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On the Aging Phenomena and Lattice Defects in
Aluminium Alloys (Rep.4)

Influence of the Third Additional Elements on the
Formation of G.P. Zone in Al-Zn Alloy

by Yoshio Baba

Experiments were carried out to investigate the influence of third additional elements
such as Li, Be, Mg, Ca, Ti, V, Co, Ni, Ge, Mo, Cd, In, Sn, Sb, Pb and Bi on the formation
of G. P. zones in Al-2.5at%Zn alloys.

The results are as follows:

(1) Ca, V, Mo, Ni, Co and Ti amounting to less than 0.2at% do not interact with G.
P. zones of Zn atoms, but decrease the rate of formation of the G. P. zones. This effect
is similar to that of Fe, Cr, Mn or Zr, and it can be reasonably explained in terms of the
increase in density of dislocations and in boundary area by the grain refining and the
existence of these insoluble compounds which could act as effective sinks to cause the
decrease in the concentration of quenched-in vacancies.
atoms, but these solute atoms, especially Sn decrease remarkably the rate of formation
of the G. P. zones. This effect is similar to that of Si, and it could be interpreted from
the fact that the binding energy between the solute atoms and vacancies is greater than
that between Zn atom and vacancy.

(3) Be, Mg, Cd and In decrease the rate of formation of the G. P. zones in an equal
degree or more than Ge. It is clear that Mg and Be atoms in the amount of more
than 0.03 at9 interact with Zn atoms and participate in the G. P. zones. Moreover,
from the results of age-hardening for a long period, it seems that Cd atoms more
than 0.03 at9 also have interaction with G. P. zones of Zn atoms. Thus, the rate of
clustering will be affected by the mobility of solute additions/Zn/vacancy groups as well
as the magnitude of the binding energy between the solute atoms and vacancies.

(4) Pb and Li decrease slightly the rate of formation of the G. P. zones. This may
be mainly due to a little larger binding energy between Pb or Li atom and vacancy than
that between Zn atom and vacancy, although the clustering of Li atoms themselves and
the interaction between Li clusters and Zn atoms must also be taken into consideration.
From this experiment, it is not clear whether Sb and Bi have influence on the formation
of the G. P. zones.
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Table 1 The amount of each element added to Al-2.5at%
(6.03 wt% £ 0.16 wt%) Zn alloys.
Eac&ez:gg;‘%isonal Added amounts, wt?%

Li 0.001 0.002 — 0.011 — —_ — 0.185
Be 0.001 — 0.008 0.014 0.031 — — —
Mg — 0.009 0.026 0.043 0.090 0.18 0.45 —
Ca — 0.015 0.044 0.071 0.13 0.29 — e
Ti — 0.018 0.056 0.11 0.18 (.35 — —
v — 0.019 0.057 0.094 0.18 0.36 -
Co — 0.020 0.075 0.11 0.22 0.49 — —
Ni — 0.020 0.074 0.12 0.26 0.50 - —
Ge - 0.027 0.081 0.14 0.27 0.54 - -
Mo e 0.038 0.11 0.18 0.35 0.69 — -
Cd — 0.040 0.11 0.19 0.45 0.84 - —
In — 0.041 0.13 0.23 0.43 0.81 — —
Sn 0.019 0.039 0.12 0.18 0.39 e - —
Sb — 0.050 0.15 0.20 0.40 0.83 — —
Pb 0.042 0.072 0.21 0.34 0.72 — — e
Bi 0.041 0.074 0.22 0.38 0.77 — — —

Nominal value (at%) 0.005 0.01 0.03 0.05 0.1 } 0.2 ] 0.5 ] 0.75
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Fig. 1 Influence of Mg on the isothermal aging at 0°C
for Al-2.5at% Zn alloys quenched from 350°C.
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Fig. 2 Influence of Li on the isothermal aging at 0°C
for Al-2.5at% Zn alloys quenched from 350°C.
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Fig. 3 Influence of additional elements on the
isothermal aging at 0°C for Al-2.5at%

Zn alloys quenched from 350°C.
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Fig. 4 Influence of additional elements on the
isothermal aging at 0°C for Al-2.5at%
Zn alloys quenched from 350°.C
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Fig. 5 Influence of additicna! elements on the time

required for maximum resistivity at 0°C for
Al-2.5at% Zn alloys quenched from 350 .
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Fig. 10 Influence of Be on the age-hardening at 20°C
for Al-2.5at% Zn alloys quenched from 350°C.
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Fig. 11 Influence of Mg on the age-hardening at 20°C
for Al-2.5at% Zn alloys quenched from 350°C.
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Fig. 12 Influence of additional elements on the
grain size of Al-2.5at% Zn alloys.
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Fig. 13 Influence of Mg on the isothermal aging at 0°C
for Al-2.5at% Zn alloys quenched from 450°C.
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Fig. 14 Influence of Be on the isothermal aging at 0°C
for Al-2.5at% Zn alloys quenched from 400°C.
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An Estimating Method of the Deep
Drawability of Aluminium Sheet

by Shiro Terai and Yoshihiko Nishimura

The deep drawability of sheet metals is determined usually with Swift method.

This method is considered a fairly good method on measuring L. D. R. (limited deep drawing
ratio), and a simulative test of actual drawing process, but takes much labor time.

Saving this disadvantage, we studied to determine L. D. R. of sheet metals by measuring
the maximum drawing force P. and rupturing force P;. We called this method as “Load

method”.
The results obtained were as follow.
1. The case of annealed aluminium sheet.
(0 condition)

L. D. R. measured with “Load method” is nearly equal to one with Swift method using
a flat-bottomed punch, but L. D. R. is varied with various diameters of blanks using a semi-
round-bottomed punch, so we have to use a suitable blank size (about 64mmd¢). As the
result, Load method is able to estimate the deep drawability of annealed aluminium sheet.

2. The case of half annealed aluminium sheet.

(3% H condition)

When using any shape of punch, it is not suitable to determine L. D. R. with “Load method”,
because L. D. R. in Load method got higher value than one in Swift method.
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Fig. 1 Mechanism in Deep Drawing.
D : Initial diameter of blank
d : Punch diameter
o,: Compression stress
o, Tensile stress
A : Concentrated force area

DB H A SBEEROEK OVEHEOFRE LL S & T
HEDTh b, ETRAERKY T Pa k77 v 7BPKE
I Bl oNTHBIHgEEM L, B Pr &7 7 v 71
DOARNCEAR S —BTH B &\ 5 R R LUREE
CEBEA BT WD, kb Pa OB 5 6084
B, WHRERERECIVEE > TRY 73 =y MEHO
1% Fig. 22Rd, WEFXTIHMEECEED 77 ¥
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Pd{max)
T
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1000 /50»0/
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-
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500 /
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10 20 30

Punch stroke, mm

Fig. 2 Relation between load and punch stroke

of Aluminium sheet in deep drawing.
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aXERTT v 7OV TH B

1500
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Fig. 3 Relation between load and punch stroke
by load method.
Pd : Maximum drawing load
Pf : Rupturing load
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Drawing ratio

Fig. 4 Relation between load and drawing ratio
in deep drawing.
Pd : Maximum drawing load
Pf : Rupturing load
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Table 1 Chemical composition and mechanical properties of the test specimens.
Material Tensile properties Hardness, | Erichsen T n
Temper Typical composition G =

No. 0 kg/mm?® o kg/mm?® 5, % Hv 5kg value value value
[@D] 0 99.7% Al 7.7 47 20.3 10.6 0.768 0.246
@ 0 99.2% Al 9.3 44 23.8 10.9 0.730 0.227
3 WBH 99.29% Al 12.5 22 38.0 8.7 — —
4 »BH 99.5% Al 12.5 13.1 13 44.0 8.0 — —
53 0 Al1-0.4% Mg-0.1% Cu 11.0 38 27.6 10.0 0.813 0.232
63 0 Al-2.5% Mg-0.2% Cr 10.5 20.9 25 56.8 9.9 - —

N L TR D LA NET SO TH H, ZOHER
izl o 79 v 7 ¢ LDR pkED, 2w 407t
BOEFT & cmnE 5, L, Bl UaEe &0
BEGEMELD DO, TAMROREECS £ 5% %%,
EBHE TN =y MEMICEATE 20854 5068035
D, DTHREAFRE AY 4 7 PR E B LA 55ER
H1TIn o7,

3. ERHELUEE

3-1 R

BEM TR HE LTINS 7T VI =Y A, BX
V7nm3i=y ngdh 6 EL LY, FO#Tkh Table 1
iRd. SlERERE, r, nEXROEESRZ A LT
0°, 45°, 90° DEAFFNC 2 K408 6 KOEBRF - L AFE
WETHD, =V 7 v EEE4ROFETHLD,

32 EBEBERLIUFEHE

PTFoRRicik, Ayl PeaBELERTT v 7%
@E?%ﬁwF@ 5 RTEHmI Ty 7Y v SRR
Ufem ¥ 7 & kR 123 A FH L, 7y
ﬁﬁﬁfm,EW%EKM%LkOIE%%mT%EZ
iR, SEEREHIL L 2718 300kg, 75 v PEEN
13 1500ke, MWL Y a vy Y vV v 2 2 #1507 5 v 2

@/ ,

///

Z
@ %
| .
@ Die I Z
® Cup i
(® Clamping ring @
@ Punch

I'ig. 5 Clamping ring.

Table 2 Tool dimension.

e — | Flat-Punch Round-Punch
diameter (mm) 33.0 33.0

Punch
Punch-R (mm) 4.0 16.5
diameter (mm) 35.4

Die
die-R (mm) 3.0
@W@K@Tﬁ L7z,
33 TiERER

WEFRRT VI =y 2HCHEBTE 5085 hORE
Horf, HLMYR ST BERML, X HETEBR,
EHOREAREOFEL BT, BEES (1),
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BBBEO 7T I I Ty TTHEXDRYF A I~
oz MlE LD.R @@E8s 52702 &ibiio T
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Table 3 L. D. R. measured with Load method of material No (2).
Swift L. D. R. (2.02) Swift L. D. R. (2.06)
Flat Punch Round Punch
Blank No. P4, kg Py, kg L.D.R. Blank No. Py, kg Pr, kg L.D.R.
1 560 815 2.02 1 560 850 2.12
56.0 ¢ 2 555 815 2.03 57.0¢ 2 560 865 2.13
3 560 825 2.03 3 560 870 2.13
1 610 825 2.03 1 620 850 2.08
58.0 2 615 825 2.02 59.0 2 610 850 2.10
3 610 820 2.02 3 620 865 2.10
1 660 835 2.04 1 670 855 2.08
60.0 2 665 830 2.02 61.0 2 675 855 2.08
3 665 835 2.03 3 670 865 2.09
1 705 830 2.03 1 720 835 2.06
62.0 2 715 840 2.03 63.0 2 715 840 2.07
3 715 830 2.02 3 730 860 2.07
1 760 830 2.02 1 775 835 2.05
64.0 2 760 815 2.02 65.0 2 770 840 206
3 755 825 2.03 3 770 835 2.05
1 800 810 2.01 1 820 830 2.04
66.0 2 805 790 2.00 67.0 2 820 820 2.03
3 815 805 2.00 3 820 815 2.02
mean L.D.R, 2.02 mean, L. D. R. 2.07
1200 — 1200 —
1100} — A // 1100 — /
o ‘ ‘ z R
1000 A A /
g 1000 —
£
1
00— ; 900 |— £ !
/f/ i 8 il
o —’—o—-—‘-——/—-& ® i
; 800)— ' 800— A
_g /{ VA ]
o / =
L g 3
700 /o ; 3700}— / //
D/ 1
6001— 600}— b 0
. O-- Flat punch Pd ﬁ/ —-Round punch Pd
SOO_MOT?FIO| No [232.. ;llc,: punc!’}\] g(fi 500 _Mcneriol No (2] .-—goung Fpiunc: Pf
- D B P
) at punc , A--Round punch Pd
Material Nol(3) A% Flat punch Pf Material No [3) g7 pgund punch IPf |
1 1 !
400 1— i } 400F— 1
! 1
I L | T
1 1 . ;
o1 [ ] [itok. jtor] o 1 | | tor; [iLDR.
2.0

.0 1.7 1.8 1.9 21 22 2.3

Drawing ratio

Fig. 6-A Relation between load and drawing ratio with
flat punch in material No. (2] and [(3).

TR R OBA, T, BREmA S FEROSE
Eh Ry 4 7 PR Hﬁ’\ij wieE» LD.R B E B e,
ZhuE Fig 21 b, FEEHOBEIEAK D T Pain
2D TR OHHNCEIN D o b BB OB L 230 s
S 79 vy 7THBOERMREL LTIEHN L TH DR
HMKE AL LDEEZDBND, bHAATRKKD
HEBALTWBN, EHHEMOEmOHFN L D &E L

1.0 1.7 1.8 19 2.0 2.1 2.2 2.3

Drawing ratio

Fig. 6-B Relation between load and drawing ratio with
round punch in material No. (2] and (3.
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Table 4 iRd. ZOTHMIREDKE, 2 SRIWEH,

Table 4 L. D. R. measured with each method in the
pre-experiment.

Table 6 L. D. R. measured with each methods of
aluminium alloys.

Material Swift Calculative Graphic 64.0¢

No L.D.R. |Load, L.D.R.[Load, L.D.R.[Load, L.D.R.
3 2.04 2.08 2.05 2.04
Flat 23 2.02 2.02 2.01 2.02
pusch 3 2.13 2.17 2.20 2.18
4 2.12 2.19 2.21 2.19
1 2.07 2.09 2.08 2.08
Round 23 2.06 2.07 2.06 2.06
punch 3 2.02 2.18 2.12 2.14
43 1.94 2.21 2.15 2.18

i 1 mm ¢k LD.R e WERE#EH L85 &,
BREEA v F R DB REWTT Pr 23777 » 7 HEOEM
Ut o T3 5 foib ad o AR 33mme i LTk
EE6AMMP FIBD 77 v 7 A FEREhiEm b2 &,
¥ L OCERE A TR R AR E Y T hH 2B O AN
Bk ol

3-4 WEZ{tOFE

AP BT, RE T mmod 2 S RARB K O ET &
BT, TORREIT o, FETH, WEHITW
TR D BRI B SN A B DWW CERR AT/
olze MENIFIEREBERS (2] LELR DR DWTIR
=, 0.5, 0.65, 0.8, l.2mm & Q% EELMA1E3-3
EELSEUE Licas, R 77 v 781333mme 3= v 7
W2 & b s 6dmme, ¥ L0 60mme v L 65mme
KEZ LD LD 2HEY BT o7z, #if%a Tableb
Rt fEERE LT, BRI CEER D MR F B kD
B+ omEECH b, FEB 77 v 7EES 64mmeT
F

Table 5 The effect of thickness of sheet on the
L. D. R. measuring by Swift and Load method.

