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The Approximate Equations Representing the Relations of
Stress and Strain, and Their Applications to Elastic-Plastic
Analyses on Some Aluminium Alloys

by Sazuku Nakamura

To the elastic-plastic analyses, we’ll be able to apply the approximate equations which
represent the stress-strain curves of metals, if we find them.

This paper deals with three equations, namely the exponential, logarithmic, and fractional
equation in order to represent approximately the relations of stress-strain on some alumin-
ium alloys, 5056-H14, 5083-O plates, and 6063-T5 shapes. And then, these equations were
applied to the analyses on elastic-plastic pure bendings and bucklings. The calculations
to approximate and to analyse are to be done by a computer, for example NEAC 2205 in

this study.

The accuracies of the approximations having obtained in this study are rather sufficient.
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Fig. 1 Comparison of curves representing approvimate
equations for stress-strain.
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Fig. 2 Flow chart of computation to obtain approximate
equations.
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1) 5056-Hi4 4%

¢=18.5+12.77{1—

 5=18.5+7.9012{939 (6 —0.002494) + 1}

20.03(£—10.002494)
0.002700— (¢ —0.002494)

e—581(e—0. 002494)}

=185+

Table 1. Mechanical properties of specimens, coefficients of approximate equations

and accuracies of approximations.

Proof stress, 0.2 km/mm?

Tensile strength, g5 kg/mm?
Elongation, ¢ %

Proportional limit strain, &,
Proportional limit stress, ¢, kg/mm?

Mechanical properties

Tension Compression
5056-H14 - 6063-T5 6063-T5
12 mm plate 15 mm plate |Rectangular tube|Plate with webs
29.5 17.1 20.4 18.9
36.7 32.3 22.6 21.2

14.5 18.5 17.0 13.0
0.002494 0.001430 0.001891 0.002146
18.5 10.7 13.4 14.6

Modulus of elasticity, E kg/mm? 7419 7482 7085 6802

Number of data, n 35 .26 35 36
Exponential Coefficient e ZE/akg/mm'l ng.?? —1l11€13'74 —82%-64 —133?11
approximate equation !

Deviation g (Emm 0. b4zt ‘ 0. 030915 0. Srtaz0 0056830

Number of data, » 35 25 35 35
Logarithmic Coefficient b:Ea/a kg/mm? 935.90 ) 223?.34 1474%.80 245%.78
approximate equation .

Deviation R B K Rty B 5to 635856

Number of data, = 35 26 35 36

Fractional : a kg/mm? 20.03 9.49 i 12.85 7.12
Coefficient b=a/E 0.002700 0.001267 0.001814 0.001046
approximate equation
s S (kg/mm?)? 3.15% 1.6818 6.5748 2.7306
Deviation S/n 0.090074 0.064685 0.076017

0.18785
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Fig. 4 Experimental tension stress versus strain results
and plots of three approximate equations for
5056-H14 plate.

Fig. 6 Experimental compression stess-strain results,
plots of approximate equations of 6063-T5 shape
(rectangular tube) and its stress-tangent modulus
obtained graphically from experimental stress-
strain results.
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Fig. 7 Experimental compression stress-strain results,

plots of approximate equations of 6063-T5 shape
(floor plate with webs) and its stress-tangent
modulus curve obtained graphically from ex-
perimental stress-strain results.
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Fig. 9 Experimental bending moment-displacement re-
sults and these relations calculated by approxi-
mate equations of 5083-0O beams.
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The Structure and Properties of Aluminium
Bronzes containing Nickel

by Shiro Sato and Yasuo Fukuda

The investigation has been made on the effect of composition and heat treatment on
some characteristics of aluminium bronzes containing nickel (JIS H 3208 ABP 4). The
tensile tests, the metallographic inspections and the corrosion tests on dealuminification
have been made on hot rolled and variously heat treated specimens. The following results
were obtained.

(1) The addition of Ni (Ni : 5.5%) to Cu-Al alloy extends @ plus x (NiAl) phase field.

(2) In high nickel aluminium bronzes, the decomposition of 8 to a plus x occurs by heat
treatment at 700°C, dispersing x particles in e matrix.

The transformation of high nickel aluminium bronze (JIS H 3208 ABP 4) is as follows.
Cu-9.59%Al1-5.5%Ni-2.5%Fe-19%Mn alloys : L2L+ (B—x)Z(B—r)Za+(B—k) Za+k

The finely dispersed x particles in @ matrix cause the increase in strength, especially
in the proof stress.

Susceptibility to dealuminification corrosion of aluminium bronzes is dependent on the
structure.

High nickel aluminium bronzes of a--x phase are more resistant to dealuminification

6
€y
%)

®

corrosion than those of a+ A3 phase.
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Table 1 Chemical composition of specimens used.
Nominal, % By chemical analyses, %
Type Mark
Cu Al Ni Fe Cu Al Ni Fe
A R 5.0 — — R 4.99 — —
Cu-Al Alloy (R (4.90)
B R 7.0 — — R 7.04 — —
(R) (6.81)
c R 10.0 — — R 10.02 — —
(R) (9.68)
D R 11.8 — — R 11.81 — —
(R) (11.41)
< E R 7.0 1.3 3.5 R 6.99 1.29 3.25
IS F R 9.0 1.3 3.5 ® (S'S? G @3
ABP 1 : : ) (R) (8.69) 1.3D (8.83)
G R 10.0 1.3 3.5 R 10.02 1.33 3.13
(R) (9.77) 0.97) (8.44)
H R 8.0 5.5 2.5 R 7.99 5.53 2.53
JIS H 3208 R®) (7.95) (54T (2.32)
ABP 4 I R 9.5 5.5 2.5 R 9.49 5.60 2.51
(R) (9.66) (5.50) (2.40)
] R 11.0 5.5 2.5 R 1.08 .01 .
(R) (10.99) (5.55) (2.43
IS H 5208 K R 10.0 5.0 5.0 R i 10.08 t 4.99 4.94
( ) : Chemical analyses of 5mm and 10mm thick specimens.
fods, EA7 I =y AFHEIIL0.5~2.0 %D Mnhg 200
s = - e g - [P — — b0 ——
MERT VB, RO Mn OFMEERERRE L T, ———0 0 ———]
BRERELCEDE, o MEBAHDELOTHECLY | 2 127 e
ME S ENT S, D&, fz& z1EMn: 1.0% Tl R=20 500
= T - 7 B e - ; e 60
FOEME AT AEE IR WL rLiiFHhb, ——T—_\W
EREERT SO AR ORI £ O BETHRME LT JHKJHM Thickness: 10mm
R=20 -

BHDOT, FERCE TR Mn 0P850 C Ni opE
BB A7 Mn OBk Z it ol
3. R B F &

341 BEPLUBEENEE

b 900°C winst UBME 4 & 2 7x - C 1.2mm,
5.0mm 5 J 00 10.0mm B S DFH & Uiz,

I B0 LD REEBORBRR ks X O5EEEBR A

(Fig .1) %#HE L, Table 2 jo/x7 & 5 7l 4 OFYLE
i RO AN

AR RO SBIIHERE X UL E 2 SORAH
(H50 : conc HCl1 : FeClz=100cc : 6cc : 19g) % Fiv 7=,

32 BPLIZULBERR

SHEARE & LT Yo mol CuSO,4-+1%mol CHy COONa+24
molKCl+24molCHsCOOH DB AEE A iz, & D
Wik pH 3.3 OFEHB EK TH 5,

HEFE 1.2mm F X0 L b $E L7z 100mm X< 20
mm® b0 T, #B0H (Table2) #, %z 2y —#KFT

mm

Fig. 1 Specimens used for tensile test.

WHEE L, WilEsEE 4 b Zin WR BRI Bt U 7e, 3R 400cc
R YT AN, FORCEBRR & —HIORE L,
B 240hr, HIRX 40°C & Uiz,

PEEHEBRE RO Cu s L0 Al AR oI X DK
W, ZhEHVEBRACEE L CugeHiL, che
Bi7nvi=v nlBEEE L, )

Tinbb, B7v3 =y s X mg) kAL bk
Diz,

X = (AAT) x ECuI_

CADY
2 ZC (AAD iR~ Lics Al & (mg)
(ACw) : b4 Cu BOZE(LE (mg, Bino
&R, BAOE &),
(Cul, (A} FhFheasikitsd Cu KLV
Al oFEE A ~2 ¥ |,
Fiz, BRAMHEHOBEMUGBEC I VT v 3
X EHlE L,

(ACuw)

AN

Table 2 Condition of heat treatment of specimens.

