fe<0.45 | <0.10 “15 o0 — | m | mugoxx >8 | >18 | >18 | >7 | <51
5056-F | <0.10 |4.5~5.80 %) o0 <0.30 | <0.40 | <0.10 0B 0 — 1 ;m | mmoxs >12 | >%5 | > | >4 | <7t
6151-T6 | <0.85 045 ol <0.2 J0.6~1.2) <1.0 | <0.25 P15 o) <05 | g | WEMCEIEE 1 sep | se0 | 10 | 15| <0

T, WHREILEEOBVESR T A L b H D0

BEBRF OROFELEBLTH b0

RAMEILH 223N T BRFRILE
SHEBHEL Lo\

DE, FEIGHDE
FAEHNT R UNT 2.5~3.1 2 ENB A,

ST AL DIEX B NTWe23, i) W EBOER
AW UE D, ik, BROBHCH o TG AE Hn
720N
B2RE HEIE S O RE
ew WRERIAET, | TR ke p e
O i TEE 07 AR | el ey L] BHEE
S0 | ERB Y kg/mm? AL oy
2017-T4 B 17.1 23.9 13.7 13 1.69 2.85
5062-F C 6.1 10.0 6.7 6 1.33 3.00
5056-F C 13.9 4.4 8.2 8 1.50 3.13
6151-T6 B 17.1 27.4 12.38
12 1.67 2.50
6151-T6 C 13.9 [>27.7 11.1
1) SERiE R o Ol
2) FURAER DM
5 & S
TN I =Y AEEEEET AR OWTERE BT
MHIZ BT DHEDEEL LN, DI, Wh7rvi=y

AEE2HME. a7V I=y 284 4 BMEOTIR D
WTDEBRGER AT Ul BITT 5 &,

1) Wa7rvizvrE&SH 1, RE2E, FFE0HE
O 3HEDOEBIBTOE I 7V I =T 2 EE&E 2ERO
b D EARTHREZDMNRE DL Lisia T, Zb
DM ETET A REBAF R L TREETH b,

2) BHBELEE, BEE SR EEPW S M Ui

(3) HEHIILEEL T 5,

PlEDI>THEBNBMATVI=Y 2 86& BEN 2
BBCEATXL LI EBEEOHEAES LIEWTH D,

To¥s. SRR IR ) ISz B X S A
SR, FEREBILEEISHIMEEER., EBEITE

RSt OB RAITHE LR T
6. B it

HERRIC R \WNT, 0% EAR NG B 23T FEEEE
Yo TR IFDOHENEBEND, Thbb, BAMMNOE
Fik [ EHEEDY Eol & FWERET HNEROEASE
IREOEIHINA I FORNEBROEHEMOI0% LT 4
BWETDH] ThHBEMDL, RO ReNEd, BEL,
Fr D ie B ME T CERE d]2) B L OSEIRDER %
TS N FN L D LER L, ENAREP L - T d—>
d+Ad, I-14+AlLd[2—(d+Ad) |2 TEIE LI 35, F
DEEDWNER VAV 13280k 5l be
nr(d+Ad)2

VAV = ~{3U+AD+d+-AD} ®)
_nwﬁmml@ﬁ$&@Abfm@b%m AV %

RDDEMRD LS AR, COFFEMITE 4 RKITRTE

HE & HIF—80T B,
wdsp
AVi=m—s REL (111+5d) (7)

Fio, HAKME AVL/AV X & % Bl HFaEte X
I, & A X L9DH QRN TREND,
AVp Eip

AV - Eip+Meig ®)
. 3 11i+5d
Il M=y - —grey

WEROMENE SRR T LD hibh—e X s 5EE b
DEIAHE, Gl X3 Er BORKRTEDLEND,

K C
Er=p_f 81,+E~K (9)
LicRoT, QRE2ED L5 It b,
AVQ Etp
AV K C {8y
Etp(1+ME_K Y+ M —

fale N AVHAV<UAT&%t®Vm

5:p<EMK/{7\ (I+M K>}
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80 T 16
| ‘ sum |/
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70 0 2017-T4 \<, '/ 4
® 6151-T6 /\K /
60 {' X 12
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O FRINE
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B4R & ARIRGINO BER
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5
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B
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B5E ek x:oBGR