. Swift Calculative{ Graphic 64.0 ¢
Thickness| T BR. |oad, L.D.R.Load, L.D.R.Load, L.D.R.
0.5 2.04 2.05 2.05 2.04
Flat 0.65 2.10 2.09 2.09 2.09
punch | g g 2.04 2.04 2.05 2.04
1.2 1.97 1.99 1.98 1.97
0.5 2.10 2.10 2.09 2.10
Round|  0.65 2.14 2.13 2.11 2.13
punch | g 2.09 2.08 2.09 2.10
1.2 2.03 2.05 2.04 2.04

35 PIIZULEEEERLTORER

BITEE COERL2 SHR7 VI =y s A FER LU TTR
ST NAIBE T, 73 =Yy A EE&FICHEFENERT
X BNENERDDICDCEEES (5], (6) O2FD
BEEBEATRR T o, FRETFIADHEE CL T -
o BULTHh D, FBEERA Table 6 wind, #FELL
THEEES (5] L5 Mg &HREDORRNI b O
B L CIEARIRETH A28 (6] O X 5 it MgED %\
BB LT A Y 0 7 PR EFAMBOTN B & N
Bo 2 SHEMER IO Mg BOD MR & il U CER

Material Swift Calculative | Graphic 64.0 ¢

No | L.D.R. [Load, L.D.R.Load, L..D.R.[Load, L.D.R.
Flat ) 2.02 2.03 2.02 2.03
punch 63 2.08 2.05 2.05 2.03
Round| @& 2.11 2.10 2.08 2.10
punch (6 2.15 2.20 2.15 2.16

IR SWEALE L L, #RAEROBIR D, HEH
EEA High-gauge & 7n 0 2720 IEEZENIK & &
ol L BB RFOMIS 2 SH, FHEEMOEBEE LFH
Bl b rBERRNLTWALDE# 2B L5,
36 A7+ 7 MREFRNEFEFRNOERE LDR. o
AV A 5

HEHE LOMBE LT, MEHFREAY 47 FHFROD
N7 RRRERY W Ao Bk LTERES (2D
L5 DT, 10003¢2000% 1.0t AR L Y 75mmF o
EBRACM L, FRLD 7T JREECHEEEY, T,
B v #4300 2 v 4 7 +X LDR. AR, (A
v 4 7 R LDR. EFE—& 5 el oRAE%
di L LTHALTHZ2s, SEE LTSO8 D, &01E
Jol KB dr & UTEERA Ui

FRA UL EETCHEE & o 7230 O TR CF, BRif< >~
FoOHmEHFE LDR. 30E4RKbdi, J0OBE 7T v /&
1E64mmea FH Ui, BHIEED /T Y 5 2 LT & I
7o LRI & D 4 4 OEERZE 0 23R 7,

o=/ Frlai— 2N (2)

NuxflzEE, » i, itk v OES, p s
HThbH, BREFES (2) WEM, FERYF, HEHX
LD.R. OftiFEA Table? wird. WIKAY 47 FR%D
PR U754 & AREORBE 2155 720 DRE ST XD
A (3) ik DRz

01/\/%1“1:02/\/7’12“1 (3)

o1 VXA Y 4 7+ HFROBEERZE, n XEERTH Y
A9 47 P HROBENET T m=5 Th b, g2, B2 &
HEFROMEUERE, WERBTH D, BERRFTETESR
oY LDR., iR, kX OWEREER A RD
THFN 5% Table 8 izkd, Table 81z L b LI TOZEAH:E
EIND,

9" LDR. EHECE LT A Y ¢ 7 Tk, (HEEW
HRNTIZ & A EZENRR L, BIERIE SR TTTe Z WERES
HO7 NI =v MRHEANE TSR RERETH D T ERRL
T\nBe RICEERECH L CERES (5) FER
FDFEHEDENTREITRDFHET AT V2 HKE
BAEEBENRLLTEIAY 4 7 PRABOKO 77 v 7 HEHL
T—>OHIEEARD BT L TCHEHRDEEIL 7T
v 7 IT—D2DREBEAYRD TR D, MEEHFD T Y
ERFNIETRELMESFROFCIMINI-ED LB
N5, FlofEFRERENEREN O EMz=LD.R.
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Table 7 Standard deviation of Load method L. D. R.
on material No (2).

Load method. Flat Punch
2 (LDR) | fo | ] Firew?
©)

2.00 1 0.0009 0.0009
2.01 5 0.0004 0.0020
2.02 8 0.0001 0.0008
2.03 5 0 0
2.04 7 0.0001 0.0007
2.05 2 0.0004 0.0008
2.06 2 0.0009 0.0018
i 30 0.0070
O =+ 0.0070/30=0.0152

Fhld b, Ay FEESmMm K LTE T 7 v 7
EE 6dmme FIENHEYTH B,

(3) 73 =v RERER T - B A Y F A
DAL L2y o 7 P AR LDR AT L.
DR. 23l X Mic, = OIRAETIRARE T R DO B T
BTH D,

(4) LlLEofEHRE, HE 0.5Smm~1.2mm DN T
BIUETNTEHMT B,

(5) HWEBHFRCHNTAY 4 7 FPHREFBREONE
MR Ay, mEOHE LDR Oy il

Table 8 Measuring accuracy of L. D. R. with both methods.
Material No. (2)

Material No. (52

Measurin, Standard Measuring Measuring Standard Measuring
methodg L.D.R.(w) deviation, ¢ time, n method LD.R. () | geviation, 0 time, #
- Swift 2.03 0.0115 5x5 - Swift 2.04 0.0122 5x5
at at
punch punch
Load 2.03 0.0152 8.7=9 Load 2.03 0.0112 4.2=5
Round Swift 2.08 0.0122 5x5 Round Swift 2.10 0.0126 5%5
oui ourn
punch punch
Load 2.07 0.0152 8.7+9 Load 2.10 0.0149 7
CRR N TR D, FRain e e J RS S i 3k U= fER, 5~10&o 77 v 7 2 ERAT LI V. O

BB D 27 v X3R5 & 0 L Bbivd.
Tads ST Y R EE S HEAROF AKX AR ZIUEA Y 4
7 A 0.5mm ZE DR FE S BED T T v 7 HEALT
WAHHIE S WD 7T v 7 Tk BRFED LDR. Lok
HENN D THh D, AV 4 7 PEREFAREORKELRE
Bz OWMBEFRNOLENZEEIL S ~9ETHLHRID
REETH 2 Y 4 7 P RICHA TR ATLETSH D, EbIC
S e B IR SRS, S VB (5) OFEHR v 7
OEAHHBELT, SHLUTO7 7 v 7 THICESD &8
B e fofl iR & 0 BB 3\ I R 7530
RV 4 7 FHRCELATAT Y #BERETRE Y, %
DELDTHTHY, UBEFELELDNDC EHBHL
THEFRO 7 v 3 =9 SRR b+ ATRE
ThbEBETE %,

4. &

7 v i =y A OBERR D ILD.R A E R TRD
Todi i, ITOZ ERBEBEME ot

(1) BEYZFEHINB 7TV I=Y ALV Mg &E
BOVIRNT VI =y REEOWER CH, WER 7
BOBREAY 4 7 P ARTRD/A LDR. gL A LS
LW EAHIRE S, MEFR L2 LDR fiEEt+o
CHEIBECH Do

(2) FESHEORER Y +#EHDEaE, BAMNED
7T TR ST A ez LDR. §
BT %, LR CTEBECERD 7Y v 7T
WEHK LDR #RDDZ EEAEYTH B, AV 4 7
AR ER—O LDR #RTIHSLED 7T v 7 kEH

il

BB 77 v 0B rHVELTAHAY 47 FHREL
L TCKERFETH B,

ok, COWMEHE (e TZP. AREvbid)
BT B SL, BEIIIEE A ERY S, bAEIK
FBNWTEEBASEC X » TR DWW RbR TN 5087
NI =y R U TCEM b DR ELRB LI,

X ik

D. V. Wilson, B.J. Sunter and D.F. Martin : Sheet Met.
Ind., 43 (1966), 465
el AR D UBHE X I, 37 (1964), 125
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Investigation of Quantitative Analytical Method
with X-ray Fluorescence (Rep. 6)

On the Precision of X-ray Analysis

by Toshio Sawada, Akinari Ichiryu and Tohru Aoyagi

Precision of fluorescent X-ray analysis is complicatedly functioned by stability on
irradiated X-ray intensity, reliability of intensity measurement, precision of chemical
analysis, etc. But fortunately, it is easy to calculate the statistic deviation of intensity.
In the results of comparison with the calculated standard deviations, orx,. and measured
standard deviations, 6rx,n , which were obtained by observation for long periods, it has
been able to estimate precision of fluorescent X-ray analysis as the reference to chemical

analysis.

orx,. was calculated by the following relations:
(1) Standard deviation about intensity of fluorescent X-ray is equal to the square

root of the total number of counts.

(2) If y=f(x1,x9 %) and xi,xg- -

other, variance of y, V(y) is as follows,

V(y):(ﬁf_ *Vixy +<%{_2>2 V(%2) + weeen

ox1

x, are independent random variables for each

Analytical plane of cast sample was finished by lathe and not polished with paper.
In the case of the element being segregated in the specimen, the coincident plane with
the value of chemical analysis was selected as the measuring plane of X-ray analysis.
Measurement of X-ray intensity was not repeated in principle.

The results obtained by the comparison with samples of copper and aluminium alloys

were :

(1) o6rx,m was approximately under 2 time of orx,. and in the case of segregation in
the specimen, its value became greater than the above.
(2) Standard deviation about chemical analysis, 6ca, was approximately under 2 times

Of OFRXsym-

(3) Measured standard deviation of difference of X-ray analytical value from chemical
analytical one, (rx-ca»m Was nearly equal to the calculated standard deviation by orx, »

and oca.

(4) It was concluded from the above that o(rx-c4),» Was approximately 4.5 6rx,.; this
is the estimated precision of fluorescent X-ray analysis.
This estimation was matched in the many cases except equations 4~7 in Table 1, in
which it was seemed to be problem on variance equation.

1.1 C & I

P NEX e kB EEATNE, T CrE 4O E DWW
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PP X RO A B AFHERE T, S A%BIET2EWRTHE
i check BB #HEEL, TORBREBMEK L - THPTEEL
B A LI LT Wb, EBA RO e TR T,

* 456 ERBTISNS (19664 1LAIBERORID Tl
** I

X BAFTEOEBE LT - Tnde TOX 5 nbid
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2. AIEBEIZDONT

TR KBS FOERBECE, ek XERE Oz
B, XBREDDORE, ERORERE, AR EE
oiREE, VB OREE A OREEREE, BHESE O(LEST
HEORBESB2AOERNEENTRD, Fl2BHREDH
FEREE o THHEIEROELOREME, Siiciilzss

_..1_._



(101) = K =

® B

¥ OB April 1967

A bELBEMESENREZ NS, Z0L S CEEBET
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VI XRREE DM T A & & 1e L, SEEROHIE RS
B DS T DM EERD 2 LT T 5,
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AEHEFEIENY T2 bhb, &0 &k Liebhafsky
BOBRAY @ kv [THIZEEHEEZS L bACSEIL, Z
DERRA At 295 0 4t OEEENCE 2 @ LD pho-
tone BADEWLE LI EBLELODETH, EFBEL
Nesne it ol SnsERE Nb THbH »
¥ NED 4t Rz EHX A, 520 O b-NED 4 ¢ i idztHll

ENIeholc 5 &, 2HEMEOEET NEFTHE NS
T PN 12RO & D D,
Py b(b—1)- (b—N+1) /_T‘l)N(lA ;NL> i-N
N! \"b b
bIIIEBIC A RBIETH AN
-N
o M

Ziuk Poisson S Ch Do X HICHEEEHIT 5 Nk
KERBIETH D05 Gauss HARICTR D

1 . —NN2
VorN | %P (A;YV-AD

Fiobb, BRI N 1hs,)

EEZ LD, A NIEIRE O SEER R T
T, ZIUEFES KSR T XA D—>
DOFETH B,

B X L D & E R A RD HRIRD 3 HTRT
2, RO S EFROEMAHET B DI KD
R Fi T,

Py=

X1, Ko, Xn MECIRTEHT y=F (1 Xn) DA
RTCHBHEE, y OB V) ik
VUO#(%Q)%KxQ+(§£)ﬂNxQ+ ------
+( gx >2V(xn)

DAL D 3Iro0,

BLE 2 >ORERN BDIREOHKITEIIC L 2 8B RO

HBENIEEMFZE LB 2 EMNTE B,
3. FFERKIC>20 T

KXo HaBREROHHFARK, Sy s 772 F
DENCE VL PELRLTL b, Fig. 1 @ XfgAa~27 b
NMETR LTz, Type I CEBMIc LB /3y 7 77 ¥ FiT
ZDRWEAET Type I 3ZEOHAHBAER LI, ¥
Type I i, HEMIC Ay 777 FOERBD, L
2 LIRE 0 DI LES LT WA A% RT. TypelV
EEEROREOEBAT, BUESE S1 & Se 2w,
FOMOBERAERE LR TEEDALY T Type
T & AR # 2 UE L

BEDL5A2s P rdBnE, X SIILFEITEDMH
ERko-7T, BESGHROHEMAE Table 1 oL 5127
Y ORAEFEHLTCND, INHD 5B 1 X3 b# A
ROBWRTH D, /5L Cu-Ni &&h DM, *
flk= vy r vOEED, 6550k Cu-Ni 448 OHHHD
EED, FIRIAAFEETOLROERITHTHLD
T5~TRIBEHRAHESTRTH D, mBETRL AsK,
fos PbL, S BEHLUCAIEINADT, SMOEERLT
B Ul A2 LS Wb D TH B,

Fig. 2 iaEROREEER L, Table 1 OFFE K
EXIEX R, WTROEE S 2 SMOBREMRATER & A
ELTEHEL T L LD TH b,

WIC. 2 B CIR AT B DA O L h BE LTz & &
SHROSEOE 0T Table 2 i b, MEDOHIEL
FTRTERE (60sec) TFf - TW5HOD CHE LA EIE
HEBRT A, S DHE 2553 cie Liebhafsky 59,
BLOAINSD WRLUCEITEFREE<FHA LD TH D,

4. BIERF & BESHE

WrEslEhdg & UTEWTH B, MIFE 2T LT

Tnofce FEMOFARTIENCIG U CHEBIHD 2 7%, FES0

mmX40mm X 10mm, MH#EH#E S0mme <14.0mm R—jE
MTH B,

Type I Type I Type Il Type N
3 " — - T —— >
3 > 2 =
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Fig. 1 Types of fluorescent X-ray spectrum.
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Table 1 Equations for guantitative analysis.
Method . . Type of Type of P
No. Equation spectrum calibration Application
~ Mn/Cu-Ni
1 W= tids Ly, I A Fe/Cu-Ni
Is~1p Cr/Cu-Cr
Io~1I, .
2 W, :fﬁi;f" Ws 1 A Co/Cu-Ni
oo de=Tss 1y " Sn/Cu-Sn
3 Wil (W W) £ W iy B Fe/Cu-Fe
L= Uant Tasa)
4 W,= i s W I A
1:"’2‘([5b1' Isps)
5 W,oe AR Wi =~ WU —Ip)+ W (U5, —Ip)~ Wi (I 1p) v ¢ Cu/Cu-Nib
Ts1~1ss Ni/Cu-Ni?»
Ti= o+ Lea)
6 W — n D Zn/Cu-Ni?
1:‘"2'(1:b1‘1‘15b:)
I ;
I x"‘é‘(ijx‘?’fxbz) 1
7 Wemqe— o~ CWpy i E As[Cu (Pb)
7.1 D
Is "2“<ISbl 515172)
1
I : X-ray intensity measured with fixed time method.
W : Weight fraction.
x : Analytical sample.
S, Sy, S5 » Standard samples.
B : Blank sample.
b, b,, b, : Measuring positions for background intensity.
k, A, C, D, : Constants.
X : Function of mass absorption coefficient. Refer to literature (1).
Type A Type B P Type C 2
TSy 77 s
S Pid -~
m &y = Lo
—~ et — e
= g | £ A ° -
’L . S2 P 82
0 0 0
y 0 . .
0 Weight fraction 0 Weight fraction Weight fraction
Type D Type E
s
- ~ e
T —
A
0 0
0 Weight fraction 0 Weight fraction

Fig. 2 Types of calibration curve.

B, mEmcs URETAUEIL, B0 &GRS %
BEATHITE Ulzo PIENIIEEE CFiinys, ATk~ % 508
TSRS LFOLTHlE L, S RERETT
VNG YA /Ll (el

EIE LREOMR, ThbbRITOEEALLN LD
AL, {LBEOWNE—HTAUEEAZDTHN LIz, £

O—F & LT Al-595Cu-0.5%Pb-05%Bi DERIC->\TE
o —EBEUHIL U WX CEE L& 2 A, Fig
3 DIERNE Bz, BRAEAMEL S ONT, DS
BHBIMET LC\n2, —55, B—&L DAL TCES 20
Wak % drilling U CTEESTET S, FOEE—3T
LA RO T, UEERMdmmEe 352 LiciREL
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56 Foo G5 T ZOREHCOWTIRHIC 4 mmEH) L Cile s
Fotens, Fig. 3 bbbk ko, BERMERS—EE
5 s CHARNTHED 2 b a2 B nweTH S,
BELtRTECHEC L - THEAHLTHY,
// SRR OBEIE TR BEE OB TH &L r 2 Tnd, 20
« 5.4 // EAIVEIT, IERILS & LY Integral, Differential J5
5 /// KX 2 L2 LDNBD, LiL, BERO LI CnTi
© 53 O\\c DEAL 60 sec DEEETHERTR ol iz, HE
7Ld/ SFRB DN TE—EDRED A THEAZ R L, <D
5ol - S LT ORI & LT b7 7,
ﬂ | 5. 5 B O # 2
5.1 (@] %3
6 8 10 12 14 51 XBRIERE
Thickness of spcimen, mm Vel mhic L b, EHERE & check FUBHod = AL

Fig. 3 Segregation test for copper in analytical
specimen, Al-5%Cu-0.5%P6-0.6%Bi.

