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Solute Bands in Aluminum Alloy Welds*

by Toshiyasu Fukui** and Keizo Namba®**

This paper discusses solute bands or layer lines observed in MIG and TIG welds of a
commercially pure aluminum, Al-Mg, Al-Zn-Mg and Al-Mg-Si alloys, and their influences on
the several properties of welds.

Solute bands are noted as the macro structures with light etched lines or bands, while
micro-structuraly they are found to correspond to grain-refined region in Al-494Zn-29,Mg
alloy welds contained some grain refining elements as well as to the region of coarse
dendrite cell in 99.5%A1 and Al-4.59Mg alloy welds. They are observed to occur, passing
through the grains, perpendicularly to the direction of solidification or heat flow with
periodicity and no relation to the existence of feathery grain.

The response of solute bands to the properties of welds are revealed by the variation
of hardness and, even if indirectly, the marks in fracture of impact test specimens. Other
effects of them are observed at the distribution of porosity in parallel bands and the cyclic
propagation of weld cracking connecting with them.

The formation of solute bands depends upon the welding velocity and heat inputs.
Solute bands seem not to be identified with the wavy surface ripples observed on weld
bead surface because of the difference of numbers and region of their occurrence, though
they have comparatively similar characteristics.

The formation of solute bands is considered to be directly related to the fluctuations
with periodicity in growth rate of weld solidification interface, resulting from the effects
inherent in weld solidification such as the release of the latent heat of fusion at liquid-solid
interface. On the other hand, these fluctuations seem to be affected also by the external

factors associated with welding process.

1. Introduction

In weld-solidified structure of aluminum alloys, it
is observed that the grains which originate epitaxially
at base metal grow to columnar grains, and, some-
times, followed by granular grains.? Then, the sub-
structures inherent in weld-solidified structure which
occur in the form of lines or bands perpendicularly
to heat flow or the growth direction can be often
observed in weld cross section.?> These sub-structures
are called solute bands or layer lines, and from the
morphological point of view they seem to look alike
the over modification bands®% which are observed in
Al-Si alloy casts for some time,

A number of observations’~'" of solute bands in
aluminum alloy welds have been made by many
investigators and several different explanations have
been advanced to account for the mechanism of their
formation. However, further works are needed to
confirm the behavior of solute bands and their
formation sequence, since the investigations up to
the present have been carried out fragmentarily and
could not make clear the sure mechanism of their
formation.

The present work is carried out to elucidate the

*This paper was originally published in Japanese in the
Keikinzoku (J. Japan Inst. Light Metals), 21 (1971), 661
#*Research Department.
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characteristics of structural features of solute bands
detected by metallographic examinations of aluminum
alloy welds produced by MIG and TIG welding pro-
cesses under several conditions. In the next place,
the influence of solute bands on some properties of
welds are investigated. Lastly, the effects of welding
conditions on the formation of solute bands are
investigated, and the correlation of solute bands
with periodic wavy surface ripples observed necessarily
on the bead surface and the mechanism of their
formation are discussed.

2. Experimental procedures

2-1 Test materials

Test materials used mainly in this experiment
were 4 and 12 mm- ~thick plates of a commercially
pure aluminum (A1050), Al-4.59%Mg (A5083) and Al-
497n-295Mg (A7TNO01) alloys for base metals, while
Al-43%7Zn-159%Mg (A7TN01) and Al-19Mg-0.69Si
(A6061) alloy plates were also used partly.

For filler metals, 1.6 mm dia. electrode wires of a
commercially pure aluminum (A1100WY), Al-4.59%Mg
(ASI83WY) and Al-49Mg-29%7Zn (ATNIIWY) alloys
were used for welding the above mentioned alloy
plates respectively, and 4 mm dia. welding rod of Al-
5% Mg (A5356BY) alloy was partly used.

2-2 Test procedures

Test specimens of welds were produced by MIG
bead-on-plate welding under the conditions of welding
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current : 250~350A, arc voltage : 20~28V and welding
speed : 20~80 cpm. Three specimens of short and
long transverse and longitudinal sections to the
welding direction were taken from the welded panels
for macro- and micro-metallographic examinations,
from which solute bands were detected.

In order to investigate the influence of solute bands
on some properties of welds, mechanical and cracking
tests were carried out. The frequencies of solute
bands per unit time or bead length were measured
metallographically and the correlations with welding
conditions were investigated in order to discuss the
mechanism of formation of solute bands. In addition,
the frequencies of surface ripples which were observed
on the surface of weld beads were measured and an
attempt was made to correlate-these ripples with
solute bands. In the above experiments TIG welds
were also added to MIG welds for reference.

The metallographic specimens were mainly etched
by Tucker’s reagent and aqua regia for macrostructures
and Keller’s reagent for microstructures.

3. Experimental results

3-1 Observation of solute bands and their
structural features

In this experiment, solute bands were observed
metallographically in all specimens regardless of
materials and welding conditions, though some
difference in detectability was recognized.

Photographs 1 and 2 show the typical solute bands
observed in MIG welds macroscopically and micro-
scopically. Photograph 1 indicates the macrostructures
of Al-4.59/Mg alloy welds etched by Tucker’s reagent.
As shown in this photograph, it is recognized that
the substructures as noted by light etched bands or
lines occur with regular period and perpendicularly
to the heat flow or the direction of grain growth.

<4
Welding direction

Photo. 1 Typical solute bands observed in long
transverse section of Al-4.5%Mg alloy
weld (x1.5)

These bands or lines are illustrated schematically
in Fig. 1. These sub-structures have been called
solute bands or layer lines by many investigators. In
present paper, they are unified to the former. If the
specimens are etched a little strongly by aqua regia,
it becomes too difficult to observe the solute bands.

Short transverse

Long transverse

Longitudinal section

Photo. 2 Solute band structures observed in

99.5% Al welds (x100)

Photograph 2 is the microstructures showing typical
solute bands observed in MIG welds of 99.59%Al It
is clear from this photograph that the solute bands
occur perpendicularly to the growth direction of grains
traversing through them. On these microscopic ex-
aminations, the solute bands are found to correspond
to regions of coarse dendrite cells. The similar
features were observed in Al-4.5%Mg alloy welds.
However, in Al-49%Zn-29,Mg alloy welds containing
some grain-refining elements such as Zr, the solute
bands were recognized to correspond to regions of
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fine grains as mentioned later (Photo. 8), which
revealed the pretty different structural patterns from
those in 99.59Al and Al-4.59Mg alloy welds.

The locations of solute bands formed were limited
only in the bottom and circumference of weld metals,
and they were not observed in both center and
upper zones of weld metals. Furthermore, they
occurred nearly pararell to the fusion boundary as
shown in Photo. 2.

The typical solute bands or lines observed in TIG
welds of Al-49;Zn-29;Mg alloys are shown in Photo. 3,
which elucidates the effect of intervals of filler
addition on the formation of solute bands. It is clear
from Photo. 3 that the solute bands occur in the form
of lines or bands perpendicularly to the growth
direction of grain and they correspond to regions of

Short interval

Medium interval

Long interval

Photo. 3 Typical macro-structures of TIG-welds
with several intervals of filler addition

in Al-Zn-Mg alloy (x3x1/2)

\

Fig. 1 Schematic illustration of solute bands observed
in short and long transverse and longitudinal
sections of weld metal.

fine grains similarly to those in MIG welds. The
grain-refined structures in the form of bands corre-

. spond to the pitch of the addition of welding rods.

Beside these large bands, a number of secondary fine
lines are recognized. Therefore, it is apparent from
the above results that in addition to the general
solute bands observed in MIG welds (cf. Photos 1
and 2), another type of solute bands are formed
according to intervals of filler addition.

The effect of feather structure on the solute bands
in TIG welds of Al-4.394Zn-1.59Mg alloy is shown in
Photo. 4. From this photograph, the solute bands are
found to occur regardless of the formation or growth
of feather structures and traverse through them.

With feathery structure
Photo. 4 Solute bands observed in Al-Zn-Mg alloy

TIG-welds with
structure (x38)

or without feathery
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3.2 Influence of solute bands on some properties
of welds

Photograph 5 shows a fracture of Charpy impact
test specimen tested at —196°C in Al-4%Zn-2%Mg
alloy. As shwon in this photograph, many lamellae
peculiar to the fracture at low temperature are
observed. Beside them, the marks in the form of
lines are revealed perpendicularly to the lamellae as
indicated by arrows. They seem to be related to solute
bands. It is not clear how Charpy impact values are
influenced by the occurrence of solute bands, but from
the results that the marks of solute bands are
recognized on the fracture, the solute bands seem to
have some influence, even though indirectly, on the
impact properties of weld metals.

Micro-Vickers hardness (MVH) test was carried
out on MIG weld metal of Al-4.59;Mg alloy to make
clear the influence of solute bands. The results
showed that MVH at solute bands were 756~81 and
higher than those at the locations between neighboring
two solute bands, where MVH were 71~76.

From the difference of MVH mentioned above and

the fact that solute bands are recognized by the
difference in the degree of etching as shown in Photo.
1, it becomes clear that solute bands correspond to
the regions where the distribution of solute elements
reveals a remarkable variation.

Photograph 6 shows the distribution of blow holes,
which were produced deliberately by MIG welding in
Al-4.59%Mg alloy using Ar+5%H, shielding gas. Blow
holes are formed nearly with regularity and in a
banded network similarly to solute bands, as indicated
by curved lines in Photo. 6.

‘The solute bands are also responsible for the cyclic
variation in crack propagation. This phenomenon is
realized by Photo. 7, which shows the crack on the
bead surface in TIG welds of Al-19Mg-0.6%;Si alloy.

Photo. 5 Solute bands observed on fracture of
Charpy impact test specimen in Al-4%Zn-
29%Mg alloy welds, tested at —196°C (x6)

Photo. 6 Solute bands connecting with porosities in
Al-4.5Mg alloy welds (x100)

S B R RER R g PR % s
Photo. 7 Solute bands connected with weld-cracking
in TIG-welds of Al-Mg-Si alloy (x4)

From these experimental results, it is apparent
that solute bands have some influences on the mechan-
ical properties of welds and the formation sequence
of them has some correlation with those of blow
holes and cracking.

3.3 Influence of welding conditions on the
formation of solute bands

The investigation concerning with the influence of
welding conditions on the formation of solute bands
was carried out on MIG-welds.

Photograph 8 shows the solute bands observed in
MIG welds made under the welding speeds of 40 and
80 cpm in Al-4.5%Mg and Al-495Zn-29;Mg alloys. The
solute bands in Al-4.59Mg alloy welds correspond to
the regions of coarse dendrite cells as observed
formerly in 99.595Al, while in Al-49;Zn-29;Mg alloy
containing grain-refining element such as Zr, they
reveal such a different morphology from those in 99.
59Al and Al-4.59% Mg alloy welds that they correspond
to the regions of fine grains. Moreover, it is evident
from Photo. 8 that the frequencies of solute bands
increase with increasing welding speeds.

To confirm this correlation, the frequencies of solute
bands per unit length were measured for MIG welds
made under various conditions. Three sets of read-
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Welding speed :
40 cpm

Welding speed :
80 cpm

Al-4.5%Mg

Al-4%7Zn-29% Mg alloy welds (x100)

Al=49%In-2%Mg
Photo. 8 Effects of welding speeds on the solute band formation of Al-4.5%Mg and

ings were taken for each condition. The results are welding speeds regardless of welding currents in all
Al-459Mg and Al-497Zn-29,Mg alloys

summarized in Fig. 2 and show that the frequencies
of solute bands (cycle/cm)

Surface ripples (cyc./cm)

Solute bands (cyc./cm)
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Fig. 2 Effects of welding speeds on frequencies of surface ripples and solute bands per unit length in

99.5%Al, Al-4.5%Mg and Al-4%Zn-29%Mg alloy welds.
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Fig. 3 Effects of heat inputs on the frequencies of surface ripples and solute bands per unit length in
99.59%A1, Al-4.5%Mg and Al-49%7Zn-29Mg alloy welds.

Furthermore, the relationship between welding heat
inputs per unit length and frequencies of solute
bands were examined. As shown in Fig. 3, the
frequencies of solute bands decrease markedly with
increase of heat input. This decrease is particularly

W

Welding speed : 20 cpm
Photo. 9 Effects of welding speeds on the surface ripples
of Al-Zn-Mg alloy welds (x2)

remarkable below 3000 cal/cm, and afterwards it
becomes almost unchanged in the range of more than
3000 cal/cm. The curve seems to be hyperbolic.
These behaviors are recognized similarly in all of
99.59Al, Al-4.59,Mg and Al-49;,7Zn-29,Mg alloy welds.

3-4 Distinction from surface ripples

Surface ripples observed on weld bead surface show
the similar morphology to solute bands. These are
the wavy marks observed commonly with regular
cycle in the form of curved lines.

Photograph 9 shows the typical surface ripples
observed in Al-49,Zn-29;Mg alloy welds made under
the welding speeds of 60 and 20 cpm. The surface
ripples are found to generate perpendicularly to heat
flow or grain growth direction, and their frequencies
seem to increase with welding speed.

In order to elucidate the relationship with and
distinction from solute bands, the frequencies of
surface ripples were also investigated and their
measurements were plotted against welding speed as
indicated in Fig. 2. Each plot is the average value of
three measurements. The frequencies of surface
ripples increase linearly with welding speed and
decrease hyperbolically with heat input as shown in
Figs. 2 and 3. That is to say, the similar tendencies
are obtained in frequencies of surface ripples to those
of solute bands. However, the frequencies of surface
ripples per unit length are from 4 to 5 times more
than those of solute bands as clearly indicated in
Figs. 2 and 3. The results mentioned above show
that solute bands and sufrace ripples can not be
identified because of the remarkable difference in
their frequencies, though they have similar chara-
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cteristics each other. The fact is also confirmed by
difference in the locations of occurrence of solute
bands and surface ripples.

4. Discussion

Solute bands are noted as macrostructures having
light etched lines or bands as shown in Photo. 1 and
as microstructures corresponding to the region of
coarse dendrite cells as shown in Photo. 2. In Al
Zn-Mg alloy containing a small amount of refining
element, however, they seem to reveal such a different
feature from solute bands recognized in 99.595 Al and
Al-4.59;Mg alloy that they are associated with change
of grain size or nucleation of new grain as shown in
Photo. 8.

