P
186
Reprinted from SUMITOMO LIGHT METAL TECHNICAL REPORTS Vol 10 No. 4 October 1969

Al-Mg-Si RE40 B LT+ 6 &R O 2

E B &
= =

ot

EFRESRB LXK



=

X

Al-Mg-Si R A& 0 BRI e LI T AR o B8

Tk ck
52

Effects of Compositions on the Two-Step Aging of Al-Mg-Si Alloys
by Yoshio Baba and Akira Takashima

Effects of Mg (0.2~0.9 at9) and Si (0.1~0.6 at9) contents and trace of additional
elements (0.01~0.2 at9;) on the two-step aging phenomena of Al-Mg-Si alloys were studied
by the measurements of mechanical properties and electric resistivity and also by electron

microscopy.

The phenomena of two-step aging of Al-Mg-Si alloys highly depended upon the contents

of MgySi and additional elements as well as the conditions of pre-aging.

The pre-aging

led to either refining or coarsening of acicular precipitates in finally aged condition,

according to the composition of alloys.

Consequently, it resulted in either increase or

decrease (negative effect) in strength of the alloys.
For Al-Mg-Si alloys containing more than about 1.lat 9 of Mg,Si the pre-aging at
room temperature caused coarsening of finally aged structure but it caused refining of

precipitates for the alloys containing less than about 0.9 atg; of MgsSi.
effect of pre-aging is interpretated as follows.

The negative
It is based on the deleterions effect of

impoverishment of solute atoms in matrix resulting from the clustering at room temperature,
forming small clusters which modestly contribute to the strength.

The negative effect of pre-aging of Al-0.70at9;Mg-0.35at%Si (1.05 at%Mg,Si) alloy was
decreased by the addition of transition elements such as Mn, Cr, Zr, V, and Fe, but
increased by the addition of Ag, Cu, Be, Cd, and Zn. This may be caused by fact that the
apparent supersaturation of Mg,Si in the alloys is increased by the latter elements, but
decreased by the former elements which easily form insoluble compounds with Si and

Al atoms.
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Table 1 Chemical compositions of Al-Mg-S5i alloys. Aging time (h]
s i Excess | Excess ] 3 24 72
No. ! Mg Si Mg.Si Mg ‘ Si 015 : - : s 4
1 0.20 0.10 0.30 — — Mg, Silat %6
019 0.11 0.29 0.01 — Tq=520C L3
0.40 0.20 0.60 — — Ta=230C .o
2 0.39 0.22 0.59 0.02 - ///'—&“ 1.20
0.60 0.30 0.90 — — Sl B I Yy
3 : : : 0.10 i
0.57 0.33 0.88 0.02 — e "
E Excess of Si
. 0.70 0.35 1.05 — - S s
0.65 0.38 1.02 0.01 - g / = % 8.32
0.80 0.40 1.20 — — < = 0.90
5 073 0.43 113 0.03 - a / /%/ » |
Excess of Mg -
6 0.90 0.45 1.35 - 0.05 i e o Me
0.85 0.49 1.31 0.03 - / / o075
!
0.85 0.25 0.75 0.35 — : % o 1 §
7 083 0.27 0.72 038 - / I e, X
0_484”/—(/ ; r 0.30
3 0.60 0.45 0.90 B 0.15 e T L | Lo
0.54 0.48 0.87 — 0.15 0% 107 o7 108
0.50 0.60 0.75 - 0.35 - .
9 0.48 0.60 o | = 0.31 Aging fime [min)

Upper figures : Nominal value (at%)
Lower figures : Analyzed value (wt%)

Table 2-1 Chemical compositions of additional

elements to Al-0.70at%Mg-0.35at%Si alloys.*

Additions | Amounts || Additions | Amounts Additions | Amounts '
(at%) (wt%) (at%) (wt%) (at%) (wt%)
Mn 0.01 0.02 Cr 0.1 0.18 Cu 0.1 0.25
Mn 0.03 0.06 Cr 0.2 0.39 Ag0.1 0.36
Mn 0.05 0.11 Zr 0.1 0.29 Cd 0.1 0.23
Mn 0.1 0.21 vV 0.1 0.28 Be 0.1 0.044
Mn 0.2 0.42 Fe 0.1 0.22 Zr 0.1 0.25

* Mg 0.65+:0.02wt% Si 0.38+0.02wt%
Table 2-2 Chemical compositions of Al-Mg-Si alloys

containing 0.1at% Cu and Ag.

Alloy Additions Compositions (wt%) ‘

systems Mg Si Cu g Ag
Mihies| S | 88 | M | o
A s Nﬁge §%§ (ég% 0}9 0%7

4 520°C, 540°C 35 X 0°580°C T 3h (L%
HKBEAI LT o —EF 0BT 15°C/min O8I ClFE%
TNTzo BENTEANBE BIZSH AWk 30°C ks L 18 90°C
© 240 h LI Tz 175°C~250°C Ditva T b
iz,

Frh LB 3 sec DIPNICEB A# EER P L, B
EERIC L VESEMONE AT ofcs 2fc X MR T
B TE AT HECBE (F15°0C) ikt ol B
FEMEIEIBHRECITE X 5/100mm DR A #LEE
F 7 v o~ v LIRS RBIRES R CEMRIIE L o EE A
FERLUTre 3-3TH T~ 2 TR CILESIC & &g
HEE200mm 0¥ vy P AEBROTHEMBICHEL, £
EUTHERMEAFE L =,

3. R B K R
341 Mg &SiRBO®
Fig. 112 520°C 2 BEEAN L7 Al-Mg-Si&4m 30°C

Fig. 1 Effect of Mg and Si on isothermal aging at 30°C
for Al-Mg-Si alloys quenched from 520°C.
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Fig. 2 Effect of Mg:Si contents and pre-aging on the
change of resistivity by isothermal aging at 175°C for 16
h for Al-Mg-Si alloys quenched from 520°C.
pTq: Resistivity of as-quenched specimen (pQcm)

pTag: Resistivity of artificially aged apecimen (pQcm)
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Fig. 3 Effect of Mg2Si contents and quenching temperature
on the age-hardening at 30°C for Al-Mg-Si alloys.
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Fig. 4 Effect of MgsSi--contents and pre-aging at 30°C on
the hardness of Al-Mg-Si alloys quenched from 540°C
and aged at 175°C for 10h.
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Fig. 5 Effect of MgoSi contents on the age-hardening at
90°C for Al-Mg-Si alloys quenched from 540°C.
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Fig. 6 Effect of MgsSi contents and pre-aging at 90°C on
the hardness of Al-Mg-Si alloys quenched from 540°C
and aged at 175°C for 16h.
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Fig. 7 Effect of Mg and Si on the two-step aging of Al-
Mg-Si alloys aged at 175°C and 200°C after pre-aging at
30°C and 90°C.
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Fig. 8 Effect of pre-aging at 30°C for 72h on the age-
hardening at 175°C and 200°C for Al-0.70at%Mg -0.35
at%Si-0.20at%Cr alloy quenched from 520°C.
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Fig. 9 Effect of Mn on the age-hardening at 175°C for
Al1-0.70 at % Mg-0.35 at % Si alloys quenched from 520°C.
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Fig. 10 Influence of Mn and pre-aging at 30°C for 72 h on
the age-hardening at 175°C for Al1-0.70at%Mg-0.35at%5Si
alloys quenched from 520°C.
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Fig. 11 Effect of Mn and pre-aging at 30°C for 72 h on the age-hardening at 225°C for Al-0.70at%Mg-0.35at%
Si alloys quenched from 520°C.
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Fig. 12 Effect of additional elements on the age-hardening
at 175°C for Al-0.70at%Mg-0.35at%Sialloys furnace-cooled
at the rate of 15°C/min from 520°C.
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Fig. 13 Effect of additional elements and pre-aging at 30°C
for 72 h on the age-hardening at 176°C for Al-0.70at%
Mg-0.35at%Si alloys furnace-cooled at the rate of 15°C
/min from 520°C.
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Tig. 14 Effect of pre-aging at 30°C for 72 h and addition
of 0.1at%Cu or Ag on the age-hardening at 175°C for Al-
1.0at%Mg2Si alloys quenched from 540°C.
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Fig. 15 Relation between the effect of pre-aging at 30°C
for 72 h on the age-hardening at 1756°C and the addition
of 0.1at%Cu or Ag for Al-0.80at%MgsSi alloy quenched
from 540°C.

AHv: Difference in Vickers hardness after aging at 1756°C
between as-quenched specimens and pre-aged specimens.
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Fig.16 Same as in Fig. 15, but for Al-1.2 at % MgsSi alloy.
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Fig. 17 Pre-aging at 90°C and its effect on the hardness
after aging at 175°C for 16 h for Al-0.70at%Mg-0.3bat%Si
alloys containing 0.1 at%Cu, Ag, Cd, Be or Zn quenched
from 540°C. -
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TFig. 18 Effect of pre-aging on the tensile properties of Al-0.42at%Mg-0.32at%Si-0.12at%Fe alloy quenched

from 500°C and aged at 200°C for 4 h.
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Fig. 19 Effect of Fe and pre-aging at 26°C on the tensile
properties of Al-0.62at%Mg-0.37 at %5 Si alloys aged at
200°C for 2 h after extrusion.
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(a) Not pre-aged.

A}i'
(a) Not pre-aged.

(b) Pre-aged at 30°C for 72 h.
Photo. 1 Effect of pre-aging on the electron micro-
structures of Al-0.4at%Mg-0.2 at %5 Si alloy quenched
from 520°C and aged at 175°C for 16 h. (x100000)
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(b) Pre-aged at 30°C for 72 h.
Photo. 2 Effect of pre-aging on the electron micro-
structures of Al-0.9at% Mg-0.45at%Si alloy quenched
from 540°C and aged at 175°C for 16 h. (<100000)
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(a) None

(b) 0.2at% Mn
Photo. 3 Effect of addition of 0.2at%,Mn on the electron

micro-structures of Al-0.7at%Mg-0.30 atZSi alloy
quenched from 520°C. (x50000)
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(a) None

(b) 0.2at%Mn

Photo. 4 Effect of addition of 0.2at% Mn on the electron
micro-structures of Al-0.7at%Mg-0.35at %Si alloy
quenched from 520°C and immediately aged at
175°C for 16 h. (x100000)
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Fig. 2¢ Effect of 0.1atZ%Cu, Ag, or Cd on isothermal aging
at 30°C for Al-0.70at%Mg-0.35at%Si and Al-0.80 at%Mg-
0.50at%Si alloys quenched from 540°C.
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(a) Not pre-aged.

(b) Pre-aged at 30°C for 72 h.

Photo. 5 Effect of pre-aging on the electron micro-
structures of Al-1.0 at %MgSi-0.1at%Cu alloy
quenched from 540°C and aged at 175°C for 16h.
(> 100000)
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Development of Aluminium Alloy Overhead Line Structure
(Light Weight Overhead Line Structure under Weak Ground Conditions)

by Hiroshi Saito, Katsuzi Takeuchi and Saz‘uku Nakamura

In electrification work of railways, steel truss structure, having fabricated steel masts
of concrete poles, is generally used for supporting overhead line. The structure shall need
bearing capacity of soil amounting to 10~20 t/m2 in order to support its weight and
moment. However, in the electrification work of JNR Tohoku Line, it was found that the
ground is as weak as 1 t/m? in bearing capacity at Mutsuichikawa Station. In order to
solve the problem mentioned above, the authors developed a light weight overhead line
structure of 15m in span, constructed with shapes and plates of 6061-T6 aluminium alloy.
The design and test results of the structure are reported in this paper.