Condition of heat treatment

8 Phase

R g
—_—
\Phase \
Alloy

a+p Phase

a+x Phase -+ Phase

e —
Cu-Al Alloy - 900(800)°Cx1hr W.Q. — 900°Cx1hr W.Q.—
550°C x4~10hr W.Q.
JIS H 3208 1000°Cx1hr W.Q. 900(800)°Cx1hr W.Q. —_ 900°C < 1hr W.Q.—
ABP 1 550°Cx4~10hr W.Q.
JAISPH43208 1000°Cx1hr W.Q. 900(800)°Cx1hr W.Q. 700°Cx1hr W.Q. —
)I—XI]gPHSwOB 1000°Cx1hr W.Q. 900°Cx1hr W.Q. 700°Cx1hr W.Q. —
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550°C CHER LAWE 4 koA o Lick b B—a+d (01
ve & h\WbiLB) M AMMIERA 4L, Photo. 1) ik
TR AR L Tw 5,

4-1-2 EHE:

JISH 8208 icig M+ alk 7 viz=y » HEK 1 &
ABP1, f4% ABP 4 kX 0'F 55 ABP 5 ik~
Cu-Al 241z Ni 7N EH 0.5~2.09%, 4.0~7.0%% L
V' 8.5~6.0%, 75U Fe #FhFn 2.0~4.0%, 15~
3.5%% LU 35~65% M LIc&&TH B,

INSTMAER C R JUET FBEOWTH D E, Ni
oML Fig. 2(b) $ L O° Fig. 2(c) 12”3 Cu-Al-Ni &4 e e e Yy
KA B b B 5 5570 & 5 1kl (NAD % BT H X 472 2555 C ci10a “’ %100
QR A h KT B0~

iR LT, dmEh-EEEREL o Fe i Fig. 2
Ry & Hie d-Fe & UCTHAT 7 e flks LT B
T A RIS IR D 2 S WHARWE D EE L BB,
DL B IREERA & i LTEUT JIS H 32081z 344
Ha40 Al ik L OB L AR LT DT
%o

(1) ABP1

fak oo KM% Photo. 2 Wik, Al BOD m\&é

(==7E) I NORE CENHEA R T -Th B
N9, Photo. 2() 0L 51T a fiFiik Fe & =k At :
EFBHE B BN BRI LI A TR 2 TN & ‘oltre s B Wa.
Fe # =tk & 3 51, a Fe(dFe) &4+ 5 TH 503, e - ;
Z0 Al §6 & 08 Cu OREERIL L < bh i,

Al BEo% a4 (w—7F, G) 12800°C & % ik
900°C TELI A R 27 H T L D a+ B MMM A R,
Photo. 2(h)©) i+ Al EDO% &40 a+BHMAKTH D,
Fn e i, 2ok BHTHS, Fi, kiRiCo#L
TABHOWERIRD Fe #2kET2TH B LA BND,
Photo. 2(d) 1t a+ B FEAARE O & O % 550°C s\ THER
L4k 27 - mB A G SN AHBERLLDTH
%, ABP 132 Fe %4 BicaBE+50 Ni2&{&FL

, wy e
7\ Fe (Al A it L, Fe 23 &4 2 HMAEE D: 118 Al w %100
F5H, B XS @ O 73 =y A IR K @ G0 b W%.
XA B S s Ui C (N d510 5 fEG T Photo. 1 Microstructures of Cu-Al binary alloys with
= ° = i e various heat treatment.
Mn OFETEREBHIEVER &4 » T3 & LT Photo. 2(b)(c) Thickness of specimens : 1.2 mm
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Fig. 2 The equilibrium diagrams of Cu-Al binary alloy, Cu-AI-Ni alloy and Cu-Al-Fe alloy.
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Y
E : 7 Al-1.3Ni-3.5Fe
(a) 900°Cx1 hr W.Q.

. 9A1-1.3Ni-3.5Fe %100
(b) 900°Cx1 hr W.Q :

G : 10AI-L3Ni-35Fe  x100
(c) 800°Cx1 hrg W.Q.

F : 9AI1-1.3Ni-3.5Fe > 400
(d) 900°Cx1 hr W.Q.
500°Cx10 hr W.Q.

Photo. 2 Microstructures of aluminium bronzes (JIS
H 3208 ABP 1) with various heat treatment.
Thickness of specimens : 1.2mm

CRTE S e+ BHIEDAS LDOTH BLAhbi, Al
EEROEL WS =y r V7NV =Y LERLGRANIT
BB L TWE LD EEZBND.

(2) ABP4 kL0 ABPS

A A3 H % Photo. 3 % L ¢f Photo. 4 (z7%37,900°C

Wad (v~ 27 H) Tk B (BEILFig2a b nhe
ok B B—ik) Abrn<d, B AHE o MR
Wieo b ThbND, Al BAENT 545D B
NRBBNB LA, AlEIY 0&se (v—7]) &
B WA RT., 084, B MBS Iy
F v 4 F &7 T, Photo. 3(a)(c)ks L O Photo. 4(h)
13 e+ B A A R LIcLDTH Y, BB a i, £0
fibix B FITH B, 700°C CEYLE A ¥ & 7 o FoBE I,
WEFNOA4E L a HOBBREZEZ & b ok (NIAD
O a fihAOFH, 7B B FO atr DS H
1z X »C Photo. 3()(@) @/Rd L 57 atr MRS &
70)4>,ﬁ)~8)0

Bl #EZLk L Of Cu-Al-Ni A4S IEN»Red 5 &,
Ni #%<aBET 57 VI =y s FROMEITAEOX
DL D EEZL BN,

& ALQIc L2L+aZa+(B—Kx) Zatk

= Al ity L2L+(B—rZ B~k Za+

(B—r)Za-+k

4-2 BHHOMEE

1.2mm % L0 5 mm EXORRRICOWT, LI
& &7 5 BRI E D AL DRI A REIEF N E R Fig. 3
~5 %L Fig. 6~8 LA TH B, Fiz, Table 3 {&{F
PR\ FLERME BB L5 T B A s S 7n 572 10
mm/E X ORI T B AR B O R 2 R L
72 DTH D,

4-2-1 Cu-Al =T&%

Table 3 &L, a Bi&4 TlEEL ALEIELT
LERIMEE O B(LIES E DR TRV, Xbic Al &3t
MLUTBMAENS &, FEERY B LOMWIEELL ML
F 5 MREIE AR B, FATHBOD &41% 550°CT
BRLUAE 2B 2w, VT 44 B% atd DE
PRFEHTHARIC B e X ¢ B &, Fig. 5 $ Lot Fig. 8 wit
X 5By, A LT A& bd T/hEL
A

4-2:2 ERESE

(1) ABP1

KEeOEABOMBIEEL LT o, BMEML DRSS
DEFE 2 BB, TIVSEWRIIEIET 4.1 TR~ L
A tbigiy Al D%\ &4 % 800°C & 5\ ~3900°C TH
MR B LItk b Bz, 0540 BMEHERE
Table 3 s L% Fig. 4,578 Kkt L 5 It, @7 500
RO R i 2 1o i S b O TH B L BRI D
N5,
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H : 8A1-5.5Ni-2.5Fe
(a) 900°Cx1 hr W.Q.

53

T
&Y

GRS
5.5Ni-2.5Fe
(b) 700°Cx1 hr W.Q.

w28 1 &4 6
I: 9.5A1-5.5Ni-2.5Fe > 100
(c) 900°Cx1 hr W.Q.

I:
(d) 700°C x 1 hr W.Q.

Phote. 3 Microstructures of aluminium bronzes (JIS H
3208 ABP 4) with various heat treatment.
Thickness of specimens : 1.2mm

K : 10A1-5Ni-5Fe %100
(2) 1,000°Cx1 hr W.Q.

o
K : 10A1-56Ni-5Fe %100
(b) 900°Cx1 hr W.Q.
Photo. 4 Microstructures of aluminium bronzes (JIS
H 3208 ABP 5) with various heat treatment.
Thickness of specimens : 1.2mm
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Fig. 3 Effect of composition and heat treatment on
mechanical properties of aluminjum bronzes.
Al : 7~8%, Thickness of specimens : 1.2mm
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Fig. 4 Effect of composition and heat treatment on
mechanical properties of aluminium bronzes.
Al : 9~95% Thickness of specimens : 1.2mm
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Fig. 5 Effect of composition and heat treatment on

mechanical properties of aluminium bronzes.

Al : 10~11.8%s Thickness of specimens : 1.2mm

@©
(@]
T

~N
()
T

Tensile strength

o

W B w o
(=] (o] (=] O
T T T T
\ \
S
R
X
=
o
o
\e
\o
g
o
X
\

Tensile strength, Yield strength (0.2%), kg/mm?

N
o
A

VA

L]

Elongation

1000 900 800 700 00 500
Heat treatment temperature, ‘C X 1hr
Fig 6 Effect of composition and heat treatment on

mechanical properties of aluminium bronzes.
Al : 7T~8% Thickness of specimens : bmm
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Fig. 7 Effect of composition and heat treatment on
mechanical properties of aluminium bronzes.
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Fig. 8 Effect of composition and heat treatment on
mechanical properties of aluminium bronzes.
Al : 10~11.8%  Thickness of specimens : bmm.