The above result was obtained about two

wBEOF - 2L D EDHL, FO—@l% Table 3 R
Lize SN SOMENE Table 2 ORI L » TR

J | thick TRE B L AR, &, R LD ELN
specimens, of which original thickness .
i BERE orx, m &% Table 4 CRT,
was LOImIm. N ‘
Orx, ¢ & OFx, m OFBIFIAE L L5, orx, m
Table 2 Variance equations for weight fraction. 1 EOsEA < 0E UAIE LcEROEBEONRT » 5913:9
Method Equation D, Orx, ¢ WHREORKEERIOALHBE Lz §HH L
1 VX:(I_V“‘{"WB_) {V(Ix) 1(13 ;s ) V(g (18 Iy )V(I )} RTF 9 X Thh, WorT Orx, m & 0Fx, ¢ £V ivfﬂﬁ%ﬂc
. RKEWEITTHA
2 V;:—,(] ’_V;‘) (VUo+V T+ ( £ 11 ){V(I Y V(Isb)}] — N <
Sl LA L, I LcHiiN 8 ~ 4 i bDNRH D,
3 Conform to method 1. Bl ERE L (L LT\WAnD, Table 3 OHlimi@E
o |l ) (1Y ey sV Gy BT LY, SPEIRIME TN &) & EICERET S
S e b gy (1) 4V U+ V )] WLEDD %o
Vo AT U0 L B VL 1 C VT D VO *72 Orx, m/OFx, ¢ DAL L5 KX fifﬂi*{?ﬁ'f%
A= "’XI)(W;J"W 2 DO H ST, 0 Cu-Fe &£4&13mMEa4 T, Hnd
; BaWsr = Wl oo — (14 R X)L} DFORBLEEZ DIND, EWHIEIIUE Orx, m[0Fx,
Usi~Ts52)" - .
o (W W) (=T (1 RX)L) DOHF1I~20fE) D, RE R Torx, midorx,.
To—T50)¢ . N
e BT D2ETHD LH LD LT Do
forle 5-2 {bEAITE OREE QLR
6 Conform to method 4 Table 5 el (’i check %ﬂi;{/}@,{tr‘?%}(ﬁ- & H-L\%X’Sﬁ%ﬁm
7 Conform to method 4 D < D JE LY“%B‘Z&%“[, L, /Co)ttif’l i LL726 ﬂ:T Hﬂ’izo
EEEASVEL, WIFhd AEEDIZRLIZBDTH S,
Table 3 Intensities of fluorescent X-ray for estimated precision.
N Standard sample Blank Check sample I
Element "G —F - Method Ior count
W;’ [ I:t, count I:Z’ count Ip, count No. { I, count roa
PXC N10 0.607 s 737 %64 —
Mn/Cu-Ni 1.26 1277 64 - 24064 1
PXC N30 0.692 \ 806 < 64 —
. PXC NIO 0033 | 753x32 696 532
Co/Cu-Ni 0.295 1207 %32 677 %32 — 2
PXC N30 0050 | 75k 68132
. ' 10.69 153%} %128 — 36%128 PXC NI10 10.01 i 10613128 —_—
NifCuni 33.18 1229) ° ) .
pedh lodo) 128 — 21128 - PXC N3O | 3085 | 1138128 —
Sn/Cu-Sn 7o 1ggg}x128 — — 3 PXC API 562 ’5 865128 —
As/Cu 0.119 92332 gg‘f} (32 —_— 7 PXC 714 0.052 " 808532 ;8?}x32




Vol. 8 No. 2

FUIEX e & 2 ERS IO

(FE 6 (104)

Table 4 Measured and calculated standard deviations
on the X-ray analysis.

Element |Sample No.| Wi, % |0rx,m % | OFx,c» % 9FX: m | Method

OFX sc
PXC NI10 0.607 0.0074 0.0051 1.45 1
Mn/Cu-Ni |-
PXC N30 0.692 0.0067 0.0053 1.26 1

PXC NI10 0.033 0.0057 0.0039 1.46 2
Co/Cu-Ni
PXC N30 0.054 0.0049 0.0040 1.23 2

PXC N10 | 10.01 0.055 0.038 1.46 5

Ni/Cu-Ni
PXC N30 | 3085 0.079 0.127 0.62 5
Cu/Cu-Ni { PXC 54| 30.49 0.103 0.123 0.84 5
PXC AP1 5.62 0.057 0.027 2.15 3

Sn/Cu-Sn
C - 48 10.29 0.084 0.042 2.00 3
As/Cu PXC 714 0.052 0.0024 0.0033 0.73 7
Cr/Cu-Cr | PXC U4 0.952 0.0086 0.0060 143 1
Fe/Cu-Fe C - FE 4.24 0.074 0.018 411 1
Cu/Al-Cu Cc- 11 5.38 0.027 0.022 1.23 2

Table 6 Standard deviations about the difference of
X-ray and chemical analysis.

Element OFX-CAb m | Sample No, | TFX-CAx o O(FX-CA)m
% % O(FX-CA» ¢
PXC NIO 0.0153 1.50
Mn/Cu-Ni 0.023
PXC N30 0.0178 1.29
PXC NI10 0.0113 0.89
Co/Cu-Ni 0.010
PXC N30 0.0078 1.28
0.124 PXC NI10 0.079 1.58
Ni/Cu-Ni
0.158 PXC N30 0.177 0.90
Cu/Cu-Ni 0.158 PXC 54 0.109 1.45

Opx, m : Measued standard deviation about X-ray analysis.

opx, o & Calculated standard deviation by X-ray intensity.

Table 5 Standard deviations of chemical and X-ray

analysis.

Etement Sample No. gea, % GFX, m» % gca I
OFXim

PXC NI10 0.0134 0.0074 1.81
Mn/Cu-Ni

PXC N30 0.0165 0.0067 2.46

PXC NI10 0.0094 0.0057 1.65
Co/Cu-Ni

PXC N30 0.0061 0.0049 1.25

PXC NI10 0.056 0.055 1.02
Ni/Cu-Ni

PXC N30 0.158 0.079 2.00
Cu/Cu-Ni PXC 54 0.035 0.103 0.34
Cr{Cu-Cr PXC 14 0.0047 0.0086 0.55

oca : Standard deviation about chemical analysis.

(LA PTOEBERSE dca &, TWHXBEHND orx, m
D BATTOWE D, REFF WX RO DT
DRSER LU, —IS Gca 13 0Fx, m D2fELREDZ &
5, i, AHEOESET &It X BT o g
Hi% 73 3 RITEHICEE A B L, BEL 2 RN TH D1
M) TR BIE—mAE DELAE LTS Z L IER
T HRENRD D

5:-3 {b2HEE XEFFEOEICOWT

o Xy BT U7 sl GRS A L, £ DOTED
B ONTTANT, BIEE TOF ~ 2 L B b Ak F—#H
B OSSO T3 <, @20 DWTE LI E
COWTCEH LIz DTH 5o

il 5 D 78 D — 5 BER D
Orx, m & Oca &% -7T (0px, m2+GCA2>:} HETE
Lz orx-ca) ¢ &% Table 6 wiRL7z, FEic L
O(FX-CA) m & O(FX-CA) ¢ DEEHLDE, FLALEM
LHOHINTEEENR RN E WD, Tinbb, kX
BATHE &AL VTE O 2 OEEIREL, e XA

MZE% O(Fx-ca)y m & L,

O(rx-ca) m : Measured standard deviation about the difference of
X-ray and chemical values.

G(Fx-ca) ¢ . Calculated standard deviation about the same difference.

OWEBE LRSI ORBELBLHE LTI W &%

Ofco

6. [FOFEXIRIH DIBEDHE

STHDMER L DT W XBATTORBELHEE L TH b,
e Xt e s O DT L W& LTHR DY,
Bt o TSP A B U E A I S s SR R0,
bbb, {LEATHENEOETHS LEEL, LHEST

BLDEDNT vy X EWHETDHILED S,
SIHDRER AR TRT &
5. 1H LD
5. 2L D
5. 3IHLD

OF X, m.:-ZUFXy &
GcaA=20Fx, m

O(FX-CA) m=0(FX-CA) C

=(0rx, m2+O‘CA2>“}
INBOXAMELED &
O(rx-cA) m=45F%, ¢
LBy O(Fx-ca) m & 450rx, ¢ D% Table 7 ik
L, ¥7-fE0lAE &R Lice H#@ErFA Table 2 @

BARICHELUSHES, B0, BTEERNTUL LuniE
Table 7 Estimated precisions.

Element {)lce)‘x’nczr;xig?a: Method! ‘71;«: c 4.50;;», . U(F%)’ - lo‘ F\"'I'C‘;:m
Ma/Cu-Ni ‘ 0.1~2.0 1 1 0005 | 0023 | 0028 i 1.00
Co/Cu-Ni | 0~07 2 0.004 ‘[ 0018 | 0010 | 180
Ni/Cu-Ni ‘ s~11 | 5 T003 | 0171 | 024 1.38
NijCu-Ni | 29~32 | 5 0.127 057 0.158 3.62
CufCu-Ni | 26~35 s 0.123 | 055 0.158 351
SnjCu-Sn |  6~8 3 0027 | 022 | 0160 076
Sn/Cu-Sn [ 9~17 3 0.042 | 0189 | 0146 1.29
AsiCu | 0~01 | 7 | 0003 | 0014 | 0004 | 350
Cr/Cu-Cr | 04~13 1 0.006 0.027 . 0030 | 090
ZnjCu-Ni | 0~12 6 0.015 i 0068 | oo2z | 309
Cu/Al-Cu| 5~6 2 0022 | 0.009 | o100 | oo
\Z“/AI‘Z_‘}VIg' 5~6 | 2 | ooz | oo | 0094 | 105

450 rx,  : Estimated precision of X-ray analysis as the reference to

chemical analysis.
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ECHDH T E0bhDe 85 E~H T EIERRFEATR
Tho CTHERAEENRDRADT 4506rx, ¢ THWEXE
STORBE AR5 2 EOFAMEREDILR N,

CDLAHRIZEROZ bbb L5, (LFES
WORBELIZ U, BBon—ik, 3EORMRES X
STHEBINDEIATHY, ERTSHEEELESD Z &I
WHECcH D, ¥, ZOZEHEHECENTREOHA %
T iudin Sinus,

DL 4 KON THEHEOEB CHEI LIz L &5,
EECRDI: orx, ¢ L DERRAIU orx,m AV, &
BRI MBS ol ORI DWTHSERE L
W7 B,

{. % & &

e XA ORS B, B XiEmEowEkE, WE
MEOFEEE, (LEATEORES A NADERI L - TH
HEZITDHOTHEMTHSD, Lo LTI b XGsRE DR
BENCOWTIIETHATIRETH D, ZOFHEKE orx, ¢
LERBICEAMIC bz - THlE U TSRO R Erx, m
EXEB L, S BIACESEE Y bHM LT, kX
POV DR E A SR E X D #i Lic,

BW/cslEHIE e LTHEMTH D, BTt Eirx
fI7g\s, - =SB X B HHE I TR biads o fce D
BHBEEEE LU XBANTCTHE L, {LEIPHHL—
Y HHETHE Uiz, MEEZIFEAE LTC—EOHE L
< DL TORMBIAT nbind ol

MEERLVT7TNVI=Y 2 EEOHHELEFE - Tl L
fek 2 A,

(1) orx, m WX 0rx,c DIHT2H/BELATHY, Hblic
BT B 5 & DITKE AR Lz,

@) {LELOHTORE oca 1k, THEPLEHFRLL-TE
B, =R X IR OMBE L VLY, orx,m D
2ERETH -7,

() X ERSHE & ALFEAITE & DEDOFE) o(rx-
cady m tk, OFx, m & Oca EMBEIRLUIZESITIE—
L7

PLEDHR LD, (oA REED Uit X s
FrOHEEREL 450rx, ¢ &7 0, BHIURER E Hig
LT DBELLSED 2 BB, 7oL Table 1
DEMHFRA ~T ik, SBOFHRCEMRS > Th <k
KSBOMBETH D,

X S

D —Wumng, RESEE i, 18 (1964), 860

2) —HPIEER, IREGLEE A ese, 14 (1965), 7

3) H. A. Liebhafsky, et al : X-ray Absorption and
Emission in Analytical Chemistry, John Wiley & Somns.
Inc., (1960), 270

4 FEE B T, 14 (1961), 677

5) WK, IS Z ok, 10 (1961), 875
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Effect of Additional Elements on Weld-Crack
Susceptibility of Al-Zn-Mg Alloys

by Yoshihiko Sugiyama and Toshiyvasu Fukui

A study has been made of the effect of additional elements on the weld-crack
susceptibility of Al-4.59%Zn-1.59% Mg and Al-5%Zn-29%Mg alloys.

Weld-crack susceptibility was evaluated by MIG-Spot cracking, Fish-Bone cracking
and Tee-joint fillet weld cracking tests. MIG-Spot cracking test was carried out with 5356
filler and Fish-Bone cracking test was carried out without filler, with Al-Zn-Mg filler,

5356 filler or parent metal filler.
The results were as follows:

(1) The addition of zirconjum to parent metal has a remarkable effect for reducing

weld-crack susceptibility.

(2) Neither titanium nor boron addition has any appreciable effect, though these
elements serve as well to refine the structure of the weld metal as zirconium does.
Titanium, however, has some effect for reducing weld-crack susceptibility, only when

5356 filler is used.

(3) None of other additional elements such as copper, silver, chromium and
manganese was found to be effective for reducing weld-crack susceptibility.

(4) Weld-crack susceptibility depends not only on the grain size but also on the
volume and form of the liquid film, which is formed with boundary segregation of

eutectic composition far from equilibrium.

1. #&

BEhOBEICE Ly, 4, AlZn-Mg Réaen
EZRALIN OO, REESEHEELUB LI
-~ 1)

FREEITFEAMEN L L, 2 OREESECEN TS
DT, BERBECHETHET THhi D OEREES
%o

Ui Ui 8 BAR-E SIS A B 3 L O EEIIUE
EHERBRANRERS Y, OB IEIIE A RME
ElnoTnb, ISHEEEINEFIE Oy, Rk XD
Cr,Mn 2\EBEHMEN, E7/o8E Tk Zr, Ag,Cu DR
ML EZINTND, DI,

W olF D BEEINEIC OWT b 2 ORI TN
%08 D8I RERE IR e, o F OB
DNWTHEAREL JAIERE IS

AL, AREEOICTIBEENGIE, MEOR L, &
BOMM LA ED Bt L b LiELiE & x5 Cu, Cr,

il

*OmiERGE 85, (110, (1966) i —ER3Ek
WP

Mn, Ag, Zr, Ti, B LU F0OOITTED BEZ T
FETEBEONTRE LEERTHLD, ThHOMET
BOWMC BTz TR, FREASOEAME, BHERED
TN RS EE L,

2. % H #

B#iE Al-4.5wt9Zn-1.5wt9,Mg ¥ L o° Al-5.0wtgs
Zn-2.0wty%Mg iz Cu,Cr,Mn, Ag,Zr, T1, B L 0%D
fibd 0.~0.5wty% O THEMLALLDOTEHS, 1LEH
HOE, Znk LU Mg @FE8ED 7 VXX ThE B
EECAHLE 5 %BLINTH o7,

# 4 200mm X 180mm X 30mm @ FrikiEs4, 460°C
T 30hr OH—ALFMMBA TR o7, ML Y 1 mm
DORMUBIA TR ofze ZHE420°CC 5 mm & GEVH
FEEL, 410°C € 30mindAfgEsa L, X HiK2mm
FLOI mmE CHMERE L7z,

INH02mm XU 1lmm HLYH, DD Fish-
Bone #EINEER 3 LU0 MIG-Spot EINEERH O Rk
EEEL, W $465°CT 3 hr B (L LEE L,

THIZ s BENARAOER L, FITEMEELK
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25mm 3 Lo 12mm KD T 4 (465°CX1hr W.Q. 1 7 A
R A .