BEE LA gz b, 2017-T4, 5052-F 3 LU
5083-F fzsasn b 3 EREBRA % IR LTS — & =X 241
& Rd, AEEHNTEAE M 0% A=10) oRE
wEHT D & e 407kg/em?, 260kg/em?, & foik
398kg/cm? K187z, ZOMEIEISROENE L ki
BEA Do Fio, Ep WEIRRREFO AAL R L &7
0.03% 12 k824 Lo

BLED X D@l — e X 3 ERAEEA T uE10%EA
BN ks & TS OBMEE AR D B D O Tl L L2
WTH o

— 12 —

D

2)
3
4
5)
6

ME L & U #E

[CIEAEN
242Gk Al-Mg %, Al‘Mg.Si Bk L of Al-Cu-Mg %
e (A4 A BAET D 2 Aasksr, 19563 L ORIEy,
A%, B D T 28, 27 (1963), 3, 94)

77 v ATk A-G3, A-G5, A-SG & L U A-U4G & &
(Gerzat 7 £ w /)

7 A Y AL 6061 &4 (Metal Ind., 103 (1963), 815)

4% Y 2Tk HE30 &4 (Light Metals, 26 (1963), 3,
26)
R EBRHCBR TS,
AN, SR EEES A5, 21 (1957), 3, 105
HHOB A ZH Thial,
G. W. Watts, H.A.Lang: Trans. ASME, 74 (1952), 1083
G. W. Watts, H.A.Lang : Trans. ASME, 75 (1953), 83
JISHA4131, 4172 3 kv~ 4173



E;%gd from SUMITOMO LIGHT METAL TECHNICAL REPORTS vol. 5 No. 2, April. 1964

73 = v ad4 X6002, 5007, 5008, 5009, X Ox
5000 DEEMIIPE (7 — 2+ — 1)

EAESRELEHRAS T



HHHHaannun
THIHERem
(170 )

(5:2.1)

Tl = v A4 X5002, 5007, 5008, 5009

B L8 5050 DEEMRE M

AEETL T v 2 = v nE 4 X5002, 5007, 5008, 5009 ¥
L0t 5050 @ 5B DWW TR, bbb, FiR
YRR, b2, TTREE, bW, JES9REE, 180°ERE
BRI L O Y 7 & vl SRR LickRE £ &
Db DTH Do

BRI RIS L D EE L b O THh D . HbhiI N
B (2Kkg) % FRE UCHME Uico ABSNMEE ORI ik

(1)

WaEE LT JIS B K540 TH D, IR TN
G jl 7 52 95 BRI A FI N CHISE Uine BRITRT BIE
TR LA OB IOVE B E R A 4 ADSEHETH D,
BISH— ORI 1 B R Lico 7adks. DWW
2y EfETH e BROBHIK L > CIEY 375 Th
Wb BB OBECEEOFENED BN DO LS Do
FNSFEEEE LTR L

1. B
g 1% 1k 1% 5 b
it P 2, %
# e l
Mg ‘ Cu S \ 1 Mn cr | Zn Ti { Al
W4 # WO | 0.9~1.5 | 0.10~0.20 <0.10 <0.15 ‘i - - \ - - | =
X500 |
# e 1.12 0.15 0.06 0.09 | 0.002 0.004 1 0.02 0.005 ! 7%
sy T2 W | 10~18 1 <0.20 <0.40 <070 | <0.10 <0.10 ] <0.25 — N %
;Q O 1.36 0.04 | 0.16 0.28 0.03 <0.01 | 0.03 0.00 |
| _
1) Wit Reynolds #ho Al Data Book(1961) @& T\ 2% RT,
2) Al Hid st 99.88% 0 b o % HFH Uiz,
3) Al HigasiIE 99.5%0 b ok B Uiz,
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73 = v a&4g X5002, 5007, 5008, 5009
B L 8 5050 OBEMERIEERE (2