2) ABP4 30" ABP 5

700°C I TELE A B 27 5 &, SIEMRY, i,
WL E L ALY %, & TRIOEAKRE <,
FOESL ZbDTE N, ZHUE B D e+ fBI~DHE,
FLO kO @ FHRA~D I L »C, EEOBEELR
B K FIZ & B OBGRE A ENe o LR LB D ERD
B,

Ni 2% < &te7 v 3=y NER, & 2XABP4Ts
W, BIET 41 R \WCHER L7s & 5 BT & DA
B et il & D, AlEOMRDBWEZ AFT
B HIDBENRIT BB EMbhrot, AR cFf
DFFTHIC L o> TEWIRE, T <NEMIRELNS

ZEMbhote, IHBDZ LRAE T VI =Y AFHO
ABEB=y TN =Y AEIICORERD BNAKET
bhEnidH,

4-3 BTN LBERER

Table 4 318 2« OB/ AR b A7 v I =y
AEFHOW T VI =7 AEBAFRERE R LD TH B,
7z, Table 5 1% 3 %NaCl b i k) % WiE Al
F RO 73 =y 1 BAERME AR L DTS
Bo ZOBEIIAEEOIEVEMAE (—0.04V) O E
DRKE Z D BR—ESI T HFOERME 25 Wb D
THH, M7=y 2 BEEE LSBT 2 &R
XN TBI,

Table 4 s 10 Table5 %4 >iT, H/EELD MRS
T3 = AMERCHT HIHEMOBER A ZIEDOXED X
AlnZ LMD,

¥4, 2TWESCFWTUT e BAas (=~7B) o
Bt7 v i =y MEERENEEBIEY L, BHOA&ER L
Ca+d HDEE, sk atd Mlodd, OB7VI=
Y AERENRS N,

ABP 1 i\~ Tk Table 4 iwixd X 51w Al &F 8
Ve, BHa&ERWwEE (v~ 27E) Oft7vizy
LEHEBEIVIE L, at+BHERE B HOEEDI 7 v 3
=v nBAaE, LK BHOes~Y—7GOEAENK
THbHo

ABP 4 iz ks \~Tik, Table 4 wir L7k i 900°C 4
Atk b B HIERE X8A40 5 b, Pheto. 3(1) T
Btz X H ChED B MBI 4HLTHD G~ — 7

D, & BHOAELEETHD, LnL, BIHLHE
FERT a+ FIEERC /25 & 51 T00°CXThr CHEFIL
7o ABP 4 ~—7H, I, JiwFhti7rrvi=yv s
WEEIHEDTHL, 2THALD a BIHEE&EWE
BRLTWA, ZDZ Lk ABP4 Itk WTCOLFBETSH
5 BilA atr MliCd HEIE, fo& 21E 700°CX1hr ©
BEgiz L v ABP 4 o7 v 3 = v A AT S A
MARMCEEEIND Z EERLT WD,

Table 3 Mechanical properties of aluminium bronzes with various heat treatment.

Mechanical properties
Type Mark Heat treatment Structure A SR
Tens}:{lg/rsntr;%ngth, 0.2% }I;g}iln;tzrength, Elongation, %
Cu-Al Alloy A 900°Cx1hr W.Q. @ 37.5 7.8 92
B 900°Cx 1hr W.Q. @ 32.8 5.3 92
(e} 800°Cx1hr W.Q. at+pB 57.9 28.2 7
D 900°Cx lhr W.Q. B 41.6 23.0 1*
JIS H 3208 E 900°Cx1hr W.Q. a+5-Fe 54.9 21.9 60
ABP 1 F 900°C x1hr W.Q. a+B 67.3 21.5 37
G 800°Cx1hr W.Q. B 71.5 28.6 9*
JIS H 3208 H 700°Cx1hr W.Q. atx 73.6 46.9 12
ABP 4 1 700°Cx1lhr W.Q. atx 75.7 46.6 17
J 700°Cx1Thr W.Q. B4k 84.2 36.8 9

Thickness of specimens :

10mm

*Broken at outside of gage length.
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Table 4 Dealuminification corrosion of aluminium bronzes with various heat treatment by

immersion in CuSQO,-CH,COONa-KC1-CH,;COOH solution.

P : Thickness of Effect on
Dealuminification P . H
Alloy Mark Al % Structure : dealuminification tensile strength
7 corrosion X, mg corrosion layer, mm (loss in %)

Cu-Al Alloy B 7 a 0.06 0.00 13.1
900°Cx1hr W.Q. ¢ 10 B* 3.19 0.26 48.9

D 11.8 B** 1.49 0.08 9.2
Cu-Al Alloy
900°C x Thr W.Q. D 11.8 a+d 5.58 0.36 74.1
550°C x 10hr W.Q.
JIS H 3208 ABP 1 E 7 a+5-Fe 0.09 0.00 21.1
900°Cx1hr W.Q. F 9 at8 0.42 0.04 27.3

G 10 B* 4.49 0.27 34.6
JIS H 3208 ABP 4 H 8 a8 0.00 0.00 9.4
900°Cx1nr W.Q. I 9.5 at8 0.24 0.03 13.9

J 11 B** 6.65 0.39 35.0
Tt K 10 a+B L1 0.08 16.1
JISo H 3208 ABP 4 H 8 atk 0.04 0.00 6.1
700°Cx1hr WQ. 1 9.5 atr 0.04 0.00 9.1

J 11 atx 0.03 0.00 9.6

g* : Decomposed 8

A** : Martensite 8

Table 5 Dealuminification corrosion

current of aluminium bronzes with various heat treatment.

Type Mark Heat treatment Structure Eff}gxfgi“fg}zag‘
B 900°Cx1hr W.Q. « 0.2
D B 1.5
Cu-Al Alloy

b 900°Cx thr W.Q.
—550°C x4hr W.Q. at+d 2.8
JIS H 3208 ABP 1 F 900°Cx1hr W.Q. a+p 1.1
JIS H 3208 ABP 4 | I 700°Cx Thr W.Q. atn 0.5

— R TR =Y AERCRT BT Y = AEAMN MEHTHH EEZBND,
S HABL AR WTRS FZICET D 2 L1, RRR 5. @ §E
. piTRY

HRCBEAZ E7mL, BOBNTNEI LTHBHII,
LA L SR ShTnwsd 7=y 25l &zl
ABP 11 B MO ERENM B E UL S Kl
B L OBUHEOME DEEARENTWBEDT, § fHiX
FHELEVWLDERLEND, LT, HEREANT
LU TWAR7 VI =y AEEOMEL O MOME L 1%
Z B,

R ORI L, a+B IV EBTVIZY
LEH IR\ WT BAHEIRM et 7 v 3 =9 & IBERE
LT, BELBWTELLR 7V =y LEAEDM
Hix B a0 ASI kT 5 B HOBEA OMBET
BB LBEIND, ok 21, BIrHEBEERCEWT, k7
M E =y LERIIAERNEAOBAEENREENAE T
b U LIS L8 & OBIBRICZ 5 Thvin D KE Il BT
BATHEELRL D, CHANEXREMEZOCZELTNS
L5 THB, ‘

ZOL S BENSD, RERERCL LD, W73
= NERI L BEEA T B0k B ke e,
7 2 E ABP 1, OfFHIEL T, et L D/iB=Y
k& ty T vi=v AEH, ok x2E ABPY4, O

B EORBERABETIVMEDED I L ThH D,

1) Niomm (o & 2 5.5%) 1t a+r(NIAD FEFEE
A E BT, T00°C o X b &HI B
FoR O MHEHEEE e FixET R, COZ Lk Nixs
CEHELRWT VI =y AFRERERNCRR D, H=v
a7 =y a8 (JIS H 3208 ABP 4 #1124 0%
{LIEoED T L Th b, Cu-95% Al-559%Ni-2.5%Fe-
1% Mn 44 : L2L+(B—0) 2B~ Za+(B—Kk) Za+
K

2) k FEE o Erh ke A B L ClE (D
Bink 759,

3) 7=y AW BIE AN AR
THEIAMKTHY at+e flE Vs X 5 CAHELE
=y 7=y AERIE a+B L DB ESIEEN,
Bl =y aBRcnwLI DT <hiaEsE LT
Wb, Tihbb, ABP 4 HERIL o+ B FHER L DB
ABP1#H¥H L D& P77 v 2 = v i3 2 ALK
Thbo
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Al-Zn-Mg A& &ORHEERN,

TV =y A EEORFIBR &R FRIGICEE T 5 W5
(46 #0)
AlZn-Mg &4 0H HBRICE LT T RITE O e

On the Aging Phenomena and Lattice Defects in
Aluminium Alloys (Rep. 6)

Influence of Additional Elements on the Precipitation
Phenomena of Al-Zn-Mg Alloy

by Yoshio Baba

Effects of 22 additional elements in the composition range of less than 0.5 at9; on the
precipitation phenomena at 120 to 250°C for Al-2.5at9;Zn-2at% Mg alloys were studied
from the measurements of electrical resistivity and hardness and from electron microscope
observations, and the mechanism was discussed with particular attention to the role of
lattice defects. The results are as follows:

(1) The precipitation hardening of Al-Zn-Mg alloys is substantially reduced by the
addition of Cr, V, Zr, Mo, Mn, etc. and this effect can be adequately explained in terms of
the increase in crystal defects such as dislocations, sub-boundaries, grain boundaries and
insoluble compounds formed by these additional elements, whose boundaries can act as sinks
to reduce the concentration of quenched-in vacancies and also as preferential nucleating
sites for the coarse precipitates when the easy nucleation of M’(MgZns) phase is prevented
by the lack of vacancies.

(2) The addition of Si, Ge and Sn also decreases the precipitation hardening of Al-
7Zn-Mg alloys since they do not interact with Zn atoms but form intermetallic compounds
with Mg atoms alone.

(3) On the other hand, the addition of Ag, Cu, Cd, Be and Li, or the pre-aging at
lower temperature is extremely effective on the increase in precipitation hardening of Al-
Zn-Mg alloys. This may be due to the increase in the number of G.P. zones which can act
as heterogeneous nucleation center for precipitates, leading to the refining of M’ phase.

