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Grain Refinement Evaluation Test in
Aluminum Melting and Casting

by Masahiro Yoshida, Kazuhisa Shibue and Susumu Inumaru

A rapid and simple grain size test which had been developed by Farrior et al was applied to
a grain refinig evaluation jtest of refiners and structure control of DC casting of aluminum.
This simplified grain size test (SG test) consists only of a steel ring mold and a refractory brick,
and the sample requires no polishing or cutting for observation of the grain.

Following results were obtained.

(1) SG test could be used to evaluate the effects of adding various refiners and the grain size.
(2) The grain size obtained by SG test relatively corresponds with that of DC cast ingots. This
test was very useful for a practical method of testing optimum grain refinement of each

grain-refining system.

(3) A standard grain size chart was drawn up to simulate the grain size of the ingot in production.
This chart was composed of twelve grades and the relation between the grade (G) and the
standard grain size (SG, pm) was expressed by the following equation ;

GS=exp[0.354 (G+12)]
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Fig. 1 Simplified grain size test (SG test).
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Table 2 Grain size grade and standard grain size.

2.2 BERSNEROFR Grade Standard grain size Range of grain size
SG7 7~ M REREOCHIERNERELSEE U THEM (#m) (pm)
T AEE, EHEL 2 A ERNERD HIE, BBEEEL 1 100 80 ~ 120
WHRRIE 2EET 5 L TRELVE SNERITH 5, ) 140 120 ~ 150

5 T 5 9 V= AHY —
77, Tablel T/R7T L5 T, 99',9/07} o AHb 3 200 150 ~ 250
4 950 ~
Table 1 Experimental procedure for drawing up 300 50 350
standard grain size chart. 5 400 350 ~ 500
Base metal 99.9% Al 6 600 500 ~ 700
Grain refiner Al-5%Ti-1%B, 3/8%¢ rod type 7 1000 700-~.1200
Amount of added grain 1o ~
refiner 0.01% ~1% 8 1500 1200 1700
Casting temperature 700C 9 2000 1700 ~ 2500
Brick SK-34 refractory brick 10 3000 2500 ~ 3500
SG test Brick temp. 150C 11 4000 3500 ~ 5000
Etching Tucker’s reagent 12 5000 >5000
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Table 3 Industrial application of SG test.

Size Metal Grain refining and SG test sampling

Test billet (6 drops)
Grain refiner ; Al-5%Ti-1%B

”, illet 75% -
8 billet | 99.75% Al (0.06~1%)

Sampling ; 2 pieces/drop
Grain refiner ; Al-5%Ti-1%B
s (0.1%)
107¢ billet| 6063 alloy Sampling ; every 10 minutes
(6 pieces/drop)
Filter ; tube filter

Grain refiner; Al-6%Ti-1%B
(0.1%, rod)

5001000 1050 alloy | Addition of rod; before and after
slab .
tube filter
Sampling ; before and after tube
filter
i Q PaN é”</)BiIlet (centér) i
700 ! -G Sab (surface)
@® Brick (RT)
V‘\ O Bk (1000)
S : . A Brick  (200T)
)\\\\§ \v4 Slab (centgr)

Temperature (T )

W

4 i
OOO 90 120 150 180 210

Time (sec)

Fig. 2 Cooling curves of DC cast ingots and SG
test samples.
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Fig. 4 Relation between the grain size grade (G)
and the grain size (GS) in the standard
grain size chart.
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Fig. 3 Evaluation of the grain refinement by :SG test.
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Fig. 6 Comparison of SG test samples and 8 in. DC billets.
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Table 4 Mean values of measured grain size.
(mm)

Amount of added grain refiner
0.06%  0.1% | 0.2% 1 0.6% | 1.0%

Brick | 2.51 | 0.49 | 0.29 | 0.21 | 0.14 | 0.09
(RTD | (9) 1 (6) ] (4) (3)](2) (1)

Material 0%

S G .
test Brick 2.23 0.43 ] 0.31] 0.23] 0.12 ¢ 0.10
et H100C) | (9) | (5) | (4) ] (3) | (1) ] (1)
sample

Brick | 2.18 | 0.46 | 0.31 | 0.21 | 0.13 | 0.11
(200C) | (9) | (5) | (4) | (3)| (2) (1)

feathery: 0.34  0.26 | 0.22 | 0.11 | 0.08
crystal | (4) | (3) 1 (3) | (1) (1)