The developed light weight portal structure is as light as 40 % in weight as compared
with that of the ordinary structures of the same class. As the results of tests at the
actual spot, it was found to be durable to support the loads, which are to be expected by
overhead line structure. The structure can endure uneven settlement of struts up to 312
mm induced by the weak ground. However, its recovery after the settlement will easily be
adjusted owing to its light weight.
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The Embrittlement of Deoxidized Copper Containing
Small Amounts of Bismuth

by Sire Sato and Koji Nagata

The effects of small amounts of bismuth on the cold working properties of phosphorous
deoxidized copper were investigated. The notched-bar impact tests, the tensile tests, the
microhardness tests, the analysis by electron probe X-ray microanalyser and the obser-
vations by transmission electron microscopy were made.

The results obtained were as follows :

(1) The embrittlement in cold working was observed in the specimens containing more
than 26ppm of bismuth annealed at temperatures between 450°C and 650°C followed by
light cold working as low as 109 after quenching from 750°C.

(2) Microscopic observations showed that the brittle fracture occurred along the recrys-

tallized grain boundaries.

(3) In the specimens heat-treated to be brittle, no precipitates were observed at grain
boundaries and no abrupt change occurred in the impact strength in passing through

the melting point of bismuth (271°C).

(4) It was considered that the grain boundary embrittlement of phosphorous deoxidized
copper by small amounts of bismuth was associated with grain boundary segregation

of bismuth without precipitation.

ol

1. #

ISR D L B OBESlR 1 42 U B et g, Hao®
BES S 1, FOhTh Pb, Bi 7o & QBRSNS E & E
7 B HISHOD BRI TR S 4 U B EiuiE, hot shortness &
LTHLABEBILT WD, FD1EMIC CusO-Cu k448
MASBITHE LTS £ 7 ¥y FIROGHINTRICE T
LWALES, F72, Cux0 A&TciicH b A KEMLIR
% B B WTATEINIIH A PERE U 7o BN RRIE T DR AT
% & BEE LT U DB R E035 o

SEfzFF ) v BRI E RS TR O BN TR ok
WA £ U lot 238 5o CFDERAYFEE LI LT A,
Bk ERT L DD TRV ERNETHERIN. D
W L EHHA & Uln o fe 1ot s B BRI LoD
WCH & DFBE TR WHIERE Lic e 24, BIELEE
ke Bi, As, Sb 7z & OFAina 10~100 ppm OHiFHA
THLEGALTWDZ ENPEBNE T ol BAREO/KE
B EOFRSmD 5 b Bl OFENERINOTHE Bl
e TelisR A e L, HEFERSCL Y 2OERMTHE

* OFASFE PSR HTIIAC 2 5 8 MBI e TR, (SRR IgE
255 vol 8 (1969) Bk
R e [

e i

’Obfﬁﬁﬁ%bko%@%%%D@%W@ﬁﬁBuf
HEEEICEHEETCED Z EBELNE ol LG

Llﬁiﬁ] FA ML XTI AR D Bl £k 20 ppm FRE DR
WETHD, ZOERBNTAMLHESE hot shortness
ELTHBNTWARGELRBHEOLOTHY, BTLd

JBBENTWHHEETIIAWE D Cah IN-DTHE
OB EUTEY B, 47 hot shortness %
& L5 Bl #ik 0.01wty & & 0.016wty & bbb
B DI~D, SEOE LD 1% <, X5 hot shortness
ML HEEE, Cu-Bl ZRRCKTHELEED (
270°C) Bl ETH D EINTWT, SHEHOEKCKTS X
AR HIREREITA LSO L FHELACREBNER > Tnh,
—3, MFAOHEMTECEIES Bl o8
Sh,Pb £ L L IH {ABIIRINTNWELALD, ZOKH
FE TSR0 LFBLLN N Thbb, RS
RIS L TWAEERNT & UT Bl 488k JOMIRE
CONTHE—IGDORET R N TN D0, 8o TR
BNTHLMCT S ZE L, FHRER N THEDTEHE
RFCh HEESBTO AT & F N ICBEHE U T A b 5 BE
MESRIDERIC DWW TRIZ & A ERESENTE T,
EKEECE, £ TIERRE S TR AT A Ure i otk
Wk L O o N BEET A FRERBIC SN, DWTHEET
7R > - BHBEROBR AR, BCEEL CH5RF
OEEAABMEL, B, MLOEBIZOWTHEL
TR EWET D,
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I Uleo BT 210t KIBHNTH D, FhLFic
b, FeENLBIC ST OFERIIFRAEL T, 4 lot
BENERNAORI D DL OTERE L, FhFh lot 1, &
LU ot 2 & L7z, HHE DSR4 Photo. 1 KR4,
T, S EOWHEHAMEREIC L 5 TE U & 'R
LTnWb, ZOHEWPAEELIELIERTH -7 lot b4
BUE (v RRETRRORETHE —600°CX 34 h
—HREZTND) BDOWTHADFEEY I 2 It F DR
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2-2 mMERR

(1) HAfkEZ

SR HHCER 7y D BB Photo. 2 @ik, 2k
OfESREE lot 1 ¢k 0.10mm, lot 2 ¢t 0.04mm 58
EThd, WINOBE BTG R RITR - TEL
T,

@) {=ohT

(LB A A Table 1 wikd, Cu ik 99.909% L k¢
»Y, Cu, P& x4 JIS H3603 #i/- L, 7> Pb, Fe
mEBLEL, EHENED, UL Cu P, Pb, Fe @24

Photo 1 Typical cracking of the annealed tube at cold drawing opera‘mon

Fr&2 5 300~700ppm B E O R MY DIEEEMRE 2 H iz
DTCHIE G A T -l 25, Pb, Sn, Sh, Bi, Ni, As
DFLENRD BN, D5 % Sh, Bi, As i3&HE &% <
EENTWo, FXTINSORHPICONTILES W%
Tinotz, ¥ie Ca DMIMEAL(LZTEETH S S KD
W, HAGHIC L o TEE L, f#ER% Table 2 kKR
T BEHEIIL Sb, Bi, As MIEEEOIEEL &ENT
Wh,

Table 1 Chemical compositions of brittle tube and
ductile tube (wt%).

Element
\ Cu P Pb Fe ‘Total
Tube

Brittle tube 99.90~99.95/0.016~0.019] <0.005 <0.005 199.93~99.97

Ductile tube 99.91~99.93|0.013~0.027|  <0.005 <0.005 199.94~99.98

lot. 1 (G.S. :

lot. 2 (G.5.

0.10mm)

0.035mm)

Photo. 2 Photomicrographs of the longitudinal section

through the fractured tubes (lot. 1,
during cold drawing.

lot. 2)

Table 2 Analysis of small amounts of impurities

(wt ppm).
Element
N Sb Bi As s
'rube\L% No.™
‘ 1 1 100 31 19 30
2 100 39 25 —
—
Brittle 8 7 u 1
, 4 70 21 17 o
tube 5 8) 23 15 —x
8 8 21 16 — %
7 50 18 13 —
1 £10 2 2 30
Ductile 2 <10 2 2 —*
tube
3 <10 1 3 —
4 <10 3 3 —

* No analysis
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Table 3 Results of electrical properties. Table 4 Results of tensile properties.
i Electrical Electrical i Ok ! N
Tube § P content(%) | resistivity conductivity Tube ‘ Lot ‘ No. f(kg/t?mmzﬂ 3% | W9 [G.S.(mm)
| 2 Cs9,
e (p2em) | (ACS%) 1] 1 15.0 10.5 “ 0.0 | 0.69~0.12
Il e tube _
0.016 .98)~1.996 .7~88. ‘
(ot 1.98)~1.986 |  87.7~88.5 Brittle tube| , | 2 | 2.0 1.0 | 307 | 0.03~0.04
Ductile tube 0.013 | 1.902~1.920 ﬁ 91.2~91.8 3 22.9 8.0 29 | -
1 22.7 53.0 34.5 -
N Ductile tube | — i
(3) EEHN= 2 2.3 5.0 | 331 -
JIS HO505 &4 » CTHBEROMEA T/ ote, &4 *Reduction in width

Table 3 {T/Rd. U v Bl & L CIEHAEN 2 B NT
Wb,

4)  KEMCER

Table 2 TR L 728D 5 Hafg

ALty frofe

(No. 1) & L OUE
i (No. 1) o JIS H3603 14t » Tk ZE (L3t
A TTIR olce BEE 625°C OKBEEHRP TISEEL -
Bk L, MFRRET/RWENOEARI A LS~
HHE, EEEELLEN LT Do &, 180%% Tig
T 5?710 T OMFEOMBABE L L 2 A5 P NRY
) Kﬂ’iﬁ%ﬁ%bfj’d D, RADOEFEIIRD BN 5T,
k_ﬂ(iél@$+& EICBRO O NEEL TN RWE &%
N J‘&ifh DG, WMABAEART 2 210 X - THHg

BOENEIE S5 & A2 RT LD TH B,
(5) 7 iEHER
HE, EHECONTBHRRR AT 7, 319&;&&

1 30mm/min BEDHRANBF LD TH D,
Table 4 &3,

WHED S B lot 1 KB4 5
VIEEL L% -TWwBA, lot 2 1wE4 5% No. 2,3 OFR
IEE B AKE . L LB RGO 4 8

24 % &, Photo. SR X511, lot 1 A TR, FE
ORI EA R U lot 2 @35 No. 2, S5t 4,
N Clc 5o TRIFRCIR D /NE NI T 5 7 IEE LK
PEREHT ORI A B L Tniz,

2:3 BQIBEMTOE

WEMCRROBRID, BT CHLB AL 52
LWL S THEEOEERBRHEINADT, BAEDEL W
lot 1 wf@4 % No. 1 22D\ CHE 4« OEVATE, JnTaLusl 4
LT, WIFERBR5 BRER T R B L oIt
BEE LT, BB TR LOWERY Table 5w E & iz,
Photo. 4 1@i& 25 & L' & 700°CelEsh L =Bl o
FIESBRB ORI AR TW5b, Z0 L 5 B4 A T700°
CCRMT DL LR L »C, TEEERWERE LR
BoEmERLRTOTHS Exp. 1,2, HRMNTHOD
ENE R A & LR 0% B o BT 4 mx 0
#% 400°C~600°C DR EHFH G LicEaicondl
(Exp. 3), ®MIMI 404 M\ CRUT - Eni fE #iFE Ccoeet
L7285 B\ E650°C Bl EDEE N SBRE L 7Tl
HIRMTHOENIIE LT, +oREERLZBNADTH
5 (Exp. 4, Z0& 5 AR GICITBESEET O
THEELTHI ENRPESNC ol TOREXELCEL

%H

B No. 1 oF[ERM X, i

:E

lot. 1.

Photo. 3

lot. 2

Photomicrographs of the longitudinal section

through the fractured specimens by the tensile
tests.

Table 5 Effect of heat treatment and cold working
on the embrittlement of deoxidized copper
containing 26 ppm Bi.