1. #

il

HET B A EEEIEE 35 2 L2 IR0,

FOMEN & LTD
T,

$G.P. zone &L WTHEEAO BAFRAIE BAZ 3 513 E -

FHE SBELT, BROEEILLHAA XS L OET
PSS £ OFE CRBEEICRE SN TE 2. TR
Bk #E4H Kelly & Nicholson) it L » T v o — &
nTkY, FoOENERY, BRIk G.P.zone—kiE M'—
SEHFH M(MgZng) 35 . O T{(AlZn) 4oMgse} &F 2 BN
Twb, foft, &L TP JIETHETFELORE A%
LT, Embury & Nicholson® 1z - h M’ 10U M #f
OEEM AT R ST B9 2 F BRI M T b iz,

ULy UaMBIOFEIC L »Ch, ETHEEEMmI; LT

* EAEREPREE 81(1967), 513w —IFER
DI

T, ZOREOM 3 TEBEELE, TOMEDET L
EHBEENC T 2 EZ IR oD, REINE L
AEFERINM G, WTENLFOBBEINFEETS D,
BB B I B “precipitate-free zone” 4= & BEE
LCW5b, LS T, ZORAEDHEEEAUET S
DOKEY DG, FOBMOTEE R L O EMEMAR
FBIIETHERNTEOEEC OWTTH D, vz
¥, Polmear + Scott-Young® ¥k ¢f Thomas » Nutt-
ingh gk s Cu, Mn X0 Cr oS, brETLEL
HHEREAUED wd % Cu, FHEO ks Cr & Mn
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BLUSHE ZBD It 5 Fe & SI0EERE bbb,
# 1= ClE Polmear® i & % Ag O It >TORE
MATERD D0, WINLEEESELWEELY LT
7o 22 Flds L O A & DT KB & O E/ERAER LT
Fige Z e b DTk,

LicisC, A#FFE Tl Al-Zn-Mg 4 &0OMTHIZESIIT
FIETREHEORMTEOEELREL, HRBIITHE
BT B & ELRFENFNOBBIEOWT, & RZE,
IRAL & B W TSR R s E O T RGO &EI R BE L T
HT A EEBME L,

2. R B F &

SEEAA &y Al-2.5at9 (6wt9) Zn-2at9; (1.8wt9%), Mg
&K FEEL LT,  hic Li, Be, Si, Ca, Ti, V,
Cr, Mn, Fe, Co, Ni, Cu, Ge, Zr, Mo, Ag, Cd,
In, Sn, Sb, Pb kXt Bi i &% Fh-Fniz 0.01,
0.03, 0.05, 0.1, 0.2at% (Mn % 0.3at%, Ag k1 Cu
1% 0.5at% ¥ T) B Lich DT, ZHSHHRMITED T
BB XOBRHORBEIIERY LRETHD,

¥y 1 — AEERHIEIT2 XX 20mm & A v CEL
HERE HICEE 9 15°C) TiTo7. Bhic k% BEE
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Fig. 1 Influence of Cr on the age-hardening at 120°C
and 160°C for Al-2.5 at% Zn-2 at% Mg alloys
quenched from 465°C.
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Fig. 2 Influence of some additional elements on the age-
hardening at 200°C for Al-2.5 at% Zn-2 at% Mg
alloys quenched from 465°C.
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Fig. 3 Influence of the additional elements on the max-

imum hardness obtained after the aging at 160°C

for Al-25 at% Zn-2 at% Mg alloys quenched

from 465°C.
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Fig. 4 Intduence of the pre-aging and some additional
elements on the age-hardening at 120°C for Al-
25 at% Zn-2 at% Mg alloys quenched from
465°C.
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Fig. 5 Influence of the pre-aging on the age-hardening
at 250°C for Al-25 at% Zn-2 at% Mg alloy
quenched from 465°C.
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Fig. 6 Influence of the pre-aging on the age-hardening
at 250°C for Al-25 at% Zn-2 at% Mg-0.1 at% Zr
alloy quenched from 465°C.
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Fig. 7 Influence of Cr and the pre-anneal on the
isothermal aging at 120°C for Al-25 at% Zn-2
at% Mg alloys quenched from 465°C.
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Fig. 8 Influence of the pre-anneal on the isothermal
aging at 250°C for Al-25 at% Zn-2 at% Mg-0.1
at?% Cr alloy quenched from 465°C.
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\ (o e L
Photo. 1 (a) Al-25 at% Zn-2 at% Mg alloy water- Photo. 3 (a) Al-25 at% Zn-2 at% M§-0.3 at% Mn alloy
quenched from 465°C. Note the grain bound- water-quenched from 465°C and aged 1 hr at

d dislocations 200°C, showing various shapes and sizes of
ary an " ) precipitates on a sub-boundary, dislocations
and insoluble compounds.

o S———————

Photo. 1 (b) Al-25 at% Zn-z at% Mg-0.1 at% Cr alloy

;iﬁ%ﬁ;q?ﬁgiidcgzguﬁgi C;hrlglool;cgd;célewsa; Photo. 3 (b)' Same as Photo. 3 (a), but especially show-
many dislocations. ing precipitates formed on dislocations.

Photo. 1 (¢) Al-25 at Zn-2 at% Mg-0.3 at% Mn alloy Photo. 3 (¢) Same as Photo. 3 (a), but especially show-

water-quenched from 465°C. Note the in- ing precipitates formed on insoluble com-

soluble Mn-rich compounds. ‘ pounds.

. <)
_ O T o - . A ko N NN x AP ¥ EA
Photo. 2 AL-25 at% Zn-2 at% Mg alloy water quenched Photo. 4 Al-2.5 at% Zn-2 at% Mg-0.1 at% Zr alloy water-

from 465°C and aged 1 hr at 200°C, showing a
wide precipitate-free zone near a grain bound-
ary and also around coarse precipitates.

quenched from 465°C and aged 1 hr at 200°C,
showing fine grains and coarse precipitates.
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Photo. 5 Al-25 at% Zn-2 at% Mg-0.1 at% Ag alloy
water-quenched from 465°C and aged 1 hr at
200°C. Note uniformly dispersed fine precipitates
and limited precipitate-free zones.

CAVTETRIC b EER U7z

Photo. 6 Al-25 at% Zn-2 at% Mg-0.1 at% Cd alloy
water-quenched from 465°C and aged 5 hr at
200°C. Note uniformly dispersed fine precipitates
and a limited precipitate-free zone.
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Photo. 7 Al-25 at% Zn-2 at%

Mg-0.1 at%
water-quenched from 465°C and aged 5 hr at
200°C, showing a wide precipitate-free zone near
a grain boundary and also coarse precipitates.
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Corrosion Resistance of Soldered Joints in Aluminium

by Yoshihiko Sugiyama and Hiroshi Irie

This study has been carried out to make clear the commercially available solders as
well as brazing fillers which are generally unknown in chemical composition, and to
compare the corrosion resistsnce of the resultant soldered joints with that of the brazed
ones. As the corrosion test, (1) immersion test boiling tap water up to 100 hours, (2) 5%
salt spray test up to 500 hours, (3)immersion test in 39 salt solution up to 90 days, (4)
immersion test in running tap water up to 90 days, and (5) outdoor exposure test up to
7 months have been adopted. The results obtained are as follows:

(1) The commercially available solders and brazing fillers were not original in
chemical composition as far as the experiment was concerned.

(2) On corrosion resistance the brazed joints showed the best results, compared
with the soldered joints among which the high-temperature solders had superior corrosion
resistance to intermediate-and low-temperature ones, the latter of which had the worst
results.

(3) There was little difference in corrosion resistance between high-temperature
Zn-Al and Zn-Cu-Al solders. In the intermediate-temperature Cd-Zn system the solder
containing 309% Zn was more corrosion resistant than the one containing 159 Zn. The
difference of corrosion resistance between 655n-35Zn and 70Cd-30Zn solders was indistinct
under the conditions of the test. Addition of small amount of Zn in the low-temperature
Pb-Sn-Cd solder did not improve the corrosion resistance.

(4) The solder itself was attacked at a relatively slow rate in the joints made with
the high-temperature solders in contrast to the extremely rapid interfacial attack
between the base metal and solder in the joints made with the low-temperature solders.
Joints made with the intermediate-temperature solders were subject to mainly interfacial
attack, and with which the solder attack was observed simultaneously depending on the
types of solders used.

(5) Since the brazed joints withstood well all the above tests, it was difficult to find
out the difference of corrosion resistance between the brazing fillers used. It is necessary
to evaluate corrosion resistance of brazed joints under the conditions of more severe
environments.