() ; grain size grade.
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Fig. 7 Macrostructure of 10”¢ 6063 alloy billet
and SG test sample.
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Fig. 8 Variation of Ti, B contents in 1050 alloy
slab casting.
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Fig. 9 Variation of grain refining in DC cast process with tube filter and rod type grain refiner (1050 alloy).
Case 1 ; rod addition — filtration, Cace [ ; filtration — rod addition.
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Hot Workability of Cast 30% Cupronickel

by Koji Nagata and Shiro Sato
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Hot Workability of Cast 302 Cupronickel

by Koji Nagata and Shiro Sato

Hot workability of 30% cupronickel has been investigated by several workers from view point
of hot shortness by impurities and embrittlement at intermediate temperature: The cracks during
hot working of cast 30% cupronickel, however, has been frequently experienced: to occur in work
shop, thouth the impurities of ingots are controlled within the tolerable level and the working
temperature are adequately kept. To solve the cracking problems- of cast 30% cupronicke], it is
necessary to investigate such factors as grain size of ingot, residual stress of ingot and heating
conditions prior to hot working.

We can get the following results concerning the crack sensitivity of high purity cast 30%
ccupronickel during hot working.

(1) Tolerable limits of impurities to hot working are established by hot forging test as
follows; Pb : 0.015%, Bi : 0.0004%, S : 0.002%, C : >0.16%.

(2) Cast alloy with fine grain less than 0.6 mm has excellent hot workability over a range
-of 850 to 1000°C.

(3) Cast alloy decreases remarkably in ductility, when the specimens are annealed above
600°C under the stressed in tension. This is due to the formation of cavity or micro crack at
grain boundaries during annealing. Such annealing embrittlement is accelerated with increasing in
grain size.

(4) Cast ingots produced in work shop are liable to suffer the annealing embrittlement during
heating prior to hot working, because they have relatively high tensile residual stress of max.
about 15 kg/mm? in addition to large grain size of several tens mm in length. It is considered
that the cracking of cast alloy during hot working in work shop is due to the proceeding of micro
crack by annealing embrittlement to macro crack.

(5) 1t is proposed that grain refining of cast ingot is necessary to prevent the annealing
embrittlement and to improve the hot workability. Limit of grain size of ingot is presented .to be
2 mm, though this value can be determined from the connection with the residual stress level in
ingot.
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Table 1 Chemical composition of specimens.

April

’ Composition  (wt %)
Alloy | |
e N Fe Mo | Pb | B c s o | si
51 | 6845 | 3015 | 075 | 070 | <0.001 i<:0 0002 | 0.02 | 0.002 | 0.0004 & 0.03
Pb—1 | 6857 | 29.8 | 077 0.7z | 0.004 | <0000z 0.2 | 0.002  0.0006 | 0.05
Po—2 | es.2s | 3068 | 075 | 070 | 0015 | 7 0.04 - - |
b3 | 6925 | 2.5 | 076 | 075 | 0.026 | 7 0.02 — - -
Pb4 | 69.48 | 20.72  0.82 071 | 008 | 0.03 | 0.003 | 0.0004 & 0.03
Pb5 | 6844 | 2074 | 075 | 071 | 005 | v 0.046 | 7 —~ -
i1 | es45 | 30.35 | 075 | 0.70 | <0.00L | 0.0002 | 0.02 | 0.002 | 0.0004 ~ 0.02
B2 | 68.52 | 30.26 | 0.75 | 0.63 v oot | - - - -
T B3 | 6850 3004 | 075 | 0.69 v oo - - | = -
T4 643 | 3.0 | 0.5 | 0.70 » | oom8 | — - N
C—1 | es.50 | 2080 | 081 | 078 | <0.001 | <0.0002 0.03 | 0.002 - 0.01
Tco2 | 650 | 001 075 | 071 ” " 0.04 ~ — oo
C-3 | 6843 | 208 | 0.5 | 0.71 " ” 0.05 - - 0.01
C—4 | 69.02 | 2079 072 | 0.72 % ” 0.09 - - 0.02
C—5 | 68.56 | 2009 | 0.64 | 076 | 7 " 0.16 — - 0.04
| s—1 | 6856 | 2081 | 074 | 071 | <0.001 | <0.0002 0.002 | 0.0006 | 0.02
52 | 6850 | 20.63 | 075  0.69 ” ” — 0.006 | 0.0005 |
Cs—3 | 68.41 | 20.99 | 076 | 0.69 ” P 0.04 | 0.003 & —
S—4 | 6358 | 2092 | 074 | 0.69 % ” - 0.026 | — -
S—5 | 6871 | 20.73 | 075 | 0.72 ” ” - 0.00 | — -
A | 6524 | 30.68 | 2.02 | 1.9 |<0.00L |<0.0002 0.03 | 0.002 | 0.0009 | 0.02
B 65.07 | 30.93 | 2.07 | 175 R 0.3 | 0.002 | 0.0008 | 0.01
c 65.10 | 30.89 | 2.06 | 1.86 ” ” 0.00 | 0.002 | 0.0005 | 0.03
D 65.33 | 30.46 | 2.04 | 1.97 » | 00 | 0.0 | 0.006 | 0.02
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Fig. 3 Effect of carbon content on the tensile properties
of 30% cupronickel at room temperature.
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Fig. 2 Effect of impurities contents on the crack sensitivity of cast 309 cupronickel
by forging test at elevated temperature.
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Fig. 4 Effect of grain size of cast 30% cupronickel
on tensile strength at various temperature.
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of cast 309 cupronickel by hot forging test.
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Fig. 8 Effect of annealing temperature and time on the crack sensitivity
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Fig. 9 Effect of annealing temperature on the ductility of stressed samples.
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Fig. 10 Fracture surfaces of samples which were annealed at 800°C for 2 hours
in stressed condition and then stretched at room temperature.
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Table 2 Tensile properties of 30%