Wl 5 ISR, Al-4.09%Zn-2.09Mg-0.5%Mn
o7 BUF Al-Zn-Mg filler &34 % L0 Al-Mg
o 5356 filler O 3EETH Do

3. RBRFESLUERER

3-1 MIG-Spot EIhRERIC L BHRMTREOR

73 = n Ad o MIG-Spot EETHE, LIELIEE
BEENORENRSND A, ARRTE, haEnsli
ELTHW, 37b b Fig. 1 wiRrd I &<, 30mmX
30mmx1mm 0% 2 HEh, o kL MIG-Spot &
VAT o 7re FFRIEHIEIO & & { Al-4.59 Zn-1.5% Mg
iz Cu, Cr, Mn, Ag, Zr, 5 50" Ti % 0.~05% &Lz
DT, EINEHE 5356 filler T B, BREEHIL 250~270
A, 7~ 7 BIFIT 22~24V, EEREE06sec, 7 vy
Higix 20lpm TH D,

0’ <0590 90" <ea=
Weld metal PO'”? : 0 Point Point 1 2
o . Crack angle
30 ~_ Weld M
oo e
| 180" <a=2707 270" <5360 Weld crack
___————MTT Point © 3 Point © 4

Fig. 1 Test specimens of MIG-Spot cracking test
and its experimental procedures.

BEHEXREERRAY TR, BOBOENMAEENE
Utze & B0, HEOTFRRLDIERE, BEFRIE
HETDHEODOLRBRA & Uicns, Wb 2 osBA O
FXETH B,

HNRZHEOTM & LTk Fig. 1 @ &+ 45 cEihA
Ehalr+sE, a=0° % point:0,90°=a>0° % point:

1,180°=a>90° # point : 2,270°=a>180° % point :
3,860°=a>270° % point : 4 LTH LIz, ZDLMED
RER A OAFATFE L, FOHBTENERZEE Ui,

TOfERE Fig. 2R, Fig. 2 L 0B ARI L <,

4.0

@
o

Crack susceptibility
N
=)

o

0
0 0.050.1 0.2 0.3

Contents of additional elements, wt 7,

0.4 0.5 0.6

Fig. 2 Effect of additional elements on weld-cracks of
Al-45%7Zn~1.5%Mg alloys. (MIG-Spot cracking
test, Filler ; 5356)

Al-4.59%7Zn-1.59%Mg @ EEEC kR JIETHE L LT
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YD LT WD, & I Zr OFMAREET, 0.1%%
BT D BRI R E N T\ D,

Z OREBCIEmME & LT Al-Mg %o 5356 filler %
LT WA A, ek 01%BED Tix&HE LTS
DT, ZOHEELUY I ERTLLENRD D,

3-2 Fish-Bone BEIhRERIC & 5 HRMTROZE
BwEENRRAE & LU, EBAERE I NTHWD,
11,1213 Fish-Bone ZUZIjuadiid R T % /o JiE
HD Ty F b P, b BREFRFERAELEZ LN

Tb\5014)’15>

KB OFYL Fig SR T L5 AR OLOTS
%, EIU< Fig. 3 wix+0RBk o—fla w3 n, Lk
A AWTRR L-EB4Th Y, TRENMA AN
SHERUIEATh Do EIIEEY ~ FEFfTeE LTy
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Fig. 3 Test specimen and its photograph of
Fish-Bone cracking test.
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Fig. 4 Effect of Cr addition on weld-cracks of Al-456%
Zn-15%Mg alloys. (Fish-Bone cracking test)
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Fig. 5 Effect of Mn addition on weld-cracks of Al-45%
Zn-15%Mg alloys. (Fish-Bone cracking test)
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Fig. 6 Effect of Cu addition on weld-cracks of Al-45%
Zn-16%Mg alloys. (Fish-Bone cracking test)
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Fig. 7 Effect of Ag addition on weld-cracks of Al-4.5%
Zn-15%Mg alloys. (Fish-Bone cracing test)
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Fig. 8 Effect of Zr addition on weld-cracks of Al-4.5%
Zn-15Mg alloys. (Fish-Bone cracking test)
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Fig. 9 Effect of Ti addition on weld-cracks of Al-45%
Zn-15%Mg alloys. (Fish-Bone cracking test)
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Fig. 10 Test specimen of Tee-joint fillet weld
cracking test.
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Pig. 11 Comparison of weld-crack susceptibility of Al-
Zn-Mg-Zr alloy, Al-Zn-Mg alloy and Al-Mg
alloy. (Tee-joint fillet weld cracking test)
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Fig. 12 Effect of Zr+7Ti, Ti+B, Zr+Mn and Ti+Mn
addition on weld-cracks of Al-45%Zn-15%Mg
alloys. (Fish-Bone cracking test)
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Fig. 13 Effect of Zn and Mg contents on weld-cracks of
Al-Zn-Mg alloys. (Fish-Bone cracking test)
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Photo. 1 Microstructure of weld-cracks in Al-Zn-Mg alloys. (x100) x%%
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Photo. 3 Macrostructure of welds made with parent
metal filler and 5356 filler. (x7) X4

0.259% Ag #ROROBMTHRMLIzZED L, TNHDH
ETEARMURWESEOF SEORM %, Wbk
Dokt e U CEE LW o < 7 w A 754, Cu, Cr, Mn,
Ag FHRIN Ui s LOUE IR Uin WiEEh T, ik
DOMBTHAN, Ti, Zr BLUBEBORO RN L
SN, EFEMAGERAERLTCWS, < Ti &
T OBEFEEE L,

- ¥z Photo. 3 & Al-4.59Zn-1.59,Mg = 0.22%Zr,
0.199Ti L0 0.09% B % BORDOBINTHRM UIcBH
H bt ks L% 5356 filler CTE#EE U/ O < 7 v filfh%x
Tte WEN LAY AL ST BA, Ti o
DT & I Z DOFEAAGE,

Photo.4 i, M BOEERNOBEMEMSE KT,

[/

0222 7r 0.19%Ti

0.10% s 0.21%%Zr, 0.20%Mn

Photo. 4 Microstrure of welds made with parent
metal filler. (x100) 14

FTHALI0BCEE LA L0 THLM, TIHHm LSOk
I7ulEh, bok bEMtINTED, FWTB, Zr
BMDIAE 7t » T, 22T T UL d OO
wrEsr 0.015mm T3 0, Zr #HM ULz L DT 0.04dmm
Thotoe

37 BEROSRBE

Al-5.09Zn-2.09Mg0.239Zr,0.19% Ti % L 1°0.12%B
EHRMUIzSD &, LB LARWEASDE A EORH
%, BOROEMTHEREL, RELIRE T THIK LR,
Solidus BT ¥ COEETHRIIIRD Lkt Fig. 14
CRTe TNBE, WIS FIEREEIMENG SN
H oY &R LIEMECH B35, 550°C DL EOER TR
in <, MEMEE R,

2.0
1.5
e
€
~
o
S
= 1.C
>
(=4
o
o
B
[=3
[}
= | \‘
0.5}— —e— 0.23%zr !
—O0— 0.19%Ti
—a— 0.12%8
—A—  None
[«]
i
0
450 500 550 600

Temperature of tensile test. T

Fig. 14 Effect of additional elements on the tensile
strength at high temperature of Al-5%Zn-
2%Mg alloy welds. These specimens show
the britlle fracture along grain boundarys.
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Table 1 Comparison of the effect of Zr and Ti on the several properties
of weld metal in Al-Zn-Mg alloys.
Additional Content, Grain size, futectlc composition and Liquid® Solubility limit
element wt % (at %) mm Areal>, 9 System? film of binary alloys
Zn-Mg
0.20 wt % R
(0.96 at %) 0.04 0.43 AlPe Short 0.98 wt 9
Zr (0.09 at %)
Zn-Mg
0.41 wt % R (Al-Zr)
(0.13 at %) 0.02 0.98 2%“55 Short
Zn-Mg
0.16 wt % -
(0.09 at %”7> 0.015 2.83 ﬁ%_g}? Long 0.3 wt %
T (0.17 at %)
Zn-Mg .
0.44 wt % - (AL-TH)
(0.26 at %) 0.015 3.38 ﬁi—g‘? Long

1) Area ratio of eutectic to matrix (1855u x1855.).
2) Presumed intermetallic compounds.
Zn-Mg: M(MgZn2), T{(Al, Zn)4oMgsso}
Al-Fe : AlzFe
Al-Zr : AlsZr
Al-Ti : AlgTi

3) Liquid film may consists of eutectic compositions and intermetallic compounds.

1, EHCKIDTH D, BEOH, FLEFAETHBM, —
iy, Ti, B 203 Zr O Cnt I ic8a,
HMAREROLO LD, WEEbnl, 8 —k4U s
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I AHE R R 2 &1, 27D ied Ly,
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LA
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TR TH S,

BECKRBAWOHTICONTTHDEH, N LHERHD
B, BELRETEEZDND, kb, Bl
SRRt ZEROKERBINTNBAN, Zr KB E&H
ENTWDEIIEL, &Efk Zr-hydride % a4 5 ATREM:
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hydride 23RS duiE, KR % v ¥ ~ (HETE3E
BENHIEENDAEEERII L S 2ied Y, Ti 4o
THETIL, Zr T, 2@/ hydride % {E 5 @A/
b, ZOL, SBRELIEHRETTANETHAS D,

5. #& il

Al-Zn-Mg #&40OEEENC R JUETHRMILHFE D EH
% MIG-Spot #i1al, Fish-Bone U] fu 3k 4 X O

TH» s WEINERIC X DBE UFER, Koz L0385
mEiltolz,

(1) AREEOEFEHNL LWL, Zr OBFMAIEE
BTG, Zr p02% 6B IN5D &, BinbHBEfRgR <)
EE LB 35,

@ Ti ot & LT AL-MgRo 5356 &44%
HWIziz &, PRENGIRCEZTH DM, HMFED
wak e, T Ok L LR s Zr & F
THEIIE, RPLEFTH D,

(3) B ofid, Ti &REEE, Zr g X ks
T\,

Fofh, Mn, Cr, Cu, Ag 7x &1k, BEEINEG LTS
A E o, e LA, Mn, Cu 7 KL, EnABEX
HHEAND D,

4) Zn BLU Mg Enh 4L Th, ENEDICK
ERETL, T, INLOBEEBERMTEDOHRITIE
BTV

6) BESBEOMKER O, BEINFiET =y
R B LN FR e i\,

6) Al-4.5~5.09 Zn-1.5~2.09% Mg %44 T, Liqu-
idus (% 645~655°C 1z #2E L, Solidus (¥ 620~640°C
CHAET5A5 Solidus L h X Bic 50°C 13 &y 570~
600°C I AR AL & o dt il i & A Sub-Solidus
PEFEL, ZOMRIBERMTETY LERD Z ENHE
OEN, Tinbhb, TiHMLLOTE, Zr &ML
T=bDE Y, ZOHkIKLABEENREL L, FELIENR-
Tk D, A, Zr 13 EENFIEEES TR WERED
—DEEZ BND,

L Liehis, ZOMIBUTRSHEE bItliEd+ 240
ERHBLH5TH5,
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TITRIEN ISR N IR RN NI EETRTNNEREY

7oV I =7 a g i AR O Bz HTE

1. £ A » &

TNE= Y A EE&EDOEUEIM T EAESTH Y, Ml
HEOFEEHCEETHH LR LR LT A7, TODM
OEFEICHF DM EIGER N BEHEINT WD, &I A,
FEAESR OSRMMME O E) & B U CERE S, & IHREIESR
WA 7VI=y hASCRENLDIBENRRID, #HUE
PRI A BEE A ERINBHANE < ol

RGBT 7 VI = 544 2011, 2017, 2024, 4032,
5052, 5056, 6063, 7075, TDOS #HEEIC OWTHIAE D
b aD it HE LisboTh Yy, BRETEEI
b eT&, 300K 3 RILIEIEEIERRATT R,

—RR I D B, TR, WElES, SEL
B, REHIE 7 7 i DRl E 7 B, L L,
AHFR TR & R ORI B T EF G+ 5%
- APy

2. R EREBREE

& 1 RN OIS, 52 BICE ORI %
BB BT B,

AERBRCSESI b TR E LCHBEO 7 v I =Y A5
SWDOWT, B 2 RITHEEIER A, 4 <A 10~40°,
HEMIREE 40~200m/min OFEETT R - 78, F<W»
1 30~35°, FEMHERIIA X \NEE L2 & A Uiz,

oA B Ff ®r*

INGHER L GEREALERK L OKELE 3 RITRT,
FER TiEAMES A0mme, KRk L0 20mme @
HMCOWTORRTH D, Fio, FIRKTKBITHEDT
S &R VRIS U EEEL /RSN Tl o fo A B A N

5o FRI, MICk\WTHE, MNEDTZDHEllHE % 120m/
minX D KX TH5ZENTERNBST,

R, ERELy #BWTHEREDL Y DTS D
LI WRE Lz, TOBRARNELHTED, ZHHRE
S OREMER D) DI XS5 8 4 RICRT, F5E
ERIER 1L, 7 VBIR R L D RD I, T ORREHEBREBD
76k, SR LI E LD TRT,

s oA PR TR L P AU 4 R A v, R LK
A PSRN 4 (SKHY) ¢, 2OoRRR LD
SEAEIHICRL, FORNEMERHEIELLTELD
72o

PN DRSS 2 BUCPFRD LA P X —g,
Pime x 27—y (8108, G.L.8mm, G.F.2.05 ¥ifE
EsEmEh &R L, Bie X 3 fzsE (DS6-RXEF,
HEEETERD Lo vEEtryvyrs 77 (EO
-3, EIDRRREED X o T,

TeImE 7 7 -+ O NEF s SE-130 4 B
MEE S IOR J Ry EXEFEEIC L -7,

Bl LR Mo bFERS

% B o " it 4 4 43 %

Al Cu Fe Si Mn Mg Zn Cr Ti Pb Bi Sn Cd Ni

2011 - T3 7% 5.18 0.29 0.10 0.01 {<0.01 0.03 [<0.01 |<0.01 0.48 0.49 — — —

2017 - T3 7% 4.24 0.30 0.30 0.50 0.61 0.07 1<0.01 | <0.01 — - — — —

! 5056 - H 7% 0.02 0.17 0.08 0.12 4.98 0.02 0.11 0.01 — — — — —
TDU08-T6 7% 0.02 0.23 0.87 0.78 0.77 0.02 |<0.01 0.01 - — 0.76 0.43 —

2011 - T8 7% 5.42 0.80 0.11 |<0.01 i<0.01 0.01 |<0.01 }{<0.01 0.49 0.50 — — —

4082 - F % 0.99 0.42 | 13.17 0.01 1.00 0.01 [<0.01 0.01 — — - o 0.55

I 5052 - F ® <0.01 0.15 0.09 |<0.01 2.40 0.01 0.26 0.02 —_ - — — —
7:3 1% A — 70.47 0.01 - - — 24 e —_ 0.002 —_ — — —