(6) Since different types of tests might give different order of merits, it was difficult
to point out which type of tests was the most effective with result of the actual performance
in service. The immersion test in boiling water should be the most stringent followed
by the salt spray test and immersion test in 3 95 salt sclution.
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Fig. 1 Dimension of test piece.
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OHETES LIS, B8Ry 7 v 7 22 HRT 2~ v &
TiE, BEOEKIZL B L, v A EERBIENL R
DT, boHALOAHEBFOESHECY 7 v 7 2 &AW

Ty BB LB FhEhEhEabe, EHIK77
9 7 AERBWTES Ui, /77 v 7 Al LTHEAETE
B E\NH N 2T, rub-soldering o & 0 HER A ERL
U#re L7cdio T2 OBAIERL s~ AT
NTRLT, EAEBIMORBELLIAMFEL VIS W,

AR BB Lot L, BB RE
07759 7 ARERUCRBR R Lk, HERREET
kh75y s ABEORN EEARER LI

2:-4 BERER

N EBBWIRr vHTBRFES LT ES RREI L
BESRENT DT, ZNETOREI D EEBEL
LTHED SBEDBARRAEIT /o7

(1) #BigkAciEE (100hr FT)

@) 5 pHkEBHE (500hr % T)

(3) 3 BEMIKBWFIEE 0HFT

@) Bk OKEAR FrEE C0RHET

5) B/RE (77 ARD
InHORBEOS, (1) oFkik ALCAN HT3 38
TWBHHETHD, FRICLDE, Blkbhect hr BF
LR 5 & 5 nFUERmETH Y, oK
Ak LSRR ANENC 6 7 Ao BNRBESRREIT
RO NRETHD L bbb,

R B B R

31 NV OES

P Lo £ OALEERLSY, JRASD ERE R L OEERE R
xFhnFEn Table 1 ikt 7ok OIERIEEEHA
A=A~ DERTHLDTH b,

No.1 v &k Zn-Al oMK (6%A1, 382°C)
TEWLDT, BEEN Y FOREHLLEDTHD, A~
# — % none-flux Hl & LT - TWBH, ZOED/ >
S InCl, WS ET5 77 v 7 AL LL FbNT
WBHY, ZOFRDNYFORERE OWTIEEED LT T
CHE LT, Maks X OBERAEE L bied ThTn
B EHETER LY,

No.2, 4B ILU05 v &it Eko No. 1l v Xim&E b
73 ~5%RED Cu RHEM Stz Zn-Al-Cu RO &
Eoay AThY, Al Cu ZHMUTIREELELT I
Ny ST EAYET D FREIES S0 L EbIAD,
No.3 /~ v &#11 Zn-Al-Cu v L X sV EO Cd 28
FRIME NIy BTHHA, Znic Cd G 5 Lt
WEAMET T2 2 EMHABMACINTWADTD, ZORD
Ny AR UTEERSE N v AT E BRI AT
W Ebhb,

No.1~5/y Zig\oih Zn Ba&Th bl &l
BAIIVEN S AL X D less noble |licd 5,

No.6 ~9 £t chffEE N~ £ THH, No. 68y
&% Zn-Sn QIR (9 % Zn, 199°C) X W4 &ED Zn
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AHEALTELOT, Zn-Sn Fov FOdTiE, BAMSED
Mtz E Wb, HEHES B WHBRTnd Ay £ TH
59, No.7 ko No. 8~y £y Cd-Zn ~v &
T, No.7 /v 233t gap(17.4%2Zn, 266°C) L b Zn%
%< &2, No.8 /v AHTFEHFEHMBTE NS D TH Do
BEREMICHOWTHE, No.b6 v &3 Al st L T less
noble s 523, No.7 &L U8/ v Zik Al i teiwny
EWEAERLUTWS, No.9 v £t Sn-Zn Rl ~2
%EED Al BEMENZLDTHS, ZOBRED Al O
FOMETH AN 4%E L, BHRESY 5.3 TH5
PO, A —F — ORTERMRE L EE

No.10 /~ > #11 Pb-Sn-Cd &/~ £ ¢, Noll ~v &
2 OREHED Zn, Sb B LU AL BEMENT N5,
WEN L ERLE S v £TC, BEERE ALK LT noble
i nn, PbaHAWEI SN HEAETHAHDT, RIFA
i AtE A BT & R

MR DR v FDS DB TIRRD BN WA, £
NENEH 7 7 9 7 2% LTHIE LRI L,
BREDOHS Dy BT, A —H~EL DR DEEHR
EinsTW5b,

RO 7 7 v 7 AR B PHBLSER U ERLS
Ny IR ) TR AEERIIR Wb D i, REERIEA O

NY EOBRNNRENL HTH D,

3-2 avH

FE Lo v B O(LEERED, AR L OERE R
% FhFh Table 2 wikd, = v#Tik Al-11~13% Si
@ ASTM, BAISI-4 & 5\ ~i% JIS, BAl4 i+ 5w
wE S 5 &% <, Nol2, 13, 14 L 0br v TN
BT %,

No.l5 v v i3 Al-Mg RE&T, w v & UTIRREskKEE
HEN T olzbDTHBA, BEYA ¥ ELTEL
F I TN BE36AEITIHFFY T 5, /o2 Zn 5935356
S&EOBEEDLIBLT L D I bTFnE A, Znss
WMECRMENAEEDLNBIZEDE TR, BID
BOw v BT R - T, BEBCLERCEHOE
Lis\m v & U CREREFFIC 5 TW 510,

No.17 5 L 0818w w ik Al-Si-Zn R v v #17¢, ASTM
F LU JIS HEO TR b HEI LT W,

WHERIL e vH Al BEOEETHBbIC, ~v &
CRITFHIZE Al DFNREELUCERITR G, FT AL-SI
7 YZoWTHE, ZOROAEOEBREMT— AL X
N o noble & XNTWAZD, SEOHER
IiuE Al L Dbk noble $ 5 \WHEE AETH -

Table 1 Chemical compositions of solders.

Solder, Chemical composition, % Qperating | Typeof | phechiod® | LTRSS
Zn | Al \ cu | ca i Sn | Pb | Ag \ Sb . flux (vs. S.C.E.), . Maker
No. C A\ cm?/gr
1 Rem. { 4.08 0.002 | <0.01| 0.062 0.003 — — 350~400 None -0.97 - A
2 Rem. ! 3.96 4.86 | <0.01| 0.00 0.01 — — 330~380 Reaction -0.91 27.6 B
3 Rem 2.69 3.02 2.30 | 0.00 0.009 — — 330~357 Reaction —~0.93 18.6 C
4 Rem 3.70 3.33 | <0.01] 0.00 0.006 — — 357 Reaction —0.91 17.0 C
5 Rem. 4,08 3.40 0.00 — — — — 360~380 None —0.91 — D
6 35.88 0.00 0.02 0.00 | Rem. . — 0.00 — 230~340 Reaction —0.82 40.2 D
7 30.50 0.00 [|<0.001 i Rem. | 0.02 ‘ 0.01 [<0.002 — i 265~300 t Chemical —0.76 4.1 i A
8 15.14 | 0.00 ~ | Rem. | 0.00 | 0.009| 0.00 | <o.01| 260~285 | Chemical ~0.60 7.25 D
9 36.35 1.38 0.002 0.03 | Rem. | 0.006 | 0.004 | <0.01 200~250 None —0.96 — A
10 0.07 — 0.15 2.95130.27 | Rem — 0.00 200~240 Chemical —0.41 24.8 B
1 1.48 — 1<0.01 7.22 1 43.76 | Rem 0.50 0.90 185~240 Chemical —0.40 23.4 A
*Electrode potentials were measured in 1N NaCl-0.3% H.0, solution.
Table 2 Chemical compositions of brazing fillers.
gﬁzzri,ng Chemical compositions, % I\:’I:rlxtgi:,g }g(l)%gﬁci)gle* é\;re:ag'f
N si t Cu | Fe | Zn | Mg y Mo | Cr | Ti \ Al oc (veSCE, : Maker
0. cm?/gr
12 11.39 | 0.1 0.23 0.18 — — — — , Rem. 575~580 —0.75 40.8 A
13 10.43 | 0.08 0.31 0.18 — — — — | Rem 575~580 —0.77 48.9 B
14 11.82] 0.05 | 0.3 | 0.05 — — - - | Rem 575~580 —0.75 40.2 c
15 0.06 | 0.05 0.17 0.17 5.06 0.11 0.09 — | Rem 575~585 —0.80 21.6 C
16 11.63 { 0.00 0.26 0.07 |<<0.05 — — - | Rem 575~580 —0.76 41.3 D
17 5.37  0.02 0.18 4.50 1 0.00 0.00 0.00 1 — | Rem 575~620 -0.98 31.5 E
18 5.14} 0.00 0.20 3.04 I — - — 1 — | Rem. 575~620 —0.98 30.1 E

*Electrode potentials were measured in 1IN NaCl-0.83% H:0. solution.

— 3

Electrode potential of 99.7Al1 : —0.78 V.
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fro Al-Mg v v OBHEELMIZ Al 5% AL-SE v v &
n less noble TH %, Al-Si-Zn m v |3I4EHFHELw
v OB T 5 &% less noble i B,
EARDEREOWTE, FA—REOr vHTH 4~ 7~
X >TETRELDZDE, 77y 7 AMROERI LD
DTHAH, EEMEZEADERE &y I <AL,
Al-Si m vl 5 L3N, Al-Si-Zn =y & Al-Mg
ik Al-SE m v J D RREDH L5 TH D,

33 BEFRER

EasEmE Table 1 5L 02 IRLAKE SO v &
BLO e vEIE X BRI OWTI T o728, AL
Y AR IR VM OPIITEAICERRED b OREEN
T%D,ihé%$V0m %m%nﬂ%#aa&m%f

15,
3-3-1 BERRITOMTRE

W OB W E AR B & & 4o Table 3 1C R ¥,
No.16w ¥ s L OERELE N v £N0. 2 [T L BTN,
WA TE LU TWBDR L1 B, R ENR L
BB DL, BEBOELENC X O B OBINE L)
otz Th B B UEES v £ No. LT L A MFmRE
PECDIZ, BRLALIE, ZONYETEHT T v 7 A
% R\ C rub-soldering kD #FA {ERIL 270
i, MRy Z0ENT, Lie i TESERBIVS
SN BTH D,

Table 3 Results of tensile shear tests for lap joints
as soldered or brazed.

braging iter | ng 108 Do Position of fracture| gYPe f
No.l (Zn-Al) 240 1 Through joint None