It is well-knowns.811 that solute bands are produced
periodically and perpendicularly to the direction of
solidification. Many attempts have been made to
clarify the characteristics of solute bands, but the
sequence of formation of them and their influences
on the various properties of welds are scarcely made
clear as yet.

D’Annessa®, Cheever et ali” and Garland et allD
pointed out that solute bands were almost identical
with surface ripples. However, solute bands should
be distinguished from surface ripples, since the
frequencies of solute bands produced in unit length
differ from those of surface ripples markedly as
indicated in Figs. 2 and 3 and the locations of them
are different each other, though the present authors
don’t deny that they are very closely related with
each other.

It is apparent from the difference of structures
etched and the hardness that solute bands correspond
to the region where solute elements segregate. In

addition, solute bands correspond to the region for
dendrite cell and grain sizes to change as mentioned
above. From these results, it is found that the for-
mation of solute bands depends on the periodic
fluctuation in growth rate of weld solidification
interface. This reasoning is also supported by the
fact that porosity and weld cracking are produced
with regular periodicity as shown in Photos. 6 and 7.

In the next place, the fluctuation in growth rate
of weld solidification interface seems to be affected
by power source ripples, Lorentz force attributed to
weld arc, forced convection and transfer of droplets
as the external factors associated with welding process
and by constitutional supercooling, thermal expansion,
heat flow instability and surface tension as the factors
inherent in weld solidification.

Several different theories have been advanced to
explain the formation of solute bands and surface
ripples. These are listed in Table 1 and can be
briefly summarized as follows:

1) D’Annessa® and Garland et al!® pointed out
that cyclic variation of temperature gradient in liquid
was produced by power source ripples and they gave
the strong effect on formation of solute bands, and
especially D’Annessa suggested, in addition to the
factors mentioned above, surface tension effective on
the formation of surface ripples.

2) Garland et al!® revealed that the frequencies
of surface ripples were equal to those of power
source ripples. They denied the effect of latent heat
and suggested the effects of the interaction of
interface/meniscus and surface tension.

3) However, Jordan et al.® showed that there was
no direct correlation of solute bands frequencies and
both rates of transfer of droplets and power source

Table 1 Factors affecting on the solute band formation in weld metal solidification.

Several factors
X Power Constity- Heat Mechanical motion Remarks
Investigators tional Thermal e
source flow lorentz Surface Forced
. super expansion | . e . :
ripple cooling instability force tension | convection
Makara et al. O
6’ O
Gurev et al.
Speigh- et al.
e O ®
Jordan et al.
A BN BN BEOEN )
Cheever et al.
7.8,9) O . O O surface
D’ Annessa ! ripple
12) O surface
Garland et al. ripple
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ripples, and suggested that the influence of forced
convection according to Lorentz force was effective
for producing solute bands.

4) Cheever et all® pointed out that solute bands
were not affected directly by constitutional super-
cooling, power source ripples, thermal expansion and
so on, since solute bands were observed in 99.99999;
pure aluminum weld and even in laser spots made in
gold foil using a light pulse. They concluded from
their investigations that solute bands formation in
arc and laser spot welds was caused by an instability
in heat flow, and believed that the release of latent
heat of fusion at the solid-liquid interface during the
formation of each increment caused further solidi-
fication to halt until the heat of fusion was transfered
away from the weld. Similar type of mechanism
was proposed by Makara et al. and Gurev et al.%.

In present work, the authors made clear that (1)
the frequencies of solute bands differ from those of
surface ripples, (2) they do not also agree with
frequencies of power source ripples (360 c/sec) and
the rates of transfer of droplets (<200 ¢/sec)!®), and
(8) both solute bands and surface ripples increase in
proportion to welding speed which is closely related to
solidification rate.

From these facts, the authors believe that the effect
inherent in weld solidification such as the release of
latent heat of fusion on the liquid-solid interface is
the main factor affecting on formation of solute bands
and the external factors associated with welding
process are of secondary importance though they
should not be neglected.

Figure 4 illustrates schematically the mechanism of
formation of surface ripples and solute bands. On
freezing, melt rejects the latent heat and is hold for

Surface ripple
Influence of surface
fension

Shallow temperature
gradient

Little influence of

Surface
tension

/.lnterfoce

Liquid
rejection of latent
// heat
7
Interface
\\ Influence of rejection

of latent heat
Steep temperature
gradient

No influence ot
surface tension

Solute

Fig. 4

Schematic representation of the formation
mechanisms of surface ripple and solute
band for steady-state of weld metal
solidification

a certain period T

oo H
where 7 : solidification time at melting point (sec)
H : latent heat of fusion (cal/g)
C, : specific heat (cal/g-°C)

(dT|dt)n : cooling rate at melting point (°C/sec)
At this time, the shape and size of dendrite cell
structure are determined. The rejection of latent heat
has the periodicity resulting from the interaction
between temperature of molten metal and its cooling
rate.

On the other hand, surface ripples are considered
to be produced by the interaction of volume of molten
metal pushed away behind the welding arc and its
surface tension energy. The other external factors
mentioned above seems to be additional effects affect-
ing on the forced convection and volume of molten
metal pushed away and its periodicity.

5. Conclusion

The results obtained in this investigation were as
follows:

1) The solute bands are noted as macrostructures
having light etched lines or bands and as micro-
structures corresponding to the region of coarse
dendrite cells in 99.59% A1 and Al-4.59,Mg alloy welds:
or as microstructures corresponding to the grain-
refined region in Al-49;7Zn-29;Mg alloy weld contain-
ing some grain-refining elements.

2) The solute bands are observed to be formed
traversing through grain with a certain period
perpendicularly to the direction of solidification or
heat flow, independent on the presence of feather
grains.

3) The effects of solute bands on the properties
of welds are confirmed by the variation of hardness
or indirectly by the marks on fractures of impact
test specimens. The formation of blow holes in a
banded network with regularity and the cyclic var-
iation in crack propagation seem to have the corre-
lation with the formation process of solute bands.

4) The frequencies of solute bands depend upon
the welding speed and heat input, especially they
increase with increasing welding speed.

5) The solute bands have comparatively similar
characteristics to the wavy surface ripples on the
weld bead surface, but seem not to be identified with
them because of the difference in frequencies and
region of their occurrence.

6) The formation of solute bands is considered to
be directly related to the periodic fluctuations in
growth rate of weld solidification interface, resulting
from the effects inherent in weld solidification such
as the release of latent heat of fusion on the liquid-
solid interface. Moreover, these fluctuations seem to
be affected also by the external factors associated
with welding process.
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The Effect of Cold Work on the Embrittling Phenomenon
of Copper Alloys during Annealing

On the Embrittling Phenomenon of Copper Alloys during Annealing (Rep. 5)

by Shiro Sato and Koji Nagata

In the previous papers, the effects of tensile stress, grain size and annealing conditions
on the embrittlement of & brass during annealing were investigated, and the phenomena
were explained by the same mechanism proposed for the cavitation fracture in creep
deformation. This paper deals with the effect of cold work on the embrittlement of
copper alloys, mainly @ brass.

The results obtained were as follows:

(1) The susceptibility to the formation of voids which causes embrittlement or cracks
of a brass during annealing is markedly affected by the degree of reduction by cold
working. Namely, the alloys of medium cold reduction (80-50%) are most susceptive to
cracks, while the alloys of slight or non-cold reduction (0-109%) have little susceptibility
to the embrittlement. On the other hand, the alloys of heavy cold reduction (70-909%) are
free from the embrittlement.

(2) The voids are often observed to distribute in space of 1-3u at the places where
slip lines intersect with the original grain boundaries. Therefore it seems that the ledges
on the grain boundaries produced by slips during cold working would act as nuclei for
voids in the stress relaxation process at elevated temperatures.

(3) In the @ brass of heavy cold reduction, recrystallized structures are observed at
200°C. It is probable that in the alloys of heavy cold reduction the stress relaxation in the
grains would play a more important role than in the grain boundaries.

(4) The Cu-Cr alloys show the similar tendency to the a brass on the effect of cold
working reduction on the 'embrittlement during annealing. Heavy cold reduction may
depress the embrittling phenomenon during annealing, while it reduces the hardness at
high temperature which may be demanded as the most important properties to this alloy.
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Fig. 3 Applied stress and relieved stress of 70-30
brass sheets in grain size of 0.45mm by fixing
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Fig. 1 Tensile properties of 70-30 brass, as rolled.

TNBA, MTEET0% L E Tilss ik & X 1e X 22513
DN, DL DT &SRR X X LRI &
DREFRIE, [EEERM EE AL TSR 7284 L RET
b5,
DEEABRE TR A MENBIEH R L 250°Cx
Th BE$lie & o ThrEX N BIET ORI E Fig. 2, 3 iR
o WHINTE & & &S ST —RC B K LT
DIZIEH AT BIE B IME T %, 250° CHESE
2 & DIEHERE ORI ST E &S o Fage
Lo TkY, BMMTEINEL, EAFECET MM
L72Ba, SEIEREINEL EIBEE (o,/00)

e e -7 %]
Grain size:1.2mm . ’? //9
e & el L2 log
E E ' 4
£f e <
22 w ~5 08 s
_ k3
8 s
he o 07 ®
. w
48 0.6 G
£5 X0 o:longitudinall
-3 ®:transverse 0
53 2 05 3
= &
LY
S ) -~ 4
10 Sy 0.
» l \.‘
ol = =0 0.3
0 70 80 90 100

CR. (%)

Fig. 2 Applied stress and relieved stress of 70-30 brass
sheets in grain size of 1.2mm by fixing on the
block of radius 100mm and annealing at 250°C
for 1 hour.

on the block of radius 100mm and annealing
at 250°C for 1 hour.
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Fig. 4 Effect of cold reduction on the embrittlement
of 70-30 brass sheets of different grain size
during annealing at 250°C under stressing in

transverse to rolling direction by fixing on the
block.
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Fig. 5 Effect of cold reduction on the! embrittlement
of 70-30 brass sheets in grain size of 1.2mm
during annealing at 250°C under different
stressing direction to rolling direction by fixing
on the block.
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Tig. 6 Effect of cold reduction on the embrittlement
of 70-30 brass sheets in grain size of 1.2mm
during annealing at different temperature under
stressing in transverse to rolling direction
fixing on the block.
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Fig. 7 Voids in a grain boundary of 70-30 brass.
Electrolytically and chemically etched.
(a) Cold rolled 10% and then annealed

at 250°C.
(b) Cold rolled 50% and then annealed
at 300°C.
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Fig. 10 Effect of cold reduction on the total creep

elongation in creep rupture tests of 70-30
brass, tested at 250°C under different loads.
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Fig. 9 Microstructures of 70-30 brass heavily cold
rolled and then annealed at 250°C for 1 h. 0
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Fig. 12 Microstructures of 70-30 brass specimens of
different cold reduction, creep ruptured at
250°C.

(a) C.R.: 30%, elongation : 4%
(b) C.R.: 50%, elongation : 9.8%
(c¢) C.R.: 70%, elongation : 23.6%
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Fig. 13 Creep curves of 70-30 brass cold worked
30% and 70%, tested at 250°C.
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Fig. 14 Microstructures of 70-30 brass in creep tests interrupted at several creep elongation

at 250°C (B.C. :
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Table 1 Mechanical properties of Cu-Cr alloys, cold rolled 30~80% and then annealed at 400°C and 500°C
under stressing in transverse to rolling direction by fixing on the block of radius 100mm.

Degree of cold rolling As rolled 400°C for 1 hour 500°C for 1 hour

reduction (%) (kgj’;r;lmﬁ) (‘%) (é‘{(‘,g) (kg/orsnmi’) (”2) (0}0)) (givg) (kgflgnmz) (”2) (‘Z) (511;1;)
30 36.5 10 117 33.5 12 2.8 144 40.3 6 2.2 146
40 39.2 10 117 35.6 4 0.6 146 38.7 4 3.4 156
50 40.9 11 131 46.6 12 4.7 146 43.2 8 24 151
60 43.3 10 130 45.9 12 5.7 150 41.7 8 6.9 146
70 44.1 8 130 49.2 14 5.2 150 47.7 16 10-0 143
80 ) 44.9 8 134 50.8 20 13.8 157 45.3 20 15.6 135
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Table 2 The defects and structures of Cu-Cr alloys, cold rolled and then annealed at 400°C and 500°C
under stressing by fixing on the blook.

Degree of cold rolling

reduction(%)

400°Cx1hh

500°Cx 1hh

Defects

Structures

Defects

Structures

30

Macro crack

Cold worked

Macro crack

Cold worked

40

7

7

v

z

50

e

s

7

v

60

k4

7

4

Partially recrystallized

70

7

Partially recrystallized

Micro crack

s

80

Voids at grain boundaries

v

Void at grain boundaries

4

Fig. 15 Microstructures of Cu-Cr alloys, cold rolled

and then annealed at 400°C for 1 h.
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Table 1, 2 wR¥ L5 CHBEREIEET DO TRlRgEs
RO =X DET A2 E, BEME LU CRAREINS
BeMHOHFaOR CTHMBEC L 2BEbH 5, BHNTE
EBEL ELBOM X EDBRE Table 3 ikl 7z, 80
FE T A TLE550° C UL CHESL LB A DO e S OET
BELN,

3.2 2Y—T7HB

0.5~1.0mm OMAREERAE T 5 7 v & R
SEALRTI0% R LU 0% OGN Az, 350°C
LU 400°C T2 Y~ TEBRE R I ol #EE% Table
4RT, OB M ITH OB ETD 7 Y — 7 DUARK
FWEDOOWTNORE & LT DR 1 BET &/hES,
TR MR O A B L Qs o oER
d 7 )~ TR OERBSEEL T,

3-3 HEBETHH~OHEMEF

Cu-1.179%Cr #MHIE (35¢) #1040°C X1/ 2h #fk
LAV IKA L, EGRER 2 ~10mmoO KA %7,

(b) cold rolled 80% ZRIT 80%~50% 3 L OV T0% O e A nx, FO®k
Table 3 The changes of Vickers hardness of Cu-Cr alloys with annealing temperature. (load : 8kg)
Degree of cold Annealing temperature (°Cx1h)
rolling reduction
(%) As rolled 300 400 ] 450 500 550 600 650
30 117 112 144 l 168 146 129 122 121
50 131 117 150 170 151 136 131 118
80 134 132 157 162 138 104 99 85

Table 4 The results of creep test of Cu-Cr alloys.