Result of tests
Experiment| oot treatment and cold
. T i
No. working Flattening|. ensile test
test [ 3
(kg/mm?)| (%)
1 as received crack 15 10
2 700°Cx30min—W.Q. none 22 52
700°c>i30min 400"?(;061%%‘;0 crack —_—
? W& Fesec—mec
) o 7000
10% C.R. %30min| DOR€ m
700°C x 30min
furnace cool —
ey RUTY none
4 (50°C/h)
700°C X 30min~—W.Q.
—>550°C X 15hr —>W.Q. none -
700°C % 30min—> W.Q.
5 —>10~80%C.R. crack —_
—>550°C X (10min~15h)
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@) (b)

Photo. 4 Results of the tensile tests at room temperature on Cu-26 ppm Bi specimens (longitudinal section

through the fractured test-pieces).
(a) annealed in brittle condition (30% C.R. —550°Cx15h)
(b) annealed in ductile condition (30% C.R. —700°Cx14h)

J— 4 J—
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S HN Bt DTSRRI A T00°CC B 10~
509 O % i L % i 2 = D% 550°C¢ 10min %%W
~15hEESE L, [FEBRIC X » THIVRIL & Co NI ng | 10min 30min 15h
o/

L7 (Exp. 5), #i8% Photo. 5 ITi&

T WHEMI AL/ d ORI Eih g
HEUTADH, LERNS EibRRED 0
KEWNS DR EIMTNTCB UL rOEE

TENNEL TN D, BNMCESLF TOER
HRZEL I NEFERRRCKIT 20OU0E S
% Table 6 R U1z, F— Bi B4 41

BT BRI D F T ORISR <
EELT B, fob21E g s 0.065mm Cik
30%, g.s. 0.025mm TiI55% Th b, ZILH

20

B, BRI L o THIEE D b DIEE -
TLBTHAH 2%, AIELBIBITIIBEHRID

30
GREMITHALETHD - LB LOFOREMN

Heslifs DTSRI CBRAFL TN B T &
DA ST B,

24 % =

Bl bk~ fe S B S, ST

40

OHIBMTH DML ZE, Sb, Bi, As %
100ppm LI TO#HPETCER & L & <&
AR BRI T #E AT L 400°C ~ 600°C

50

OREHFE TR LB HETHZ LWL A L o
oo BN A URBBORPIIIE LA CBEER Y
FTkRHT, Ao EHEREACA - TELTHWD D
EHREBT L EEROERIZERECSEN T HHER
S EILBEIC X TS L BT IR L TR LA
TLELBEELLND, T AN ORI T A
PVETHD L ECRRBOEBENSH X O CHELBNS,
WETMD > b Asik Cuic 2 ~ 3 BEEL, 0.1~0.6%
SUEATHLMTHALILIET, WIPRED As k&
BAERIT /Y - THREAALITIENGEAMBLLT
FRENTWADTH B, Sb{ Cuick <EHEL 200°C
Tk 2 %RREDEEEND D, BEEEL ED Shb 2413
SICiE, EERTIMITERSLT B, 0.6% BT T
RN BB L R ERE SN TH S50 1 - THE
HPE R X7 0.01%BED As, Sb ZARBHITM 5
EBLTWEWEEZTINAH,, —F Bl O Cu iy
HEBEEIED Th T TH HD, BAEBRER 850°C T
0.01~0.015% 2 E T, BEETL ESTEHITH LMES
NTWBD, fE o TEIICRE U TR FUE £ OB E 2L
K X 73 BIBEMED S B D1 0.002~0.004 BREEOHEEF
NTW5 BIThHEEZBLNB, LrbZIOBREDBIE
LR & ORIE, BUTEIEST S L5 mBERNL D,
30 ppm BEOTHMMHETOLRAOFET LB I TR
Th b, BT A It 5 CETHAMYE % #5 L
720

Photo. 5 Results of the bending tests of Cu-26ppm Bi

at room temperature. specimen : 700°C wQ.
-»C.R. (0~507)—550°Cx (10min~15h)

Table 6 Relation between grain size and elongation
to fracture in flattening and tensile tests.
Specimen

@ppm BD | | BIERBZ (- sseccxiun

1 Specimen |

‘ Flattening test Tensile test 1
| . *Elon- *2! Tensile |Elon-
Mark (%g')lThégig‘iss Radius, r gation,s| strength gation
(mm) (%) (kg/mm?) %)
i i
A | 0.065t 4.0 | 5 28 21.2 ‘ 35
B ‘ o.ozsl 2.5 i 1 55 23.6 55

*] The radius at which crack appeared in flattening test.

*#2 The elongation to fractured calculated from the following
equation.

£=(t/2R) X100
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BTN D O ER (A) i D) Lo
3D X DRSS T 5%,
A=243/D (D :cm)
Fe -z DA 1EFED Bl Thkh & LB E
EXNB Bl x(Wt%) WO ED X HTH B,
x=[(A[4r2pi) (mei|N) [ pcu) X102 (%)

7=l msi 1 Bl OFEFE (209)

rei : Bi OFEFLE (1.75X10-8cm)

N :  7EFFaf (6xX1023)

ocu : Cu DLHE (8.92)
T A B E A AN TEEY 5 &, i D (cm) 7t 2805
DafAy 1 EFBEO Bix(wt%) Tk 5 Ba0mMED
BE LRI

¥ X D=10-5

LB, ok 2k B 0.05mm DAL 20ppm,
0.025mm M4 1340ppm, L7 b ZOBEOBIETS
i R A BRI B I LD, KIEME DESRE,
0.0256~0.10mm BETHEMND, ZhiEgEh T\’ 30
ppm FRED Bl B C+HRAA B2 DI LI D,

BLEDFrEE Bl 2RCH - T 1 EFEE~EEAKT
B+ ppm Wi EEETLENAYRR XD T LAER
THLODTHY, SEOMIEESR L HEMBEBIOKA~DHA
BHGLHEO DT TELI B EXRTLDTH B, Lo
Ui R I O b o4 OBBAEFET5 L, Bl FJF
PEA L —RCRR D LHBLAH LD, BEDOHMERE
B HEERRFICERATHTI L T B &hy, B AW
i & LT e B FUE B2 LT 5 L %
ZAHDIEHELEZBND,

COX A EORE, FIMARE KE
LTwWahZE, bAHREEMCHHL et Dbel5
ZERB I UBBIRIOBMM T 2 BE L 35 Z & IO
BNTnb, SNBOBRE L D RENCHET S LFk
T OEERE T DS A AT B Bi BEO R HEN
L LTS EEARYEB L/,

3. B R OH R

3.1 =EFE

n # B

Bi #20~200ppm, P % 0.04%&HE T 5V > FilEEAA
EDLHIRUTHEHE LIz, B Cu, Cu-8% P iS4,
mAiE Bl #Hi@d @ ANSEERECEA ST & 10
EHNTKRERTEHEL, DWTEEE (180X 180X 30mm)
CHEAL, AR U, TeREABER LB -0
W THEBHEEZRKRTE oz BELKBEROMNTE, K
L ULRIC DR DBYLEEIT It o 7o B O 4Tl % Table 7
TR, Bl #SECGUEBTRERED Bl BRETO
HBARWRETL T WD, 2T Bl OFFTCLS5L0DE#E 2
BNbo

Table 7 Chemical compositions of specimens(wt%).

As cast After heat treated

o Cu } P Bl ) Cu 1 P ‘ Bi
1 99.95 0.025 0.0002 R 0.030 0.0002
2 99.93 0.034 0.0026 R 0.032 0.0025
3 99.92 0.041 0.0051 R 0.044 0.0044
4 99.91 0.048 0.0095 R 0.65) 0.0070

5 99 .85 0.040 OOI&;(T — — —_

Table 8 Preparation of test pieces.

Ingot (180x180x30mm)
cht forging : 950°C x 15h(26mmt)
Arﬁnealing : 950°Cx 6h water quenched
Coild rolling : 30%
;-—Soilution treatment : 85(°Cx1sh —> water quenched

Cold rolling : 1%, 36%, 60%, 90%
]

»Final annealing : 350°C~750°C
I

Vv
{Charpy inpact test

Tensile test
Ohservation of microstructure

BEEIRIT DN CRTEIYI U 7o B S AL A -5 B Y
TEMBEL T ol Z OB Bl % 200ppm &3k
O JFLEC I NS BN R T O TH EEREBR A, B
BRA OB A thibk Uls, DWW TBESE & BRAFEIE 2 1T/ 72
DH850°C THEM (FAALMIE) U, ZoHkE Ll
WA Mz, BB 350°C~T750°C CHEd Lz, BERE D&l
e % Table 8 xRd,

BESL AR & UC, SRS IERFEA, 30481
DOERHOEECIIEITHEFERK 2 m U 7c 2% AuE
BERBMOBILIEE DL Die, DX S LU TEELR
b, ¥y v —ERERE JIS4BV— v 7)), BIER
B (JIS 55) &EfL, WRCERETRV, HEiRn
TR ME Ui, BB OFRIN i DWW CRIFER R
Lo TEFED NI EEFER LR, B oEHT®s
FRIERREEMRT D L H LI,

(@) TEERE L 05 IIERR

HIRIE RS A SR 2F & & U CHERRE A
Wiz, BRI EXEE S 30kg-m D & v v~ HfEER
e Ay, BBROAXBOPER TIT /o, —HOES
ZOWTHE Bl OBlETH S 271°C Bz X AT 250°C~
350°C CElla Ui, B om#ciy, BRI e
B U Il ifEd AW Z O G 5 ~104 s < i)
DHLEBRLU: (BB 2 ~38), FBEaED
W, b AT OFRERN A HET 2 B TR
RBRAT ot BBEIIT7 &2 7 — 15 EES R4
Wiz, FEHE 30mm/min(1 9% /sec) BETH 5,
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(3) AHMEZE

MM LA BT DU AT s B A IEDOWT, K5
e, ETEEME, XA swT7>I49— (B P. M.
A) HRWCEL U TRFEEORTAEBE Uk, BER
FroERFEZETO L 5 Ch B, Bik 50, 100ppm &3¢
FUBHC DWW T NE & rRRTEESE A < D 3 LISk m T A
60% 705 X 5 c30p Ol & L, Zhic 550°Cx16h @
BRI A Ul ZHUTALSEREE GKEERR, R, s
FEEM2 B CERME (B8, =2/ v, 7=
R M DIRWE) ML, S Ui, BT EMEIITE
H HULL &% v hns®EE 100kY iR Ui,

Xp~A 727 F 74— L LAHBEIOXEDL L
Tl otz BEBE LT, 100, 200ppm Bi &6+ 5 404
B, SN0 %mENTT AL, 0% 550°C I L X
800°C CH#MAEE L Bi Lo (1.1305A) # FCEAH L7,
FHALEELER ARL-EMXT#ETGH Y, IEEE 30

140

120

Bi:95ppm

/

(Skg)

100 8i:free

80

Vickers hardness

24p [min OFEERE T 20004~5000p FEAHL, ~v v w
3 — 2 TEEE Uiz, 550°C BEstkHC1EAQ16(ERT, 800°C i
AU 8 PR DRI DWW THE LT 5,

32 RBRER

(1) HiELED) ©

A { 1 1 ]
N . . . e N 250 350 50 550 650 750
T EC0% SR DM A Fig. 1 it Lo ‘

BUB L 450°C TR LCis D MBI & LCIER T Bo e e fo 3o

(@) EEER Fig. 1 Recrystallization behavior of phosphorous deoxidized
(i) BEsilEE & Bi BEOMEG copper, Bi free and containing 95ppm Bi, cold rolled

I 0 9% O X OINTEE 60 % D3k 350°C ~ 60%.