2024 - T4 % 4.43 0.25 0.21 0.61 1.36 0.10 [<0.01 |<«0.01 — — — — —_

6063 - F 7% 0.01 0.19 0.41 |<0.01 0.54 [<0.01 |<0.01 0.01 — —_ —_ — —

I 7075 - T6 7% 1.31 0.21 0.10 0.02 2.52 5.40 0.26 1<<0.01 — — — — —
6:4 3% 8 — 57.01 0.04 — — — L2 - -~ 0.04 — — — —_

*OprAE T
R 75
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B2R M OBRATEE c
e 8
! o | W A | gEmmy, | om e, [F7AO2
S B # 2 kg/mm? Ij{g]/rJnm2 % ngﬂg’?,
2011 - T3 33.9 36.2 7 109
2017 - T3 36.7 6.5 21 144
1
5056 ~ H 31.2 37.8 17 116
TD08-T6 28.7 30.7 16 109
2011 - T8 36.1 4.7 13 131
4032 - F* 11.8 24.1 13 65
I
5052 - F 10.1 21.5 28 54
713 4 4 22.7 35.2 51 104
2024 - T4 40.6 58.8 13 148
6063 - F 7.6 14.7 32 51
I
7075 - T6 62.0 66.2 9 199
6:4 3% & 26.3 49.9 31 152
* R o
B3R BHE B L oK " ) _
BIN fH & K
wE | B 3 x # kit
# #, A | 2011-T3, 2017-T3, 5056-H, TDO08-T6
Ko7, B | 300, 35°
I | ke # # pgg, C|100m/min, 200m/min 40mmé A bR ijj\
# y, D | 0.05mm/rev, 0.10mm/rev \
]
@ % i, E|lmm I ( 1 e
/22 S S —
|
) B, A | 2011-T8, 4032-F*, 5052-F, 7: 3154 Py
1594
HOF e, B 300 350
. , . 80 -
I | & i @ 2, C |60m/min, 120m/min Ak LAy r—3, 5108
% ¥y, D | 0.05mm/rev, 0.10mm/rev. \4
¥ i 3, E|lmm ( B r_\___] S
20mms L = L__‘____JT
£2) T, A | 2024-T4, 6063-F, 7075-T6, 6: 44 .
BOT v, B | 800 35°
I | bE & 3 %, C|60m/min, 120m/min &
=3 ¥, D 0.05mm/rev, 0.10mm/rev 5
9 A i, E|lmm 2
* B,
EENE s T AR EANE >U4%)
B4R EORBIOZEENOD b D5 61t (o i
B 73] 7y
# " A 1,23 B2 N MRITNA bR~
BoF v B 4
= % B
W W o g C 8
% v, D 16
5% N4 M MM E
A X B 5 6, 7 e
A x C 9, 10, 11 "%k A g A4 A s 4 F, B
" A x D 17, 18, 19
% E S8 # . o o
£ B « ¢ 12 H o F < v 30 35
B x D 2 B o % & A 6 6
; N £ ° 107 o 90/
¢ x b ” E#H T A 22° 10 26° 20
W, OB % A 8° 30 8° 30
13, 14, 15, 21, 22, 23, 25 . o Y
# # ¢ 26, 27, 28, 29, 30, 31 L 45 45
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B6x B &AM X EBRER BRI I
ST | BB | % U | s | oy AR o y sl v anlB V EIER uim s 7 9| e o
seEx| No mﬁ}% o OH d}gé m/?“;in mm?;ev )tx)(]u:,ﬁkjé Jb}c)/JV;ll?é}gé PVuAPVl,g m{)\lz_%iu,) i}é) nxgﬁﬁl’) é}g/‘.” o PHu’- Miﬁg{ﬁa’/z Y| ) 8 S
1 20 | TDO08-T6 30 100 0.05 5.5 5.2 0.3 1.7 1.5 0.2 1.5 5
2 28 | TD08-T6 30 100 0.10 9.1 8.6 0.5 2.2 2.0 0.2 5.8 5
3 1 | TD08-T6 30 200 0.05 4.9 4.9 0 1.3 1.3 0 1.7 4
4 14 | TDO08-T6 30 200 0.10 8.4 8.0 0.4 1.8 1.7 0.1 7.8 4
5 6 | TDO08-T6 35 100 0.05 4.2 3.8 0.4 1.0 0.8 0.2 0.9 5
6 | 29 | TD08-T6 35 100 0.10 8.0 7.7 0.3 1.3 1.2 0.1 5.8 5
7 23 | TD08-T6 35 200 0.05 4.8 4.8 0 1.1 1.1 0 1.1 5
8 8 | TD08-T6 35 200 0.10 7.1 6.8 0.3 09 0.8 0.1 7.2 3
9 | 13 | 5056-H 30 100 0.05 5.7 5.2 0.5 1.7 1.6 0.1 1.4 5
10 10 5056-H 30 100 0.10 8.5 8.0 0.5 2.1 1.9 0.2 5.3 5
11 16 5056-H 30 200 0.05 5.8 5.3 0.5 1.5 1.5 0 1.5 5
12 4 5056-H 30 200 0.10 8.3 7.5 0.8 1.8 1.7 0.1 8.5 5
13 12 5056-H 35 100 0.05 4.8 4.3 0.5 1.1 1.0 0.1 1.3 5
14 24 5056 -H 35 100 0.10 4.7 4.5 0.2 1.8 1.7 0.1 5.3 5
15 26 5056-H 35 200 0.05 5.6 5.5 0.1 1.7 1.6 0.1 0.9 5
1 16 3 5056- H 35 200 0.10 6.9 6.6 0.3 1.1 1.0 0.1 5.8 5
7| 11| 2017-T3 30 100 0.05 6.2 5.8 0.4 1.9 1.7 0.2 1.3 5
18 | 21 | 2017-T3 30 100 0.10 9.6 9.1 0.5 2.0 1.9 0.1 6.5 5
19 31 2017-T3 30 200 0.05 6.9 6.2 0.7 1.9 1.8 0.1 1.3 5
20 | 27 | 2017-T3 30 200 0.10 10.4 9.6 0.8 2.0 1.9 0.1 7.0 5
21 22 2017-T3 35 100 0.05 5.5 5.3 0.2 1.3 1.8 0 1.0 5
22 | 25 | 2017-T3 35 100 0.10 9.1 8.5 0.6 1.6 1.5 0.1 6.4 5
23 30 2017-T'3 35 200 0.05 6.3 5.6 0.7 1.8 1.6 0.2 1.8 5
24 | 15 | 2017-T3 35 200 0.10 8.6 8.0 0.6 1.2 1.0 0.2 7.1 5
95 | 19 | 2011-T3 30 100 0.05 4.0 3.6 0.4 1.3 1.1 0.2 4.4 2
26 7 2011-T'3 30 100 0.10 6.6 5.8 0.8 1.1 0.9 0.2 8.0 2
27 18 2011-T3 30 200 0.05 4.1 3.5 0.6 1.1 1.0 0.1 3.0 5
28 5 2011-T3 39 200 0.10 6.4 5.7 0.7 0.9 0.7 0.2 7.5 2
29 | 17 | 2011-T3 35 100 0.05 3.7 3.3 0.4 0.9 0.8 0.1 1.2 5
30 9 2011-T3 35 100 0.10 5.8 5.1 0.7 0.5 0.3 0.2 7.0 2
31 32 2011-T3 35 200 0.05 4.0 3.6 0.4 1.0 0.9 0.1 2.7 5
32 2 2011-T3 35 200 0.10 5.4 4.9 0.5 0.3 0.1 0.2 6.8 2
1| 25 | 5052-F 30 60 0.05 5.7 5.0 0.7 1.8 1.5 0.3 0.6 5
2 | 30 | 5052-F 30 60 0.10 8.0 5.8 2.2 2.2 1.5 0.7 3.2 5
3 | 27 | s052-F 30 120 0.05 6.4 63 0.1 1.9 1.8 0.1 0.9 5
4 10 5052-F 30 120 0.10 8.5 7.0 1.5 2.6 2.1 0.5 2.8 5
5 4 | 5052-F 35 60 0.05 5.1 4.2 0.9 1.3 1.2 0.1 0.5 5
6 | 15 | 5052-F 35 69 0.10 7.7 6.6 1.1 2.1 1.6 0.5 1.8 5
7 5 5052-F 35 120 0.05 5.1 4.1 1.0 1.3 1.2 0.1 1.1 5
8 24 5052-F 35 120 0.10 7.9 6.6 1.3 1.9 1.6 0.3 1.3 5
9 32 2011-T8 30 60 0.05 5.4 4.8 0.6 1.5 1.5 0 0.5 3
10 8 | 2011-T8 30 60 0.10 8.0 6.6 1.4 1.6 1.2 0.4 3.2 1
11| 18 | 2011-T8 30 120 0.05 5.3 4.5 0.8 2.1 1.6 0.5 1.2 2
12 17 2311-T8 30 120 0.10 8.0 7.0 1.0 1.9 1.3 0.6 3.0 1
13 | 11 | 2011-T8 35 60 0.05 5.1 4.4 0.7 1.5 1.5 0 0.7 5
14 16 2011-T8 35 60 0.10 7.5 6.6 0.9 1.5 1.2 0.3 2.6 1
15 22 2011-T'8 35 120 0.05 5.1 4.5 0.6 1.9 1.8 0.1 0.6 5
I 16 3 2011-T8 35 120 0.10 7.5 6.6 0.9 1.5 1.2 0.3 2.1 1
17 6 7 30T 30 60 0.05 8.0 6.6 1.4 2.3 1.9 0.4 14 5
18 9 72 3348 30 60 0.10 14.6 11.7 2.9 3.5 2.6 0.9 2.8 5
19 21 7: 3% 30 120 0.05 10.2 8.2 2.0 3.8 3.1 0.7 1.7 5
20 71 395 30 120 0.10 13.9 12.3 1.6 2.9 2.5 0.4 3.5 5
21 | 12 | 7: 3 35 60 0.05 9.5 7.9 1.6 2.9 2.2 0.7 0.8 5
22 28 7238 35 60 0.10 15.9 13.2 2.7 4.1 3.5 0.6 1.4 5
23 | 26 | 7:3%M 35 120 0.05 11.4 9.4 2.0 4.0 4.0 0 0.4 5
24 14 71 3% 35 120 0.10 12.7 12.3 0.4 2.6 23 0.3 1.9 5
25 31 4032-F 30 60 0.05 5.4 5.0 0.4 1.8 1.5 0.3 1.0 1
26 20 4032-F 30 60 0.10 8.6 7.9 0.7 2.1 1.9 0.2 3.3 2
27 29 4032-F 30 120 0.05 5.3 5.0 0.3 1.6 1.5 0.1 1.1 1
28 7 | 4032-F 30 120 0.10 7.7 7.0 0.7 1.9 1.8 0.1 2.8 2
29 19 4032-F 35 60 0.05 4.5 4.2 0.3 1.2 1.2 0 1.1 3
30 2 4032-F 35 60 0.10 7.3 6.6 0.7 1.6 1.5 0.1 2.0 2
31 23 4032-F 35 120 0.05 5.3 5.0 0.3 1.6 1.5 0.1 1.3 3
32 13 4032-F 35 120 0.10 8.6 7.5 1.1 2.2 1.6 0.6 1.9 2
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BOR(OTx) EH & EEBRER —FEHINI
s | wr o POTSCR EREE S Y g | sa [FE7E RN s g ponliae v 2o B0 BEER yesim 7 7 o
S| No. | ey B, C, D, PV~ # PH,- ) ] DT
i A dos m/min | mm/ies | PVw kg | PVL kg |V %5y, | PHu, kg | PHL kg Hi kg Ha # i
1 26 6063-F 30 60 0.05 3.7 3.5 0.2 0.9 0.7 0.2 0.6 5
2 5 6063-F 30 60 0.10 7.3 6.4 0.9 2.1 1.8 0.3 2.7 5
3 12 | 6063-F 30 120 0.05 4.2 3.8 0.4 1.2 1.2 0 0.9 5
4 | 28 | 6063-F 30 120 0.10 6.4 6.0 0.4 1.5 1.2 0.3 2.1 5
5 3 6063-F 35 60 0.05 4.4 3.9 0.5 1.5 1.2 0.3 0.6 5
6 4 6063-F 35 60 0.10 6.6 5.8 0.8 1.8 1.5 0.3 2.5 4
7 10 6063-F 35 120 0.05 4.2 3.8 0.4 1.2 1.0 0.2 0.6 4
8 18 6063- F 35 120 0.10 6.0 5.4 0.6 1.3 1.3 i} 2.7 5
9 | 11 | 7075-T6 30 60 0.05 8.5 7.6 0.9 5.1 4.5 0.6 0.7 5
10 17 7075-T6 30 60 0.10 12.4 11.0 1.4 4.8 3.8 1.0 2.6 5
11 29 7075-T6 30 120 0.05 8.8 8.0 0.8 5.6 4.8 0.8 0.5 5
12 | 21 | 7075-T6 30 120 0.10 5.3 441 1.2 5.7 4.5 1.2 2.6 5
13 | 24 | 7075-T6 35 60 0.05 8.8 7.3 1.5 5.1 3.8 1.3 0.5 5
14 7 7075-T6 35 60 0.10 11.7 10.5 1.2 4.8 3.7 1.1 2.7 5
15 | 16 | 7075-T6 35 120 0.05 8.0 7.3 0.7 5.1 4.1 1.0 0.5 5
I 16 13 7075-T6 35 120 0.10 11.7 10.7 1.0 5.0 4.1 0.9 2.7 5
17 | 25 | 2024-T4 30 60 0.05 8.0 6.3 1.7 2.9 1.9 1.0 0.5 5
18 | 1| 2024-T4 30 60 0.10 11.0 10.2 0.8 3.5 2.2 1.3 3.0 5
19 30 2024-T4 30 120 0.05 7.5 6.6 0.9 4.1 2.6 1.5 0.6 5
20 | 23 | 2024-T4 30 120 0.10 12.9 9.9 3.0 4.1 2.6 1.5 3.3 5
21 | 15 | 2024-T4 35 60 0.05 7.0 5.8 1.2 2.3 1.9 0.4 0.6 5
22 | 19 | 2024-T4 35 60 0.10 11.0 10.2 0.8 2.9 2.2 0.7 2.8 5
28 | 20 | 2024-T4 35 120 0.05 7.3 6.4 0.9 3.4 2.5 0.9 0.5 5
24 | 27 | 2024-T4 35 120 0.10 11.7 10.2 1.5 3.4 2.6 0.8 2.7 5
25 | 8] 6: 30 60 0.05 11.0 7.3 3.7 7.0 5.3 1.7 2.8 1
26 6 6: 30 60 0.10 15.8 13.9 1.9 5.1 4.2 0.9 3.9 3
27 14 6: 30 120 0.05 10.8 6.6 4.2 6.6 4.4 2.2 2.7 1
281 2| 6: 30 120 0.10 16.1 13.2 2.9 5.6 4.1 1.5 3.4 5
20 | 2|6 35 60 0.05 10.2 6.6 3.6 6.3 4.8 1.5 3.4 1
30 9 6: 35 60 0.10 16.8 13.9 2.9 5.1 4.1 1.0 3.6 5
31 | 82 | 6: 35 120 0.05 10.2 8.0 2.2 6.6 4.4 2.2 2.6 1
32 | 31 | 6:4im 35 120 0.10 7.7 5.6 2.1 4.8 3.4 1.4 3.1 5
T ]
PO (s 380
BOmImin. 120md min:
0. 08mmfres | 0, Wmmbray 0,{),5[%%\/ 8, 1mmisay
ey
N Sviae o i
ﬁé&r
B&E2
%3 TEH 1o Bl
: (R Y]
Loy S 30 PP g, 35"
S 200m /min, 1 00m /min 2006/ toln;
e U GEmmirgt U, Hmm
TDORTE
201773
B3