g2k ®m O woOowmw ¥ H

- Bl B ED woox o yw vane | e
" o L 1 S
# A ’& Bl oy sy, w0 e, goaan, |eynex,| (JIS3g), | (18mme,
mmé¢ kg/mm? | kg/mm? % 10/500/30 10kg kg-m/cm? kg/mm?
W0 E E 20 WO o g g 6.7 13.7 3 32 0 | 1 9.0
X5002 - . - ‘ :
“, S87 AL 7 s
i Ly 17 Bramg 4.3 13.7 %9 30 ® | 12 8.8
WO E % 18 TR 4.6 13.5 38 34 EY 11.0 9.5
5050 - - o (| (<169 | (2 - = - -
i " 2195t
16 30°C 4 46 | 6.7 13.9 3 % 44 1.5 0.7

U JIS Z 2201, 4 B5E8A

2) WD A & VAR

3) BRI,

4 wrWEy /e JIS H A67, 2w Vi v /I LS L O & Fiveiie

16 J 0
14 S
N Al
0 12 @, WORE R w L
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L SRl A
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(5-2.3)

(172 )
N e /> //\
T3 = aE4 X5002, 5007, 5008, 5009
b ’ )
N +4 M- P
P X 8 5050 BB (3)
B 3k UIRBEIIRE, IR XU 3 %Rk o8 R R
— T — T e 3G ARUR DB, D, 5
# g | DRED O g, | % R ED, ke/mm? 5 W R B 7 " kfg/mm?
p,mm ax 105 \ 109 1 107m 1 105 10°m ‘ 107m 105 108 107
o 1 13.5 9.8 8.4 1 1 1 - - -
WHoEE | 1.5 1779 10.0 7.3 6.1 1.3 1.34 1.38 — — -
0.30 3.000 9.7 6.4 5.1 1.3 1.53 1.65 — - —
X5002 10.0 6.0 2.7
o 12 11.2 8.6 7.5 1 1 1 aed ) o
W ®m| 1% 1.779 8.6 6.7 5.4 1.3 1.28 1.3 - - —~
0.30 3.000 7.2 5.5 4.5 1.56 1.56 1.67 - — —
o 1® 11.9 9.1 8.2 1 1 1 — - -
wWHoFE | 1.9 1779 9.6 7.4 6.2 1.2 1.23 1.32 - — -
0.30 3.000 7.8 5.9 47 1.53 1.5 1.7 — — -
5050 9.8 0 0
) 5, 2.
o 1 1.7 9.1 8.2 1 1 1 (16.2) “5.1) (75.6)
W H| 1% 1.779 9.2 7.3 6.0 1.27 1.25 1.37 — — -
0.30 3,000 8.3 6.5 5.3 1.41 1.40 1.55 — — -
D NESRIRD FRSRB (1,700rpm) 1k B, 2) 10mm¢ R
3) FEEBBURDARBS (D=12.5mm¢, d=10mms, t=1.25mm), 4) 60> VEBHREXRARK (A o
5) 39 AFEANIK (LT 1.02~1.08), Bk 150~250ce/min, MR 2053°C, ( ) PIOBANAASTH DM & Hllk L A& 0 Mo b o
A | § e |
2. R (REWHR, SEEEZEHR. ZE/LER, E4&1mm)
B 4% it 2 jird 5
1L B 59 5 %
% B -
Mg Cu [ si | Fe [ Mn } Cr [ Zn Ti Ni Al
o4 i WD | 0.9~15 | 0.10~0.20| <0.10 <0.15 — - - — - ”
X5002
5 Ho | 118 0.15 0.07 0.08 <0.01 <0.01 0.01 0.01 - "
W4 M B | 0.40~0.6 | <0.006 | <0.006 | <0.006 | <0.001 | <0.001 | <0.008 | <0.002 | <0.001 7
5007
2 "o | 0.49 0.001 0.004 0.004 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 7%
4§ ML | 0.9~11 | <0.006 | <0.006 | <0.006 | <0.001 | <0.001 | <0.008 | <0.002 | <0.001 7
5008
#® HO | 0.9 0.002 0.005 0.006 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 7
B4 f WD | 1.8~2.2 | <0.006 | <0.006 | <0.006 | <0.001 | <0.001 | <0.008 | <0.002 | <0.001 s
5000
® HO | 1.9 0.001 0.0055 0.0050 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 "
® o4 M WO | 1.0~1.8 | <0.20 <0.40 <0.7 <0.10 <0.10 <0.%5 — — ®
5050
#® 0| 1.3 0.02 0.17 0.56 0.02 <0.01 0.04 0.01 - 5%
1) oGl Reynolds #o Al Data Book (1961) i &h C\3{lidFRt, 2y Al M6 3561599.9% 0 b D& HE Ui
3) Al Hi&3H£09.99% D b 0 & A Lico 4) Al HGiH09.3% 0 b 0% 8 Lizo