2 (Zn-Cu-AD) 324 Ihrough parent Reaction

6 (Sn-zn) | 377 Through parent Reaction

7 (Cd-Zn) 357 | Through parent Chemical

8 (Cd-Zn) 338 Through joint Chemical

10 (Pb-Sn-Cd) 295 Through joint Chemical

15 (Al-Mg) 324 | Phrough parent Reaction

16 (AL-Si) 355 {E‘;{g;‘gh parent Reaction

17 (A1-Si-Zn) 337 Through parent | Recation

RS > A L BT TIL, Nob LU 7T v &
L AR B L, WM EL Edoe vk Lo
BRLEAN Y AL HMTFORE L D20E 0, T

NESEOBEENC L AR OWMILORBE I L - TEHIET
X5, LHLRALUFMEE~y£TE Cd 0%\ (Zn

BEOPYIiv) No.8 v 2l LRI, BEIREII, A
DRV, B EATE LTS, FOEHAE LT,
BBV In TR OBERT AL W0z
T, " ZEDLODBENRE LTS EEZ D,
ZOBEIIE, L LEMSEEMTHLEND D NEZBIT

fown

SO E T IE, BB AT 5725

It

ERESE s v & NodOiw L 5 #F oL No. 1~ v 21
HOMBDNTFNOWE L VEL, ZOBED Y FOHREN
BNZ EHIRLTWA,

3-3-2 HREKPBILRRA
T A BRI LB A ORERM & fkSFmE
& OBEfRA Fig. 2 1wiRd,
400 v .
P vP
P&i:; QPQ . o(AlSi) P
PO_O’_O 5 "*
300k PP p P NO2 ZnCuAl)
2 \
5 No.1{zn.A1
3 ]
2 %
E E2
s )
ook ¢
O
e
a0 20 3040307 100
Exposure time,  hr
Fig. 2 Results of tensile tes:s on soldered and brazed

jeints dipped in boiling water.
P : Fractured in parent metal.

a7 I RETIERIRA L7 Nolbe v %4, Nolb s
LU my DRI L HHMF S 100hr OBEC LD, #
AOF FOMFHE & i LT, Nolbw v Tlx8kg, No.
15w v ¢3 10kg, No.17 v v T3 4 kg FNFNEEIFTHE
AET Ures, BB TN LEM TH o7,
FERAlE N v £ No. 2 12 X 5 #F12 80hr OFE F CliiR
BT & A CETES, B THELT525 100hr o
RERETIHESTTHETL, MELETLTWS, HUSE
Bl v 2 No LI X B HF IR 2R CRE VB WO ETR
D &S EESEBEN NI WLDLTH B0, HFOREITE
EHEMOEM L L L CABKETES, BatEl T
Whe ZOEDN Y AMFL, BT S LD CEARET
Tl ¥ EMBRANCBEIN DD, EEERO/NZ ik
FTIEORENRLBHAEZ L HBbIAELA S,
PRGN v B G BFEIROWTE, No bk Lot
No. 7~y i X B#kF1L, BIEE210hr £ Crrshe s
BEAEET LAWY, ZOHBBET LTS, No.
By A & BT RER 10hr & Clafh e i MENET
L, ZTOBEBICEL koTib,

ERlLE N> ZON0I0 I L BMFIIHEET 2 L S 0
L<, BiE 8hr Bz #t=FnulE L7z,

3-3-3 BEXKEERR

BT OWTHKEBER AT o 1o % Fig.3 i
KT o

v v BRI oW T Fig 3 1miiNolbe v o4 UL
BIm L TunZouags, Nodb L 07w v O W he & A5k
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400

Pa P p
PA v~ P P Nolo(AlSi) P
p” v
P \ \\PP s No,é(sn,zn)
3001 4 1
2 \\ \No. 2(InCuan)
- ° o No.1(Zn-Al) b
o
2 pa
g)2OO~ &
5 2
I
3 g g
1oop Q1 \=
~ O
-
~
.
03 T00 200 300 200 500
Exposure time, hr
Fig. 3 Results of tensile tests on soldered and brazed

joints exposured to salt water spray (6% Nacl).
P : Fractured in parent metal.

4, 500hr ¥ CORBRTIRT LA L BEET IZEDHN
T, TG B TR U7,

BRSNS Y AL BMFOREEL e ¥ HHEFE L
BRHLUTHD, Thbh No.2 Ay 2R L5 #HFT
W, BB & & bt D b D 0TS D TR AME
TLTWwAA, 300hr % Tk BH TR LT\W5, ¥4
No.1 v R k #F1 300hr Tl L A EFMEDE
{EVEED BALinsAs, S00hr 2 ik K MENMET L
T b,

LS 2T, No.6 o~y 2Tk OB ER
TR in, EROERE N v £ LISIERBEO2EE)
ZRLTCABENEE N5, Cd-Znko No. 75 L0 8
Ny T, Cd %% < &ty No.8 v A X BHFOR
EETREIELL, 100hr 3 ToRBRT AL TWi,
No.7 v Bic k% #F1E No. 6~ v £ L D iz mERTO
AL s, SRS v S B UE IR 0 E
L\

BRLE D Nol0 v L2 L B F 1T d » & REET N
BlETH D,

3-3-4 3%EBAKBRFICER

HBWTFH 3 B ERKBEFCRB LB EOREARE
HFREOMFEY Fig. 4 wirdt,

vy AT ERIRE A RS & L ETHRENET Lo
W H MO E EANTIINTI L TR L7z, 90/
EEEOWMFEIIEAEN & kX5 &, No.ldw v G 6kg,
No.16w v ¢ldkg, No.17w v G30Kkg 13 & FHFIEN,
EELE Y 2T, No.2 v ik HHFREILEE
BEpELD &b, e BT LA, SAMEERE
THEHCHIE U7z, No.l oy 2 & A #EIEAERE
DVRNENDT, FNBEEILEWS, No.2 w2k
HMF LIZEEOEM AR L 2o

PR Y FIC L BHEF TR ERLSE N v ZiL X
HRFIHEANTRERTOEE2 0 F L, Cd-Zn
By ETIENO. T Ay £ Cdo%\wNo. 8~ Fit &

400

P No.16(AlSi)p

\\ PNO.Z(Zn-Cu~A|}P

300+

Brecking foad, kg
N
S
>
‘ (]
B [
&
~N
3
>

Z
[¢]
o0l |2 £\& 1
oy o« Vo
¢ lo\e
2 &\
o BB
T 30 70

Exposure time, day
Fig. 4 Results of tensile tests on soldered and brazed
joints dipped in 3% Nacl solution.

P : Fractured in parent metal.
HMFOBMEERTNAE L. WolF 5 Sn-Zn %o No.6
Ny AT X BMFE, BROEKEGEROGRTIL, B
WAL > FOR TS o & BTN LA o7 ?, HH
BRCiz No. 7y Zic L T XD LEEET 2L,

ERELE D Nol0~» A L AEFIRRERT A b o & b
ELL, BEBEDLT S5 AMTH#F AL

3-3-5 ke (CEK

BHF AR PCERE LABE ORE B i #fSFRED
BAR% Fig. 5 WRd,

400

3001

200F

Brecking load, kg

[
(@]
¥

30 ) )
Exposure time, day

Fig. 5 Results of tensile tests on soldered and brazed
joints dipped in running tap water.
P : Fractured in parent metal.

KERICENTh, vy #HF00aME CORER
BT N TRH TR U7z2s, MEETIRhORERR
FHEILHENTETAREX N, e r vH00 % F0ERA
OWWIHE L 5L, 90FRMBEERETIE, No. 15,
No.16 % X 0 No.17 u v O FNEFNDOWET, FhEh
7kg, 41kg ¥ L0 19kg KT Lz,

BELE N Z oW TE, No.2 v 21k B R#EEI260
ARIDEE TR CBE L, 00 MEEER CIES
CHE Uiz UL UERT I e v #F el
We EFNol Ny XL HHFEOBERT & EBHDS
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RHTH b, ¥, BlLEOTEBRERCIIIEL Thvina2s, Ff@lsE

S~ £ Tk, Sn-Zn %O No.b &k sb
R & <, EE%S0 AR T LM TR L
Cd-Zn Zo v AT Cd gDV N7 ~vy ZL kb
#FETIL, No.6 /v 2k HIEFE & U U A ER 235 5
N5y, BEIOEATLEABTHEE LW, Cd &D
Z\ No. 8/~ v Ziz L B3, No 7~y Fi~T58
BETRARDELL, & LAERES S v FOEENICLIT
Wb,

&k Nol0 v 21 L A MEFEOME T IEE
L

3-3-6 BAREEER
BEFER BN T 7 ARSE LB 0RREM &L fF
DOWEHE & OB % Fig. 6 R3S,

4001 , _ . 4
g £ P No.6(Sn-Zn) _
Pi PV TR iy No16(AIS)
_ S 7 (TS
P p pNo](Cd_Zn) 5 3
pO— 6——0 .
300f 4 No.2 (Zn-Cu-Al p
? No.g7e
. )
el
o - _
= No.1{Zn-Al}
22001 . )
£
3
o
100F v \ ]
No. ]O(%‘Sﬂ»Cd)
0 i I 1 i 1 N . ,
0 1 2 3 4 5 5 7

Exposure time,  month

Fig. 6 Results of tensile tests on soldered and brazed
joints exposured to outdoor atmosphere.
P : Fractured in parent metal.