50564

207118
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EAE I
o NE W = wj = % I t BoOE
SR WA
5 5 W A B c | » AxB | AxC | AxD BxC BxD | CxD e
= % @ S| 321 7.900 0.263 52.3 1000 | 1.518 | 4.085 0.263 1.758 0.228 3.501
Py, | B B & ¢ 3 1 1 1 3 3 3 1 1 1 13
T A V] 1070 7.900 0.263 52.3 0.35¢ | 0.506 1.362 0.263 1.758 0.228 0.269
5 oW M, Po| 0.8 | 9.4 0.98 194 1.35 | 1.8 5.06% 0.98 6.54+ 0.85 ~
= % m S| 3.7 5.865 0.228 46.3 0.728 | 0.965 | 3.804 0.475 1.320 0.300 3.381
Pyl B BB e 3 1 1 1 3 3 3 1 1 1 13
T4 V| 10,92 5.865 0.228 46.3 0.218 | 0.322 1.268 0.475 1.320 0.300 0.260
B % H, Fo| 42.0% 22,67 0.88 178+ 0.94 1.24 4.88 1.83 5.08* 1.15 ~
= % A, S| 0.451 0.151 0.001 0.18 | 0.07%6 | 0.231 0.087 0.031 0.020 0.005 0.110
PVe-| B o 3 1 1 1 3 3 3 1 1 1 13
PV xmam v|  0.150 0.151 0.001 0.180 0.025 | 0.077 0.012 0.031 0.020 0.005 0.008
2 8 Fol| 18.8% 18.9%+ 0.13 g5 | 313 | 9.63% | 1.50 3.88 2.50 0.63 -
= % f, S| 3.203 1.853 0.138 0.003 0.116 | 0.091 0.511 0.053 0.228 0.300 0.434
pu, | B B e 3 1 1 1 3 3 3 1 1 1 13
R, V] o 1.068 1.853 0.138 0.003 0.03 | 0.030 | 0.170 0.053 0.228 0.300 0.033
| 5 B M Fo| 32.4% 56,20+ 4.182 0.09 118 | 0. 5.15% 1.61 6.91% 9.00%* -
= % f1, S| 3.611 1.758 0.070 0.003 0.103 | 0.016 0.574 0.008 0.228 0.383 0.401
PrI| B BB e 3 1 1 1 3 3 3 1 1 1 13
T A V] 1204 1.758 0.070 0.003 0.03 | 0.005 | 0.191 0.008 0.228 0.383 0.031
B W M, Fo| 38.8% 55. 7% 2.96 0.10 110 | 016 6,16+ 0.26 7.36* 12.4%% -
= % M, S| 0.007 0.001 0.011 0.011 0.005 | 0.031 0.006 0.020 0 0.005 0.033
PH,- | & 1 & ¢ 3 1 1 1 3 3 3 1 1 1 13
PHO cmmm v 0.008 0.001 0.011 0.011 0.002 | 0.010 0.002 0.020 0 0.005 0.003
4 % W, Fo| 2.00 0.33 3.67 3.67 0.67 | 3.33 0.67 6.67* - 1.67 -
= % A S| 4.5 3.251 2.311 204.0 1.083 | 1.483 1.050 0.005 0.001 1.361 7.081
Ha | BB oI 8 3 1 1 1 3 3 3 1 1 1 13
KA V| 1.528 3.251 2.311 204.0 | 0.661 | 0.494 0.350 0.005 0.001 1.361 0.545
& B My Fo| 2.8 5.97+ 4.24 374+ 1.21 0.91 0.64 0.01 - 2.50 -
= % f, S| 18.84 0.281 0.031 3.78 0.843 | 3.0 6.84 0.281 0.781 0.781 4.153
g g B OE O 8 3 1 1 1 3 3 3 1 1 1 13
T A V]| 6.28 0.281 0.031 3.78 0.281 | 1.03 2.28 0.281 0.781 0.781 0.319
BBt Po| 19.7% 0.88 0.10 L9 | 0.88 | 3.23 7,145 0.88 2.45 2.45 —
= m a S| 1754 0.245 0.211 2.101 2.207 | 0.191 5.911 0.011 0.011 76.88 9.641
pv, | B MM s 3 1 1 1 3 3 3 1 1 1 13
FHam V] 5348 0.245 0211 2.101 0.735 | 0.061 1.970 0.011 0.011 76.88 0.742
5o M Fo|  78.8% 0.33 0.28 2.83 0.99 0.00 2.66 0.01 0.01 1045+ —
= 3% f, S| 82.00 0.031 1.201 0.405 | 2782 | 0.583 1.165 0.080 0.031 55.65 12.49
pyvi | B B om e 3 1 1 1 3 3 3 1 1 1 13
FaE s V| 2733 0.031 1.201 0.405 0.027 | 0.194 0.388 0.080 0.031 55.65 0.960
BB M, Fo|  28.5% 0.03 1.25 0.42 0.97 0.20 0.40 0.01 0.03 58.0%% -
= % f1, S| 6.9 0.101 0.405 0.661 0.094 | 0587 | 214 0.031 0.005 1171 2.266
PV, | B & & ¢ 3 1 1 1 3 3 3 1 1 1 13
PV xmam v| 232 0.101 0.405 0.661 0.031 | 0.195 | 0.714 0.081 0.005 1171 0.174
S M Fo| 13.3% 0.58 2.33 3.80 0.18 | 1.13 4.10% 0.18 0.03 6.73% -
= % F, S| 13.44 0.165 0.288 0.813 0.578 | 0.071 2.015 0.038 0.025 0.428 1.236
pH, | B B = 3 1 1 1 3 3 3 1 1 1 13
R A V| 448 0.165 0.288 0.813 0.193 | 0.024 0.672 0.038 0.025 0.428 0.095
. B oW M, Fo| 47.2% 1.74 3.03 8.55* 2.03 0.25 7.07%% 0.40 0.26 4.51 —
= m S| 9.5 0.031 0.361 0.661 0.763 | 0.143 | 1.68 0.020 0.361 0.211 1.246
T 3 1 1 1 3 3 3 1 1 1 13
Rig A V| 31 0.031 0.361 0.661 0.25¢ | 0.048 | 0.561 0.020 0.361 0.211 0.095
N 0.32 3.76 6.89% | 2.65 0.50 5.84%¢ 0.21 3.76 2.20 —
= ¢ F, S| 0.416 0.138 0.015 0.008 | 0.068 | 0.301 0.068 0.003 0.070 0.340 0.722
PH,- |1 W & ¢ 3 1 1 1 3 3 3 1 1 1 13
PH xmmm v| 0130 0.138 0.015 0.008 | 0.023 | 0.100 | 0.023 0.003 0.070 0.310 0.056
S % W, Fo| 2.48 2.46 0.27 0.14 0.41 1.79 0.41 0.05 1.95 6.07% -
— m f, S| 0315 4.162 0.016 0.214 0.608 | 0.174 | 0.656 0.051 0.024 18.82 | 3.307
Ha |8 A om e 3 1 1 1 3 3 3 1 1 1 13
RS V| 0115 4.162 0.016 0.214 0.233 | 0.058 0.219 0.051 0.024 18.82 | 0.254
4 Fol| 0.45 16.4%* 0.06 0.81 0.92 0.23 0.85 0.20 0.09 4.1 —
= % %, S| 63.8 2.530 0.031 0.031 2.502 | 0.003 | 0.003 0.031 0.031 3.780 16.648
o g BB OE 3 1 1 1 3 3 3 1 1 1 13
FHAm V| 2. 2.530 0.031 0.031 0.86¢ | . 0.031 9.03L 0.031 0.031 3.780 1.281
A W M, Fo| 16.6% 1.98 0.02 0.02 0.67 0.02 0.02 0.02 0.02 2.95 -
*fens 1 %A, IR 5 %A




Vol. 8 No. 2 F OV R 2 U LA R oD BEE (120)

BTROSY 5 WOH K%

= A 3 v 5 T = 2 e e
B WA = i ® = i f i
5 5 @ A B c D AxB | Axc | AxD | BxC BxD CxD e
- % R, S| 197.9 1.280 7.411 6.301 10.65 | 10.83 9.392 0.500 0.180 71.40 51.913
Py, | B @M ¢ 3 1 1 1 3 3 3 1 1 1 13
T4, V| 65.98 1.280 7.411 6.301 3.548 | 3.611 3.181 0.500 0.180 71.40 3.993
S B M, Fo|  16.5% 0.32 1.86 1.58 0.89 0.90 0.78 0.13 0.05 17.9%% —
= % f, S| 8.5 0.281 6.661 11.28 9.021 | 7.001 7.086 0.061 0.101 72.60 48.248
pvi| B B OB ¢ 3 1 1 1 3 3 3 1 1 1 13
A V] 17.84 0.281 6.661 11.28 3.007 | 2.3 2.362 0.061 0.101 72.60 3.711
5 W W, Fo| 4.81* 0.08 1.80 3.04 0.81 0.63 0.64 0.02 0.03 19.6% —
= ® W S| 25.66 0.361 0.020 0.720 0.611 | 0.702 2.342 0.911 0.011 0.005 4.896
PV-lB o o 3 1 1 1 3 3 3 1 1 1 13
VO ki, V| 8.55 0.361 0.020 0.720 0.204 | 0.234 0.781 0.911 0.011 0.005 0.377
& WM, Fo| 22,7 0.96 0.05 1.91 0.54 0.62 2.07 2.42 0.03 0.01 -
= % @, S| 9518 0.845 0.500 0.061 0.462 | 1.417 0.326 0.125 0.020 0.361 5.231
pH, | B B M ¢ 3 1 1 1 3 3 3 1 1 1 13
T A® V| 878 0.845 0.500 0.061 0.154 | 0.472 0.109 0.125 0.020 0.361 0.402
I S %, Fo| 78.9% 2.10 1.2 0.15 0.38 1.17 0.27 0.31 0.05 0.90 —
= ® W, S| 53.75 0.320 0.045 0.011 0.345 | 1.450 0.233 0.020 0.001 0.101 2.135
—w 3 1 1 1 3 3 3 1 1 1 13
Ao V| 1792 0.320 0.045 0.011 0.115 | 0.483 0.078 0.020 0.001 0.101 0.164
& B, Fol 109 1.95 0.27 0.07 0.70 2.95 0.48 0.12 - 0.62 -
= % M, S| 7417 0.125 0.245 0.020 0.722 | 0.617 0.017 0.045 0.020 0.080 1.253
PH, | B W B ¢ 3 1 1 1 3 3 3 1 1 1 13
PHI xgi g, V| 2.472 0.125 0.245 0.020 0.241 | 0.208 0.006 0.045 0.020 0.080 0.096
& % ik, Bo | 25.8% 1.30 2.55 0.21 2.51 2.15 0.06 0.47 0.21 0.83 —
= s fl, S| 14.64 0.011 0.106 0.010 0.067 | 0.348 0.070 0.008 0.072 24.71 4.380
Ha | B H & ¢ 3 1 1 1 3 3 3 1 1 1 13
R4 V| 4.8 0.011 0.106 0.010 0.022 | 0.116 0.023 0.008 0.072 24.71 0.337
£ B H, Fo| 14.5% 0.03 0.32 0.03 0.07 0.34 0.07 0.02 0.21 73.3%% -
= 3 f1, S| 28.50 0 0.125 0.500 1.000 | 0.375 0.500 0.1%5 0 6.125 20,250
PR 3 1 1 1 3. 3 3 1 1 1 13
R A V] 9.50 0 0.125 0.500 0.333 | 0.1%5 0.167 0.125 0 6.125 1.558
S W, Fo| 6.10% - 0.08 0.32 0.21 0.08 0.11 0.08 — 3.94 —
a1 %A Ho iR 5 %A,
. 0% B OB % He o W77V, p
i A e . . ) Hi 1,2 8 4,5
AN R~ P2 SRR T B UTe 8l LickE SR 2 22 o
b e : ST OF A 8 S ek, —7, YIEL
6 iR, oo, WEEE, ThY, EEITHEOH %8 SRR T, —7F, /B
Pyvu, Pvi : AR LOE/NESS, ke OFAME, BHLRFRLOMBIHCHITS &,
3 ? s E
- —— 1 : AR Ao e
Pvu-Pvi ; EHHEIRE, kg BT TR
Priw, P ; 5K LORINEY 57, ke 2:1&3 oM
Puuw-Pur ;5 24V HHEIRIE, kg 8 HEMHTHLMNT £ RICA A~ ATHEND S D
10
EZ2230.05mm/rev [T 0.10mm/rev
=] 2017
9
_ 008 ¢
o 8 AL A\ 0.10 ]
‘ 2 / [low [N |s/
g _ 5056 30
i ) - ETA
g . (I / r J 2011 //
bt _ Jy 35
\ o _0.05
;j 5 C . L )\‘(lj
= 7l Q
4 A .
P 30 35 0.05 0.10 © e T % (5050 10 30 35 0.05 0.10
' ! 0 g . o ' ' : oW
Z > o 3 Hot(ef, %), mm/rev - ~ § R &, nmfrev HOT(WE %D, mm/rey
g < o [a) o o D o
o~ * % = * % % . o~ N * b *
A B D A XD BXD

AR BAESTPvud bR 75 LEEE—ER]
—_ 6 —
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4: 3% 5D Bl EoHEERASEAF L, FEZEOEEEA~O
5 TARELS b ONEHLD M, BIRTHD,
ThoT, YEOREEL, FOFMALERMCER 1, 2 I, BETCLALFRSIOLZHEFEHO AT 77
BILO3CET 5, AEHEAER L, FRERURLAEON, F4~2TRTH
%o

773 0. 05am/rev [ O.lOmm,/rev !

9 —
2017

8 gsney
o /bTDOS q\llo
=7 / 30
< —_ 5
& 5056 \%
n 6 77 - q\ / I I ///
g % N - ] //1
W 77N oA feorr L 005 [/3s
3 Al 1/ d

9

30 35 0.05 0.10 0.05 0.10 30 35 0.05 0.10

HOT (0] %), mm/rev %Y, mm/rev HOT (A" #E), mm/rev

017-T3
5056 -H

o oAl f
3

[ags

TN '

5

o~

2017-T3
$5056-H
TDO8-T6
2011-T3
TDO8-T6

™~N
A B D™ AXD* RXD*

B5 BANESTIPuD e 2 b 75 7 FEE—R5H ]

U2 0.05mm/rev CJ o.tomm/rev
0.7
2 2017
Y o.6 = |
a —
Ii 0.5 —W Z A, A T7L2%m
. — 1
- \ / 5056
= y
04— . . 7 7 N .
o %
fnd
& 0.3 7/ I 7 B 7
H % \TIDOB
0.2— — N 7 S T 7 T 7 [ #
o |
1 > © i 2 30 35 0.05 0.01 i o T o 100 200
= = 3 3 AT fy) #0, mm/rev = p 3 3 eI m /m in
& & _ = @ S & ° =
A* — B *k Dn A ch =
®6 EHTERRPve-Pvi® £ 2 k75 A EHEE—FER 1
2.5
2.0 0.05mm/rev
° [710.10mm/rev 2017 o
3 100
. —_—
RN 7 —7-7 5056 . / & 0.05 P
| 0.05
R % | o TDO8 SN
| 20
=~ 1.0 Z7E7n HZRR | iy 0.10 0
#H 2011 0.10
..K
0.5 I 77/ B /7 L
0
® o T © 30 35 © o T © 0.050.10 30 35 0.050.10 100 200 0.05 0.10
. - L& ) . . Lo '
- >~ 38 8 HOT 0, TN 9 8 B, mmfrev HOTIVAS B) amfev WEEE m /min %0, mm/rev
R & 2 e R g =, 0
A*t = Bau AXD — BXD* CXDM

BTR BRAKEYDNPuaD A b5 LFIYE—ER]
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2.5
0.05mm/rev
2.0
0.10mm/rev
2 2017 20
- R - 100
s — 4 I E— ‘?0,7‘? } 0.05 '
> % 5056 0.05
;i % 7 TDO8
o 7 . - -1 1 ! < 0.10 200—
B 2011 oo 35
®ig. s A -
0
i - 30 35 2R z 2 0.050.10 30 35 0.050.10 100 200 0.05 0.10
- ™~ P S HOT vy’ — ~ 3 B #Y, mm/rev HoTuf," &), mm/rev B m /min %Y, mm/rev
o o 3 a o o 3 o
o~ (S — N N e * *%
AT B AXD* B XD CxD
8 B0 S Pri @ e 2 75 A S — S |
0.20 10
100
o
_ 8
015
s
o 25 3
ES o)
g 0.10 \ +
i 200 30 ™
& - )\Y
= Y
To.05 H‘
# 2
0 0
30 35 100 200 30 35 0.05 0.10
HLUARSIN BEHIEIE m /i ROTCofy) #Y, mm/rev
B XC' B“ Dt*
EIR %5 ANRIER Paw-Pu Db 2 b 75 AFIE—FEH [ B0 Fig7 Z9 Had e A ko5 APigi—RAER |
0.05mm/rev [ 0.10mm/rev 29]7
5 Q-
, 7] 5056
7 N - - B
4 — — : D08
=
7
i 7 - i 7
=
E
B, | ] Al
2011
] - ] 2 g
% /)
o © i © 0.05 0.10 2 o x 2 0.05  0.10
- ~ 3 2 %), mm/rev — ™ 3 3 %Y, mm/rev
2 & .5 8 = '8 B .8
A*x = D % A XD

BB UGALBEEERD & 2 b 75 LS — S5 |
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(123) F KR8 & B B ® April 1967

F a4 &R Pvu-Puf, kg BRESHN Pvu, kg

k%D G S Pae, kg
N

13 12
12 11
i — 10 - -
o %
e
10 — —1=0.10 60_ \; Q9 T
Q b =~ 8 -
/ R 60
8 — // w7 — /
- 120
7 { -‘-’-E\ 6 -
6 - 0.05 5 . 1.0.05
5 Z. ! 4 7 ‘
© U + = 60 120 0.05 0.10 © 4 Y- = 60 120 ©0.05 0.10
‘ S 5 = . ' S &5 =
- 3 o ™ BRI, m /min %0, mm/rev - o o P Bl m /min 3RV, mm/rev
(o] <r s .. [} ~ el .. .
“ A ~ cxp™ o AT C*D
2K EKEATD Prad e 2 b 55 L FIGH—EEBR N B BAESN PO 75 LSBT
2.5
0.05mm/rev
20 713 W
3
7 [ 0.10mm/rev 7—ﬁ d
5052
1.5 — T E\ 0.10 A
60
1.0 2 L — L 42011
7 )/’6 E%O
Z - - 4032 0.05
0.5 7% — —
%
Ul
0 777
® b Y- = ® i Y & 0.05 0.10 60 120 0.05 0.10
. o™ o~ 3‘11:' « o~ o~ Ha
= P 2 5 - 2 2 o E), BHIE m /min %0, om/
= <Q 2 5 2 % © #=D mm/rey HE m /min %9, mm/rev
o~ A *% ~ ~N A XD * CXD *
BUR FEHANEREPve-Pvido e 2 b 735 AFHH—EHK ]
3.5
% 0.05mm/rev % 7 3
3.0 —
[] o.10mm/rev
2.5 5
5052
—
0 T 4032
2, /
2 0 Z
5 77 2011
0 ot 4 4 = 0.05 0.10 bt 4 S = 0.05 0.10
@ i g = . R bt ' = . .
\ o~ o o ] o o N
h ™ o ¥ N — 2 0 i %Y, mm/rev
= 2 2 © %1, mm/rev > < ot i
N o ¥ ~ *x
A ~ D AXD™ ™