el PR TR TR w7

B 3

— 3 —



<5'24> (173)

7o s = v afdr X5002, 5007, 5008, 5009
B 00 5050 DEEMAIMEE (o

805 R REER & O MRS O BRI

CIRE ST S o) # # "
I, - 180wy BB | =92
i N A= Y oy v
" " % B, | B, 4R e, euh-a By EMY I VLA R L R
kg/mm? | kg/mm? | % 5kg  Bas,_p F;Ur~;I/‘for~/V 15T | 30T

o om| on o 5.0 14.5 23 B | - - | = ) - ool | 0.0
2 16.7 17.2 5 59 60 @ - 67 18 By ol5fE | 7.4
40 18.9 19.0 3 65 67 51 - 71 28 B 045k | 7.2

X5002
Eo® 69 21.1 21.2 2 71 73 59 - 73 31 B o6 % | 6.6
70 22.0 22.2 2 73 76 63 — 74 37 By 0656 | 6.5
89 23.1 23.4 2 7 7 67 — 75 39 B 0T56 | 6.2
W OB o s 2.6 7.6 31 21 - - - - - % w | 10.2
10 9.0 9.4 21 37 - — - 36 - w0056 | 8.7
20 10.6 10.7 8 q - - - m - Ey ol | 83
s07 | ) 40 12.4 12.7 3 45 - - - 54 - oy 0156 | 7.5

5

60 14.4 4.4 3 50 - 25 - 59 - By 0256 | 6.9
70 15.2 16.5 3 53 - 28 - 61 - By 0254 | 6.8
80 16.6 17.0 3 50 - 39 — 63 12 B 3.5 | 6.9
W om| s 4.2 10.6 23 28 - — 46 23 - B v o 0.5 4% | 10.4
29 13.2 13.3 4 59 38 22 82 57 - By 0158 | 7.5
ot 40 15.7 15.7 2 55 54 37 80 63 12 oy 0254 | 7.1
E 60 16.9 17.0 2 59 60 n 92 66 19 oo diE | 7.0
70 17.6 17.7 2 62 63 49 93 68 23 By o6 | 6.7
80 18.6 18.7 2 64 68 1 55 95 70 27 Bor o6 {5 | 6.7
‘tx 7| Gk 50 5.8 15.2 i 21 \ 40 24 t - | e 43 - # wm o oer
20 17.8 18.7 3 66 67 57 95 7 2 By o258 | 7.4
40 20.3 21.8 3 73 75 67 99 74 36 oy 0354 | 6.8

5009
Eoa 60 21.2 22.2 3 76 7 68 100 75 39 By 03.56 | 6.8
70 23.1 23.4 3 78 79 72 101 76 43 By o5 | 6.7
80 24.3 24.8 3 82 81 73 102 7 43 B o6 % | 6.4
. . - 112.7~16.9 20 | (= (=) ) =) ) &) &) )
S B G s 6.0 14.8 23 4 28 15 73 45 - % w0
20 18.2 19.0 3 63 63 49 93 69 23 By ol G| 7.1
5050 40 20.8 20.9 2 69 70 57 97 72 32 By 0250 | 6.8
O 60 21.1 22.3 2 71 74 62 99 74 36 By o4 s | 61
70 24.1 24.7 2 7 78 68 101 76 40 T o545 | 5.0
80 24.1 24.8 2 78 79 68 101 76 40 By o645 | 4.1