ENRBERTIE, BAOHEANEETE S0, &
Ny FIE S D RFOBARTOEREORBREC I B
13 E ST,

vy HFEIR T AMOBRBRCE 5o CHEMNETL
Tk 57, 40 Nolbiks L O17w vic X HH#F & FEiRE
EETERED bk odz.

mEIS Ny 2 G, No.2 v 210k 5T 2w v A
R & FRRICBE R TIR AR <, Wb B TR L7z,
FoNo. 1l Ny AL BHFORERT LS bTNTH
57

s> 2Tk, No.6 Ny Fir kA #FIL3 7 8
DBFRE TUHEHCTHE L Tw55, No7 v Xirks
HFXS 7 AORBETHHMTHE L TR D, = No.7
N ZDIFEHI BTN TNB L5 THhHB, CdBEDSNo.
8y T L AIEFIL No. T v ZiT il U CREET 28
LR L,

ERlE D No10 > 20k AT OBERTIIMhD /v
R LT ELRE L,

v ZFNo.6 /W ED Zn oFmahi No.9 v £iT L 5
BT NTHAOBEERRICE T No.b v Zic & B
FIENTHREETHAREL, L UABRE > AT L5
WE L GER AR Lice NOONYETHT 79 7 A%
Fu~$ rub-soldering THBRF & FH Uic/io b &M
AUNE L, Etoony BED SO bEE N v £ L AT
BN DO TREETAEBEHURE N -0 L Bbh
Do Lo TAZRROEREDATIE Sn-Zn RAD Al
OFEMONEITTHEMECB L CERD bivinh o7,
F, EELED Nol0 A~y FLRERE O&& TV ED
Zn, Sb B LU AL RHRMENTWS Noll ~r £t L %
BEZ, WTEhORBICR TS Nol0 v 21 L H#kF
LITLALEUBEETARL, ZhHDORMTRDIE
D B o7,

3:3-7 NV FBRFOEHWEHER

B v £ No. 2 I X A fFORAENMBRI kT 2R
M LU No. 1 /v A L AHFOREBROEHMEM
% FnFh Photo. 1 @ik, No.2 v X &k H#FIC
SWTHERs KRz 50hr B L4 Ek% % % & Photo.
1@ TNy FZ0LHORBREBEL TS, E2RT
ZBETHORKALNE LT, v A LEHOBRIC LR
BRI BTIET LT W5, L L ZDREDHE A
FOBMIPTEEICEE Y FIF L TWRWOERFEIRD &k D
ThbH, WFKED ZIn B v XL L BRF TNV FED
LOMBINDZ &Aoo TR OO, SEOERT
b Z AR LA, No.2 v £ &AM —E5RE
BENFDBNADIREEINE, ~v AEDLONBER
BEAYRL, F-AkCREBRANE O Cu 0FE
EBEDNE S NESEOERBROLTIZE B TR,
B BEEITIIR L O, TOMOBERBRCK T
b, SRS Y AL BT FED S DITRENTR
bz,

RS D No. 6 v Fic L AT AFERINBOMFOHE
e s A Photo. 2 iw7xd, S500hr o3 KEZRSEREOD
#ETiE Photo. 2B Z K A~y FZFD DA A L, 90
Ak R EE L2 #F T, Photo. 2QR L7245
Ky BEESENY X LBHMOERIC bBEIETLT
Whe WotT 5 Cd-Zn By £ T, Cd %\ No. 8
Ny B X B#EFTx Photo. 3R Lz & 512, #lgk
iz 6 hr BE LD TT TILAy &L B OBEFICE
T bENB, No.8 L b Cd pdinus No.7 v i
I B#FT1x, Photo. 300 & 5 ik &1z 100hr 2%
LRI VB L WAERER A PN D, £7/23%
KR L OB L LTOR BEE L #FE T,
Photo. 3@k L UCOR Lz L 5 e, REBKESE &bim
YEEFOLDODOBELRD BN,

BRlE~ v 2 L AMFETR, BARBRRRICIT 5
T b SR OB U W ARER A B,
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. (x70%24) (x 140 24)

(A) Soldered with No. 2 solder (Zn-Cu-Al). As soldered. (B) Soldered with No. 2 solder (Zn-Cu-Al). After corrosion
test in boiling water for 50 hr.

o M W AN N

(X140 %) (xT0% %)
(C) Soldered with No. 2 solder (Zn-Cu-Al). After corrosion (D) Soldered with No. 1 solder (Zn-Al). After corrosion test

test in boiling water for 50 hr. in boiling water for 50 hr.

Photo. 1 Microstructures of the joints soldered with high temperature solders.

(A) As soldered. (x70x %)

)

(XTUX%)

(XX
(C) After corrosion test in running tap water for 90 days.

(B) After salt water spray test for 500 hrs.
Photo. 2 Microstructures of the joints soldered with intermediate temperature solder (No. 6, Sn-Zn).
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(X 70 %)
(A) Soldered with No. 7 solder (Cd-Zn).
After corrosion test in boiling water for 100 hr.

(X7Ux23)

(C) Soldered with No. 7 solder (Cd-Zn).
After corrosion test in running tap water for 70 days.

(X70%x %)
(B) Soldered with No. 7 solder (Cd-Zn).
After corrosion test in 3% NaCl solution for 70 da

(D) Soldered with No. 8 solder (Cd-Zn).
After corrosion test in boiling watsr for for 6 hr.

Photo. 3 Microstructures of the joints soldered with intermediate temperature solders.

4. WERICHT HiRES

BLEDREN By AT #HETHRERGEC L - Tk
HRICETOEED D, BUTERE, PSS LD
ERLE N Y L L A FOIRCR A IMET 52 &, &
fer v T HFEE A Y AR BEFECENTE LA
FTNTWBZ Epdbhrol, ZNHOMBIXT Z THD
THBNCENIZ & TR, EREINSHABETE
SN/ ETRB D, ARROBRII N Y FHDHNER
v & UTHEBZEBEOMENHTRIN T Eb DT,
BEDREE UTUIEH LV K EHBEDLBLDT
FanwZ &, FRURIDVDBED 7~ 20D -HKED
BRI L A EMEOMBNRE ST 5722 LD &
BH,

LITFEBNIERCOWTETRE 4 ML 5,

4-1 FBERFZEIZIOWT

HFOMHIIMEEEORHOBERL L - TLEBI,
FLEUHFCOBBRFELC L > TERT - AT 4
REZENRHHDT, WA > TEBWATMr 5 2
B2y, ZEROBEBRF ¥ AW o ORI R
WTRRES LA g/ i B, REBROFR TiE, ko
LA, No.6 /vy #(8n-Zn) k8L X 7~ £(CAd-Zn) D
FRICHEBR TR & o TR HIEAMRED Sz, Fh

PAD Ny B IO 9 HEOWTII ARk & LI131F
FREAREA S Btz Sn-Zn ks L0 Cd-Zn R e
PMTCEET A0S RS BORF B LE LT A, &
REROHAAN CIRERARE A E 57 DX, BARESRE
MELT, BRMEEREREeHh B ONET &, F1E
BEES RN L CEULTWADZ &5, BlEkh~n
BREMS &S L <, DWTHIKERE, 3 %aKh~D
REHROIETHA 5, 0w v EERIT D~ Titg e
VRN B B E D BN DT, X BT
BEMAIEEI 5055 WL VB LWEBE T ToR
PRLETH 5,

42 BEOBHEICOWT

TNI=T A (BE) DAY AR L0m YT #EEDRE
BEFCOWTHE—BCES LRI N T WD, *
PTrUMNTHFCIE, novHEObOR ALl A4 THS
o, TWizsvatBEOEELALNIEENR v L
U T 5 S B~ T 4R TH & M o e 233 ¢
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1. & L & [

S Al-Zn-Mg &4 ZKAL [wOWOii, B &
ORERS O BRI FENE B 2 3 TR~ sh,  ARERNE A
HOD RO, P v TR, IR OMI Ak &
ELDABDTHD, RRERETF — 2 - v~ L LTK
BT R,

2. REROBEAMEE

1) TIG 3 L0 MIG BEMFOZ ERWHE /2 U 7 &
F AT JIE TR OB A B 1 ~ 4 FioRd, HER
DML D PR LFE LT B0, L2377
ARBT 5 L3385 L5 Thh, XL, BER
140°C THid ¥ Uiz b D L HAB LRI 7 D,

2) 3 ~5EIABHREMFOTIREE AR L, BiE
Bl BB L b DI DWTHIZT 5 RO LS5 T
B, RBEHVOHEATHEIBRLA-E XD L5 EHMY T
0.5~6.5kg/mm?, [T 1.5~2.5kg/mm? 13 2\~ 1L
B dmmig (TIG, 1B &12mmix (MIG, 28
B BERFOSERAREL L CRENR BN, &
O OLETETE S, REAYIER L& Xk BERENE
N UENEA &0,

DX R (ZK4LD) & F o5 A 5366 DA
LUBEE YT 1 ~3kg/mm? (RFEH D) Fioix 3~
4.5kg/mm? (FEEBIED, WHTENF 05~ 3 kg/mm?
F 7243 L.5~3.0kg/mm? {F ¥ &,

Toks, RS 7 AL Uic b 0 b IR R/ E
Th0Ny, BEEEEL E LA Ui & 2Rt T
Ikt X AFEA DR DI BN S,

(3) 7 &k 4mmig TIG BEM Iz OWTEDL & LA
H &R OBIR AR T, HEL & LE&MIL120°CX48hr
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7o ) RIFaiERME BN S,

4) 25 MiiEsTFEo S —Nilimo—Fl%, &6k
FeopskEs (0EF, SPmEfhy) AR, ESRER B LIE
TEMM OEEL VI, $EBERRL Y LABEL T
FHREOH e DEIFTE v,