IS RARI D PraD b X b7 5 LEEE—ER T
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3.5

3.0

Z 0.05mm/rev P L\0

25 7 . 3H W

':] 0.10mm/rev

2.0

E D SN Pue, kg

7 7
—I 2011
1.0
o i i & 0.05  0.10 © & o E 005 010
0 > 3 & ‘ v > o #
- o o ™ %Y, mm/rev - 3 3 ) %Y, mn/rev
> ~ . w N o <t w . -
~N A ~ D o™ AXDtt ~

B BRI DTIPu e A LTS s EH—HR ]

0.6 3
o 60
~ 0.5 >\ﬁ
5 1o < 0.10 120
B
3 /| g
Z0.4 <
o 60 £
= o
& 0.3 o
= R
= 120 g !
| 0.05 L T0/~05 {
59 0-2
0.1 0
60 120 0.05 0.10 30 35 60 120 0.05 0.10
FeHIERE m /min cxp' #D, mm/rev 525 OIS BEH&IE m /m in #Y, mm/rev
= CxXD*
EITE %O DR Pre-Prd e 2 + 75 2 G E—FER T BI8K Y rSy Hadua b3 AN H—EHI
13
5
9
4 11 — —12c0. 10 )
. . { eo/
B 2 I
2o YT/
-
= : /)
5 = 8l - 4 120
2 S
P - 0.05
%
. ® 6 — 1
5 77|
? L}—N : % .‘_’ : ? 60 120 0.05 0.10
— ™ w k=S <t 0 0 Vet . ey
- 3 3 © & © ~ BEHEE o /min Y, am/rev
g S .0 % & ° R
A ™~ AT CXD*
BIX  UJEALBIEHGED £ 2 b 75 A FEE—EER B0 HrKFESTIPvadD e 2 b IS5 L2 I
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12 4
11
o 10 v
R \o 10 ~ 3
< A g
39 — & ?
< 60/ L
B s —— <,
H / :
< 7 — yo
& 0.05 /‘20 4
ol 7 : R 7
& 1
s 78 H
4 % 0 l%
Ty 0 o® 60 120 0.05 0.10 = o o =
: 2 ; 4 o & i i
§ § § q BHDEE m /min %), mm/rev § § . g :r‘
Tooar D e cxD™ N A ™ ©
B2 SUNENTI PO A LY T LR F22R ENTIEER Pve-Pm @ e 2 b5 LML HRN
6 5

7

BN 99 Pue, kg

WK%Y 5T Pou, kg
[o%]

1 [ o S = 0 < Y- 0
= o) v i - @ -
i 3 " : - o v
~ o ~ <t o~ < [
o © o .. o 0 E
N ~ 0 N o 0
A
23R [k D 571 Pre D v A b 5 A RIS B4R B/PNED AT Pm w2 b 75 2R FEE
2.5 5
2.0 4 -
o
¥4
iE Z 0.10
a 1.5 . 3 7_._..
.§ 7 S _—O-\
& T
£ 60
BE %
=10 ~ 2 -
3 7 .
= B 0.05 120
A =
®o.s % 1 -
#
o] E ; ;i 0
i ' e A - 60 120 0.05 0.10
3 3 g # -
o~ Q ~ ~ o~ 3 N < FEAE m /min %D, mm/rev
& © .2 A
A © AT o cxD*
B 2D DAL PP © & A b 5 LA B 7 5 Had e % k05 Al SR
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Vol. 8 No. 2
5
4
=
ga
B
=
2
1
B 5 v =
N 2 w i
S 3 S h
o~ Au ~ o

B2 UL v A N T AR

4 % & &

Bl EO#RAENT 5 & RBFHEEOBRTLLCL L5
BhHDENOEDLITID,

FT 7=y A ESREICH ¥ B RERAE,

D FHERR T -7 2 RITESIOFR b E&hETHE
25 &, BEOP WAL 35 FIRRE L W2 B,

2)  FEElHiEEE, 100~200m/min OFEFT, TOKRE

WE EHEEIIAVNE K, ZOBEBIERE ) RESKE W E
L\

3 WEAEE, EVEERKXIWEERS LRDHD,
Pl U, REIE 7 7 iR & < b,

TONTHENC BEFAIHCET E2ED L5 Thb,

4 N7 =v n44 2011-T3, -T8 (Al-Cu %)
DOWHEEIELRITFCH D, ZOSEOEME LTE Y EE
DR X L 75513 ETREIHAVNE  In B SHMBORE & Rix
bo. TD08-T6 &4 (Al-MgeSi &) & REFTHHAEE
QIR S RIS Do DWTIHER 7 v 3 =7 5544032
~F (Al-Si %) o#EsitEd X<, FFcELEOLT
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Vo UL, 6:4 BEEREIEEIE 7 7 v DR TS LM,
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2 BT g K D KRBT DWW T

1. &

WEAREEE OEFOKNE MBI ST Ao —8 L LT,
En 304E B LISk A B EGE LTk OKE & 2 LT
720 IO E OB REICATEE DD WHE L2,
T DS B TR OIS A BTN S ORER AR
NTEDTI AT 5,

2. AEEHG KRR

FBANSYEE B ) D AEAFINBH T4, BT &
1 [EDOFMEEITI o 70 WAMSEEEXHEARD,
S, FAEEAHEKD, HEEBAOHKD, EF
BE&RE GRIER) RO 5HETh D, HM3%4ELLA
DB K ITBOKO RN A Iz. TndsA A B 5 EEK
EEE B 0.5m, EEKIEFTEE . H#7 0.5mmE4y 7
BB Lich O%ERT,

[l

o &k FEKE A LB HIEE A

ol |

|

3. BAKBBIUHREBREE
FRFERLURERFEIIINE TO BE & B Th
BHo FRBREDERIFTELIERY OLOLEHETHS,

4. BEOHER

Fig. 1~Fig. 9 wki, #3EA +>, pH, BEHEE,
WRBRE, BWERE, 7TyE=v ALY, AFVAF
v, WBRER AT, SIHER OB E b CHHET
»Y, HAEBKS, BERITELDOBELNRZICDWNT
W5, FIBHEBKITCINCTIEBER3T4E 5 F & COIBLE
MR DENDS, FOBMFIC & b7 5 TKEDORN &85
IR DS & D IBRETI W BAVRWEZEE Lic, U
SRR ORBAIL T < BE O HH KR EDBNDHH, 4
S K KD CEEEEK TS 5,

v HE KRR o FEHEBANRKD o HEHEAIAD @ ERBEEI
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pH

Vo.l 8

No. 2
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TS = AGERMMORERSIEER (LD 3)
woom B A
CICTE

FERESRE LKA =4



~ A ” N -1 N
TSI =0 AEEEHBMOEETREE o3
1) 2011-T 8 BHE
gF1x { O OKR &
1t o i & %
" A ‘
Cu j Bi 1 Pb Si Fe Mg | Mo | Zn | Al
- QQ-A-00225/3 5.0~6.9 i 0.20~0.6 | 0.20~0.6 | <0.40 <0.7 - | = | <0 ; 7%
# B 5.36 ! 0.50 0.47 0.10 \ 0.28 £0.01 1 <0.01 | 0.02 1 7%
B2 X B oW om g E
- 4 s B —
- O 5l i’ 5 "oo» A # v ﬁ;mm? f(r;l s% 4)1&
i o : [ . o - . ' mme), ),
w1, | BlERMy, | MeklrEy,) W v, | ¥ g, | oWt g, TVRN, (v =R, Ry T VLV, 3 g
mme | Bt | Kg/mm? | Kg/mm? % s Kg/mme | 10/500/30 | 10kg suB/X’f—/li kg/mm?® |kg-m/cm?
- 2 2.1 | 36.6) =) 10 =) =) () =) ) ) )
34.8 3.3 54.3 14 27 7150 113 127 68 23.8 2.1
1 REH JIS Z 2201, 45RBH.
2 () PESREKEEIES QQ-A-00225/3(NAVY-Ships) ORMIALRT
3) Wiy JIS H 4167, 20w Y 7 ic# U s b 0% iz,
B 3%x B B 5 B @ @Y
P thr & # 100hr 4 ® 500 hr % ] 1000 hr {% =
oC & 7, | sy, | 0w, | @ o, | BEER, | 0w | w | BEEEy, | M v, @, | By,
kg/mm? kg/mm? % kg/mm? kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm? %
100 33.0 37.8 17 33.3 37.9 17 32.5 38.0 18 32.5 38.4 18
150 28.6 31.9 19 22.9 27 6 23 19.3 23.5 24 18.6 23.1 22
200 18.5 20.0 23 14.1 17.3 28 2.1 15.3 29 11.7 14.6 32
250 10.1 13.6 32 10.0 12.2 37 6.5 9.1 32 6.3 8.9 34
300 5.2 8.3 38 4.3 6.0 50 3.2 4.7 73 2.9 4.1 7
350 2.7 4.3 54 2.4 3.5 74 2.1 2.6 104 1.7 2.6 105
1) NRRERE (CHATEHEES.dmme, HLEHEEZSmm).
9) NEERERNIC X AWIROSEEEENL, 134, Thg/mm?, 35y 43. 1ke/mm?®,  #e13%Th B,
60 60
50 . 50
£ Th
8 Thr ~ "
€
E 40 B R
E Co 7
‘ .0\4 100hr ES 100hr
= 30 5 30
W 1000hr B \JK 1000hr.
& 20 = 20
10 10 %
0 0
0 100 200 300. 400 0 100 200 300 400
m o, T oo T
%1 2011-T8 RHEORE & M7 DBAR 52 2011-T8 MHFEDRRE & 51y OBER
= T B A
(R4 4 B) EEEEE TEMHN=xL i

A o

_1_..



TS = AEEREMMOE

S RV

2) 2014-TAMHEEH7 LI =9 L5418
a4k b ¥ R A
it e % 2, %
5t 3
Cu ; Mg | Mn si Fe 1 Cr Ti Zn Al
- JIS H 4164 3.9~5.0 | 0.20~0.8 \ 0.40~1.2 | 0.50~1.2| <1.0 <0.10 <0.15 £0.25 "
#® # 4.36 0.35 | 0.85 0.80 0.22 £0.01 0.01 <0.01 7%
B 5 E oo oM E
S+ 5l ® t B 2 # ¥ e
B B e Torvumny gy oult RPN Rl RS IS Sy 1. 53
mmg Kg/mm® | kp/mm? | kg/mm?’| % % | 107300756 | idkg | B as s Jkg-m/om?
3) 22 >38) ) 16 ) ) ) = )
T4 20 505°C x Throkis
36.0 54.5 66.8 7 23 - 136 73 4.8
1) REHIIS Z 2201, 43REM
2 () PJIS H 41640 iR R,
3) TOAMHOMRISHINGA, 6—2 (WA0—D), 412,
g6 % f=/ I T N O O <
— 1hr # 100hr f& 7 500hr # 1000hr £ #
oc moooon, | BEEmy, | M0 e, L@ oh, | SRy, | om0 e, om o, | s, | M0 e, | m b, | B, | oM,
kg/mm? | kg/mm? % kg/mm? | kg/mm?® % kg/mm? | kg/mm? % kg/mm? | kg/mm? %
100 317 7.1 16 34.1 48.5 7 36.3 48.6 18 36.2 48.8 18
150 27.8 2.1 21 39.5 2.4 18 35.8 38.7 18 32.5 36.5 20
200 25.4 32.3 20 16.7 19.3 28 13.1 14.8 35 11.5 13.0 39
250 16.3 17.7 2 9.0 10.0 36 8.2 9.3 4 7.8 9.1 3
300 8.2 8.9 36 6.1 6.7 4 6.2 6.8 46 6.2 6.8 45
350 5.2 6.0 4 4.7 5.2 45 4.7 5.2 56 4.8 5.2 48
1 AEREBRA CEATEBNf%6.4mme, FIAMM25mm),
2) NEEBIC X B EIROBIEEETNE, 35, 2kg/mm2B gy 53, 1kg/mm?, {169 Ch B,
60 60 ]
50 \
thr 0
1hr
. 40 g 40l ) ¢
13 ~
< 100hr. <2 100hr
230 . 30 A
- W 1000k - \ )& T
ﬁ r
20 20
€ W -
=
10 \%ﬁ o
0 0
0 100 200 300 400 0 100 200 300 400
i ¥, T it E, C
B3 2014-T4 ORI & O M% g4 2014-T4 #RHAEOERRE & 3Ry OBI&
U2 4 F £ & = = 5 OB
(424 4 ) EXEE T P *t EL
M R

_2_._




(8-2.3)

TR =T AGEEMMOEIREENE
3) 2024-T6 HMHEEGEH7 LI =9 184415

BT & % ® 5

it 4 , 9
. y 5 % % %
Cu | Mg | M | s ] Fe cr Ti zn | a1
- JIS H 4164 3.8~4.9 | 1.2~1.8 | 0.3~0.9 | <0.50 I £0.50 <0.10 — 025 | m
® W 4.60 1.43 0.62 0.33 } 0.96 <0.01 0.01 000 |
B8 xR OE oM oMmoEoE
ik, 5l i PE O n # k2
I i Bh 4 119
o mmé mon R B, | BEEE, SRR, M ¢, 8 v, | wyaa, [KeaeR s oo,
kg/mm? | kg/mm? | kg/mme? % % 10/500/30 10kg By~
6 " 495°C x Thrk >35.1) | &45.0) ) (>5) - =) ) )
190°C % 12hr2s # 39.6 7.8 59.8 12 32 121 150 80

1) #@mBmge Reynolds # Al Data Book(1961) &5,
2) HBUTw JIS Z 2201, 4BEBH
3 () Pk SAE J45Tb(tiA, TO2ED M & o

B9 R ® R B OE MoEY

R, lhr ¥ 100hr  {% ¥ 500hr & ¥ 1000hr i
100 36.2 42.9 14 36.5 43.5 14 35.7 42.7 16 34.2 42.2 16
150 33.8 38.5 19 32.3 38.0 17 30.6 36.0 18 28.5 34.4 18
200 27.6 29.8 22 21.9 25.7 24 20.2 24.7 27 18.6' 22.7 27
250 20.1 21.7 26 13.8 17.2 33 10.5 13.8 36 8.8 12.5 45
300 13.0 4.4 32 7.0 9.5 46 6.1 8.2 54 5.6 7.6 70
350 6.5 8.0 47 4.8 6.2 76 4.2 5.4 72 4.2 5.3 80

D NGB (FTHE%e.4mme, HLai#2smm),
2) NRRERATIC X B WIROFIBIETIE, 938, 0kg/mm®, |35 46. 3kg/mm?, Hel0%ch B,

50 60

\ 1hr
40 k

\\é\< 100hr
30

20

4+, kg/mm?

bt

1000hr

[

il
S

IS

0 100 200 300 400 0 100 200 300 400
W, T W, T
HOSE 2024-T6 DR & IO MR BB 6 2024-T6 HHHIFE DML & 313 O %

. P B T
(HEF24E 4 1) PlEXRXeEE T 28 =t = %t B '

A 9\ &

_3_




(8-2.4)