1) #:EFw FED. TEST METHOD STD. No.151 ®Method 211, F2 (EAT#8E 0.5, SLEHERES"), ERELMICTFATIRIENR Lico
2) BHE.

3) JIS Z 2204, 4 FREF,

4) JIS B 7777, 2 88BN

vy I
B b3 ]

(AAB9%E 4 ) SEXSZESE T EHiERXSH o

fhadll




(174)

7Tl = v A& 4 X5002, 5007, 5008,
3 X 8 5050 BRI ME

B 6 x X5002, 5007 %k or 5008 ZesE hALIEHT o> BEMkIHER

(5)

5009

pp— 3l m o o# EY P z b
. mamgee, | : Aoy |18CHRER = Y 2
OB aoyane | TREEVEB g gy sy, | e, eonoa) ROV 7 V= D By 7 v ox vl D] kit
% kg/mm? | kg/mm? | % 5k8 g ay—MFar-pMHAr-n] BT | 50T®

W 5 | (& WD | 6.0 (145 | @3 | @ ) ) () 40 (=) |@Eyolm| 9.9

20 - 14.2 16.8 5 57 55 a — 64 15 |myo 14 7.6

40 - 16.5 18.7 5 63 65 51 - 68 % |myo2fs 7.3

125 60 - 19.3 21.2 6 71 71 60 - 72 3 | Erossis 6.7

70 - 19.8 21.6 5 72 74 62 - 73 % | myo.bl 6.5

80 - 21.2 22.8 5 76 76 67 - 74 38 | EvodE 6.3

20 - 13.8 17.2 7 59 57 43 - 65 17 | Evolst 7.6

X5002 40 - 16.2 19.6 6 65 66 51 —- 70 27 | Eyo.5f 1.3
159 60 - 19.3 22.0 6 73 73 63 — 73 35 | meossE 7.0

70 — 19.6 22.7 6 74 75 66 - 74 3 | meo 4y 6.7

80 — 2.3 211 6 78 78 70 - 75 40 | Eyodst 6.3

20 — 14.1 17.8 8 61 58 47 - 65 18 | mEvolsE 7.7

40 - 16.7 20.4 7 66 67 57 - 69 2 | Eronss 7.4

175 60 - 18.9 21.9 6 7 74 65 — 74 36 | Evo3.0f 6.9

70 —_ 19.9 23.0 6 75 76 67 - 74 B | Ero3.5E 6.7

80 — 21.3 21.6 6 79 79 7 — 76 4 | mros.siE 6.3

e D) | (&) LURED | @6 7.6 | @D | @ ) (=) ) ) (= @ | 10.2

10 — 7.9 9.1 23 33 - - — 33 — | BEvo0.5 8.8

20 - 9.7 10.8 10 40 - - - 4 — | myo0sy 8.1

125 40 — 11.5 12.2 5 43 — - - 52 — |Eyoi14 7.5

60 — 13.0 14.0 5 46 - 19 - 58 — | myonsf 7.2

70 - 13.8 14.7 5 49 — 23 — 59 — | mrouss 6.7

80 - 14.5 15.6 4 55 - 31 - 62 9 | myolskE 6.7

10 - 6.8 8.9 2 31 - - - 32 - = | 9.0

2 — 8.8 10.4 14 33 - — - 41 — | myo05r 8.4

5007 40 — 10.5 1.7 6 49 - — — 50 - | Eyo0.5s 7.8
150 60 - 12.2 13.6 6 41 - 19 - 55 — | mrolsg 7.1