cupronickel ingot at room temperature.
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Alloy Posﬁ;)n of Structure Grain size Condition Proof stress strength Elongation
sampiing {(mm) (kg/mm?) (kg/mm?) (%)
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13.9 35.4 43
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surface Annealed 12.5 35.4 32
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50mm As cast 195 g 1 |
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Fig. 12 Microstructures of crack on tube extruded
from ingot with large grain size.
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Aluminum Sheet for Cap

by Yoshio Baba
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5083 At E & U THE (O), L REMEFIELY, &
0O E (D H112), 6063 4@kl HigEnt
BEH & UALEL (T5), I ANEES & UME (T6) L
LD RMEND,

Al-Mg-Si R EGOME & B2 F4~5iTZN
FRRT, F4iwEd HIZ, X0 HEMOWEEKT O
BE ke 3 & 5 OMofiiic, %z, £51RT T5,
T6 ML OFEHBNT OME I T4 MO &I 3 T
Ligashicv, 221, Al-Mg 266084, BN
I%%@ib%%%t# & &EFE 5 IR INEGEE % A

S OEEME (RE
e S idyinT
R w2 PR

, BB OBE R BE LT 5 & 313250~400C D
%WCkH INEHGEE U,

@) PHEmHE  RF RSB YEEER TRE oM
PRV, BICHEE OB LR ET ARG KL
%

e CRBL E =7,200 kg/mm?
TR 1GR3 G=2,750 kg/mm?*
7 otk y =0.33



TE NSRRI 585 L, M E VML OT, 6063

FTEEIGHEEI NS

~(54) ER 82 2R &R April 1982
4%4 Al- Mg ﬁ@;ﬁ]’g{uf_%
e B e # pis B
TR B O E L CHLE X NICIRIER R T,
H112 SO % ¥
LoTE, BENTECE ST, HELZU VM INTHIZS
Herr % LT X b SERRERAR UIIERRT .
BEILE AT & D B S R EE ~
0 fror HALFI A SO, B VRIEX Y EranHiefion, BANONR
" o128 D
SERBHIL T B L EBETH B, (5B
BRI R, rEky . . N
HIn {%®O’ * ' N 2, 4, 6. 8 OEFCRIN, MTELORE#RT,
P LS B1 b OICEEOE | AP, SEEH, 4130 & MEHONE GARED QM LBHRET
n . . ] )
| HELELIED, BHCERFT. 2 6 13FNTNO LV TE, Yo FEE BHEOPHO L
A 113 s o rpor b
o ]| I 270, & HAITHEE THPIRIECH B T & BT,
M0 it b o Pkl PEEER
. () AFMgASRBEINT U S 0 Hin ORECRIFMEE 2 £ M1hd THIIETL, Wos#nds,
T OF 3 IR R BT B 0, BIINTH 130~1700C TMEA R 1T 5. T OMEE ZEMMIE V5,
x5 LAY GHERE, 0, T4, T5, T6)
& G MEmoEU RO Mo A oM & B b E UKW |
5052 | |
5454 340~A10CERs 1203 IFKs B 1 ,,,,,,,,,,,,,,,,,,, , |
5083 ; |
5086 | |
Y | PP I
6061 }mm%mcwpit@mmm 515 ~ 550K | 170~180C <8 hr
6063 515 ~ 525C KKy | % 175C %8 hr |
. Q) o LRRiL 0, WTNIHERLEP0L LS,
(9) BN B E LT AEAE, 410C mEL, Thr D2 ORI RS T 2. Wi 260C & Tk 28C/br LT O
CFHE D T EDEE LW,
(3) WEAER, W4 HREEOWERNKE T 2T 75 GRIELS -T4, R EFIC IS N CHEE DS T4 MWL IZ O
B T42 £ D)o
W) HEANE, Wi & UMLBILT b D% TOMIIE WD (T, WEHITI O THEOLIET T MM LI b D% T62 &1 5),