Bi:free

Bi:free

*——eo o

Bi:26ppm

Impact strength (kg. m/cm?}

4l @ not ruptured

A partially ruptured

2 - o) ruptured . \ | . , \

1 1 1 1 | | 350 450 550 650 750 850
350 450 550 650 750 850

Annecling ¢ t (Cl
Annealing temperature (C) ing temperature {1

Fig. 2 Effect of annealing temperature on the impact strength of Cu-Bi alloys at room temperature (holding at
left : 850°Cx14h W.Q.—350°C~750°C x14h

each temperature for 30 min). Specimen : {right: 850°C x5h W.Q.»60% C.R. —»350°C~750°C 3 14h

o 7 I
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750° C CHEME USSR B & D REO R ba L Hh i,

kA Fig. 2 7R$, BEsiRIIE LI N 304 Th S, N 8sof it
TE 0 %DE4A CIEBiE. 5Slppm, 95ppm & ZWEUEIE
5 °
[ D 550°C~650°C st Lt i b ilitgiavs T 2 70] 1ds
T 5, —HITE%DEAICK Bl #&tealehd 450°C 2 (ol
~650°C DIGEA-CHENT B & EiCk » THRENZLCE & | (oritle]
FUNHER 24 U 5, BB OMIIBOKITA Photo. 6 © 508 2,
CrRd, 37 mARMEERORERE, Sl hvh B F ol e . . o :
TR > Tl LTz, Fig. 3 1013l EORBRGER A Bigt & 170 /44 71 52 enot pwred
L BEBIREDIC D\ C % & D IR 4 4 U BIR R A K1 P S o
ERAETRL T 5, Bl HOBEME & ST IEHREFEED A i
- . 60 80
_tlﬁﬁfﬁﬂirﬁzﬁﬁlﬁﬂofbéo C@ﬁ’fg%ﬁ“ﬂ) Cu 43@ Bi 0 % B?Smuth content {ppm}
A B (b 0% - TR TEE L Tne Bl 2SBEsiin EE Fig. 3 Relation between bismuth content and annealing
OETICRE - CIEgafc /i b B U EEA~RE L CHT %A temperature at which brittleness disappeared in
. ., A EE — — - Charpy impact test.
H L z & DLV o
LU, OBROBMMTICHL CEOMA REE ST Specimen : 850°Cx 15h W.Q.~60%C.R.—
DT EEL BN S, annealing
-Final
anneal 550°C x4-h 750C x+h
Bi
0 = =
26 = =
0% = =
51 = =
95 = =
0 = =
26 = =
60% = =
5] = =
95 = =

Photo. 6 Results of Charpy impact tests at room temperature.
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(i) AN L OB OB

WHIMTE%10%, 30%, 60% &7 % T b ILHERE O
LURF R (550°Cx30min) D& & CHE L7 %,

TERER % ds & 7 G T & R U 7o

fER A Fig. 4 Wid . P2 10O ML & » Cfg
EAEL IETL, BEBE2RLEEINTWE, DERT
AN 0 % & 30% OFREHT DT 550°C ¢ 1 £~500 &%
REBESE U MBS R D284 L B e, #4558 % Fig. 5 iR
9o TR BRGSO DWTC Bl A Lo L
2% Bl OBERIIRD B ofc. BT AT on
A 500 BERBEESI L CABREOE T AL N TH Y,
Bi 823 26ppm &7 b DWIF & A EETFT LTV,

20

(]
1

Impact strength (kg. m/cm?
=
T

@ not ruptured

A partially ruptured

o ruptured
sk Bi:95ppm
Bi:26ppm
0 i 2 1 i
0 10 30 40

Cold rolling reduction %)

Fig. 4 Effect of cold rolling reduction prior to final an-
nealing on the impact strength of Cu-Bi alloys at room

temperature.
Specimen : 850°Cx 1%4h W.Q. »10~60% C.R. — 550°C x
30min
181 —o— C.R.
free -~ C.R. 130%
16+
free -
N ]4 r
e Bi:26ppm
(9]
SAEVISE §
iF \\ * Bi. 51 ppm
> ()
é ]O I “\ \\\\~.
gé “‘\ .
P b
5 '\}\“‘ Br:51ppm
g_ 41 \:\'
= ’ Bi:95ppm
2r Bi:26ppm
o i 1 i 1 L L
[ 10 10° 10° 104

Annealing time at 550°C (min)

Fig. 5 Effect of annealing time and cold rolling reduction
on the impact -strength of Cu-Bi alloys at room

temperature.

Specimen : 850°C x 1h W.Q.— C.R. 0%, 30%—550°Cx

(1~30000) min

10°

—530% MR CIE 1 2y &\~ 5 fD TEIRA D BEghIT
$ o THBERZE L ETU WEME 2R Lz, Zhik
Photo. 7 1274 & 5 WHEHESBEIRICIE T U T 5,

CDE SR TrOGMMNTIE & »C Bl Ol RO
BELEHEINDZDTH Y, HRD THRECES TS S,

10% cold rolled

30% cold rolled

60% cold rolled

Photo. 7 Photomicrographs of Cu-95ppmBi specimens
fractured by Charpy impact test at room
temperature.

Specimen : 850°C x 4h W.Q.— 10~60% C.R.—~
550°C x Imin
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(8) FlaRmElER PEiXEE L TR Y, Bi 26ppm, RINTCE0% &N 7o
VAREABR10%, 60%, 90% DwmHmTang, Mk HECH Bl &AWL ORIEWEERL TWb, L
Tl AR 4 U A 550°C T304t L, SRR A 1T Ui oA BT 5 &, B &BTbie o Thifm
oz FiF% Fig. 6 Wit sHmITEINE <, BiarRL b, 2EILHDHE L7z & s
SR DAR XL DI, ¥z Bl BEOSVH Dz L5 lEM HEUBBR A A & DXL OWEEBIEL 7y 7D
X, HODYL 5T Do MTEDEA L &G IC RS FIE  FEERIT A T4 Lz, #58R% Photo. 8 iRy, Bl &%
Bi:free Bi. 26ppm - Bi:51ppm
50% C.R. 10% CR. | 60% CR. 10% C.R. | 60% CR.

Photo. 8 Photomicrographs of Cu

"

25% |

32%

46%

25 329 100x

-Bi alloys deformed in tension after
W.Q.—10%, C.R.—»550°C x 14h

annealing to be brittle longitudinal section).

Bi:free

Specimen : 850°C X 14h
25
50 |
Bi:free
Bi:26ppm
<
S a
=}
20 F o
°
Bi:51 ppm
30
15 L ! 1
10 60 90

Fig. 6 Changes in the tensile properties of Cu-Bi alloys at room temperature due to cold rolling

final annealing.

10

60

Cold rolling reduction (95)

30
=
=
T
2
[=4
= 2k
c
©
kY]
S
el
QL
o<
Bi:51 ppm
10
1 1 1 1
90 10 60 90
reduction before

Specimen : 850°C x %4h W.Q.—10~60% C.R.—550°C x 30min.
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ToBUEHL A BB 1 IR 7 < 15~20% &\ B TR R CRIA
7Ty 7 RELUBEELUENEE ST 5, Bz 16
HETCOEERE Bl &, HANECKEL TS,
4) iR ¥ "
EIRMERREEA Fig. 7 @Ry, BEHIBA L . *
1609 D KT T A I 2.550°C CHESE L 72 b D Th Bo Bisfree
B Bi ORI S A CHEEICD BB LT 2T
kY, Bl & 2M LTHRECETHRMTERIN2E
BB AMUR AL LY BT I 5Tl B, € or
) g B
Bi & LRI 5 & 5 7miliii Lre B He> = ) o not ruptured
bfﬁ%ﬂ%ki&%%ﬂ%%ﬁﬁbv%ﬁﬁ®%ﬁ% g o rptured
B USIEMINC & o CHUBO B AT ofes, MEAWE 5 of
HE bbb s ORBETE AL T, DECETHE &
WENT  AEEEE R A Photo. 9 id, HEGLT S L WL
5 T AR A fiE U 7n 3B C oo B b 2nnds B3 i A oIk Bi:26ppm
TR OFFADFNEE D 2378 <, HE2FB L% b DI
ﬁihéﬁmiw\kuw r Bi:51 ppm
> X EPM.A o8 % Photo. 10, 11 &4, Bi &t T
5% 100ppm LT OBEWHHENHEERS L5 75 Ml 0 RT 250 300 350
WUtz il s & OMEME A TR & D A A i LB & b, Test temperature (1)

Bi itk 2R — 7 130X N o Tre  — BT Fig. 7 g)hzzgsgte tiélmtg)lzer;g;f:ct strength of Cu-Bi alloys due
B NI A 22 U7z 200ppm Bi & H RGBT E Specimen : 850°C % 14h W.Q.—60% C.R. —550°C x 14h
550°C G L 7oA 1216 7 Br O i fobr b 4 1 RC
Biiw L ¥ €~ 7 MERE SN, /o2 0k %800°C D
SR CAUE LR COEMEYEIE S 158 7 #ThO
HHESRAIC DWW TERIERO b ofc, Bl itk 5
FE T — 7 DV & sz 200ppm & A EUBH R BT I TRk I
NEMNE A Ul 2 En SIS OREERTICHE - T
B Bl 22 L THTHL CWicZ &k, 3IFHENTH
%o EPMA Ciilaii Bl ¢~ 27308 2 Flic &
BLDTHDHEHEZ BNB, —F W0ppm LITD Bi %4
B9 HEMECIETE SRR O IR E T T DI
L2 B3 EPMA Glk+ 0B FUcB L T B B
M XN T, 202 &% Bi & 100ppm BUTF 054
WED LS AT, MLl Z - Ch Bl 2B 24
bfmﬂmmwa<5:&%@w:&&%ﬁbf%6,
& Bl RS 5L S - URFEILL T B Z
&%ﬁ#ﬁﬁ&ﬁm&%z%ﬂ%o
(6) RrFaTpEOmE X HlE
Sr SR 85 OB A BV FERHIC S0 5 EH BYC, - e SR M st
AU B L5 I, B A LB RENSDWT, 0
B L UORAOE S A HE L, AW mER: 15g, E
LA 200 TH o7z, % Fig. 8 IKiRd. £84&3 3
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Fig. 8 Bulk and grain-boundary hardness at room temperature for Cu-Bi alloys.
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Fig. 9 The equilibrium diagram of the copper-bismuth system. (M. Hansen : Constuitution of Binary Alloys (1958))
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On the Weldability of the Structural
Al-Zn-Mg Alloy Thick Plates

by Yoshihiko Sugiyama and Toshiyasu Fukui

A study has been made of the weldability of Al-Zn-Mg alloy thick plates for the

application in welded heavy structures.

Experiments were carried out on the appearance, penetration, mechanical properties,
structures and chemical compositions of welds in thick plates.

The results obtained were summarized as follows :

1) It was possible to weld Al-Zn-Mg alloys up to 35mm thick plates by high current
2-pass (each side one pass) MIG-welding, the weldability of Al-Zn-Mg alloys was inferior

to that of Al-Mg alloys, though.