Degree of cold rolling
reduction (%)

350°C x 20kg/mm?2

400°C x 15kg/mm?

Total creep elongation (%)

Time to break-down (h)-

Total creep elongation (%)

Time to break-down (h)

30

0.41

4.3

0.25

44.2

70

(0.62)*

(213>*

0.49

46.2

* Interrupted at 213 h.
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450°C X2h 7n Bl d E LB A B 2 i o, BEFIS 3 X
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R A #%2 1L Table 5 iR L7z, < 2 TUWH macro
crack & XEBEGHIRIN T crack @4 U7z b D&\, micro
crack X XEMEINTIE LD crack KE| /72D %W,

30% T H CriBeslish ¢49- T 4 (i 2 fflic macro crack
MRE BN, D 2 b micro crack 2FEE 1L TW 2,

crack [ XTI bFIRBEISIREIET 5 7 JsHRA
A > CEBEEFHACHR - TELU TWD, —H70%INIH

Cl¥, 4{f 1 {Eiz microcrack, o 1Mz 2B HRD
THEFELTWAHETET, BD 2l b BEx
NTEE&BMMAE L T,

FIEEHER, 2o iEd L OB ENEMER A Table 6
TRt MRBlRERROFEMITEE L Tk, BT 4200 2
56 ¢ ETUHILTWADT, ZHROEENIIZ E A Kk
NTWDHDEZELBLND, B ELBROMERET R\ TH
TEOEA L ELEMIBIUSERIEEXT 400,
My P R ETF L B,

Table 5 Relation between the degree of cold drawing and cracks during annealing of Cu-Cr rods.

Degree of cold drawing (%)| Number of test specimens

Number of specimens
macro cracked

Number of specimens

Number of specimens b
of void

micro cracked

30 4 2 2
50 1 4 0 3
70 ] 4 0 T

Table 6 Mechanical and electrical properties of Cu-Cr rods, as drawn and annealed at 450°C for 2h.

Degree of cold drawing As drawn 450°C > 2h
oo (kg min®) Ceg/mm® (%) ) HrB | IACSUS) | (eghine eg/mm®) (9 (3 | HKB | IACS(%)
30 34.6 36.8 27 77.6 61.6 33.1 43.9 49.7 22 66.4 85.4 74.5
50 40.7 41.9 18 78.3 63.7 i 33.8 52.5 58.9 22 73.3 84.5 78.3
70 44.5 45.6 16 77.9 66.7 l 35.9 54.5 60.2 21 77.0 82.1 79.5
3.4 & 2= CELLKEL, BHMIE0~50%DEHA ik b IHE T

7 m AR W S BEIMT RO X T, Bk
PED Tt % KIGICHIEIC X B = EHABMT Uiz, LAL
I IV S E A O A M TE TS 570% M Lo
MTEAMELTh, RELOMRER,SHREIN DL Y
LiRE 400~500°C CHESE L 1o 84, SEsilEtiisearix
W Ui\, E 7 &R  EAE AR TS B,
ZO kB AmEEE, 70— 30 AOLEM L AS RN T I
X o TilkT MM & LT ad, T /nbbBEisiiic
L BIEHMEEII R T NI & BE N 5o EhE
HFBLDEHE LB, DFED 7 v 2 AORLTLSEEL,
BRINTH &2 &b E UIBETH 5 400~500°C L b
B, PEoT o DR TOBSNIC X BIEHibZiL b H
ERRTNDCE-TEY, HRORERDLSNEDTH
B

SO & BRI T X BHE L & UM DRG A,
FEAmAREE ORI BER L T B ELE, BT L T,
Pok I EUMIERBEIE L 2728 LT h, AAEDMRE
ERABE L EINDENIOETIRERRNT, %o TR
BRI L BHACH AR A S SIC & 5T, WA E &
7D 2D THh 5,

V. #

AR L U7 v MEROBEHME (LR S T35 TE
BEARH L, ROEREER,
1) 70—30FESNC RN TIBESIE (L O R B R T

il

)

—

BY, W0%GOHEENRINERNT WD, IILET0%E -0
Bat D Ie DT Ch e TR EE S 5,

7 v AR R NT S EEINT E30~50% Cik b L L=
FTMTEDOHEK L & b CEORBEITET 52, mT
E80% F Tk RIS 5,

@) ERFANDE LR L O ET AEFCEET D
ZEDE L, HOZEOMBEAT Y HOME (1~31
ERIUEBETHD, LicoTHBINTIR L »THEEN
LPNDH LR L O EHS NS ledge L b, FoOHk
DEBEREDRAT NV L o CTERCEET S LD &
E 2B b, FREEOKMMTIE ledge DB ELHET LD
EEZBIVD,

(3) HEEAOW MR THC RN TR RS RE L E
L, RATOTYMREE /b —F 200°C BE D&
I CHERLOE R R Zithh, Z0OkD@EE OREHIE
B (300~400°C) I\ TIHAC KT B id3 2
eI OMBEIETT D LD LELBND, —F 7
v L SAOE BRI TR BT, BRERIEENEE D L
HETH B 400~500°C L b vE<, ZOREHETOE
HHFEDRIR T DL ERFET B0, EROBM A
WENORE 5 £V (W W

@) W L 858 OB E & LR 0%
RECBAR L TR D, BEHBOW At 5 = &, s
BICEBENRERIND 7 v MAOBEIIE, o HIHDE
B ERAELY, BT X o TSI 25T AT
RIEHEABLERACE RV,
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A EMEB ST SN TED, BAM44E1I0A 1L D
TN BEELRANC o\ W CTHERE O B A 2 7o 5547
%, EREORKAEDIELI’L, BIUTOESHEE
WTh BEED 2 REHADORBRLHAIBIRIEEDSFSR
R UichS o THRE L Z iUz v,

TR =Y AEEBIRROES, RERBIBRIED
BRERE L VEIECE D L S inofels, S izd
B HEHRIETCH B, LU, #REL LESRIXIER 6 480
SEECEDR L FAVEDOREEN S D, Losb Ytk simE—
DOEEHEETH D, TOREOEE WO BEC iR~
7o, BE 2017-T4 &0 ETH Y, HBFLIENLD
BUVETIRE & 7 o7z B5052-F 3 0 5056-F A& RIFRRITT
EAERL, Fiz, FEERPAERE 10 REERKTE D0,
KEFSOEENL 1AL 2l ONEITE B, D DS
EE DD, MEME R UEBROEREI L » CHERE
BRI CE I Th B0, RIRTELD L, FhINED
Th o7 LT U WAz,

WolE 5, BT A RERELEEEREOERIC LD
MEFRd24E B SV EREL OSSR E 7 LA SR O ALEEE(R)
%, WEFA3EREI I IEEMEME I LB ENEER L
TER L, TOXE, BEFAREBELDVT VI =
2 SBRIBTOWT L HRERME () & L\ 5 KRIHHE
EBHATSH D, BEBBBERINARITERASTRWTH
B Lk L OB EAROBRERE (EMER O 0&R
AR EERA AL /o

FRIZFERBC RN TSN 7 v I =7 2 A E&HRE
M UREEBORRARET 50\ UEER, 374
bbb, HEHRE, BFERE SMEBRE TWER X OB
BRFOMIZELTE LDz b0 TH B,

2. BREFES

BEBAREAEA AR IEAN 8 4B/ B 364 IT boTc » THHL THEE
Ufe TIBRTOA, 21 BWERILK, B393R THhH B, Zhbd
DA INRILBEERE RE 7 SR B, AR

il

W EiS n e S
GG G4, BFYELR)

RIS

= v A ASEKE % LR E 7 2 RAFER
ZDOEB (o RO 1 b 0

o B oA
oA

CRE
B B OE R

BUSRZERR, FEGENGLSERT, AWEE T, RS,
EHEIURPIBLZER/R E 10\ T 9 M L3TAEMIIBE R T
AR (WAES 150 kg/cm?) & UCHERAIN, 2D,

B & S HRE AT TWe b DT, AHFTERESDS X
NHEBOBENREDLDTELWELRINDILOE LBHT,
REBH MK, M504 % FNF BN L CRERiC
e, BEES, fEFA, R NEHL EAHECH

E1R JEREAR (A 150 kg/em®, MiHME 250 kg/cm?®)

X 5 EBEF WeEpR | B & WA
kg) O]
010 207 ® 8. 8.14| 1.815 1.030
w0 8 4 11 220 p 1.303 1.020
V] 1E % 8e 223 v 1.320 7
229 P 1.310 1.015
010 543 w9 52| 1.5 1.020
W 9 4F 11 550 7 1.365 7
551 P 1.350 ”
R 557 W 9.52 1.5 P
558 P 1.360 1.025
010 1039 mi2. 2.17 | 172550 1.015
WA 24E 11 1046 P 1.770¢ P
W E B 2058 fE12.10.20 | 1.805(% P
2063 p y 1.010
w174 17 | 010 6875 B17. 4. 1| 1.825¢0  1.000
W | E B 68761 P 1.835¢0 P
010 11354 | f@1o. 5.22| 1.815(»|  1.020
11874 P 1.865(®|  1.015
11876¢2) ” 1.810(|  1.020
11383 & p 1.800¢® ’
11453¢> (3 P 1.790¢e> P
11468¢® P 1.895¢0> P
120522 (®] pg19. 6.16 |  1.790¢0 P
12082¢2 ] @19, 6.22 |  1.775(® ”
12482¢® (| FR19. 9.20 |  1.830( P

12805 P 1.845(>  1.015
12082¢» | 1@19.10.25 |  1.825¢%)]  1.005
13045( (® P 1.8200]  1.015
13066¢2> s 1780 1.010
—— 11 13249¢H | 1§19.10.27 | 1.805¢® v
13301¢2 ’ 1.820  1.020
W E 13312¢® P 1.790¢® P
136300 €| @19.10.20 | 1.835¢]  1.000
136551 2 P 1.820¢|  1.020
13970¢2) ’ 1.810®  1.015
14144 | @E19.11.25 | 1.850|  1.020
14232 | [@19.11.28 |  1.815(]  1.015
14411 | @19.11.20 | 1.810¢|  1.020
4707¢ | @19.12.24 | 1.8200]  1.015
14799 P 1.830¢6]  1.020
14050¢» | m19.12.20 | 1.860¢  1.000
15055¢2) P 1.830¢  1.020
15146 P 1.815¢|  1.010
15276 v 1.845600 1,020
15203¢2 P P 1.015
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FIE TN R 2 1 RITR T
HEAFROTE~TRILE 2B R T, BED I,
1] AFIRERSME 85 mme,  JRELEEE 6 mm, 27 3%
WENLEN 100 mme 3 L0V 7 mm G, Wit b EERR

DLHDTH B,

BOE B ERIERSELEIN D v v 78, FRbl, B
FR204EE THE7 v v 7k, BHUOBA2LEETOHy &'y
TR X BRI AR C, WRI2SELBITEED T v v b
HETH DY, HREROEEMIREADE 3FRCRT L
522017 A4 (B4 LT O ERL I H EEIE E ATz b B 41

f, BO7 V=Y A ERBERE LT 211, M2
FE1% #ix)
i % www s | mEean ) T 00 PER
010 15511¢» | m20. 1.20 | 1.845(»|  1.010
15536¢4> P 1.790¢8) P
15652¢5> ’ 1.810¢]  1.000
157579 | im0, 1.22 | 1.895¢|  1.020
150926 | mE20. 2.26 | 1.840¢®|  1.000
162740 v 1.835(® P
16550C5> | ga20. 3.26 |  1.830® P
166146 P 1.825(|  1.010
204 1 16716¢1 <] gm20. 8.30 | 1.855¢®|  1.005
W | E o 16991 720 4. 6 v 1.010
17147¢5 | @20, 4.26 | 1.850¢|  1.005
17203¢t) P 1.825¢)  1.020
17404C &) ga20. 5. 2 | 1.850¢%3|  1.005
17498C | j@20. 5. 5|  1.840¢® P
17499 P 18250 1.000
17515 P 1.855000,  1.010
17523 (& P 1.850¢0 P
17533C1 v 1.840¢|  1.005
010 2378 B, 2 1.470 1.020
IR Fa244E 11 2633 P 1.390 1.040
W o 2804 w4 3 1.420 1.010
2066 P 1.430 1.040
020 1316 @28, 4 2.500 2.020
1404 P 2.470 2.030
1458 P 2.550 2.020
WA Fa284F 21 1576 » 2.470 2.010
W o] 1585 V 2.450 7
1603 P 2.490 ”
1635 P 2.460 P
1647 7 2.490 Vi
010 6577 129, 4 1.460 1.010
66285 P 1.470 v
6639 7 1.460 7
HTI294F 11 6654 (©> P 1.440 P
66725 7 v ”
O 6842¢5) P 1.500 P
6852 P 1.480 P
7066 7 1.470 z
7078 v 7 7
020 1913 w31, 7 2.540 2.060
S . 1915 p 2.570 2.040
1934 v 2.650 2.020
R CRE S 2096 p 2.610 2.040
2187 P 2.590 P
010 7535 34.11 1.390 1.020
R34 11 7562 P P 1.010
W | E @ 7648 P P 1.020
7700 P 1.400 1.010
MRS 2L To 479 T36. 6 2.500 2.030

B0 RELONESL Y,
@ RROAEH Do
@) HEAOREDHD,

@) fEMBEORESLD o
) HLEHEOAES Y
© v TELEETs,

B JISHABL Sh7 v =Y A &85 20 T
B 578, FRFI24EE 11 B O H 3 0GR bR
DREI7 VI =y LESEERE 4787 214 (2025 2440
) Thoto, TOAE, NBEAEORTAETI T
HHERAFER oz &35 Y, BR21~244E/Mc s 214 &
&TUEHRY 30 KEE L 72D T, FDHO 4 AH0EH
WENIzbTH B, 7nds, BIRORERIKTHE, WHR
BoafTinb i B DERIR L 2 BB o3 BB IL,
4 RITIRT & 5 1w B O 2 XTI LT e,

3. BROHEHLUARKE

31 BHBOHE
BARDOTRAERHC B\ BRI, FERREHAIS48% 3

B2k B OE A B o < o

W 351 . EJ; T <] A T4 (mm)

B0 8 4F 1 4 300.8 66 16.3 84.92
AT 9 4 7 5 7z 67 16.6 85.62
FRF124E v 4 298.7 63 15.2 85.19
FHFN174E 7 2 304.0 7 15.9 85.30
BF194 7 29 303.1 62 2 85.47
FAF204E v 18 301.5 63 15.0 85.61
HAn2448 K 4 299.8 54 17.0 86.05
FRFn2848 2 8 410.5 71 v 100.33
FRFN294E 1 9 298.7 67 13.6 85.22
fEn314 2 5 419.7 72 16.0 99.99
G Fn344e 1 4 298.8 64 14.9 85.11
HHFN364E 2 1 418.3 69 18.0 99.94

B OO L, i, L B 1RER.