70 - 13.0 144 5 47 - 22 — 58 —  myo24s 7.0

80 - 13.5 15.3 6 51 - 3 — ) — |myoss 7.0

10 - 6.5 9.0 27 3 - - - 28 — = | 8.9

20 — 8.7 9.9 18 35 - — - 40 — % % 8.6

40 - 9.8 11.4 8 38 - - - 47 — | Erousm 7.8

175 60 - 11.6 13.1 6 4“ - — — 54 — Erolsfy 7.3

70 - 12.2 13.6 6 44 - 16 — 56 — | mroz 7.0

80 - 13.2 14.6 6 48 - 24 - 58 — | myo2.5 7.1

Gs 8 | (o || @ | we | @ | @ | — | we | @ ) [FTY ] 0.0

20 - 10.5 12.6 9 47 2 13 77 49 — \mEyo 1 77

40 - 12.7 14.3 5 53 47 33 86 59 — | EvoLsk 7.3

125 60 — 13.9 15.6 5 55 54 39 89 63 1B | Erosl 7.2

70 — 14.6 16.4 5 58 58 43 90 64 4 myo 34 7.1

80 - 15.3 17.6 5 62 62 50 93 66 16 | myod.s 6.7

20 — 9.9 12.4 9 46 27 9 74 47 — |myo1 78

40 — 12.3 14.1 7 53 4 30 84 56 ~ | Evyolsf 7.3

5008 150 60 — 13.5 15.3 6 55 51 35 87 61 11 By 02.5 7.2
70 - 14.0 15.9 6 56 55 40 88 62 13| BEyo2s 7.1

80 — 14.9 16.9 6 59 59 46 91 64 15 | Byos.sk 6.8

20 — 9.3 12.1 1 44 24 - 72 a7 — lmyo1 8.0

40 — 11.8 13.8 7 51 41 26 82 56 — | EyoLsfE 7.4

175 60 — 12.7 14.8 7 53 49 36 87 60 — |Eyo 24 1.3

70 — 13.3 15.5 7 54 52 38 88 61 — | Evolsf 7.2

80 — 14.4 16.6 7 57 56 42 89 62 — i{Evo s 68

D, 2, 8), DT ROELBR.

- G

(a9 4 7) YiExEsBEITRBERNTER o
(SRR =




T = 4484 X5002, 5007, 5008, 5009
3 X O 5050 bR

(6)