2) The tensile strength and elongation of 2-pass welds were slightly reduced with the
increase of plate thickness, but their properties were satisfactory for practical use. The
tensile properties of multi-pass welds were inferior to those of 2-pass welds.

3) It was impossible to observe the effects of plate thickness, pass numbers and
welding procedures on the bending and Charpy impact properties with some exceptions.

4) Eutectic-melting and micro-fissuring were frequently observed in multi-pass MIG
welds. However, these phenomena were seldom observed in high current 2-pass MIG-welds

of thick plates.

5) The contents of alloying elements in penetration region of high current MIG-welds
differed from those of reinforcement, such that Zn contents in particular varied

remarkably.
6) In general,

Al-Zn-Mg alloy thick plates show the comparatively excellent

weldability, and it is more desirable to use the high current 2-pass MIG-welding than the
ordinary multi-pass MIG-welding for the practical applications.
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SK ZUEBEER (BEER : FRMK-700, HIfEE
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A) 25mm

B) 35mm

Photo. 1 Appearances of 2-pass welds in Al-4%Zn-2% Mg
alloy.
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B ENTW5 0T, BESBR L UHE BT GE
HORC L DEL BT 50, —RICZ OEFNLEE

Table 1 Chemical compositions of materials.

Chemical compositions (%)
Materials Remarks
Zn Mg Mn Zr Ag Cr Ti Cu Fe Si
Base 3.91 2.18 0.29 0.21 - <0.01 <0.01 0.03 0.17 0.08 Al4Zn2Mg
metal 5.02 1.98 0.0 0.19 0.15 <0.01 <0.01 0.02 0.18 0.06 Al5Zn2Mg
<0.01 5.02 0.10 - - 0.10 0.11 0.02 0.16 0.05 Al5Mg
Filler
Filler <0.01 4.65 0.65 — — 0.10 <0.01 0.04 0.15 0.06 Al4.5Mg0.7Mn
2.10 4.05 0.22 0.19 — <0.01 0.01 0.03 0.17 0.04 Al2ZndMg
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A) 25mm

Photo. 2 Cross-sections of 2-pass welds in
Al-4%Zn-29% Mg alloy.
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Photo. 3 Cross-sections of multi-pass (6pass)
welds in Al-b%Zn-2%Mg alloy.
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Fig. 1 Effect of thickness of plate on the tensile
properties of 2 pass welds made with Al-
46%Mg filler metal in Al-4%Zn-2%Mg
alloy.
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Fig. 2 Tensile properties of multi-pass welds made with
Al-Mg or Al-Mg-Zn filler metal in Al-5%Zn-
2% Mg alloy.
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Table 2 Bending properties of multi-pass welds in

thick plates of Al-Zn-Mg alloys.

. Bending properties
Base, E(%g; ! bNa;,L:r:SEf Face bend Side bend | K&
2.0t | 3.0t | 3.5t | 2.0t | 3.0t | 8.5¢
5 2 ) (@] O - — | — | MIG
Al4Zn2Mg 4 [} O O - - — | MIG
35 2 — - — [ O O |HCM
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4 L J @] O b - — | MIG
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Fig. 3 Effect of number of pass on Charpy impact values
of multi-pass welds in Al-5%Zn-2%Mg alloy (20mm
thickness).
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Fig. 4 Hardness distributions of 2 pass welds made

with Al-49%Mg-29%Zn filler metal in Al-5%Zn~
2% Mg alloy (20mm thickness).
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& Fn O B AEMC X 5 B AR O @R IR b SARNER
HHN, BEMNFIISESRE, B, @EgEk LU
FEBMEERRWC X XN B,

7ok, Fig 4 CIXMBE L Sbe o BETHESBR
SO BRI BT HIREED B NMT X D HEX 4% =L

e, TNHOEEIERDIETH S,
W.M. ; Weld Metal (##ELE)
S.S.Z. ; Solid Solution Zone ({0
P.R.Z. ; Partial Reversion Zone Gfi#3fiETHR)
0.A.Z. ; Over Aged Zone (EEsZhE)

N.H.A.Z. ; None Heat Affected Zone (JFHhgs &)

3-3 REROES D L CILSHER

TN =Y KaeOERERER MIG BT 2 B
THEE, BRMEIEE AR, BEREL HENRF
DI DBREIRE S 2375 D BEWDT, &5, Eih, Bl
BRI & OBRERGEIMMOBEERC L 52 BREM X b
BN DIN, XD OBEIRIC L 54 BRER Tk
SALPRAT RN LIZ LiZ3t Al (Eutectic-Mel-

ting) e hEl Micro-Fissuring) $FdHN D, &
SR D % @R TR b Ivic AR X O/ANEh O
HIE 7 % Photo. 4 3 ¢ Photo. 5 i@ # L FNiRT .

Photo. 4 % L ¢F Photo. 5 R34 E#EIE AlSZn2Mg
A B3O THBEE LI b D TH D, DL H kb
R 2t NEGUE LR O/ N XN D % B R B I %
DB, WEORESWNEICIIEROBERTHE VIR
D BN, PEEAEMSA R ¥ Bk, Photo. 4
¥ L O Photo. 5 @iRd & 5 i@ fhpliR o NEIL A SRR
THEREIND, ZNDHORMERT TIEE L T 5355,
B — FORBEL 2T, BEMKERL, -0y
TR ARSI OB A Z TR ENS D
ThBY, BlD Fig. 2 1R\ C & B CHgms ik
Xk X OO DETARD B, = OFEEE A
e/ NEN ORI S D & B b,

Table 3 W E#EE&BOLFHKDO—#%7RT, Table 3
1% AldZn2Mg 0 35mmi#i 4 5183 Ik T REH MIG 7%
T2EEEL-LDTH S, BESGBEOIFHBUIEM &
#inkt o Dilution &k »THEA 5T A58, Table 3 I
DEAB 2 & & S FE— R T b AL & R TII R
ot ARLTWS, Thbb, EALETHEEY
ZnE L5\, ST Zn 88307 D IEL L TWb,
Bl—¥ — YT, BRrR -8 fithbhtng

Inter-layer

380A, 24V, 60 cpm

Uik

'

400A, 25V, 50cpm

Photo. 4 Micro-structures of multi-pass(4 pass) welds with or without eutectic-melting in
Al-5%Zn-2%6Mg alloy (20mm thickness). x 100
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A) 20mm

B) 13mm

Photo. 5 Micro-structures of multi-pass(4 pass) welds with or without micro-fissuring in
Al-Zn-Mg alloy. (380A, 24V, 60cpm,) %100

DT, AL &SRB CHL 24 U % & & IR EERIA
BAN, ZIUTEMFECZn O Vapourization 232 0,
EREIER O FECHT Zn OMENRE L e EEbilD,
7r3s Table 3 Tl EBO HEEA HIASL # & R ERHIT
K UTehs, WRIALIES & S HRE R BER A8 5 ACH
e, HE LKA L ORLITEER G,

Bk Lok <, KERMIG i & geRl MIG gk
CIEARIIO K X X OEESEES N D ER Y, Tk
VI TR DR ICE L WD DD . —RRITEE
A ik Dendrite spacing (EEIR AL RIEREE
DUNE B MUEETH B0, AR NT S KEHR
MIG 78 (EREREE @ /) &R MIG va#: (GEE E
DK ARBOEESBICK T AR & 4RI
B X Sav AT FT7A4F - THEHELH, Fig. 5 B&
0 Fig. 6 it = & <, KEH MIG @80 5 3 B
MIG #iEifk v ool A R L Tnbde  THURETH
DOFAEHE LD EERES B LD TH S,

AR 35\ T Ik B ARG Dendrite spacing & #h

Welding current : 560 A
;31 0V
. 30 cpm

1204

Arc voltage )

Welding speed

[PR——

(PR DRIV I FRBEVEV R 3D IR s o T3, ZDR
EONTIEN L O OHAEL H DY, HEED b HlRCED
TWDLERTIE, 215 ORISR RAERIMEAFED BT
WA,

Al-Zn-MgZ &4 /EH oL OMREL R U S 58,
BB RO B ELIANG, EEMR O, TRl

Table 3 Chemical compositions of weld metal
in Al-Zn-Mg alloys.

“ | Chemical compositions (%)

| Materials | ‘ ‘ | Remarks

‘ Zn | Mg | Mn | Zr %‘

| Base metal | 3.9 | 22 | 02 | 02 | —

| Filler metal j — 1 4.6 | 0.65 ‘ — ‘ -

‘ I 23 ‘ 3.0 | — 2 0.13 i reinforcement
| Weld metal - ! \ ‘

| | 86 | 80 | — | 014 |penetration

reinforcement

Cross-section;

of welds penetration

Welding current -
Arc voltage
Welding speed :

|

|
o
I \u\

b PR st

7nKa and Zrle radiations

Intensity of MgKe,

Fig. 5 Distribution of additional elements in welds made

Fig. 6 Distribution of additional elements in welds made
with Al-4%Mg-2%7Zn filler metal in Al-5%Zn-
2% Mg alloy.

with Al-4%Mg-29%Zn filler metal
2% Mg alloy.

in Al-5%Zn-
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ERDNTH+HIRES T 20BN B D, SHBOEELH
FRED—D2 L Bb b,
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WA Al-Zn-Mg R4&&EROBENER X OBELO
MR DWT S, AL ABELRET RO T L
{TH5b,

1D Al-Zn-Mg %&4&0AEHR MIG BETILT — 73k
BELCRNRETH B, BELEOBERITE 5 Tidh
DRFEY~FEEBHZENRNTE, SmmEECARS IHE
BFEC L% 2 BRETCTHERETX 5,

2) KEH MIG W8T 2 BS54, WERRE
EEERR X, Mk L oMU oRE T35, 3mmE
ThH TR LELEENMEDNTE Y, 3kl hoE
BT MIG W8T X 2 & BEEH & 0 B8 B sE
BT3B,

3) BEHOMHFMERLy v v —HRETOWTIE, —,
ZORNEERNT, WE, BESE, BEBERC Y A
b B,

49  Al-Zn-MgR&&D % BEEHN T UIE UIE L&
LM NEINAERD BIN B DS, R TIR i R B
R\ FEKER MIG BT 2 BAEINTWDEA
i, BATOBREZUETHEEINTAEWED, = 0K

FE D7,

5 KEW MIG B CIIIAB LB O BALE & 45E
THMMCENTED BN D, FiCZnd & 5/ Vapourize L
BNE ST & OBERAE,

6) LlLE Al-Zn-Mg %A &EE O RSB L T,
I, ZOMEARBINTWAL L 5 Th B0, HER
OHREDHENIT I WTC, KEHR MIG O Fik- 4w
BETH D, BIFAEENLELTWS & EbIb,
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421~426
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Analysis of Ghost Lines in Pole Photographs

by Eiichi Hirosawa

In pole photographs taken by a texture camera, there sometimes appear ghosts judged
not to be true textures although their intensity is very weak.

The analysis shows that as in the case of streaks in transmission X-ray diffraction
patterns, ghost lines in pole photographs are due to white X-ray, that is to say, (220),
(311) and/or (511) planes mainly give rise to ghosts of themselves by diffraction using
white X-ray with the selected wave length suitable for diffraction respectively.

Therefore, it could be said that ghosts themselves are identical with the texture of

(220), (311) or (511) planes.