TovI =0 BN ORR REE

4) 2025-T6 BisEEH7FILI=ZILEELE

glx% {£ % K B
1t E B %, %
® A
Cu 1 Mo | si | Mg ‘ Fe cr Ti Zn Al
6 JIS H 4131 3.9~5.0 | 0.4~1.2 | 0.5~1.2 | <0.05 <1.0 <0.10 <0.15 <0.25 7
#® o 4.32 0.76 | 0.72 ] 0.008 0.35 <0.01 0.01 0.03 7%
= 0 - T 7 1B
< % 5l 3 i3 HL bl 2 W Vo -
®o 8 ’ s 4 m i
mme Wb, | S, | sy, @m0 v | g v, | Z0am ey amxay sy e, JIS8E),
kg/mm? kg/mm?* kg/mm? % % 10/500/30 10kg Bay—p | kg-m/cm?
|
6 295 515°C x Thril%t >23 (>38) ) (@3 )] (=) 100 (- (=) (=)
170°C % 12hrss & 2.8 39.8 52.3 18 25 106 125 68 5.3
1 REFLIIS Z 2201, 458BA.
2) () pJIS H 413108 AE R T o
3) TEMSTRENG, Ak, 8—1, (R42-18L, B,
w12k @B B 8 E ¥ HEY
—— thr & # 100hr £ = 500hr % 5§ 1000hr 4 #
oc & | s, | @0 e, | om o, | BhEme, | W ¢, ® b, | BlEme, | w0 v, b om by ) BlEEERy, M
kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm?* | kg/mm? % kg/mm? | kg/mm? %
100 23.7 36.2 20 22.2 32.0 20 — — - 25.0 36.0 20
150 26.1 32.9 — 25.4 31.3 23 2.7 28.1 27 20.7 27.1 24
200 17.7 20.4 29 13.5 17.1 30 10.6 14.1 36 10.4 13.6 41
250 10.8 12.9 ‘32 8.1 9.1 40 7.1 8.1 40 6.7 8.1 51
300 6.5 7.2 42 4.9 5.6 45 4.2 5.0 12 4.1 4.9 53
350 4.2 4.4 m 3.4 3.8 53 3.1 3.7 59 3.1 3.7 65
1) AERERE CEAHBEES. 4mme, BAKE25mm),
2) ABEBRNK L BEROFEREIL, Wh24.8kg/mm?2, FiERMy-41.8kg/mm?, He16% T %o
40 40
. 1hr
L 30 . ——— - £ 30
£ £
=< 2
2 100hr - 100hr
‘ T +
20 O 20
R #
= 1000he it \ 1000hr
= SO,
10 1 Foo \\%&
o 0 |
0 100 200 300 400 0 100 200 300 400
ihh. 1w, C i e
BT 2025-T6 & HED AL & 0B E8 2025-T6 #EHED R & 51iEMy OB%
P  RBE
(A4 13 S ExEmesE T ERKXNSEE MR L
i % E

_._4_._




(8-2.5)

TR = A GBRMHMOEIRS R
5) 6063-T5 B AE7Z7HL3I=y LESESTE

EBEX L ¥ o® H
i3 2 % 4, g, o
" 81 & 2 ax %
Mg ] Si 1 Cu Fe 1 Mn Cr Ti Zn Al
- JIS H 4m | 0.45~0.9 | 0.20~0.6 | <0.10 | <03 | <010 <0.10 — <0.10 P
= # 1 0.54 ] 0.41 ] 0.01 | 0.20 [ <0.01 <0.01 0.01 <0.01 7%
B4R OB W oMW oM T
T 5 pid t 7 # = & Yo
O #oomom | . " 1 5 B
mme W, | BUERMY, | JtekraRe-,| [ v, TN RN, oy A a7y v, (JISSE,
kg/mm?* | kg/mm? | kg/mm? f % % 10/500/3¢ 10kg Fayr—n | kg-m/cm?
. 0 i P B s % 10 (>>15) ) >8) ) () =) - (—)
} 180°C x 2hrzes 18.9 21.4 35.5 18 51 68 73 67 4.4
1) HBRIEIIS Z 2201, 458805,
2 () WRJIS H 41720 884k ik
BIBE @ w8 o HoED
e Thr f 1 100hr % 500hr {3 " 1000hr 2 o
°C o | BEHY LW e m ) By, | v | wm o, | osmse, | e = | @ o | 3 BEE, | v,
kg/mm?* kg/mm? % kg/mm? | kg/mm? % kg/mm? g/mm? % kg/mm? | kg/mm?2 %
100 16.5 18.9 16 16.9 19.2 15 17.3 19.5 17 16.8 19.0 15
150 15.0 17.0 18 16.0 17.7 15 15.5 17.4 12 14.2 16.2 15
200 13.7 14.8 18 9.5 1.1 23 7.8 9.5 2 7.2 9.3 27
250 8.9 9.8 23 5.2 6.7 34 3.8 5.1 45 3.1 4.1 54
300 4.7 5.6 42 2.4 3.0 70 2.2 2.8 64 2.0 2.7 67
350 2.2 2.6 66 1.5 1.8 79 1.1 1.5 106 1.1 1.5 107

D ABEEA CHTHRIRS.dmme, BLEHHESmm),

2 NEREAIC L B HROS SR, §918.6kg/mm2,

24

it

100

200

s11
fim

g, ©
85 9B 6063-T5 IR HEOIELE & i) D%

400

FlEaR21.2kg/mm?, §ie169%Ch B,

24

0 100 200 300 400
wo K, T

SR10BL  6063-T5 HILIIMEOD I & i1 Tty o 1(%

(FEf4242 4 )

P ETXHE:LE T 4% X=%t W

N B i

(BRI |
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8-2.6)

7oV =9 A EERMMO SRS EME
6) T075-T6EEE(EH7 NI = &4£658)

gi6x £ ¥ K

s 3 |21 ol %
s 2l -
zn | Mg | ca | o | si | Fe | Mn Ti Al
JIS H 4131 5.1~6.1 ' 2.1~2.9 1.2~2.0 | 0.18~0.40 <0.5 <0.7 t <0.3 <0.20 %
T6
E M 5.74 5 2.78 1.74 0.28 0.11 0.29 i 0.01 0.02 7
BUTXR OB WO MR
- 3| T P B } » P ¥ Sapes
%o Tlow om om : o o T T ) TGt
mme it J1, 1 BVERRy, | BiREWIRE, MR ¥, | # Y, FYFN, Ny ATy P Y oV, ).
kg/mm? | kg/mm?® | kg/mm? % % 10/500/30 10kg | By~ | kg-m/cm?
6 20 480°C x Ihriki: (>45) (>52) =) 10 (— (>135) [CO] ) (G
10
120°Cx 24hra & 53.7 59.2 76.7 14 26 153 198 92 1.7
1. BERFTTIS Z 2201, 4838
2) ) ey JIS H 4131 ot R,
B8k @ W5l | om D
A thr # i 100nr £ # 500hr D 75 1000hr 4% 1
o weo | BURERY, 4 w,obom o, | Bl Y, b om o Jn ) BlERERy, | ¢, 0, | B, |l ¥,
~ kg/mm? kg/mm % kg/mm?® | kg/mm? % kg/mm? | kg/mm?® % kg/mm® | kg/mm? %
100 47.2 51.8 20 47.6 52.8 25 47.6 52.8 21 47.8 52.3 19
) 150 41.9 44.2 22 37.9 39.5 22 30.8 33.1 24 29.5 32.3 27
200 24.5 25.6 30 16.1 16.6 38 13.4 15.5 47 12.3 14.2 49
250 12.6 13.4 48 8.9 10.6 54 8.5 10.5 55 8.3 10.4 51
300 6.4 7.6 69 — — — 6.5 8.2 80 6.0 7.9 81
350 4.2 5.4 — —_ — - 4.2 5.8 83 4.4 5.8 79
D Ghr (8 ’H %6, dmme, §25mm).,
2) BEROB R, 6051, 1kg/mm?, By 57.0kg/mm?, #e16%Ch 5,

N : —O\L\
sol T sof

O0hr

\’\\Q - | \ -

- €

E 40 E 40

~ o

=] w 100k = \X\ 100hr
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T I =

PANY AN
0 S 7

7 L

S lir% oy

7 7076.T6 s

LJ N

IF]

5 [5EVE

#19FE (PR A
) ) {t i 2 2 %
7 3 - ) :
Zn 0 Mg | Cu | Ma | s Fe cr T | A
- QQ-A-867f | 7.0~8.0 | 1.2~2.0 | 0.30~1.0 Lo 30~0.8 | <0.40 <06 | — | w0z | g
# g e | s | oom | 06 } 0.05 0.17 <00t | 0o | om
B 20 % BoWom o o7
P, &l 1 P B '/J 2 a Yo
B # om m i i
mme BB | BB, | s w0, TR, (e, uy s v e, (J1938)
kg/mm?2 kg/mm~ kg/mm? % | % 10/500/30 10kg Bxy -~ | kg-m/cm?
6 % 460°C x hrik 4tk (>42.2) (>49.2) (—) (>14) (=) 140 () (G (=)
135°C % 14hrze iy 61.3 63.6 72.5 8 12 153 187 90 1.9
1 BBARJIS Z 2201, 488K,
2) ) PR BQQ-A-367F, SR OB BN R,
% 21 3= G TR
BRI Thr & ¥ 100hr {4 #§ 500hr {3 fsia - 1000hr £ V 4:\‘? -
°C i 7 iRy, | ¥, 7, IR, | e, | W 71, glagag, | ¥, ig 4, SIaRaRY, | v,
kg/mm3 kg/mm?* % kg/mm? kg/mm? % kg/mm?2 kg/mm?= % kg/mml kg/mm? |
100 52.8 54.8 11 56.1 57.2 11 54.2 55.1 11 54.3 55.3 11
150 45.6 46.2 17 37.8 37.9 18 27.9 28.3 20 25.1 26.1 21
200 26,6 26.9 23 13.9 15.1 34 9.9 11.8 41 9.2 11.7 48
250 14.2 14.9 30 7.8 9.2 55 6.1 8.2 58 6.1 8.1 66
300 6.7 7.8 53 5.2 6.5 70 5.1 6.4 75 4.8 6.0 75
350 4.3 5.1 89 4.1 4.9 85 3.9 4.9 90 3.9 4.8 90
D NERERF (‘Ff]‘%”“"rﬁ dmme¢, F&H#25mm),
2 EURERFIC & BRI, 5160.9kg/mm?, 813k 63.9kg/mm?, 7% Ch o
70 70
60 \O'w..k 60 N\ —
50 \\ « 50 \N\
o €
g \\K - E
£ AL >
9 40 =~ 40| -
- 100hr .
= \ et ®
30 & 30
. \\8’\ 10004 s
10 | 0] S
| h\\&@fg& O
0 100 200 300 400 0 100 400
ooJE, T Moo
%13@ 7076-T6 fiitl }V*O)?lm W& IO 6% BI4E  7076-T6 LMoY & ey O
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(Hm42a7 4 1)
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g
DATA

7ov 3 = LA S5SRMM O SR REE
8) 7076-T6 #EiEiE

ge2x & % K N

1t 4 4 ol %
by Al
zn | Mg j Cu | Mn ] si Fe Cr Ti Al
T QQ-A-367F 7.0~8.0 | 1.2~2.0 \ 0.30~1.0 | 0.30~0.8 | <<0.40 <0.6 — <0.20 7%
6
=S ¥ 7.53 1.76 I 0.64 0.55 0.07 0.17 <0.01 0.02 7%
% 23 & Er R

5 " 31 ﬁ e s P -
! ’ 5 o 4
oo » % = W A, | BIEESRY, | BUEEWEERY .| 4 v, | & v, TY RN, (Eyh—A ey, (JIS3E),
mmé¢ kg/mm? | kg/mm® | kg/mm? % % 10/500/30 10kg By~ kg-m/cm?

6 0 460°C x Thrk#ih (>>42.2) | (>49.2) = >14) =) (>140) ) (— =

185°C x 14hr# s 49.3 53.8 70.4 16 28 147 181 89 1.8

1) HBAWIIS Z 2201, 4538,
D () PIRKEERRQQ-A-367E DR MR T

moaux & B o3 W o OE

HRENEI thr % # 100hr % ## 500hr {% i 1000hr % #
o | Bt | B | Bt | W | M Bt | W | M | Ml | B
100 43.8 46.6 20 46.5 48.9 16 46.4 49.2 19 44.6 47.0 21
150 40.7 42.0 21 37.4 37.7 20 25.6 25.8 24 23.0 23.7 22
200 26.0 26.3 26 14.0 14.2 35 9.6 11.2 42 8.6 10.1 44
250 13.0 13.2 31 6.8 7.7 51 5.8 7.0 64 5.3 6.7 63
300 6.1 6.7 53 4.8 5.5 69 4.4 5.4 74 4.1 5.2 85
350 4.2 4.8 76 3.6 4.3 113 3.5 4.2 106 3.4 4.1 108

1) AERE CEFRImge.4amme, BafHi2imm).
2) NIRRT & B OB R, 748 dkg/mm?, B1RiEY54.0kg/mm, Me16%Th B,
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TV = U A GEREM O RS RN
9) 7079-T6 FRHE

B2BE k£ ¥ R

1t ¥ 54 43 %
" a2
| Mg Cu Mn cr si Fe Ti Al
6 QQ-A-00200/12 ‘ 3.8~4.8 2.9~3.7 | 0.40~0.8 | 0.10~0.30 | 0.10~0.25 <0.30 <0.40 <0.10 7%
B® k7 ] 4.24 3.40 0.70 1 0.23 0.16 0.10 0.31 0.02 7*
F2wxk B oW O™ ¥ K
¥, 5l 5] tE Y # z L2 S M —
2R moom m - . : T fir 5% 4l
mme Wy, | BlEgERw, | BWREYL| M €, | & U, | TuF, | e r-xuy vl (JIS3E),
kg/mm? | kg/mm?2 | kg/mm? % % 10/500/30 10kg By —n | kg-m/cm?
445°C x Thri#é (>49.2) (>54.8) (= (&) (= () (] [CD] (=
T6 20 5 F s,
115°C < 48hrze 58.7 62.7 72.2 9 14 148 180 89 1.6

D REHIIS Z 2201, 4BREH,
2 () AERREEAAKQQ-A-00200/12(NAVY-Ships) D RMIE R T

B2ATR OH OB 8 R EY

SR, lhr 4 #F 100hr & Eid 500hr {% ¥ 1000hr £ %

°c B 5, | BIERERY, | M6, w0, | BBy, | M ¥, | o g, | BSR4 # v, m o, | By, | 0w,
kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm? %

100 51.8 54.5 16 53.3 56.3 16 53.2 58.6 13 53.9 59.2 12

150 45.6 47.1 24 40,6 42.2 20 34.7 37.5 22 32.7 37.1 25

200 29.4 30.2 24 18.9 20.0 36 14.0 17.1 48 13.0 16.0 51

250 16.1 16.8 44 11.6 12.8 56 9.7 11.7 63 9.5 1.7 73

300 — — —_ — — — 8.3 9.6 76 7.0 8.3 91

350 o — - — - — 5.2 6.8 76 5.2 6.6 102

D AEERE CHTHEZ6.4mme, HAHH25mm),
2) MR L 2RO BEWH, A58 lkg/mm?, 318y 62.0kg/mm?, §e10%Ch 5,
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N AN s == =
7 = LEERE D E i 5 7 (2D 3)
10) 7079-T6 $isiE
mwxE L ¥ O OW N
1t S |31 5 %
H bl
Zn i Mg } Cu } Mn Cr ; si Fe [ Ti Al
QQ-A-367f 1 3.8~4.8 | 2.9~3.7 } 0.40~0.810.10~0.30 0.10~0.25 | <0.30 <0.40 i <0.10 7%
T6
8, B | ea 3.3 | 0.6 5 0.23 0.16 0.10 0.31 ] 0.02 7
m2ok B oMM HE
o gl i3 P T 7 Z ks ¥y ve—
7 ) - sl “n o 1 ol
mmé w7, | BlEEEy, | HoWERy L i ¥, | # v, TY g, (Eot~2 8y 7 e, (JIS3E),
kg/mm? | kg/mm? | kg/mm? % l % 10/500/30 10kg Bx# ~ v |kg-m/cm?
450°C % Thrsk & (>43.60 | &50.8) () >10) \ () (>135) (C) (= )
T6 20 5 F R
115°C X 48hrze & 47.2 53.7 72.1 15 i 30 145 181 88 2.1
1 REAIIIS Z 2201, 45HEM,
2 () PREAEEHEBQQ-A-367f DELAITR R T
8 30 % Bo® 8 E M H
B 1hr & # 100hr 4 ¥ 50Chr 42 ## 1000hr 4 £
°C i 71, 55R56 v, A ¥, i 71, BlagaRy, | ¥, i H, 5IBRM v, i €, i 71, B, L ¥,
kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm?* % kg/mm? kg/mm? %
100 42.0 47.8 21 42.1 48.1 20 43.7 49.2 18 43.2 48.6 19
150 37.2 40.3 26 34.9 37.5 25 31.3 33.8 22 27.7 29.5 27
200 28.0 28.5 31 17.9 18.9 37 13.3 15.5 53 12.2 15.3 52
250 15.3 15.9 38 9.8 11.1 60 8.1 10.8 60 8.1 10.9 —
300 7.5 9.3 70 6.7 8.5 77 6.6 8.5 100 6.6 8.6 70
350 4.8 6.3 84 4.3 5.9 77 4.3 5.8 87 4.3 5.8 115
1) INEREBRE CRTHEES.4mme, HAREH25mm),
) IEREBREC LB EEOF BRI, 7133y 5l.dkg/mm?, Hel5% Th 5,
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