BaRk REARB O RMEH

W 4 % o % B Bl B M B @
* o E T L e G
(kg/mm?) | (kg/mm?) %)
7 211 - — —
B il F 214 —_ — —
20172 2214 k) 37hk 18,k

010 207 25.8 41.5 25

w8 4
229 25.8 41.6 26
010 1039 25.8 41.0 2%

w12 4
2053 24.7 39.9 22
w17 4 010 6875 24.1 39.4 22
010 13066 25.1 38.5 17
WO 19 48 " 18312 24.8 39.2 23
15293 26.8 40.0 17
010 15536 22.7 38.0 2
WA R 20 4B 15652 23.6 37.8 21
16614 25.6 40.6 25
W 24 48 010 2966 24.6 39.2 18
010 6628 25.2 38.9 27

0 29 48
6672 24.6 39.5 29
010 7562 23.7 38.0 23

WA 34 4
7700 23.2 38.4 2

o) JIS 5 ERBA
@) MF2A44ES A& CREMIERNGEERE 485 5 L b, U026
IRF264E12 8 ¥ CWBIRIMRE 32 kg/mm? BLE, fif 18 kg/mm? L[,
HU15% 1 ko
(3) WAF264E IR R 286 B X Do
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B3k R E A B ok ¥ R D
1t e B 2 (%)
W 4 OB F B
Cu Mg Mn ] Fe si Zn Cr Ti Al
# 211 3.3~4.2 | 0.3~0.7 | 0.3~0. < 0.6 < 0.5 - — - ®
B ¥ 7 214 4.0~5.0 - 0.5~1. < 0.8 | 0.5~1.2 — - - P
2017¢® 3.5~4.5 | 0.2~0.8 | 0.4~1. < 1.0 < 0.8 <0.%5 <0.10 - P
W OR 8 4 010 220¢ 3.79 0.47 0.46 0.31 0.31 0.06 <0.01 <0.01 7%
WORm 9 4 5430 3.66 0.36 P 0.41 0.34 0.11 ’ v ”
W ofm 12 4 2058¢1) 3.89 0.38 " 0.26 0.29 0.03 P 0.01 p
W o 17 4 6878(1> 4.07 0.39 0.47 0.40 0.31 0.03 P ’ P
W o 10 4 13312¢ 3.83 0.36 0.40 0.29 0.26 0.10 v P P
W oRm 20 4 166140 3.79 0.34 0.39 0.33 0.33 0.23 0.01 0.02 P
WOm 24 4 2633¢ 4.28 0.02 0.76 0.47 0.82 0.28 <0.01 0.01 ’
WO 28 48 020 1316¢e) 4.00 0.44 0.52 ’ 0.37 0.20 0.01 P P
W 120 4 010 6628 3.97 0.47 0.54 0.28 0.34 0.02 0.07 0.02 P
W f 81 4 020 1913¢® 4.7 0.40 0.52 0.31 0.19 <0.01 0.01 <0.01 v
WO 34 4 010 7562(% 4.20 0.49 0.53 0.20 0.28 0.02 <0.01 ’ P
W om 3% 4 020 4794¢® £.17 0.55 0.51 0.28 0.27 0.01 ’ v v
Q) DEEESEMRCRE, mHT L=y A AGRESE 11 @) JIS H 431, FH7r 3= Ak GRiERE 25
(2) 7 7 4 Bl

TEIZ BT TR SE R BN EED 5% E ]
LHEmEIN, F4AECEWT [EEHNI0~95% D84
FERERC BT BIEATEMEN 6 LT Chiriulnbi
W ZHEARRIRMEEORAI L 2L A BB LC O
Th Y, HEREBONEMREYH 5 RICRT,
BEDERNSHDE, 7oy AAG&HHKE R LE
B FOEENEED DI EHERDISLIT L b o
LI EAERNL D ThH D, Lo oMAFEL{END L
DEDLDHTH A

(1) RBHEOAEIXME T2 L 2BHTOINTED,
KREBEDLOEAE, "VTERYEDEYHEELL
THEN U/ BER & Do BEREEDSH ZAE L/ 8
~ 94 L OMBFIMEDGEE I NICARITEER LD
NTHEBEME LA EERRL, bo b REARWMPELR
U7- BBFN 9 sE USSR (CFERTES 010229) C 18% Th o
Tro Eilo, EHETLBE, BENRI bThknbiEm
U ERm B2 B 505, - 0841 10g LUT ofEs
ERBERTHOTHEOMBEL LS T INAD,

@ s VTERELSDIEMIZ~20ERKSE TiE 7.9~
—24% OFERR BN, HBHELWEPERELR LA
BRI BCARD D, AREES 01015203 (FEF194EED 23 7.9

E5E SEARBOLEY L MRKABRHORDE

A W BRI () PR (%)
WO AER A

10 oA R N T ow R K| E N E o8
HFn 8 4 1 4 [—0.3 1] —0.1 0.5 0.2 0.4
B9 4E 7 5 1.8 —0.4 —0.6 0.6 0 0.4
TRFN124E (1 v 4 0.3 —-1.2 -0.3 1.0 0 0.4
BI174E 0 7 2 0.5 0.4 0.2 1.7 1.7 1.7
[EFA194E (1 7 29 7.9(2>|-2.4 1.3 2.1 —-2.0 0.1
FRFn204E (L 2 18 4.6(5|—1.7 —0.2 3.4 -1.0 1.0
TRIN244F 7 4 |—-1.8 —0.8 —1.4 1.9 0 0.8
TRIN2B4E 2 8 —0.5 0 —~0.1, 0.6 -0.1 0.2
294 1 9 0.2 —0.6 —0.2 0.3 —0.9 —0.3
[BF314E 2 5 |—0.5 —0.2 —0.3 0.2 -0.1 0.1
R Fn344e 1 4 |—0.3 -0.1 —0.2 0.3 0.7 -0.2
TRIN364E 2 1 — — 0.4 — — 0.4

W s EREED,
@ 2FBRKEL 3.4%.

@ 2F|ERKEWEL 0.9%,

%, [ 01016511 (FEFI204E8Y) A%4.6%. =D 3.0~3.4
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FWEBPHEANE LWL B bR, ok, FEE
5010152930 2L RAEFE AN K TH - 72,

(8 BlLEDX 5, HENREIEREDISH LT O b DI
HAMRIBAT I R TH o, —HRWCWZIE, 7rI=Y
L EEDBAMENSHRT, ELWERRIEELH LD
B RN DEEZ DN D,
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AR ARZE L REBOB s BLhb b URLI,
PIARE IR AL OME & i LTS BENL TW 303,
BET1%LThROT, HFEIMELTILESRNS D,
BEINED b - & bR X WEBITASRES01017147 BEF120
EHD T 3.4%, DWW THEREFF01012052 (FEAI1FEED
£01016991 (HEFn204E8)) 2% 2.1%, FOfMic1~2%D
B ARLIZONRIZARS Y, WIhd 1 BBETH o7
AR OMMIIAZE S U BIKEHORIE, F /38 8EMm
BT AHBEEDONTNNCERNT b Th 5, L,
BROBPEFHEIC S & TWTRE LR, §iE0E
BOEE L RRCERRSD B LIX W WAeh o7,

4 WRAELIUEE
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EeXR FEAMROMMITIE

B | s EE,D”/)! HEROTH (ran) ] L
ol A | B | c [PEHlmcon|ine
massm | 4 | 8492 85.02 84.00| 884 | 0.21 | 0.47 | 0.07
B0 9 4F 5 | 85.62 85.96 | 85.43 | 85.45| (.61 1.10 0.46
FRFN124 4 |85.19] 85.57 | 85.08 | 84.93| 0.75 1.25 0.48
WAI7E | 2 8530 85.3| 8531 8.25| 0.10 | 0.12 | 0.09
R FI194E 29 | 85.47 85.79 | 85.34| 85.27 | 0.60 2.05 0.05
EF204E 18 | 85.61) 85.93 | 85.53 | 85.36 | 0.66 1.31 0.33
mo4E | 4 | 86.05 86.77 | 85.02 | 85.47 | 151 | 238 | 0.76
WR284CO | 8 [100.38] 100.67 | 100.05 | 100.03 | 0.63 | 1.12 | 0.43
B M2 9 |85.22] 85.52| 85.13| 85.06| 0.53 0.81 0.14
RA3IEC) | 5 | 99.99 100.78 | 99.03 | 99.94 | 0.85 | 1.24 | 0.34
FRFN344E 4 | 85.11) 85.41 84.99| 84.95| 0.54 0.93 0.33
R 364 (1> 1 199.94 100.32 | 100.03 | 99.94 } 0.38 - —

W 20 FR WU AR

AR F v 7 EICIEWE D 3 ThEnbLREL, 0
BErd 1l XU 2l BB LB ThH o7, 1] FROSE
£, RETEE 0102066 (FBFn2444) MEAT 2.38%,
WG01013312 (REATI94EED) 75 2.05%, ZOfiic 1%Lk
DEMRD ST b DR 8RS o, 21 FHHITIAAR A 4 A%
1% % bF M 2 2T,

HRBEOULER D IVEOFEANEIAR Rz, Bl L 72st
BOEIFRABERTCEL D), D WNIHERCH -7
HOME BV, L L, $EeE A BRE < SHEOER
ThAHNPLBEED LD BEENKEWEEZLN D, T,
oMk L OV g B H 0 B BT o T

4.2 JREREEE

Bk U7z & 5 i AR BRIIEAN 8 S B 36 bz o T
s, Lnd, 1/ EBIIEEFRCEEND -1DT,
TR B DA ERAE DAEHE T & B VR o T BN S o
F 2, BREE O AEROMEMKE I LEROBRA
B (R R AIREBBEENE AR L » TEEZTR -
72

R AFELE 2 e\ T, B S1 FTKETRTA
U, BO®Wss Sy £ Ol H 227 — Vv CHIET %,
KL, S2 FTKEFETAL, BTALLKOE WHE

T ¢Z}g£§
S,
T
4 W, Ay
D
Sy
T
\—//
Bl [EREEERM R

LTk, R Se ¥ TOERE He M LT () K

BHAREREEE ¢ BT 5,
t:“%QD”W/w<Hi?S¥@ ) ey

ZZie, DiIBREHENANETH D,

HLERAR T R BRI BHEI28A L 2 5N, A B E %
(D) KT X VEL, AEEEED L OTHIE 4 HIHEEE
ELTHETRITR LTz, 57 BRI 5RMVELEESR
W, e L-ETh b,

BTR REABOIHNER

" TR O TR

P P A e T iU

gowmlw o omw ox|r o a]waoe
BRI 8 4F 4 6.01 5.97 1.34 ~2.34 —0.67
a9 4 5 - 6.20 — - —
IR F124F 4 6.24 6.34 4.82 ~0.16 1.60
TRFLTEE 1 6.46 6.48 — — 0.31
HEFI19E 4 6.46 6.54 1.74 0.31 1.16
TR F2047 7 6.59 6.59 1.51 —1.24 0
I 2445 4 - 6.26 — — -
R Fn284E (1O 8 — 6.85 - — -
jrepsivitad 4 6.12 6.20 4.19 —1.61 1.31
BRFI314E (1 5 — 6.95 — — —
TR Fu344: 4 6.06 6.16 2.31 —0.50 1.65
TR FN364E (1 1 — 6.99 - — -

O 2048, find 1 F8E (2) s
P EoERICE A E, 1] BEROIRMEEEL MF 8 45
D4, BALERBC 6 mmTh B0, FNHELIEWEK
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6.1 sEpirE
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010 15511 o —
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15992 ° e} O O 0.19
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16550 o) ® O O 0.40
16614 e} o 0.25
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20 16091 | 4 A A —
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W | EEED AL Tzt il A -
A e AL AL R 3 fas -
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010 207 O [ O 0.18 2633 -
20 | @ e o) O | 0.46 244 2804 A —
W 8 4 2, 0 | 0| ® 0.49 2056 A -
229 9 e} 0.23
020 1316 A —
010 543 O [ ] O 0.32 1404 A -
550 ® O 0.35 1458 -
BFn 94 561 [ ] O 0.40 1576 A .
A28 LE (1O
557 ) e} o) 0.29 1585 -
558 L) (@] 0.24 1603 -
010 1039 © @) 0.21 1635 -
— 1046 ® O 0.50 1647 A -
TR F 24
2058 ® O 0.24 010 6577 o A A -
2063 ® 0.15 6628 O ° O 0.49
010 6875 ° O O 0.18 6639 fAN JaS -
A7 6876 _ 6654 ® O 0.38
RFN204E 6672 O ™ 0.37
010 11354 ® (@] 0.42 6842 ] @) 0.33
11874 A — 6852 A A o
11376 O O ) O 0.38 7066 o Fay -
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12482 A A o 2096 —
12805 O o) O ® 0.46 2187 -~
12982 O Pa\ - 010 7535 e} e 0.15
13045 A e — 7569 ® 012
13066 O [ O 0.72 344 7648 o 0.16
13249 O e} o 0.29 7700 o ° 0.07
A9 13301 A —
13312 O O ® e} 0.40 3641 020 4794
13630 A N - O 20 &S, il U s,
13655 A - @ O@EIEM BRI LB END bD (OULIES £ Lz KK,
13970 O O O ] 0.62 DEIRIEE DR Fo
14144 O O ] 0.24
14232 O -
14411 o | - RLRKREL, HE LR 7 VI RO 7 /S & 935E2% S 70
14707 A A O — N . . ‘e 5
14799 o _ D:10mm %2 2MABEE—> 7 N2 EREN KT
14950 AL A - L A, BANIROBED X 5 v e EREL
15055 N A A o) — N
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15298 N ° - TR =Y A ASEGE 7 USRI & < B ~TNE
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LD EE 2 B, [iFEA Pitting Corrosion, #HEH
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7. WMESIUHEEER

7.1 THERE

BEEEIRTOWT 25kg/cm? & ki 250 kg/em?2 (it
HEREDY) ¥ &R 300kg/cm? ONKIEFRBRB AR LT
BIFE U7e, 250 kg/em? @4 OEARMEITEE1IRICR
L, 7o, BHEMERZAIRER (HAAREYD 0BRSS LHE
DB DEMEZIRRED bEL L TEIRC DY TR
LUfco

(1) HEEESRIT N UHERRIC AR L, EABNED
FEAEITH ST,

(2) FHEMEIFIRMAEILSEE T 1] FR 4.62X107%cm?
Jkg, 2145811 4.71X10-%cm2/kg Th otz 7k, =
OB OFFIIT 4. 2 B CHlE Ui B BEE 4 St IR /7
BOFRCHER L.