Although white X-rays are intended to be removed by Ni-filter in operating the
texture camera, it is impossible to monochromate X-rays completely. So ghosts appear

inevitably in pole photographs.

Nevertheless, they appear only when grain size is large as

in the case of extruded products and are seldom seen in rolled products, so there occurs

no trouble in the analysis of texture.

1. #&

WAy A 7RI DESEBOBITIT OWTiE, &I
AEBRCHE LB THLHMNY, FOBELNIHESE
BOMZEME (110 BEEECR T Q1D HoHE
B ORI LI 5H b ONREREE L U THEED T
b DTS BPRD BN, 20X 57 ghost X
FNOBEBRCLEAELEB D LD TS 508, FEHT
T LA EEDHNY, HHEOIE ERAORE S
DR T B 5, ghost line RS S HE 2 HR4
HETHEAER L o T ERICEIND Z EHELD
a0, ghost line I WWTEML, FOREEAL
PR LD TENS ORI OWTHET Do

il

2. Gost line O

ghost line DI AHH L LT Photo. 11 17S il
o (110 WA EEA, Photo. 2 AU < (200) #MAEAEE
FRT. ZNBHOEBEHEIWTNRE Cu Ka (Ni-Filtered)
T U7 b DT, R & 0 H 5 A 7 W T -
Tk Y, HHFERBEERFREEE SN TS,

AEH OESHAMIFE CEAKE LT MBIC L D 5k
D, FOE, BEE EBEETEhEN A1D+<T000,
7 ey A1D+#K00>, <211>{011}+110>{001} TR
INDH T ERELNCEINTND LD LA -C Photo.

*WrFEHES

1

1-a OGO S B R TE 111D 3 LU 00> MEHER %
B0 ELT, 2200 MOERE RSO
EREMEND D LB, BEOBE TR
BB S WL ONDREOGANED BN D, 2B
dovp % ghost line ¢ 0, MhOELEEH 3745 Photo.
1-b (hREEO (111 TEEHE) °Photo.2 @ (200) i
BETLRDOLND, hHBOMEAEE TSNS ghost
line (i CEOENESL YD, FOATHR <BHEY
L TERD, 87 v Q1D @iEiiko ghost line T3
B EMBEIND, IS 00> I D ghost
ELTROGME® ghost line 05N H1LTTH 503,

ATED <1002 MMEAMERAFE e b 100> Mk @ ghost
line 131k » & 0 L1XERD B ivin, Photo. 1-¢, 2-cid 3%
HEOESER T, WOEEESHEMEEUTH LA, 3+
i FE D & S 23N 7o ob ghost line 1EERD B ivins,

3. Ghost line DOE#HT

i

ghost line oA E LT, POEOBREERICR N
T ghost line AT EEMERLTWE I EnD, B
FREwix Ni Filter 21 il 528, Ke F/2idk@
B X X B i O S AN b NI O Tz
MmEFELBND, T TET K T X AHEEEMEAHEL
THBIE, FE» 27 OFE#ELE, BEEZCHAINLE
FX i Ke S0 X5 (111) F/2iZ (200) 7731 BHCA -
oMK A U v FERBD IR bns, K #ist ghost
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line EKREA B - Eid\. & »T ghost line {35
XM L Db hmOEaMe R o AR XN
%OTLT%LTH@ MBS EEZADEDZON, F
FeADED ETIEED LD infEdE CHEITINTA ST
CHOMEMBEMET B, HMEBEDEL A DLER
EBEELFLCHTANTHEDLZ LT 5,

Photo. 3a, 3b (34 AGE R L O RE O B EE R
BECTHD, 2Lk R m) WWEEER, AH
XL s CEEE C©h 5, BEOHBTHIL Q1D &
SOV (200) FAA B AR E L TCRDOBNAETT
BB, ZOBANEEPRNLHODLES D streak
EF A B EBEOERENARD LN D, THHERA
PN S HHERRC L AL DT, FAAL R EOME R
B4 a o &ick b Fig Licad 2 & <, Q11 it &
Q00> HMEHAIC X AL D TH B Z EM3bn D, A EH
TR INS 73 B DB EER R L7 4 v 2 D[E
B ONT, 7 40 n RIRESHE L TURINDDITT

HAHMN, BEBEAORELT HESLTORME D 74
BEZE SRV 9 PAFERHLTWALD, MHEEAICL S
ERE G T AA B EALRT D streak BHUFRA Y 5 b
ABoT T aA L FCHENDZ LD, HiBEETOD
streak I T WC, BHEBEXHRICES (220), (311)
HHE G1D) EORITFERTH D Z LATREND A,
HEBETHLINOEMEICL AESHBRTHLLNE D g
AR U e B,

Fig. 2, Fig. 3 13#ESE3H Photo. la, 2a #X/RL #
LDTHHH, I HEHINTWS ghost line O p (
Ml & oM ED) AEL, —FME KUD B LT
<100> D& %, :ﬂ%%%%mﬂbt(%@,@n)ﬁk
ENTEMMARIRL, FOBRARAE H L X T
Table 1, Table 2 k.mbf:o ZOfERIT X B & ghost

line RO RMAIE & A4k ShE D MEAERTIL & O HEAAI
WA BEICE NS ghost line [ ZHH
(31D) fEe ¥ OEIFFES T, (2200, (3

L <—#LTkD,
X L5 (220),

(a) Central zone

(b) Intermediate zone

(¢) Surface zone

Phote. 1 (111) Pole photographs of an extruded aluminum alloy rod.

(a) Central zone

(b) Intermediate zone

(¢c) Surface zone

Photo. 2 (200) Pole photographs of an extruded aluminum alloy rod.
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(a) Central zone (b) Intermediate zone
Photo. 3 X-ray diffraction pattern of extruded Al alloy rod showing streaks and intensity maxima due to fibre
structures.

11) Wirn ¥ OEAMAY (111 F 22tk (200) & BHE L
Wz b D TH DS ERABICE 577,

ok & DWED E @ X HAES
B ONE Bragg O FHWTEH T 5 &, (11D A
EEOEE (220), (311, G1D) #dhmca L CikFnE
n 0.94A, 0.80A, 051A EFECHUEXEMAERL TW
BT EDDDB,

Photo. 4 {% ghost O#DCHIMH B, T—EEMEE TR
L7cB&ELRO Q1D BEEETHHH, (111) BEoEn

CH% < O ghost BFEDH BN D, FHTOKRIE Fig. 41T
EALTHDL, (200, (2200, (311) Lok hBin
THEY, HiEHCRE 5 44ME % Lambert HE Lz
DIE - TCND T EDbnd, Bl DhD X5 T
ke ghost 23/ DIk - &Y EHNB, Ll

ED. Fig. 2 Sketch of (111) pole photograph of extruded
aluminum alloy rod, showing true (111) texture
(broad line) and ghost lines (broken line).

{200}
A\ : intensity maxima due to <111>> fibre texture

[J : intensity maxima due to <100> fibre texture
Fig. 3 Sketch of (200) pole photograph of extruded
aluminum alloy rod, showing true (200) trxture

Fig. 1 Analysis of intensity maxium on Debye rings. (broad line) and ghost lines (broken line).

_._3___
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Table 1 Analysis of ghost lines on (111) pole photograph.

Table 2 Analysis of ghost lines on (200) pole photograph.

Photo. 4 (111)Pole photograph of aluminum single crystal.

EREM O X H ISR NE /b & ghost 3z s A&
BB b,

4 1B B

S ERICEN S ghost line (3B BEITEECE LN
% streak LEU<A@GXHICEET % & O T, =
(220), (31D, (G11) 78 & OFERES TN FNBLRIEE
DOEBEXHEAYEATER L THN- 0T, ghostline B
HTh(220), (311), (511) 75 & O SHOEAM A

Calculation Calculation
Measure- Measure-
Streak No. agnent <100> l <111> Remarks Streak No. pl;nent <100> { <111z Remarks
‘ mk) | ee (kD | e KD | e° | kD | e°
1 14 ! 511 15.8 1 15~16 511 15.8
2 22 31 24.2 2 23 311 24.2
3 28 311 29.5 3 29 31 29.5
4 34 220 35.3 4 36 220 35.3
5 37 511 38.9 b 39 511 8.9
6 45.5 220 45.0 6 46 220 45.0
7 54 110 54.7 200 54.7 |Kg-ray 7 55 111 54.7 200 54.7 Kg-ray
511 56.3 511 56.3
8 70 3m 72.5 11t 70.5 Kg-ray 8 69 311 72.5 111 70.5
! 511 70.5 511 70.5
76~77 | 511 78.9 77~78 511 78.9 311 80.0
10 81~82 | 311 83.0 10 90 200 90.0 220 90.0 |Kg-ray
220 90.0

Fig. 4 Analysis of pole photograph of aluminum single
crystal.

LTWwbEdbWnrd, BED A7 LERBPOBKIE Ni
D7 4 VE—ERANTEEBXEC K aHEL TEW3
R, R SEeRITE L 7 ghost line 238 5%,
L U723 ghost line 233EERICHN 5 OIS o &
& AERRIR N & XTI B, B OELERN TIERD
BN TEAMB OB ORI DR,

Z i
1) ERE— 7-1(1966), 25

2) RR%— ek, 4-2(1963), 1
3) E. Hirosawa : J. Inst. Metals, 92(1963-64), 78
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M £
EREINEED streak DR

FHiEEREHE Photo. 3 OduLos BAHHDT\N 5 streak %
[T Bz, Zi b streak 47 4 & AET b A
HXBTEALECA 7 vAEE LRy Fig. A TR
T, streak WHT NTCHE A DO TA 7 v BEROA
QORI % T 57253, Photo. 3 A Bibnbd L 5T,
streak |ZAEFHRIEN ETIIEFEMNETH S, ZHEE
B OB, #HBENRY UER Uiclcd & Bb b, Fig.
A DA F vABE TR ETOYE Ll cRL 7, Fig

AW T streak Ol L MESICR - TR D,
ZOZENBWTRO streak dREHOIET b B
Bihe b o—EDHEE A% b - CHREHOM Y KERL T
WB T ENbnD, Tidbh streak (k3 A S Ak
HIOOE D CEIRT 5 & X1, HBEXBOBLAREELEA
TEFTHFRBN/A LD EHEIND, LoTAF vA
BEROZMI 111> 8 L O <1000 ikl & Uicio 4
R OB A R U s, Table A 1k Fig. A ofEE A3k
TRUTCSDTh Do /o2 L p il a3 5 4 S
DEXMHTH B,

Fig. A % k0t Table A {iRd™ = & < A4 fa i s iR O fL
ik streak OUF & AE—EL T B, 7o/ streak
No.1 3/ L3N TWB LR LB, ZhEAF va

FOME ST WS TIRROE A A~ TA L
DX VTHEREL AL B0 TH D, 7k streak No. 1
L ETOTFHE TR { To streak #Z0E AT S &

RaeL—HT %o
loci of {hkl] plane when fibre axis is <11i>
——= Loci of {hki} plane when fibre axis is 100>

Fig. A. Stereographic projection of streaks(on upper right
side) and loci of (hkl) planes when fibre axis is
[111) or (1003 (on upper right side).