(5) 55 8 FITHEIEEED180° M HEAPIM L E A 7R

3. BEILRSMH
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— o % ‘25'? Y
7TV = v A fH e ZK4 o’ i
g 22X X M o 5 E # &
% =, gl 3% # "
o " A BOBOTOR RS W 3w oy | oW 5, | e v, | wmo
kg/mm?® kg/mm?2 % kg/mm?
T4 BEOEF W K E T 37.8 2.2 15 7230
EOEF M K HE A 37.5 27.8 18 7360
4
T6 EOEF A Kk A 47.3 42.0 14 7200
EORE O B oKk OE 46.4 4.3 14 7210
T4 i T 36.2 25.5 16 7240
" BOE K M ok H A 38.3 25.4 20 7300
6 EE Y B Kk F 4.2 39.8 15 7200
EOEOF M OB H A 46.6 40.8 14 7240
B3 X AEMNT O RMEHE BER]L Yy ARERD
El G % "
" E|om % )
) & om o % i b 9 FS i Bl 7
GE® o R NE B W N R TR I %,
kg/mm? kg/mm? % kg/mm? kg/mm? %
4 mm e 5356 36.5 22.9 1 30.1 20.4 8
(TI® 7K 41 37.6 23.7 7 33.5 92.1 11
5356 34.3 22.2 10 31.8 20.5 10
X ®
12mm ZK 41 36.5 24.7 9 35.7 92.9 1
(MIG) 5356 33.7 21.7 8 31.1 19.8 9
Y ®m
ZK 41 36.5 24.6 12 35.6 22.6 1
D B T4,
B4 E BBERTF OB REH FEE3 HERSD
51 3 e 7
® | om %
o # ® B E3 b ®  ®m O OH B
@gd | B R TR R v, W BT I R I %,
kg/mm? kg/mm? % kg/mm? kg/mm? %
4 mm ! w 5356 39.0 24.8 12 33.0 20.9 9
(TI® ZK 41 40.3 26.2 16 36.1 2.4 9
5356 35.6 24.0 8 33.2 21.7 8
X m
19mm ZK 41 38.6 25.7 9 37.2 24.9 1
MIG) 5356 35.2 23.5 8 33.1 21.8 8
Y m
ZK 41 38.6 25.6 1 37.1 24.8 1
M @ T 4
B 5 X BHEHTOIENEYE (EEER%140°Cx24hr #E3 & LAED
Bl [ i "
" molom x| :
o #om # % 5 » D £ i El B
SR T 5 TR T R R v W FT T v
kg/mm? kg/mm? % kg/mm? kg/mm? %
4 mm . 5356 38.7 29.9 5 32.3 24.9 5
(TIG) ZK 41 40.9 36.3 6 38.6 35.5 5
5356 36.9 27.0 4 33.7 24.8 5
X ®
12mm ZK 41 40.0 36.1 4 37.8 34.9 5
(MIG) 5356 36.7 25.9 5 33.6 24.3 5
Y #®
ZK 41 40.8 35.8 5 38.8 34.8 5
1) e T4
FH, A, Bl

(BFI424E108)
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(8-4.3)

~ -
— I fiz ?ﬂ? <y Y
7V = v A fH LKA OO w i
8] 6 & T4 dnm i () OBES & UKL EFIIRMEE DMK
i . #E Y ¥ L B f§,  hr
BbEL) mgrmm "
i B, 4 8 24 48
°C % A Blagsky, | @ h, (e, SiEEEy, | oW 1, Mo, BlERWY, | O ﬁ,wme‘ slgamy, | @ o, | oy,
kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm?® | kg/mm? % kg/mm?® | kg/mm? %
100 S 17 — - - 38.8 28.9 17 42.4 34.6 15 44.4 37.3 15
18 3 - - — 38.1 28.5 19 41.3 33.2 17 43.9 36.8 17
120 B2 17 - — — 42.0 37.0 15 43.4 39.5 15 43.6 39.2 15
[i=8 A - — — 41.9 37.3 15 43.1 39.3 15 43.0 39.1 15
140 B3 17 — — — 41.0 36.2 15 40.8 36.0 15 39.8 34.6 16
[i=8 b=} - — - 41.0 36.7 13 40.9 35.8 15 39.8 35.2 15
160 S 1T 414 35.6 15 40.8 36.1 15 39.7 34.5 15 —_ — —
18 15 40.6 36.3 14 40.7 35.7 14 39.7 35.0 15 — — —
180 S 7 34.8 27.7 16 32.8 25.0 17 30.5 22.0 17 - — —
128 b 34.8 28.1 16 32.8 25.8 16 30.5 22.7 17 — —
200 s 77 30.3 22.0 16 28.8 20.0 17 26.7 17.9 19 — — —
iz b 30.2 22.0 17 28.8 20.4 17 26.7 17.9 18 — — —
® 7T % TIG BT (T4 ¥, 4mmi) DEEL & LKA E5IREHE DR
Mg XL B % x L i W, hr
|\ OBE, | % A 4 8 24 48
°C ks, w0 e, | BENE [BBRWMY, W A1, [ E,]mm m&%&ﬁm i, Wit v, | onklsr glaRede, W Ju, Ml e, | BEET
kg/mm? | kg/mm?| % fzf | kg/mm? | kg/mm?*| % iz |keg/mm? | kg/mm?| % & | kg/mm? | kg/mm?| % R
5356 — — — — 35.8 22.4 12 W 36.4 24.5 8 w 36.6 25.9 6 w
100 — e — — (29.6) (19.0) ()] W) (30.4) (19.7) @D (W) (25.6) (20.8) (5 (W)
ZK 41 - - - — 36.7 25.0 16 P 39.4 29.5 15 P 40.7 32.0 1 P
— — — _ (31.6) 22.9) ()] (W) (33.9) (26.2) ()] (W) (35.2) (28.4) 6) (W)
5356 - - - — 36.2 25.9 5 W 37.6 28.4 3 W 40.2 30.8 4 w
120 — — — — (30.4) (21.3) (6) (W) (30.9) (22.2) (D) (W) (31.9 24.1) (5) (W)
ZK 41 - - - — 39.8 32.6 1 P 42.5 36.5 11 P 43.4 38.1 11 P
— — — — (34.3) (29.0) (6 (W) (36.5) (32.0) “ (W) (38.3) (34.2) (5) (W)
5356 — — — — 37.6 30.1 4 w 38.7 30.4 5 W 38.8 30.6 5 W
L0 — — — — (31.6) (23.8) (5) (W) (32.3) (24.9) [6))] (W) (32.6) (26.4) (5 (W)
ZK 41 - - - — 40.5 35.6 9 P 40.9 36.3 9 P 40.1 35.4 10 P
e — — — (37.0) (33.2) (5 (W) (38.6) (35.5) ()] (W) (37.3) (33.3) (6] (W)
5356 36.8 28.0 5 w 38.0 30.0 4 w 39.5 32.1 7 w — — - e
160 (31.4) 217 ®y | Wy | 2.2 (23.6) 6 | (W) | (32.5) (26.0) G | (W) —_ — — —
7K 41 40.9 34.7 10 P 41.6 36.3 11 P 40.2 35.4 8 P — — — —
(31.2) (30.8) () (W) (35.8) (33.0) 4 (W) (37.6) (33.8) D (W) — — - —
5356 35.5 26.7 14 P 33.6 25.4 13 P 31.3 23.1 13 P — — — —
180 (30.4) 1.9 ()] (W) (31.2) (23.1) (8 (W) (30.6) (22.1) (11) (W) — — — —
7K 41 35.6 28.6 13 P 33.8 26.1 12 P 31.6 23.4 12 P — — — —
(32.7) 27.4) 6 (W) (31.8) (25.3) [€)] (W) (80.8) (23.4) (11) W — — — —
5356 31.2 22.5 14 i 29.8 21.1 14 P 26.6 17.4 14 P — - — —
200 29.9) (21.4) (10) (W) (29.0) (20.3) 12) (W) (28.7) (17.5) (18) (W) — - — —
7K 41 30.7 22.8 11 P 29.7 21.4 12 o4 26.6 17.6 13 P — — — —
(28.8) (22.5) (8 (W) (29.1) (20.9) 11 (W) (25.7) 17.4) 9) (W) - - — -

1) &y I PIRRIEHIEE, » v 2FMERED Do
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7o 3 = v A B & ZK4d oo wBEMRT
) BEFOWMEHEER L
BOE GEMOL N E &M LR R R

®oBFH | BB s b B f oy s H O & | W g H B &
A # oo 1% WADTS% (R BHOT5% (FIEII)
B OB M M 30 A 60 f 60 H
A 3 9% NaCl ok # W 6% NaCl+0.3% H.O0, At KX oo®
T4 o o) o o O o o o o
5 =
T6 o o o o o o O o o

O OF : A ABAET

B0k HESROSIE EHRBOT IREE (Bt | ZK4D
6% NaCl+0.3%H:0. . =

a s K w AR #

glaksmy, m o, Mg ¥, GBRMY, W oy, m ¥,
kg/mm? { kg/mm? % kg/mm? | kg/mm? %

T4 33.5 24.3 7 35.1 ] 95.1 8

T6 33.8 25.6 6 34.8 1 25.2 8

6 %NaCl+0.3%H.0,

IKIB AR
KOR P —¥ B W

#hn#t 5356

Bk ZK41

T4, 5 # &

FE4 KREABAOMME (3r AMEE

e o fE AT BF B T Ee Bk =X = kb o

SpIE FIPY, R

_7._“