BRI EERBEE R b O IR IR -

HEERE (250 kg/cm?) Oy ERE
W 4 | AR oA om @
5 R N I
B ok IR oA T
WA 8 4 4 %ﬁ; 0.020] o | 0.00 | 4.8 | 4.5 | 4.62
WA 9 4 5 | 2 | 0.002| 0 | 0.00 | 4.69 | 4.49 | 4.61
WAL 4 | o | 0010] 0 | 0.00 | 4.87 | 4.58 | 4.72
74 2 | 4| s 0 | 0.005| 4.63 | 4.42 | 4.53
LA 20 | ~ | 0.008] 0 | 0.00 | 4.75 | 4.30 | 4.62
204 18 |~ | 0005, 0 | 0.00 | 4.76 | 4.42 | 4.64
IAFa244E 4 | 2 | 00200 0 | 0.00 | 472 | 4.27 | 4.5
maesE®! 8 |+ | 0.002] 0 | 0.00 | 4.82 | 4.67 | 4.73
BF294 9 | » | 0.015] 0 | 0.00 | 4.89 | 4.50 | 4.68
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1 925 7.8 848 7.1 892 7.5 920 7.7
3000 967 8.1 870 7.3 927 7.8 960 8.1
5000 935 7.8 836 7.0 908 7.6 904 7.6
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(1) 1/ EBOMBESNE 380~660kg/cm?, 2/ 488D £ AR 4
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FERRL, HREE L UVERCRT 2A~DRDO LI
HRCFOBEZXANT 20, WHRE T LT
HLW, Lind, LEDHESCIIHEOEINERE . HH
ELUIED 1.02~2.5 5 (FAERE 249 mm) THhoio,
IS DR DR FIC DU T8 E Tk ~ 7 JF i /N
D# 25 SLETH B, FRAECHEAITLTHREL,
NI S B IR 2 A & 2 5 E W,

(6) SMELRKE 7 USSR O AT SEEE (40 <L, PR30
~100!, BERES 200 kg/ecm? I O KFERITHENERZE
RErEREL, WESRIC BT HHMEREREEN D ST ¥
T AFEMEAEIN TV S, BB TR ZOELEREL T
VIR ARE LM L2y, MmN DEBIED, 26D,
T =Y A ASEIE R UERIVNEREDOLONERD
THEOBEELHRVERELRA S, LT, 0K
FEOEZZ T2

6) LLEOMIZMEAE /s LARO T g () it
UCig & A EMIBERRNEE 2 B0, TNEKITE - 86
O TR NERROTBHEL IS,

9. & B

7TNVI=y AEEEHE L URROERERE (B) % F
BT B DIEFI 8 ~364EDMIC EEE N 1 R LTV 21 &
FRETOSAEIC DN CEBEOER TR - 7.

(1) BAEBOEEITEERE L BDRNTUT LA EENLT
Wi\, Tnds, HEFNI2~20F R OH EWIE AN TG
FNTN 5D,

@) 1! FEOIRFEEE EHERS 6 mmiIcy L, BHF
8EMND LI WILE L I THRA04EIE 6.6 mm X7z o
Tnb, BFI2IELEE 6 mmTH 5,

(3) BEMER X ANERADOEROHEEL L R

Th oz,

4) BEOXRMEE, <IE%H, 7L T, »& 59, LA
(Pitting Corrosion, Uneven Corrosion), HFHpis
(Grooving Corrosion) R4y, HLADBEIEED
ESEH IR iab Y8 1N sl o e A DA G AV

(B) &k, FIHxT, L TORKEIIZEINEN
0.46, 0.70, 0.49 mm T - oo BIARKEORBAYE X 1X2.49
mm ThhH, FTOEXLZHHATHESTDOE DT
AL,

6) BEEARL T NUWESRIC AL, £, KEx
$02, 3 OEERCOWTHEBEST 10,000 DK L
BB A ITIn o TR b BER o lce UL, TREA
L UL AT ILES EORMA & DR as OBWZYE T
MR DIEL, FNHORMEARE &in o THEL 7fI2R%
W

(1) BT L 0B EASEINE S & 7k 0.1% BB
FET7 & OMIXIEFEREN S D, BELKEETH -7,

HEDEREABEBC LT, REBRERNAERHEES
THBERE (R) 2 HEER AT B,

BRI U RIS RN W A4, R L
FERBR 2 L CIH W o ERBR LR, O EE
ErtE B B L TR W e R W R & BRI AR A
SOERICEL HELXET 5.

X [

1 B, YTPIRERA, R B2 RS, 5(1964), 168

2) BEXAREHE - ABREENBRIEE (1966-10)

3) P, fRA 82 AREE, 9(1968), 271
BELLT,
Service Life Seamless, High-Pressure Cylinder Spec.
ICC-3, ICC-3A, ICC-3AA, 2nd Ed., (1962)

O THEBE RAR

5) BSREEEHNARATAS | RAK

Compressed Gas Association : Cylinder
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TOU L =% AAAERMMO T T

. & C ®» &

TNV =Y A AEEMM OBETES, ok A =
i, BR, CEBRMIEAIZLLCEMO—gELLED,
SE[H] 10077ton OFFEEM SE NS D EE L BN TN 5D,
TN E ST, BEEED & LTI INTER O
BOITE LSO DA, W mTe L Tib 0%
EEEHRXEENTEBNRN Do, (EEEORR
EBBIC L HE B EEBRNT EBD B, M, bE
DL BERBWAMIHETEHHDE, WoldFHClkT — £
B L OO ENREO—ETHH 5, RERLT
NI =Y h S &R O IO TS E O A
FLDILDTH D,

2. HWOBEIFMT

2.1 HoIFINTHE

WOMTFIMTIBWSN AN, v 7v
TANE, e Ry R ETHD, v
R A T A T A N 1159587 10)
A %,

a) 3T b) ZedyTHY
H1 & odh g

O @
.

a) HEHET b) HHLHA
7Ry KO

—~3¥, /N— -

B2 Tvrvoie—-

PTERATIAS TR0 L
TG

R B oE # X F

INDOEBED S BT, bobb—KHWLDE7 v 2
TV =X ThB, MTOEEE L TUIEOAT Y T -
7Ny 7RI BRI X o C 3 S & 2824 TR & 8
Y, M1CENENRT, 7 2 VEBFT HBAII,
HZ2a @& 5 CEMHHBEE D DIF L » THBA+4 &
BT ERHD, INEFIET A0 R2bRT L5
Tvy vy — Ry FRRAWAZ 0155,

2.2 RoBIFMITH

WO MI %75 5BE, FRORM T INTIw
BEAN E D IR % DI BLENRS B, Bb A iRsE e WA
L, Wi BEERENR o L RET D &, 2Bk
e — 2 > Me ik (1) XemREN 5,

Ma=1oy bt? @

Yok raR Wt

oy BB OBERIES

b RS

bt IR
WolEd, 7vajh P, #4 - Xy v 7% w &35
e — A > Mk

IWbZ%Pw

ThBHND, My=M, 21T Q) XHELN5,

oy bt2
P—'——w 2

EEOHE TR DN TS 7 v 2L (2) D
P o b kEl, VHALZHL T @) XA
B, G IXFIERRX TH D, ko WEFEHT 1330 Th b,
ki DEELT w=16f O x 12, w=8 DL X 133%
HREL T 5804 5 5D,

2
Py=1; B ©)

¥, UBIZA OB 7 v 2 Puik (@)X, Ry
FEH Pyt 5) R Lo TENENRDIE LD,
_ ¢
Pu_067@b41+zﬁ @)
P'y=0.67 g5 bt (5)
2.3 HWoZNAAIITFHEE
WO m AR AR (BUF, B LB i
DHERWIE, B, Bk &L bRTCHBNEETHLD,

Fio, G A EOBEHEED 1800 L <13 90° i A
BRELChDhh, ZheBE L TEL W, —fD7 v
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I =

T h e NY FTy 7 FOMICEIBENTWBEHED
90° thiFrEoREHR DX, KE7 VI =V rHED
EHEY ThY, KB Lho TEHNINZ ER8EEY O

T, T THERT S,
DX, MFRERITEESECEAD, FIVCETo

AN L - THVOMERD Y, —RITEEOLEIIE
RITIEAIIITED 15~ 2/ b, E 1R LY
180° T fRicouT France 52515 U 7o FELEH M

FTIEI 90°, 45° & L OSETOD 3 A FORERFERD AR
T B2 FORBRTELRT VYT - RNy JBERL,
WP AFEC L DA77 - Ry 7 BOHEEIRI0%EAT
HoT, M E L TUXELHFICH L TI0° DBEIHRA
Thb, T, BIRIOER207 —~ 2 IRRE LR/ &
DA DOHEIELF 5 12, HAlE foiddhF BT 1 BRx
WEABRALTH 5,

£1  FFHOEREERORDPIUHNTEE (France 5)

% ~ il ¥ & (mm)
i O B *
& & | ®m o8 | (EEHA 0.3 mm B 0.6 mm i 1.0 mm 7 1.6 mm & 2.6 mm [
AL 90° iy 180° i ¥ 90° ity 180° i 90° iy 180°dh ¥ 90° ¥ 180° iy 90° iy 180°8h
B A 9 0 0 0 0 0 0 0 0 0
o 45° 0 0 0 0 0 0 0 0 0 0
EE 0 0 0 0 0 0 0 0 0.4
B 0 0 0 0.4 0 0.4 0 0.4 0 0.4
HIZ 45° 0 0 0 0.4 0 0.4 0 0.4 9 0.4
T4 0 0 0 0.4 0 0.4 0 0.8 0 0.8
1100 it 0 0.4 0 0.8 0 0.8 0 0.8 0 1.2
H4 45° 0 0.4 0 0.8 0 0.8 0 0.8 0 1.2
1200 E 0 0.4 0 0.8 0 0.8 0 1.2 0.4 1.2
B 0 0.8 0 0.8 0.4 1.2 0.8 1.2 — -
HI6 45° 0 0.8 0 0.8 0.4 1.2 0.8 1.2 - -
¥ 0 0.8 0.4 1.2 0.8 1.2 0.8 1.6 - -
TR 0 0.8 0.4 1.2 0.4 1.6 — - - -
HI8 45° 0 0.8 0.4 1.2 0.4 1.6 - - — -
N 0 0.8 0.4 1.2 0.8 2.4 - — — -
W 0 0 0 0 0 0 0 0 0 0
o 450 0 0 0 0 0 0 0 0 0 0
E 0 0 0 0.4 0 0.4 0 0.4 0 0.4
BB 0 0 0 0.4 0 0.4 0 0.4 0 0.4
HI2 45° 0 0 0 0.4 0 0.4 0 0.4 0 0.4
¥ 0 0 0 0.4 0 0.8 0 0.8 0 0.8
3008 B 0 0 0 0.4 9 0.8 0 1.2 0 1.2
Hi4 45° 0 0 0 0.4 0 0.8 0 1.6 0 1.6
3203 O 0 0 0 0.4 0 0.8 0 1.6 0 1.6
s 0 0.8 0.4 0.8 0.8 1.2 1.2 1.6 — -
HI6 45° 0 0.8 0.4 0.8 0.8 1.6 1.2 1.6 - —
E 0 0.8 0.8 0.8 1.2 1.6 1.6 2.4 — —
T 0 0.8 1.2 1.2 1.6 1.6 — - — -
HI8 45° 0 0.8 1.2 1.2 1.6 1.6 - - - -
® o 0 0.8 1.6 1.2 2.4 2.4 - - - —
5 A 0 0 0 0 0 0 0 0 0 0
o 45° 0 0 0 0 0 0 0 0 0 0
T 0 0 0 0 0 0 0 0 0 0
HooM 0 0 0 0.4 0 0.8 0.8 1.6 1.2 1.6
H32 45° 0 0 0 0.4 0.4 0.8 0.8 1.6 1.2 1.6
. 0 0.4 0 0.4 0.4 0.8 0.8 1.6 1.2 1.6
Hof 0 0.4 0 0.4 0.8 1.6 1.2 1.6 1.2 2.4
3004 H34 45° 0 0.4 0 0.4 0.8 1.6 1.2 1.6 1.2 2.4
C 0 0.4 0 0.8 1.2 1.6 1.6 1.6 1.6 2.4
oM 0 0.4 0.4 1.2 1.2 2.4 1.6 3.2 — —
H36 45° 0 0.4 0.4 1.2 1.2 2.4 1.6 3.2 - -
4 0 0.8 0.8 1.2 1.2 2.4 1.6 3.2 - —
H A 0.4 0.8 0.8 1.6 1.6 2.4 — — — —
H38 45° 0.4 0.8 1.2 1.6 1.6 2.4 - - — -
E A 0.4 0.8 1.2 1.6 1.6 3.2 - - - -
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TV =Y AR O in T (91)
x1 (07%) FERLIIEE SIEORDPIUETER (France 5)
o FE & /A~ ook & (mm)
& & g ) | (FEEE 5 @ 0.3 mm & 0.6 mm & 1.0 mm [ 1.6 mm FE 2.6 mm &
(<5 S0
L 90° dhir | 180°uhi 90° iy \ 180°di ¥ 90° iy 180° iy 90° ¥ 180°¢iiy 90° ghir 180°4H >
[0 # 0 0 0 0 0 0 0 0 0 0
(¢] 45° 0 0 0 0 0 0 0 0 0 0
R 0 0 0 0 0 0 . 0 0 0 0
120 i 0 0 0 0 0 0.4 0 0.4 0 0.4
Hi2 45° 0 0 0 0.4 0 0.4 0 0.4 0 0.4
A 0 0 0 0.4 0 0.4 0 0.4 0 0.8
1= 4 0 0 0 0.8 0 0.8 0.4 0.8 0.4 1.2
5005 H14 45° 0 0 0 0.8 0 0.8 0.4 0.8 0.4 1.2
A7 0 0 0 0.8 0 0.8 0.4 0.8 0.4 1.6
H | 0 0.4 0 0.8 0 0.8 0.4 1.2 — —
H16 45° 0 0.4 0 0.8 0 0.8 0.4 1.2 — —
O 0 0.4 0 1.2 0.4 1.2 0.8 1.6 — —
[t 0 0.8 0 1.2 0.4 1.2 — — — —
H18 45° 0 0.8 0 1.6 0.4 1.6 — — - -
17 0 0.8 0.4 1.6 0.8 1.6 — — — —
1= A 0 0 0 0 0 0 0 0 0 0
O 45° 0 0 0 0 0 0 0 0 0 0
AT 0 0 0 0 0 0 0 0.4 0 0.4
[I=8 A 0 0 0 0.4 0 0.4 0 0.8 0 1.2
H32 45° 0 0 0 0.4 0 0.4 0 0.8 0 1.2
¥ofT 0 0 0 0.4 0 0.8 0 0.8 0 1.2
iz b 0 0 0 0.8 0 0.8 0.4 1.2 0.4 1.2
5052 H34 45° 0 0 0.4 0.8 0.4 0.8 0.4 1.2 0.4 1.2
R ) 0 0.4 0.4 0.8 0.4 0.8 0.4 1.2 0.8 1.2
H oM 0 0.4 0.8 0.8 0.8 1.2 0.8 1.6 — -
H36 45° 0 0.4 0.8 1.2 0.8 1.2 0.8 1.6 — —
AT 0 0.4 0.8 1.2 0.8 1.2 0.8 1.6 — o
i=4 A 0 0.8 0.8 0.8 1.2 1.6 — — — —
H38 45° 0.4 0.8 0.8 1.2 1.2 1.6 — — — —
SEOAF 0.4 0.8 0.8 1.2 1.2 1.6 — — — -
1=3 0 0 0 0 0 0 0 0 0 0.4
(6] 45° 0 0 0 0 0 0.4 0 0.4 0 0.4
L ) 0 0 0 0 0 0.4 0 0.4 0 0.4
=8 4 0 0 0 0 0 0.4 0 1.2 0 1.6
H32 45° 0 0 0 0 0 0.4 0 1.2 0 1.6
A7 0 0 0 0 0 0.8 0 1.2 0.4 1.6
=) A 0 0.4 0 0.4 0 1.2 0.4 1.6 0.4 1.6
5457 H34 45° 0 0.4 0 0.4 0 1.2 0.4 1.6 0.4 2.4
A3 0 0.4 0 0.4 0.4 1.2 0.4 2.4 0.4 2.4
= A 0 0.4 0.4 0.8 0.8 1.6 0.8 1.6 — —
H36 45° 0 0.4 0.4 0.8 0.8 1.6 0.8 2.4 — -
S AT 0 0.4 0.4 0.8 0.8 1.6 0.8 2.4 — —
[T 0.4 0.8 0.4 0.8 0.8 1.2 —_ — — —
H38 45° 0.4 0.8 0.4 0.8 0.8 1.6 —_ — — —
Y13 0.4 0.8 0.4 1.2 0.8 2.4 — — —_ —