Pl EOFTiERIT L 5 & streak 1 (220), (311)
(B11) 7n & OfEFE MO F b b CRiEd HBEA X
RO WS T B CEIF I CTHND 2 LAV l,f:ﬁn, %
L & OENTERNRZ M2 D ThiuE, Q200 & 5 Wik
(311) streak (% (220) & B\ & 311 F /oA B LA
LB WTRWERALETHETTH D, LrdZ
D75 B SRS 11D 35 X U8 100> Sl o5
BOREXBIC Y > TETIERL L& —HT 5T
Hho TNHEMRT DD (220) B AT (B11) 734
BEEN S L 5 Wiy Uiz B H 08 Photo. A, Photo. B <
5o

Fig. A )Xot Table A &) % & streak No. 1,2,7,
8,10 1% (311) @i, No. 8,5,11 1k (220) Hilc J: % ghost ¢
%%, Photo. A # fL7% & (220) ¥k (2200 Ke 734 BE
i streak No. 3,5,11 & OF SICHEFRTD BN D,

208y

(220)P:

20

Photo. A Streaks No. 3, 5 and 11 due to (220) planes make
intensity maxima on the cross points with (220)
diffraction ring.

Table A Analysis of streaks in X-ray diffraction pattern.

| Estimation
Measure- :
Streak No. gnent <100> t <111> Remarks
Kl | pe | hkh | p°
1 22 311 24.2
2 29 311 29-5
3 34.7 220 35.3
4 39 511 38.9
5 45 220 45.0
6 55 111 54.7 200 54.7 |Kg-ray
511 56.3
7 57.8 ’ 311 58.5
8 70 11 70.5 Kg-ray
511 70.5
9 78.7 511 78.9
10 82.5 311 80.0
11 90 200 90.0 220 90.0 |Kg-ray
220 90.0
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Photo. B ¢¥ (811) 7 /34 I8 -1z streak No.7,8,10 - ®
A ECERRTD BB, #72L streak No. 1, No. 2 %
(B11) F AT EZ D BRI DEREIE L,

COZERT Ty VA0 OF A B EOERE O
BO (FAABOMENDOAE) 77y /0 O
AR & 73 AE p DI BE RSN cosd=cosp/cos b
MRS L7n W, 3 7ndot Table A oOfEH B streak No. 1,
2 1T p<<0311(=3895°) &inBH b bbb,

Bl EofER D streak 1k (2200, (311) #dsmre &0
MmO E D I ERREEIC S 5 & &, REXEIC X »TH
FLTHEN= LD TH B Z LML SN/, Photo.C,
FEEENA T, <1000 & LT Al OB
TR, ASXHEEARICEEICAM L & B LN
HBBEIEE TH D, WIS i bl streak
NERBNS, @), BEELIb DA Photo. 3-a I
THZ LN EThHR,

Photo. B Streaks No. 7, 8 and 10 due to (311) planes make
intensity maxima on the cross points with (311)

diffraction ring.

(a) Rotating axis: <111>
Photo. C X-ray diffraction pattern of Al single crystal rotated around the axis perpludicular to incident
X-ray beam.

(b) Rotating axis: <(100>
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HPtge  RGd, AL BRERRBEE
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ks Al-Zn-Mg &4 ZK60 o##ikm

1) 2pasE L CHENEE

g1k M B M o b ¥ K D

i it =2 4 2 %)
= B
Zn * Mg | Zr | Fe 1 si Cu 1 Mn f Cr [ Ti Al
% ™ 1 5.0~6.5 | 0.5~1.0 <0.2 <0.35 <0.20 <0.10 <0.30 ‘ <0.20 ] <0.20 %
g2k WM Oo0m B H
I " VTR R S (R LAt B E R
(k/cm®) C) (G0~106°C) (IACS%) (C.G.S)
2.79 620~650 2.36x10-0 36.8 0.33
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o
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#ak ZK60E (27.8¢ x4.4t) DA, BHI,

& Al-Zn-Mg &4 ZK60 oiEME

FVIN TR A & BERR AR O PR

R R KA 2 RIS BN 2 BILETANE) 1097000 BEAE2 BT 209530
i 90°C % 3h—~140°C x 8h h->140° §0°C X 3hs 140°C
— *‘Mf}f“‘*imm wooow | smmms | o v | ® b | BiEHE W | smms | @
COYN @ e (kg/mm®)} (kg/mm?*)| (%) (kg/mm?)| (kg/mm?)| (%) (kg/mm?®)| (kg/mm®) (%)
20°C 7k 11 30.2 35.3 2 34.0 36.9 16 35.3 37.0 17
360 60°0 7 8 31.2 35.5 21 34.7 37.8 16 35.5 37.2 16
0°C
pARC o 5 31.6 36.0 21 34.2 37.3 16 34.8 36.5 16
2°C 7 27 31.7 36.4 21 34.0 37.0 17 35.1 36.9 17
410 60°C 7k 21 29.9 35.8 2% 34.7 37.5 16 35.9 37.6 17
0°C
N 5 32.7 37.0 22 33.7 37.1 18 35.7 37.3 17
20°C %k 27 33.0 37.9 2 35.4 38.4 17 35.9 7.8 16
460 60°C %k 26 32.7 37.6 21 34.5 38.2 17 36.7 38.4 16
T°T
e 6 33.0 37.8 21 35.0 38.3 16 35.9 37.8 1
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&M Al-Zn-Mg &4 ZK60 ORgMEE

3 BIRMEH, hick, HEE HBITFERAAFE

B4R 5l i S B
#® 1 7l 2 y B 7! # ﬁ -
; # sl )
' ” & NI R N IR I S D
(kg/mm?)| (kg/mm?)| (kg/mm?)| (%) (%) (kg/mm?)
T4 465°C x 1h 750 A B 33.8 45.9 52.0 9 12 7360
TR 2 B
0mme 7 TR T5 90~-100°C X 3~5h 33.1 36.7 56.3 8 55 7380
140~ 170°C X 4~8h
465°C X Thok#, 4 B
T 6 RN 43.8 47.1 61.4 15 33 7370
JPHIH AT . 50 B 2 6 43.1 - n - 7490
R T4 4B5°C x1h ke 8 s 28.2 204 - 16 ~ 7340
6mmt PR R TR s 2 B 29.6 343 _ 17 _ 7480
O - TS 90~100°C x3~5h 29'8 33.7 - 16 - 7320
A B 140~170°C % 4~8h
R T6 465°C x1h sk, 4 B 37.4 3.2 - 17 - 7260
IR 120°C x 481 265 3811 21 — 16 - 7400
EEER oy, WEME, HTERBRAANEE
s i = ¥ 3 v TR 180° P RABR P
# & ® A S R L E Y S ahZd WEFRE T Uix‘};rf:l i
> 3 FEE A
aosotsty | = kg | (B | v s 7 | Geem/emd | 7w 15
T 4 91 113 58 28 5.4 — _
20mme B K T5 90 104 54 28 8.7 — —
T 6 114 134 73 34 7.3 - -
T 4 4 107 59 % — EE0.50% | a0l
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T6 116 127 72 34 - Ero 2 | Eso 2
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(10-4.4)

& Al-Zn-Mg &4 ZK60 OFgMHE

HE % B K

gexR ¥ % W K

% O (kg/mm?) AV
ES » # b "W Rom K| Rmad - B Ry
1058 1008 107
T 4 2.9 18.3 16.1 0.35
TS5 10mme <~ stk |k & s 21.5 17.7 14.7 0.40
I T 6 23.7 18.9 15.8 0.34
(/1\ 53 ;,:) 20mme 1 B -
1700rpm T 4 13.7 8.2 4.9 0.11
3 %Ak
T 5 10mme=—s4t b | f1{150~ - 1.5 5.7 0.16
250cc/min)
T 6 15.9 10.6 5.4 0.11
T 4 19.9 16.3 15.4 0.36
T 5 R s 20.5 16.5 14.6 0.43
S T 6 2.3 17.3 16.1 0.37
(y(:)coyy_zﬂ) 6mmt  H# W
3500cpm T ¢ 17.3 1.2 12.2 0.28
T5 WO O E E K&k 19.0 14.0 12.0 0.35
T 6 19.3 14.9 12.7 0.29
(1) P9lh=14975 /5 R s
3 24
! 1] T T
30 EE Bl 29 A
~ iy 1700rpm \ T4 3500 cpm
5 MBS 5 X
£ 22 Sy —z Elg N
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=18 SRR 214
i e
R, N s K& R y /1
] ~ 115 = @
. ST :
10 i/ \/\ 12
T4 T
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(10-4.5)

Wi Al-Zn-Mg &4& ZK60 DgH'H

%7 % 20mm¢ 47111’:L'|454§@:-u IHL&'D\J[J ’&
4 % [ )i4 (kg/mm?)
ROBom R T4 | T5 T
©C) 105 100 107 \ 105 100 107 105 100 107
by 22.1 16.4 14.8 21.6 17.2 13.7 22.3 18.4 15.4
100 . 21.9 17.7 16.2 — 16.3 14.1 23.0 19.5 16.0
150 22.4 18.4 15.0 22.7 15.0 13.6 - 19.8 15.1
200 19.3 14.6 9.9 18.4 14.2 9.6 19.7 15.2 10.7
250 - 8.6 5.6 - 8.8 5.1 13.5 9.1 6.4
300 — 6.6 4.8 — 5.9 4.2 s 6.1 3.9
> | 2T T 111
28 T I gz | 28 EER N
24 \VZ\\ = ] 3000rpm i 3000rpm
. S ~100°C 24 A ,
& Ry SO & X
E 20 200C \\t i }50_@ E 2 200°C Vo Qx ‘]'OOFC”
~ T~ L, 5 sl N 150°C
< 14 I NN Siinge NI <14 L R
R 2507C I~ R RSN
12 < T 12 ST
£ ~L P © 250C g | et
8 i S e 3 300C 2 3
300°C) L~ 1] L ~11
4 MmN XY 4 ] B A
e Y
104 10° 10° 107 s 0
10 104 10° 10° 107 10®
#OOE | % T T
FEIR 20mmefHEETAR O &R s 1T % S-Nilhi F10E  20mmefMlFETSH OEIR I 5 S- Nl
32
T TIT 1
_ gl ’ e
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1 T = —
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4 \‘vv~\ v ® \l i
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(10-4.6)

gl Al-Zn-Mg &4 ZK60 DFEHE

FEex 20mme MFEOIREHHRED

R % L [ B (kg/mm?)
I WA TR T ¢ TS | T
(mm) &
oom | 100m | W07m wE | owm | wm | 0w 1007 107

(o) (€8] 22.9 18.3 16.1 21.5 17.7 14.7 23.7 18.9 15.8
1 1.9 16.5 12.8 10.7 13.4 10.3 8.1 16.7 13.9 12.2
0.5 2.4 16.6 13.9 11.2 11.6 8.8 7.2 16.5 13.7 10.6
0.25 3.2 16.9 13.2 11.1 s 7.6 5.4 18.7 12.8 11.6
0.125 4.1 16.9 14.4 11.6 12.2 7.9 5.4 19.6 11.8 10.1
0.06 5.8 17.2 15.4 11.6 11.9 8.8 5.9 - 12.4 10.1

(1) D=12mmé¢, d=10mm¢, t=1mm, o=1mmiT}HBERWAK, it 60°-VEIBHREIK.