BT R 5009 45100 5050 sl LALIRO BRI

il w®oom O H OV i z 4
LT 7
SRERIE R, | TR TS 180°h BB = U 7
e I 265 e \ ) N y o A R ¥ W L
R °Cx 3hr II:;&, BBl - 732' Bhmy, | v, [€on-2, vy 7y wyyYEN g OB 2 )| e R
’ ke/mm® | kg/mm?® | % | SKE payouFar-pfHar-s| 15T | 30T
@ ow| o || 68 | an | e | w (20 = @ | @y | o @ w| en
20 - 13.6 17.4 10 58 55 45 87 64 16 FE 01,545 7."7
40 — 16.8 19.9 7 66 €5 56 93 70 27 JE 1,54 7.1
125 60 — 17.2 20.4 7 70 €8 57 94 71 31 By o 31 7.0
70 - 18.6 21.6 7 73 7 61 96 73 % | Erodsk 6.7
80 - 20.0 23.0 6 75 7 64 98 73 37 | mvo3.5iE 6.6
20 — 12.8 17.3 11 56 52 41 87 61 —_— Eyo 1 4% 7.9
5000 40 — 14.8 19.6 8 63 63 54 93 68 2 | Eyolbs] 7.3
150 6 | — 17.0 20.0 8 66 65 56 94 70 6 | myonsy 7.2
0 | — 16.2 20.2 8 69 69 51 9 72 30 | Evo 34 7.0
80 | — 18.2 21.8 8 7 7 63 97 72 2 | mEro3fs 6.9
20 | — 1.9 17.2 12 54 52 4 87 60 — |myo1# o0
40 — 14.9 19.3 9 61 62 53 93 67 22 By 1,545 7.4
175 60 — 15.2 19.5 9 64 65 57 94 69 % | myo2sE 7.3
70 — 16.1 20.3 9 66 69 61 9 70 29 | EyosE 7.1
80 — 17.3 21.3 9 68 71 62 97 7 31| gvonss 7.0
@ ow| & e 60 aes | e | @ 28) a5 @ | s - @ w| oD
20 | H3 15.1 17.6 7 61 59 46 90 67 20 |myolg 7.2
40 | Hxu 17.5 19.6 6 €8 67 55 9 7 98 | Eyos 6.8
125 60 | H36 19.0 20.9 5 69 7 59 o7 72 3 | Ero5k 6.3
70 | HB | 22.0 23.7 6 7 76 67 100 75 39 | Eyossi 5.6
8 | H3® | 2.5 93.7 5 75 7 67 100 75 39 | mvo3.5kE 5.3
20 H32 14.5 17.1 8 61 57 44 90 64 15 By 0.5 7.5
5050 40 | H3 16.8 19.4 6 64 57 53 o4 69 % | Evo24 7.0
150 60 | H36 18.1 20.5 6 68 69 57 9 71 30 | Eyo2.5i 6.5
70 H38 20.4 22.7 6 72 75 65 99 74 37 JZ D3, 545 5.6
80 | H3 | 20.5 22.9 6 73 75 65 99 7 8 | EyodsE 5.5
20 | Ha2 | 151 7.1 9 58 57 45 90 64 16 | mEyoosy 7.9
40 | H3 16.2 18.9 7 64 64 52 93 69 % | Evo 24 7.1
175 60 | H36 | 17.4 19.9 6 67 68 56 % 7 8 | Evo 245 6.6
70 | H | 19.4 21.9 6 71 73 62 98 73 U | EyosE 6.5
80 | mss | 19.4 22.1 7 71 73 63 98 7 % | Evorst 6.1
1 #Ef: FED. TEST METHOD STD. No.151 & Method 211, F2 (V& 0.57, Bue"), ARG AT Lo
2 B
3 JIS Z 2204, 4 BBEH,
£ JIS B 7777, 2 BHERK,
. T
(aA39% 4 7) SirxaEsEERRNSHE
#% F
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(5-2.8) (1mry

T3 = v afg X5002, 5007, 5008, 5009
2 L O 5050 DEEHRAYHEE (s

N
[4,]

]
(=]

k&

& 51, kg mm?*
3>

H v, %
B 5007WE s X O TRIEZER O T — I e £5

25

»N
Q

W

51, kg/ mm?
I

5
o

IR 50085z (LALEIHT (150°C X 3hr) Rz — filt e #i]

25
20
.&E
NEE
3 12
. o T 1]
= 125°C,150°C, 175°
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18 k4
S
S = EHEN S §
14 ! |
[ |
ol %0
#1250 50072 {LALEE (150°Cx 3hr) D) — i
.25
® ) Bl
v \ FENE %
~ 20 it 57 // |
25 f 125°C
Z150°C
i75°C
20 15 125°C
£ \150°C
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NG BT e e |
o ~ o
= £ ! //JTS C
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@ o . N / N125°C
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e R TT:
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(1785

25

20

w7,

kg mm?®
&

7ov 3 =y a4 X5002, 5007, 5008, 5009
3 L 08 5050 O HEBRIY P BT

]
A

M v, %
16 50094KE ¥ X UV TREAERT O 1T — (i R

25

(9)

fiff v, %

IR 5009% s bALBT (150°C < 3hr) i) — i #3X

o4 [ ] # 0 L T [ T
@ 10 5 \\_ 10, ° ©
N 125°C  1150°C,175°C f 4125°C,150°C,170°C
v 8 / PR i 8 b |
~N g i #M = &
= EHEN ¥ % oo FIED ¥ ¥
oA - 4 TS
< 30 30 l !
" = 3R |
v HE N FHO % 3 y W‘ ' FHED ¥
f:: = L7
/] ~ 925 o
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