2.4 H|OBIFMITICHTDEZTHEE

(1) FULWEFINT %177 5 56, M OREEA%
HE D L7c D, MR b2 2 &8 E L, ERT
WEDENEER BT, v+~ O % L U0H|
ko CHEE D % LzEa & Gl EE 0 nED 1443
EDEXEL B,

@2 A7y TSy ZEHIEDDITIT BRI AR L D
AL DEHICLT, TvAHEIMTFTCESRTD, W
b5, HBEERTHEREBNS, ¥, R3RT L
HDICHERIC 7 73— - 73y TR, HEARIG O AE

IO UTHREETT D kb d %,

(8) HIFHEEABIBC KX WERCII ATV v 7 - Ry
7 BATHECRALC ERRE L 50T, SERAIZMA
AL S, Whd, BERDMITARAT S & X<,
MEED T vy - - DR ERZOFITH B,

@) BuwiEaid 2858, BESMTMTE80%
FEACEH &5 b s L5 i TT200nEE L
W, Fioiciird 5 L HETENTHD, Rl
L VR M
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%2 (o705) FFEHRAMBESEROMTINTIEST A TY ¥ - Ny v i (France 8)
PR M e R R 1 AN v Ty 7R, (D)
& & H B 0.3 mm & 0.6 mm 1.0 mm 1.6mm &
(mm) 90° wivk | 180°mmir | 90° ik | 180°umer | 90° ey | I80CWmF | 90° dher | 180°uu
6.3 9 20 5 9.5 3.5 8 2.5 4
o 3.2 5 10 3 6.5 3 4 1 2.5
1.6 2 8 3 3.5 0.5 2 0.5 2
0.8 1 5 0.5 1 0 0 0 0
6.3 1 28 8 1 5 10 3 6
Ha2 3.2 8.5 15 5.5 8 3 5.5 2 3
1.6 5.5 9.5 4 4.5 2 3 0.5 2.5
0.8 2 6.5 1.5 1.5 0.5 1 0 0.5
83 1 i s ! &° %5 53 35
5052 H34 16 7 1 4’5 5 3 4 1 3
0.8 3 7 2 2 0.5 2 0 0.5
6.3 20 35 11.5 20 7 1 4 7
H36 3.2 12 22 6.5 9.5 5 7 3 4
1.6 8 12 5 5 3.5 4.5 2 3
0.8 4 8 2 2 1 2.5 0.5 0.5
6.3 21 — 12.5 22 8 15 — 10
H3s 3.2 13 2 6.5 9.5 6 8 — 4
1.6 9 12 5 5 4.5 5 3 3
0.8 4.5 8 2 2 2 2.5 1 0.5
6.3 8 u 3 7 3 7 3 3.5
o 3.2 6.5 8 2 5 1.5 3 1.5 1.5
1.6 3.5 4 1 3 1 2 i 1
0.8 0.5 1 0 1 0 1 0 0
6.3 16 22 5.5 10 5 8 4 4.5
Ha2 3.2 9 1 3.5 7 3 4.5 2.5 2
1.6 5 6 2 4 1.5 3 1 1.5
0.8 1.5 2 1 2 0.5 2 0.5 0.5
BolE sy e e
3. .
5457 T34 1.6 7 7.5 3 5 2 3.5 1.5 2
0.8 2 3 1.5 3 1 2.5 1 1
6.3 23 32 9 16 8 11 5 6
36 3.2 13 16 5.5 9.5 5 6 3 3
1.6 8 9 4 5.5 3 4 2 2.5
0.8 2.5 3.5 2 3.5 1 2.5 1 1
6.3 2 36 10 18 9 13 5 7
Has 3.2 1 18 6 11 5 7 3 3.5
1.6 9 10 4.5 6 3 4 2 3
0.8 3 4 2 4 1 3 1 1
3. BERBLUHBOHITFMI 5 AT, FEHEBEI LA, & OEROMMEILY A /<

31 EBLUHBOoHEFMIE

Bl LOBOM I U ik, SEED g, E
iy, EERF I i i S Lo T b,
FUMMTERORMHE L R4 RT T & - v &2
RT VA ANy EIRERS B, ERFRTFER YA/ v
= — (Wiper Shoe) #7:0ivA4,%- 7wy s (Wiper
Block) % EE L AW ZI0 A ER L T inT 2777

3

=]

Q}s‘é HA

B8 /35— Xy, FOFHAICLZATY v - Ny & DPIE

NV E, Ty TNy, ST Ny Fn Y ERE
T B, [HES | & i EREES O &4 iR oREiIc
FmELl, REZFEGRIESZ 2L - CTHEM A FOREEC
BEOTIMNDE, B LB A H T
TH HDT, FrY - Xy 2 LN, F0o—@l%H5
kT,

B 4

S XUEDTH®



(94) EF R E &€ B H & April 1972
3.2 EPIUBORNHIFEE T:%pHE, mm
% D R SR BRI 75 i S ORI X o TN C: s (=0.15)
DAL T B, AT HEME RO B D EREL, BB o¥ig, Perry EOMFIKT B R % (8) XTRL
FHEBENRFOEMOMUODOEIRE L & 2OliFEEs, TnBD,
=N N s L £ :i}%é a £ AL o
B/ N R & B U i (6) RAEITT B _ D (R>D) ®
05D KonT
R=—5 ®
5/100 s, me MTELEE 105044 : n=0.21
2, R: s isty A/ e, mm 505644 1 n=0.22

D : #EpiE, mm
0 FEHOMY, %

%7~ (7) 1%, Reynolds Metals H:DOHERL T A%
BRRA TH B,
_ [ 4D—4DX2S _
R=(APT e -D)
w

><——T—+ (1.5708D X C)

S FlERINFFRE Gk 32D
W SR RS (=D/15)

<P

ZZI,

508644 : n=0.20
Ko : G X B HR%E
<y Fvwvin L : Kg=2~3
~ ¥ Fu v E i3 RIEfECA ¢ Ka=5~6
BED 6)~®) Rk > TEOHIFEED: LLOMHE
AR EAENDREETE D,

%3 BUEBHITE, S (Reynolds Metalsth)

# B @ s

1100-0O, 3003-0, 5052-O 0.20
3004-0, 6063-0, 5154-0, 5454-O 0.18
6061-0, 6062-0O 0.16
2014-0, 2024-0, 6063-T42 0.12
%(1)(7)2216112, 3003-H12, 5052-H32, 2024-T3, 2024-T4, 0.10
6061-T'6, 6062-T6, 6063-T6 0.08
1100-H14, 3003-H14, 5052-H34, 2014-T6, 7075-T6 0.07
1100-H18, 3003-H18, 5052-H38 0.03

(1) 2014-T4, 6061-T4, 6062-T4, 6063-T4, 6063-T5 oV, ThTho

5 Fow . -xXego1f (FRIETEROFZICE 3) L& T6 HOWEERT 5o
F4 BORNPENTER (=2 FLv 20T 200 @, EE7 v =9 LH5EHS)
b
E e D 4 #, D (mm)
B " ” (mm) "
12.7 15.9 ] 19.0 22.2 } 25.4 31.8 3.1 4.5 50.8

0.91 2D 2D

1080-0 1.22 D D 1.5D 5D 2D 2D 2D 2.5D 2.5D
1.62 1.2D 1.5D
0.91 2D 2D

1050-0 1.22 D D 1.5D 2D 2D 2D 2D 2.5D 2.5D
1.62 1.5D 1.5D
0.91 2D 2D

1100-0 1.22 D D 1.5D 2D 2D 2D 2D 2.5D 2.5D
1.62 1.5D 1.5D

2014-0 - } s cmma,
0.91 2D 2D

5052-0 1.22 D D 1,5D 2D 2D 2D 2D 2.5D 2.5D
1.62 1.5D 1.5D
0.91 2D 2D

5154-0 1.22 D D 1.5D 2D 2D 2D 2D 2.5D 2.5D
1.62 1.5D 1.5D
0.91 2D 2D

5056-0 1.22 D D 1.5D 2D 2D 2D 2D 2.5D 2.5D
1.62 1.5D 1.5D
0.91 2D 2D

6063-0
1.22 D D D 2D 2D 2D 2D 2.5D 2.5D

6063-T4 1.62 1.5D 1.5D

6061-T4 2.03 D D D 2D - - -~ - —
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5 30030 i/ AME, R/D
5050-0
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40 j 30 20 } 15 10 5
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1100-14H, 1200-%%H, 1100-H, 1200-H, 5052-1H,