#9% 20mme HHED UIRERH

YR O B i x ® # P
RIEDH, T %
TRHRE T4 Ts i T
(mm) ®s
1056 100 107m 105 100 107 | 105 100 ! 107m
(=) e 1 1 1 1 1 1 1 1 1
1 1.9 1.39 1.43 1.50 1.60 1.72 1.81 1.42 1.36 1.30
0.5 2.4 1.38 1.32 1.44 1.8 2.01 2.04 1.44 1.38 1.49
0.25 3.2 1.35 1.39 1.45 - 2.33 2.72 1.27 1.48 1.36
0.125 41 1.35 1.27 1.3 1.76 2.24 2.72 1.21 1.60 1.57
0.06 5.8 1.33 1.19 1.39 1.8 2.01 2.49 - 1.52 1.57
20 10
18 0.9 \
s 08—\ N
T \ x R T4
£ . \ o 0
ERUAI 07
<14 = \ ol ® 2 Té
e 1 \M
i < 06 \
© 12 T4 = \
=~ \\ & —to—t—0 = K
B S ° N
) T = 05 .
g T6
8 o 0.4 -]
6 \\ 5l e 0.3
e le—]
4 0.2
1 2 3 4 .5 6 1 2 3 4 5
ok ¥ oIk R
13 20mmeifH IR O TR #1450 20mmoITH EE D BRI

wwey P AERBEBLEMRNESH w0
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e Al-Zn-Mg &4 ZK60 oz

. 20 T T T
2 I T T T U H/RRE
22 i 1 ‘ [E iz | 18 f o B 7
g ‘ ax=1111700rpm
" oy ; 1700rpm ~16 ‘ S '
: i € ol
— Sap=1 £ il P *‘}z
& 18 N \ | Elli < Tt A
g N / N 4
§ ” \x\ ak=4.1 "ol ll|l| B 12 [~ - |- p b
g i 3 AN : FQ‘ il
I/ §§\\\ Y k=538
R4 \ ERA V 21"
ol TR~ ‘ !
i sax=1.79 i | A 8
=12 S i ¢
k=241 /]
Tl TR ¢
10 |- P @k=3 0 A
x- T i I 5 i i
8 AL | 4 - - : : vy
107 10° 10° 107 100 10t 10 10
#eok o % #eoK [
158 20mmeiifiET 4k 0S-Niifii 1650 20mmoeIMHiHETEH OS-Niffiis
24 9 , ,
Ry 2 T ; T
0 | it 20 0 : LS g
20 o ap=] 1700r;}3m }\ ‘ 3500cpm
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8 f L 6
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BT 20mmeiM#ET6 OS-N ki 18R TIGH BT OS-Nilhiki
BIOR BBk F om Y mE
- Bl % H sy (kg/mm?)
WO o {;ﬁ % o #oom I " B o & oo
(mm) B (kg/mm®) | (kg/mme) | (%) 10 10°% 10
H b 26.2 32.8 4 15.1 10.2 7.1
TIG 6 2 GZ40
7oL 24.6 32.8 3¢ 18.5 11.3 9.6

1 FESa (B,

(BFRI444E10 ) 0 ,sz REEE BT 24k S :J‘ : Ji :]




(10-4.8)

F1 tkg/mm?

It

i

T4

s AlZn-Mg #4: ZK60 Dk

5 E R &

E

do/de, X 10% kg/mm?

450 2 4 6 g8 0 2 4 6 g 0 — 2 4 g-e, FE#H 8
T T L=
] L
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40 \‘\_?\\U/dé\; 3/ ]
i o-e, FE & EN ~%,
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V¥H, e (%)
FE19  26mmofiHiEE D HfEs & 05 [ BRIEE
50
o W RS S I GRS {mo v mie
\V\V\ T \ tkg/ mm? | tkg/mm?) | kg/ mm?} %) kg/mm?
N \ fe | | 181 | 319 | - - | 7500
40 X 5 W | 247 | 334 | 456 | 10 7300
AN _
T5 \\ T5 B i 25.7 35.9 - — 7580
Q 8 v 5| B 25.2 35.5 38.8 18 7240
T4 0 :
30 =~ T6 K o#i | 334 | 450 | ~— - 7550
\\ 8 5l | 387 | 439 | 474 | 13 | 7220
20
A
b B it ]
T4 O L4 A v
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(10-4.9)

s Al-Zn-Mg &4 ZK60 oigikE

6) BELLPERICHITS5IREE

B113%E R X KRBT A8 RN ) 70
BB lw | simmea | oo 40
BoH R B Gey/mm®) | Rg/mm®) | 9)
< 50
E T6
—196¢0 33.6 53.3 120 13
S 40 \\A
— 75D 28.7 3.8 11w 2
= 15
IR 27.7 42.9 1204 " 30 \*\N\A\&\
, T4 w§§§‘\\
100¢2> 24.3 35.2 19 = 20 =R
T4 150¢2> 25.2 31.4 21 \\
200¢2 14.2 15.1 24 10 \\rg\\\ﬁ%___{l_
250> 7.1 8.2 42 0
30062 03 5.4 51¢0> —200 —100 0 100 200 300 400
350¢> 44 5.4 63 i M)
BNE OmmtifH O ERIY &) O ME
—~196 34.0 8.3 20
— 75w 30.2 38.4 16
TR 26.7 33.0 17
70
1002 2.8 27.4 18
T5 . \
150¢2> 24.0 26.4 21 60 s
200¢2) 14.2 15.1 27 ,% 50 P>
250¢2> 7.2 8.1 41 PR .\“‘\\\\\“a\\\‘\\~\4L\\‘
@ 8 . = ~
300 4 5.6 55 N \‘;:5\“\-:\:EFZ\\T:::§§Q
350¢2) 3.7 4.8 66 % 30 “-1»\_§;§§\
—196¢0) 46.6 58.2 19 =20 \
— 75 40.7 48.1 14 10 \
AR 35.7 42.4 16 0 \‘)“**?-——4;_
100¢> 81.7 3.2 16 —200  —100 0 100 200 300 400
T 6 o
150> 29.0 31.9 21 B
200 15.1 16.2 24 .
250(2) 6.9 7.9 8 22[:] Smmti L ’H)(m(mn 'IIJl @Iy\l%
300¢2> 5.1 7.0 57
350¢2) 3.5 4.4 —
(1) BERATTHE  25mm, 70
2 7 7 12.5mm, 60 /}‘{
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15kg)

Ewyh—2Adi2&

(mm)

g

fEM Al-Zn-Mg &4 ZK60 offiE
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180 . ; . . 4 180
— B 120°C X 24hE R L
160 TEES 4 AR SR B 160
------- A 2
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& Al-Zn-Mg &4 ZK60

Ot PEHE

F12k  AKFIETH TR
HisEE WoOR B4 o T~ BT atee i TR i;’!”:‘é
3 (mm) % R % rb(VI)I A) (cm/min) (mm) (I/min)
TIG 3 1 1 — 150~180 25~35 3.2 12
F W 6 X 2 — 230~270 20~30 4 14
MIG 6 Y# 2 19~20 240~260 60~90 1.6 22
) 8 YR 3 18~19 230~ 250 80~100 1.6 2
MIG 10 xm | 2 sl~24 | 330~380 | 60~ 1.6 28
ENEE) ; :
1) MI GHETRETR BRI RN B,
(2) YHBESEL, WIhbEo ) 2k ot
5133 ZK60 SEiikFos BEIEE
-~ . KB D SR
N3 %S = =
e im ue AR Vi il . ETIE A T .
oo U o - s inat Zy{ /j; 5;% ;g FEON yéglj{ /}] '(Jk }5 oo i =%
£, g/
mgﬁ) mm?) (%) mI%lZ) mm?2) (%)
. F 1 5356 25.9 38.4 12 21.8 32.8 8 B
TIG =) F 1 Z K4l 26.1 38.6 12 24.9 35.3 9 A
6 TS5 2 GZ40 26.1 32.9 7 24.6 32.8 6 —
6 T5 2 5356 23.1 32.8 7 20.9 32.0 9 —
MI Ggm)
8 TS5 3 5356 22.2 32.1 8 21.3 31.0 8 —
F 2 5356 25.8 38.3 12 922.9 33.7 10 Bl
MIG&ED 10
F 2 Z K4l 26.3 38.4 10 24.8 36.2 11 B
1) w17 A NSRS,
@) HE W TRBE L+ 5,
3) BIEERKB: JIS—5%,
HEI4E ZK60 44 BTy v = U A5G OEEMTOR | TEEE
) & B b D A
o s ) o -
MO A iatraed . wim | m gﬁl Blw o @ 3’7! Tl w o L
EE ! t
(kg/ (kg/ (kg/ (kg/
mr%ﬁ) mm?) (98) mr%ﬁ) mr%z) (%)
— MIG o
ZK60—2Z K41 ot 2 5356 23.1 33.0 9 21.2 32.2 10 HE(2)
7 K60—5083 v 2 5356 15.6 31.8 20 15.2 30.7 11 HE(2)
Z K60—Z K60 ” 2 5356 23.1 32.8 7 20.9 32.0 9 —
Z K41—Z K41 2 2 5356 23.2 33.4 9 21.3 32.6 10 —
5083—5083 v 2 5356 14.4 30.9 20 14.2 29.1 15 —
) wEn 1y AR,
(2) BAHSHIC & B IEEHRROWNITBEM L T 5,
(3) FHHPIE : 6mm, BIEERERK : JIS5%8,
15K ZK60 Aaiasiodhiy ik
o . e | P A
WoB o ?fn 7| RHE | S | R : W %
) 2.0t 1 2.5¢ ] 2.8t | 3.0t L 3.3t | 3.5¢
TS5 2 5356 X X A o) O o —
MI G
8 TS5 3 5356 X X A O (@) e} —
F 2 5356 b A Bl
MIG& R 10 O O o) @) BHi
F 2 Z K4l % X A e} o O B
Q) #EEs 1 » A BEERE,
@) fEEoHsE X, A BvNER, OrEihic L (BEP.
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2)

() I OBERRER

S Al-Zn-Mg &4 ZK60 o#i:E
W &

163

SFTIEH O AalBi 1 S8 DB 1R E

jic3

R

A TOHE KB

b o I ) 34

s - TOHy MR R M
e
e L CREONCRD N DR RN N B e NI I
(kg/mm?)| (kg/mm?) (%) (kg/mm?)| (kg/mm?) (%) (kg/mm?)| (kg/mm?) (%) (kg/mm?)| (kg/mm?) %>
P 29.7 43.9 10 29.6 43.7 11 29.8 43.5 11 30.9 45.1 1
T 4 30.8 41.8 7 29.3 41.1 8 30.0 43.3 10 30.8 45.1 18
T5 33.3 38.5 11 33.0 37.9 12 32.4 37.4 12 33.7 38.4 31
T 6 36.3 43 .4 12 35.6 43.3 14 35.4 43.2 13 35.7 43.3 15
1) 5.8%NaCl+0.3% H:0: Rixw (&E),
133 I
L
T
- -
K !
g Kk A I HE K
6 7 8 ; i
Im!nulxmimz ﬂfmnmhm i meJxﬁimi m;lnulun!
FES 1S HEaRRMNE
% i
) A , I I ME
my G AERBEB LT E/RRH o
= X R 1 A
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B H Al-Zn-Mg &4 ZK60 OzEHE

(2 x&EEAR (1EB) ‘RRIT5#]

guUE 3w A ik m & &
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