S A 4 3D 3D 2D 2D 1.5D <1.5D
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E8 <~ FLVIULOHME (EE7VE = v LR
E7 HOMUYMLIKBY32TY) w5« Ny b BED (ALCANED)
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2} B
8D 6D 4D 3D 2D 1.5D
1100-0, 1200-O 0.96 | 1.04 | 0.98 | 1.02 | 1.00 | 1.60 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00
1100-14H, 1200-%4H, 1100-H, 1200-H, 5052-O, 5154-O,
5056-0, B0G3-TA. B051-T4, B251-T4, 6061-T4 0.92 | 1.09 | 0.94 | 1.06 | 0.96 | 1.04 | 0.98 | 1.02 | 1.00 | 1.00 | 1.00 | 1.00
5052-14H, 5154-14H, 6063-T6 0.8 | 1.14 | 0.90 | 1.11 | 0.92 | 1.09 | 0.94 | 1.06 | 0.98 | 1.02 | 1.00 | 1.00
5056-1%H, 6051-T6, 6251-T6 0.86 | 1.16 | 0.88 | 1.14 | 0.90 | 1.11 | 0.92 | 1.09 | 0.94 | 1.06 | 1.00 | 1.00
2017-T4,2014-T4 0.82 | 1.22 | 0.8 | 1.19 | 0.8 | 1.14 | 0.90 | 1.11 | 0.94 | 1.06 | 0.96 | 1.04
M =¥ ¥Fvr, BT Lo N LRSI 2ERIAEDEEDRAHEET 5o
F8 D 180° BUNPIRIRE (IS, KE 7V T = 9 AE)
#EE AT B TR E D
¥t BHO@
L5 mm 3.2mm 6.4 mm 9.5 mm 12.7 mm
o H19 0~1D 0~1D 0~1D 0~1D 0~1D
1200 o) 0 0 0 0 0.7~1.4D
1200 Hi4 0 0 0~0.5D 0~0.6D 1.4~2D
1200 H18 0.5~1D 0.7~1.5D 1~2D 1.8~3D 2~4D
2011 T3 0. 5~1D 0.7~1.5D 1.5~2D 2~3.3D 2. 8~4 2D
2017 T4 1.5~2.5D 2~3.5D 3~5D ~6D
2024 T4 1. 5~2 5D 2~3D 2.5~3.5D 3.6+4.8D 4. 2~8 2D
3003 0 0 0 0 0 0.7~1.4D
3003 Hl4 0 0~0.5D 0.2~0.7D 0.6~1.5D 1~2D
3003 HI8 0.7~1.5D 1~2D 2~3D 2.4~4.2D 3.5~5.6D
5005 0 0 0 0 0 0.7~1.4D
5005 Hi4 0~0.5D 0~0.5D 0.2~0.7D 0.6~1.5D 1~2D
5005 HI8 0.7~1.5D 1~2D 2~3D 2.4~4.2D 3.5~5.6D
5052 [¢) 0 0 0~0.5D 0.3~0.9D 0.7~1.4D
5052 H34 0~0.5D 0.2~0.7D 0.7~1,5D 1.2~1.8D 1.7~2.5D
5052 H38 0.7~1.5D 1~2D 2~3D 2.4~4.2D 3.5~5.6D
5056 o) 0.2~0.5D 0.7~1D 0.7~1.5D 1.2~2.4D 1.7~3.5D
5056 Hi4 0~1D 1~2D 2~3.5D 2.5~4.5D 3~5D
5056 HI8 1<2D. 1.5~2.5D 2~4D 3~5D 4~6D
5056 H34 0~1D 1~2D 2~3,5D 2.5~4.5D 3~5D
5056 H38 1~2D 1.5~2.5D 2~4D 3~5D 4~6D
6061 T4 0.2~0.7D 0.5~1D 1~2D 1.5~2.4D 2.2~3.5D
6061 T6 0.5~1D 0.7~1.5D 1.5~2D 2.3~8D 2.8~4.2D
6063 T5 0~0.5D 0.2~0.7D 0.7~1.5D 1.2~1.8D 1.7~2.5D
6063 T6 0.5~1D 0.7~1.5D 1~2D 1.5~2.5D 2~3.4D
(1) 1100443120088 AU 22 LTI, @ D:pfk
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5056 F 4d 7a 8d 8d 8d
0 l<t2a | 124 2d | 3.5d 4
6063 T4 | 3.5d 7d 8d 8d 8d
T6 | s5d 7d 8d 10d 10d
n 0 |<i2d | 2.5 4d 7d 8d 68(+0.95)
8061 T4 5d 74 8d 10d 10d
T6 | s5d 7d 8d 10d 10d
o 5d 7d 8d 10d 10d ®i1 FEHuihynI3olm (B S5 A, B, C)
%8%‘% T4 10d 10d 10d 10d 10d GEFEmTiiosE, OBNTHROEER 2% TR,
T6 | 18d | 1sd 15d 15d 15d
O d RIS B E OB RT o
RIT FAMORTY v -8y o JO~® (90° #hiF, Barlow)
" . BTE /B, TANFSEE / BOY B
1T 2T 4T 8T 15T 30T 60T 120T 250T 500T
1100-F, 1200-F 1.00} 1.00 | 2.00 | 1.00 | 3.96 | 1.01 | 7.85 | 1.02 | 14.5 | 1.08 | 28.5 | 1.05 | 54.5 | 1.10 | 100 | 1.20 | 175 | 1.43 | 275 ] 1.82
£063-0 1.00 | 1.00 | 2.00 | 1.00 | 3.96 | 1.01 | 7.85 | 1.02 | 14.5 | 1.03 | 28.4 | 1.06 | 53.5 | 1.12| 96| 1.25| 165 |1.52| 250 | 2.00
6061-0, 6151-0 100 1.00 [ 1.98 | 1.01 [ 3.92 | 1.02 | 7.75 [ 1.08 | 14.4 [ 1.04 | 27.9 | 1.08 | 51.5 | 115 90| 1.38 | 150 | 1.67 | 220 | 2.80
5052-F, 2014-O, 2017-0 | 1.00 | 1.00 | 1.98 | 1.01 | 8.92 | 1.02]7.70 | 1.04 [ 14.1 | 1.06 | 27.0 [ 1.11 | 49.0 | 1.22 | 83| 1.45| 144 | 174 | 180 | 2.78
5086-F 1.00 | 1.00 ] 1.98 | 1.01 ] 3.92 | 1.02 | 7.70 | 1.06 | 14.0 | 1.07 | 26.4 | 1.14 | 475 127 | 78| 1.5¢] 120 2.08 | 160 3.16
6063-T4 1.0t ] 1.00 | 1.96] 1.02 | 3.88 | 1.03 | 7.60 | 1.05 | 13.9 | 1.08 | 26.1 [ 1.15 | 46.0 | 1.31 | 76| 1.58 | 113 | 2.20| 150 | 3.3
5056-F, 6061-T4, 615-T4 | 1.01 | 1.01] 1.96 | 1.02 | 3.88 [ 1.08 | 7.60 | 1.05 | 18.7 | 1.09 | 25.2 | 1.19 | 43.5 | 1.38 | 69| 1.74 | 100]2.50 | 135 | 3.70
6063-T6 101} 1.01 ] 1.94 | 1.03 ] 3.80 | 1.05 | 7.45 | 1.08 | 13.3 | 1.12 | 24.7 | 1.27 | 415 1.45 | 63| 1.90] 88| 2.84| 113 4.45
el Ta s 0.97 | 1.03 | 1.90 | 1.05 | 3.74 | 1.07 | 7.20 | 1.11 | 12.7 | 1.18 | 21.9 [ 1.37 | 35.0 | 1.72 | 50 | 2.40 | 67 |3.83| 80 |6.25
2014-T6 — | — [1se|109]8.50 114 |6.70]1.20 [11.5] 1.30 | 18.9 | 1.59 | 8.0 | 2.07| 38 [3.15| 48]5.20] 55 (9.0
O TREZ, @ BN ST B & T e ® EHOmFC bBAT,
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ZOEHIC 6063 5&TH-T, mLHEWTMNTO BESK
ARMONRI % THolz, BECEHITHEETH - T,
7R D EWE 1L B 23 7712kg/ mm?2, FR X 17kg/
mm?2, (B0 20%, Cukiih 12kg/mm?2, BliRiEx 18kg/
mm2, {HONRI5% TH -7, S HDE %V, Reynolds
Metals #tD v A /%« 7 5 —=DORAD 2 HEIF LR AR
»5HE, AH322mm, B 23 145mm, C 23 187mm & 7
D, BRG] EXDR D ARVl & o T T4
BhBZAIERTH D Z 035,

ks, ZOXHREITCE, Bors )77y akREL L
HEMNRENSEREETZ LT b b, MORESHEE
HETCEBIETEVLLLTCZ V7 7 vy 2D A EINDZ
EMLEE B,

@2 FxFNEHY = TOENTHITFNLT 2L, 77>
PSRBT A 20 CER S, HI200nEA DD
SR\ 6063-F kT, #4 FEii3—EmE O’
BHRATHOTCT7 7 v I8N D Z LIABREABEHIN
otz ZOHE, BI2IKRT X5 CEMEEE%EEA
FICEEAA CHER Uz, DER, ot bMBEE-7mD
W, R EBCANI Lo e WE R A b D7z, i
e UNEEL, Z07kD, VA 8RREE
BB ELELTEMRALBNEEEThHoT, F 2T,
TANRERNBIDFEDOADDONEEAAEL &oT, BHEIm
LAy EEHBL, XBCEEHOMITHCEEY Ve
Vo TR U o

(3) 13k, BoOEKFIEWBILA 6063-FEH Ol
L EICH B, T M~ Fvas UeREL T
B, FMARENCIR WM& EHLEN A 24 U,

(4) FE25mm, FEX 15mm, HE LS mm orhzEs
JUHmE @ 6063-T5 ka7 A ~BEID~ v 2CHRAHT ¢
& 45 mm CEhF 2, SMAIEAS 1.5~2.5 mm ML, Pyl
L 05~1mm OMBFILy v HELiz, ZOBA, =
Y Fuvar R, A S~ i ko TnE L Ci{E L
b DEANTIHERL, 0BT T5HOK D KHMELO
FEOEM (FH) HAWTW5,

5. & U

TR =Y AEEEME O o C R A
FIL TRz, RO R S onTiix bicsBok
HPREENDD, BTSN BB TEENTS 5,

mk, REBERICS) ZES s BEAT VI v -
Yy YERRSHINAESRK, SMIEE, ket
R EHRCE S HELET 5,

S

o

D

2)

3

4
5)

6

)

8)
9

10)

0%

et eme D 5y o

60 -
18 B TH (6063— FIEH)

X ik

G. W. Birdsall : Forming Aluminum Sheet and Plate,
Reynolds Metals Co., Richmond, (1960)

Aluminium Development Association : Bending Alumi-
nium, Al. Develop. Assoc., London, (1958)

Aluminum Association : Aluminum Standards and Data,
2nd Ed., Al. Assoc., N.Y., (1969)

VIS, ANIIEES, S9bIAME A5, 12(0971), 54

W. D. France, D. E. Trout, J. A. Mulholland : Modern
Metals, 22-6(1966-7), 38 and 22-7(1966-8), 68

G. W. Birdsall : Forming Aluminum Shapes and Tube,
Reynolds Metals Co., Richmond, (1960), 12

T. G. Perry : The Final Forming and Shaping of

Wrought Non-ferrous Metals, Inst. Metals, London,
(1956), 94
R. V. Horn : Aluminum, W, ASM, Ohio, (1967), 166

Mr. D.A. Barlow & b AF (Alcantt, 1957)
D. A. Barlow : Weld. & Metal Fab., 28-10(1960-10), 388
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R Al-Zn-Mg &4 ZKAT O#JILFREE & B A R

B B 8 I

1. 1 C ® I

M OEZELEER Al-Zn-Mg 66 & U T, ZG43,
ZRAl B X ZK60 7 &% D, b o #EEER T
AR AT, Z0ferr, ZK4AT 445
DT, FTEMELTCO—RIEEE, BIEE, #
BB DWTH N5, INITBEENO 747 - 71— 7,
M A MEDEEAN, 7 DO HEERM O S DWW TR
KBETHTETH B,

ZOEEE, JIS TNO1 O LZmak L OBRAHE o
Bl &R+ TNOL 47 TS 5,

ZRAT ORI, (EskMH B TEi ZG43 a4
DHEMMENEL, Wy y ~EhERERL TS & T
% %o

AR, ZRAT S&0OMEH, BEHb OHEE 4 EE
T — & « v =} ELTHRT,

2. — B HEE
# LR LD, #HEMozmosEc, JIS 7N
01 w44 %,
F20, PEOEETH B, F3E, ML SURE
FEN DB [RMEE OB R L UERIFE TH 5,

3. RAEREM

1~ 41, Fx 10mm, i 100mm o HE % B
T, BVLESME EFRE, EEEOMREYHAIERT
Do FA~FKOIL, AWMU OBMIEME L3 EHE
EBUN v ~ENOBREFH~I R TH B, BB v
~EHhERIE, v ~OLEAETHD 7 V77 2 0.5mm,

WAEHBE0°, EHOEMAAES Oy — T, AR
AT v v ~ G Ulciie £ U7 AlmE, 1/ dhieE

7w nfEA Y 36g MK/ wnfR30g £ 3g &Ik
BT, 80~90°C T30MEML, ENFHEDEFEL

I
s

I )

FA =~ THER LU ¥v —EHhoBE, S5 %o
6 1%, S0mmFZEMR D Longitudinal, Long-transver-
se, Short-transverse @ 3 HM I DWT FIEEME & v«
re - TR E AR U SRt d SR Ch B,
71, EX 10mm, 7 100mm @ T5 s O Ak
HID 100 fEFHEEEMTD 5,

4, BB MHEHE

R TR LD, EER0mMmIEEOERIER &
Do BITRBA~NBHMAENER Y, 0 X5 RBriREL
BT HRBAACTHE L, S0kd, 5EEEE O,
FIRME A%, FICRULMD, FEREXOREEBLY b
BmNDIE, TEZOEE 20mm 7O HE, Bicdfif
HFHEDSR N DCH B Z L AL TR, #8 72 B U
z, B8~ RL -0k, EFRBROBRETH D,
SFERENE, b Al-Zn-Mg =084 0 ZG43 X hidsL,
ZKAl L 3TRBETH D, UIRBE LB OMRL T6
>E>T6>T4 ONEICE) KERE K Z N,

£9, RBUORKILZ, X131k TS #0EEk L OERIC
BITB5EME & v v~ ERETH B,

5. & (03

s Al-Zn-Mg &4 ZKAT O#REE, HReosE
HEZDONTHLNE Lic, KESITZG43 &4 & D iRE
RRT, (il v —ENERNENTHDOREBHTH Y,
AR E L TRBOTHRETH %,

X B

D YPIEsE, MrRIEE © Ak, 6(1965), No. 3, 58

2) L, PN, MR, BUEEHE Ak, 7(1966),
No. 2, 45

3)  FHEE, REA.
8(1967), No. 3, 52

4) BHE, B BMERPIEE ARk, 101969), No. 4, 49.

5) IEEEEHE, WE  F o Aak 11(1970), 15

MHrpser]. BUm s, dmi 8 &
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Mary A =
s Al-Zn-Mg &4 ZK4AT o #WE
x1 # & M o & = v
1t = B S
= ¥ 7n M M c 7 t Ti F Si C Z O b Al
£ n T T 1 e 1 u Z: ﬁ‘! %
it BH 4.0~5.0 1.0~2.0 1 0.20~0.40 <0.30 <0.30 <0.20 <0.30 <0.15 <0.25 <0.15 7%
x2 ¥ it g} #: H
F BT B A B B KRR N WO EoE RO @)
H &
(&%) (20~100°C) €. G. & T4 T6C3> THMH
2.78 #1 620~650 23.6x10-¢ 0.33 35 37 40
@© IACS
@ LS RI0 B MR
@) IMHESE 120°Cx48h A.C.
@) IMHZESE 100°Cx3h-170°C x7h A.C.
£3 ZK47T & & o B R ¥ H
R : .
5 woW 3| | 2 W
oK HR 7omoA@ & # ELEC | Rg/mmd) (kg/mm? 5
- \ e — - -
0 410° Ch BTkt
| & m <15 <25 >12
Kok 23 37 16
T 4 Pl AT 30 B IV A
# FE il >20 >32 >11
%
f & 31 38 16
T6 Yt (b LB 120°C x 48h AR
# FE 44 >28 >34 >10
[ 4 27 35 18
T7 Heb s 100°C % 3h—175°Cx 7h
& T K — — —
B %M - — -
0 410° Ca st
# 3 4 <15 <25 >12
®o® i 26 40 13
T4 P (30 B PR R
# 3 8 >20 >32 >11
M
[N 32 39 17
TS PP e g 100°Cx3h->175°Cx Th
® 5 >% >33 >10
®FE M 36 44 15
T 6 WAL ER 120°Cx48h ATRER)
#RE 8 >28 >34 >10
wwEsn) EpIEXESE T BN s s
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(105)
i wd _ _ i
R Al-Zn-Mg &4 ZKAT o 5 jLis s ik
36.0
u—-—~——»7<—-— —y
$ 355 -
S - / - ~
Ny i S
w350 I/ N i = 1 ”MKM@LL (450°C x 1h) B OBHIG L H3 8 E M
o 345 s Wt DB RIEE 2 & CNTEEREICK S 1F T
® 50 ~
335 o0
45 i e ]
450°CXTh iRt 45 —
—0— i (20°Cok) B9 &
40 -0 Gl /Q//f: 0 I —
=4 B
35 : X
. 35 -
2 g = 2 T
£ 30 / .
2 =30
=4 2 I °
W £ / it
53 o CO N B 100°C X3h->140°C X 8h 4, ¥ L
A= 25 < 517 o 100°C X3h—>170° CxAh»y Lel —
% Y o " 140°C X8h &t &,
> = - ee " 170°C X 4h ‘Aiéu é:’ L
R 20 = fi
= Ao ol
_R' P Y A R Sttt -0
15 B 15 -
10 10 0.1 0.5 1 5 10 50
25
{4] v e A “5‘ % H %
20 PSS ;’7 3 FHALRZEOIEEEICK XT3 RIRRL)E
® S MokE GEHEnE
< . -
b 15 0
&
10
0.1 0.5 1 5 10 50
45
W 8 % 5l &
45 40 7, ‘“’i‘_:.o_—________ -
ol __,1::;::;3—" N4
. I
X % s PR X e
S 2 it 71
o . o ) R/ RS D R feeso
& 35 i = . b,_«_:«,__‘*'_,___.é °
= o £ L °
£ S~
e X 2 —o—ie:ﬁﬂclx}hf'; EI00°CXI AT C X X L
> 450°CXh 22 = i B L el |
2 % RIS A 100°C x3h140° “Cx8h i ;uu o = faéach;éig S fhui’é vEb
/ S - ¥ ] P " v i
wosfoe T g - i ads
5 / " 170" c><4h mm, = 9 P
= v . s N N Dm— .
ey 20 ___7’____‘ 1 E e — ey — A~ — —_;//a
. I gttt = — R
R [t S sy S 15
g Nkﬂ\\ >
10
10 - 0.1 05 1 5 10 50
0.1 05 1 5 10 50
A WU A B K
2 H AR OB R I 35 10T TR 4 EANTEY% OB REEIC S I3 TR IREIRRE O B8
Mo Gkedh) (ZErwt)
g e 5
wiwEsn) P IEXBESE T PR S o 555

3



(106 ) Aplil 1972
s 5 i
R Al-Zn-Mg &4 ZKAT o B LI
E4 IHRBEEEAEMOATERESIRER L 5 ity » —Hihics ST
100°C 30> T00°C X 3h T00°C %30 T6°C X305
170°C % 7h A.C. 175°C x7h A.C. 180°C x7h A.C. 185°C x7h A.C.
BIERE| W O O H FRE O O\ H BRSO O W T BERE] WO s
(kg/ - W(kg/ Kkg/ v~ |(kg/ | |(kg/ v~ ((kg/ | ((kg/ S oap—
mm2] (%) 1% ol mm®| mmD| % |8 h | mm?| mmD| (%) (¥ ] mm®) mm*®] (%) |#H h
4.6 | 14 0 | 315 | 36 | 15 0 | 324 | 3.8 | 0 | 282 ] 32| 1 0
12.0 36.6 | 42.2 | 18 0 | 318 | 9.4 | 19 0 | 206 | 3.7 | 10 o | 275 | aro ] 2 0
3.8 36.0 | 41.8 | 14 0 | 321 | 388 | 15 0 | 328 | 400 ] u o |or7 | ems | 1 | o0
480
12.0 3.2 | 425 | 18 0 | 316 | 39.0 | 1 o | 3.3 1 39.7 | 17 [ 0 } 2.6 | 35.7 | 20 [ 0
O x-S TR Liee 013307 Lo % ORI 5 2%,
®=5  10mmix 100mme HHM OB EMITS $OBHIREE, BREDEE, ATEDEESTIIRER, v« —#hicks ST
AR * # w oM o B #
T W TR | WO (T T AT T I TR @R J | SREE | W O @
Amwm\\\\\\\\\&g/ (kg/ oo~ ((kg/ (kg/ o a— |(kg/ wm/ . =
% mm®| mm)| @ | @ ok mm® mmd| (@ |\ on mm?| mm®»| (%) | # on
HL 12.0 2.6 22 0 13.1 26.3 15 0 12.6 25.2 20 0
100°C x3h~140°C x8h | 32.6 4.0 18 2 32.1 40.9 16 0 20.7 39.0 16 0
2550 | 100°C x3h-170°Cxdh | 33.7 0.0 18 1 32.4 39.4 17 0 32.0 39.0 18 0
140°C % 8h 25.6 36.6 18 1 26.4 37.0 1 0 26.1 36.7 18 0
170°Cx4h 22.7 35.8 20 0 25.6 35.3 16 0 25.8 35.4 18 0
7L 16.3 29.7 14 0 17.6 31.5 14 0 17.3 31.0 1 0
100°C x3h»140°C x8h | 32.8 42.0 13 2 31.0 40.6 16 0 30.5 39.8 16 0
1 B 100°Cx3h-170°Cx4h | 35.9 a.7 18 1 33.3 40.0 17 0 32.8 39.6 19 0
140°C x8h 31.8 40.0 7 1 30.0 38.6 16 0 20.0 37.8 17 0
170°C x 4h 34.2 4.0 18 1 32.0 38.8 18 0 31.6 38.6 18 0
AL 19.6 34.5 16 0 19.4 34.2 13 0 19.2 34.0 16 0
100°C x3h-140°Cx8h | 31.2 41.2 16 3 28.1 38.8 16 0 30.9 40.2 16 0
3 B | 100°Cx3h-170°Cx4h | 86.1 42.4 18 1 34.1 40.8 18 0 32.7 39.4 18 0
140°C x8h 30.8 39.4 16 2 30.2 38.9 16 0 29.5 38.2 16 0
170°C x dh 34.3 40.5 18 1 32.7 39.3 18 0 31.6 38.4 18 0
L 22.9 38.8 13 1 2.5 38.6 " 0 22.0 37.6 13 0
15 8 140°C x8h 33.2 41.6 17 2 30.2 39.3 16 0 29.6 9.2 16 0
170°C x dh 35.9 4.9 18 1 33.9 40.9 17 0 32.7 39.5 7 0
L 23.9 40.4 13 2 22.9 40.4 13 0 21.3 39.4 14 0
3 m 140°C % 8h 30.2 39.2 15 2 28.7 37.9 16 0 29.8 37.5 17 0
170°C x4h 36.0 41.9 7 1 34.3 40.6 17 0 32.2 38.8 19 0
(1) FHRCAIEASE 450°C x 1h @ o —HAEEHTR L, 0RENA L, 3R, TOBINLY S5 Bk,

oG LY

5 vy 0 ABBHTEBL, vy —ERAECIHNORE (E4~6Z8)

" P B35t
wmrreR) S EAEESE TEERE R S RE e T

_4_..
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4 A 4
R Al-Zn-Mg &4 ZKAT O E LRI
45
_ M
/g 40 %6 10mmix100mmaew BHED MO A TS
< - 11N BIRMER 22 5 Ui & v —HlITEs X3 TR
w o [THT & EEERE o A MEBERES
s i W [ FEEE R OO @
X EHN AR (kg/  |(kg/ oy —
= RS i — mm?) mm?)| (%) o
oL 2.4 | 30.8 1 0
0 B T B B 120°C x24h 32.7 4.2 16 0
120°C % 48h 36.6 | 43.8 15 2
o5 100°C x3h—140°C x4h 31.8 41.0 16 1]
40 100°C x3h—140°C x8h 34.9 42.8 15 1
2 100°C x3h—~140°C x12h 37.0 43.8 15 1
100°Cx3h-170°Cx2h | 34.0 | 40.4 17 1
0 B 100°C x3h-170°C x4h | 33.6 40.4 i 0
_ — 100°C x30-170°C x7h | 32.2 38.8 17 0
S - B T (1) STHRSE 440°C
= — N (2) & 4 — MWL TR Lice T OBEILIZS 2/,
15 - I I
=
10 = - -
5
10
1S AR
S AR | = ren e
Eo8TT WV o+
® | EHEH WA
3 LAV o F
@
&t
',
ks}
S bz {
: 0
.
%%%
o LKA 4 %
ABC ABC ABC ABC
1AM THE STHm LF i S
B LB % kAL B %
i il 22 1 B b (100)
g:iﬁ‘%ﬂf}%gﬂgﬂﬁg&&?ﬁb K7 T5® Hst (10mmix100mmw) OEHE
 ETE120°CXABhHE b & L .
C - B A£100°C X3h>170"C X 7h e b ¥ L BT R
(FFH 2% 100°C X 8h—170°C x 7ThA.C.
6 ZKATESSmmEFRDOEEEEE Y »
V¥ — B D E TS D O
(742 4 ) z M Rk = =k s SRR
E=EERXEEELT = B Ee =
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R H Al-Zn-Mg &4 ZKAT7T OB HE

=7 20mme IO ERIER

CIIE - S no & e AR E
.
S ) L ﬂ m W T SEEE | ORRE | B O TR [ TR Ry v | 1Bmmé
(kg/mm?)| (kg/mm?)| (kg/mm?) (%) (10/500/30), (5kg) [(Bxr~—m) (kg/mm?)
F #7Hi% 1508 MR 35.2 4.7 53.2 10 98 114 60 20.4
w.Q. 465°C x ThkA#:70 F RS2 35.1 49.0 54.3 i 101 118 65 21.1
T 4
AC. 465°C % Th Z2i 4708 R 32.5 46.6 54.2 12 99 112 61 20.3
MR 2 B
T5 oo R 2 B, 36.2 4.1 58.4 17 100 118 66 20.7
465°C x Thyk# 3 B [HIR: b8
e w.Q. D s ok 8 8 M2 39.1 3.5 60.1 18 108 121 67 20.5
" 465°C x 1h7ei4 3 B MR 5
AC S b 3 B ) 36.4 4.3 56.5 16 105 115 63 20.3
#8 20mme IMHEDIIHRE® b & OUIKER
—— ¥ % m % w % @ g, 107 (kg/mm®) 9 K R M Be 107H
. (mm) a F T4(W.Q.) TS5 | TEW.Q) F | TawaQ) T5 TE(W.Q.)
o 1 15.4 17.1 16.0 16.2 1 1 1 1
1 1.9 9.5 10.6 9.8 10.4 1.62 1.61 1.63 1.56
0.25 3.2 6.9 9.4 6.4 8.4 2.23 1.82 2.50 1.93
0.06 5.8 6.3 9.4 5.6 8.0 2.44 1.82 2.86 2.03

W55 3 g, 107 (kg/mm?)

() D=12mm¢, d=10mmé, t=I1mm, p=co {LTH, p=lmmulLMBRREK, find 60°-V BEHRER, ANEFREREM %97 B, 1700rpm,

20 1.0

18 09 h
i \
16 )

0.8 ‘\\
14 0.7 \
TN
v
12 0.6
\ < T4(W.Q.)
= o
10 = T6(W.Q.)
k) T4W.Q.) 0.5 e
e °
\ T6(W.Q.) _F\
8 \ O] 0.4 ——
\
\0\ F 0
6 o~ T 0.3 I
. — )
\\
4 0.2
1 2 3 4 5 6 1 2 3 4 5 6
Wk 1R OB ey oIk B F, o ag
8 20mme IO IR 9 20mme DO LR R

(BFIATEE 4 )

fEEeeEsRE TEEERKX =L s v =2
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fiid& FH Al-Zn-Mg & 4 ZK47 O B g
. nEn . | e
ke -t k5 vy Land
2 1700rpm o % I 1700rpm
= o ot )
\E \ \cv\\ ay=1 ;f"/ \\ﬁxa =1 b
2 18 R HH‘H\\ 18 & -y o
= 14 \ \t:\_ aK=].9 ° ‘0-.,3§\ R 14 a \\\"\O\ ,’,K=]9 TiE
R e T TR T ' -
10 \\5‘\::::\‘\ B 10 = T 1\\% =3.2
12 =32 \’;‘:‘z::: 1 ‘1:..1\._ Ay=9.4
6 | LI Zecsss ) g
, a=58 i 2 ay=58 -
104 108 10¢ 107 108 104 105 106 107 108
MR L OHE #OR L oE
B10 20mme¢ MHEFHMD S — Nk Bi11 20mme¢ HLEETEH D S — Nl
70 12
o Rk T CRIFIER 10min
11
50 \ " <10
\ o *
§liEihE N
\\ §
o) 2
40 N) 5 9
. \\\ & /
&
30 \ L /
7]
- S
+
20 / > 7
p——T% | M v //
10 P b
0 5 /
200 -100 0 100 200 300 400 2000 100 0 0o 200 20 200
i E(°Q) i E (C)
K12 T5MOEREEEIEHRBEOBIZR E13 T5HOBEE L« VE—EFHRE (JIS48) OB&
£9 T5 MOEELICRBICEIT 2B EEE®® & Hg@®
" " ®oBom o gl i i " & a0 e TR
S5 T 7 Bl B ®m_ & T 03 JIS 4 %
(kg/mm?) (kg/mm?) (%) (kg-m/cm?)
~196 57.8 60.8 15 5.1
— 75 43.1 48.8 16 6.2
W OB® (36.2) 41D an 6.3
T5 100¢4> 35.8 39.0 20 6.7
150¢4> 30.6 32.7 22 7.4
2000 27.1 28.3 25 8.3
3004 11.3 12.0 % 11.6
(1) L 20mme M, (@ FRATTHHE 6mme, H&HE 25mm,
@) FEREHW JIS4 BRRAI L5, @ min F#F,

mwEen) AP {EKEESE TR SF mms o=