Edats EEEMT G HOBATRBANGESE S e

(3)

o b O EE A, Ea

=6 M BN oM OH
| HERMEGREC | GOREROR | MEONEE | N M % | SBREN | koo
4 i E G 25¢C 20C 20C
0 (kg/mm?) (kg/mm?) (CGS) (IACS %) (10%/C) Y
5052 (4@ 2.68 7.150 2.700 0.33 35
5454-0 2.69 7.250 2.750 0.32 34 o4 0.33
5083-0 2.66 " ” 0.98 29
5086 (4 % 7.150 2700 1 9.3 3
- .70 7.05 .65 4
6061-T6 2 050 | 2.650 0.40 43 o4 0.33
6063~T5 2.69 ” g w 0.50 55 1
faz AR FR I « =0,000024/C AW, W AR & O 9 A PSS T ORI AYEE

I
HIRIEE

FEETD B

o =277
e

(@) VABEE OB EE
FlELT, ToAE SRR E RS,

s B R I R T TR Y,
RIR ORI E R ERBUT

5083-0, 4 mm # % \E
&, T

HERI~12VEN
O&E L EEBI Y
To

5y A Al-Mg RE&EMMEEKEC TSN TES
b, FERELERERETCIETALVD, — BRI DDA
BHEUR2TV, |4 ALMg b & rAL-Mg-Si REa&%

ENRT, E72, RIJERMER
AU I T OB P B 2 R

— 54 —



(3) LT A ¥

T ABI83-WY, 1.2mm¢

Vol. 23 No. 1, No. 2 T 2w AGEIIROBYE T, SO (55)
=T OMLAEDY BB Y @
7 e 1z i
. RN . — Tyawbics | HARRS | i@
i) H ol iR & i 73 i %)
(kg/mm?) (kg/mm?) ‘U/Z (1.6mmkL) 1‘2’5‘?(12.71111‘1195) (10/500) (kg/mm ) (kg/mm?)
5052-0 19.5 9.0 25 30 47 12.5 11.0
-H32 23.0 19.0 12 18 60 14.0 12.0
~H34 26.5 22.0 10 14 68 15.0 12.5
5454-0 25.5 12.0 22 - 62 16.0 -
~H112 v 12.5 18 - 62 160 —
5083-0 29.5 15.0 — 22 — 175 -
~H321 32.5 23.3 — 16 - 17.5 16.0
5086~ 0 26.5 12.0 22 - - 16.0 —
-H32 29.5 21.0 12 — — — -
-H34 23.0 26.0 10 — — 19.0 —
~H112 27.5 13.5 14 - — - —
6061-T4 2.5 15.0 22 25 65 17.0 10.0
-T6 31.5 28.0 12 17 95 21.0 10.0
6063-T5 19.0 15.0 12 — 80 12.0 7.0
-T6 24.5 22.0 12 — 73 15.5 7.0
. R 2 7 b T, B, EEPBRONELE ¥ 2 BB LI THh S
(2) MR, 5> 10%E, 10,000 rpm.
%8 5083-0, 4mm WD ) ¥ H BRI
- - G f | B M L W | 7 - 2 G | B B M | AN | w o g
HET ORI (A) V) (cm/min) (6/min) LR
D I G I 180 20 70 ©.25 TR a0
Hfr kT )
i i - 160 19 80 ” .
@ | ME 4.3mm 180 20 100 ” —
HETPP 0 simm P " 80 ” —
S0 t
o7 5.9mm 4 ” 60 ” ———
2y
Wi AR®T (BE4. 1lmm) | 180 20 100 ” ———
2y N
i ” " 7 4 1 e
. ) EEETE (70°, - N 2 mm, FEMEELE CEE, b —FM0E 0 23°, HESISETER)
(2) b=, num, WA OSBRI, N —F A 20°, RS FNC ST D
OB I 450
VL T ,
320X 300 410%x 300t
.
125Wx300L 125WX300L
70°
W La £.3 t ]
(A =T SRS =N G S
(a) HE— Lmj\ L ?
(FBERE YY)
(b) MEE—E ~
(c) +ETHHA

(e) HIFET AHA



IR - greemrRx® el ¥

%£9 5083-0, 4 mm il EEEHEF ORI

sl m #® H EET L -
O ME | RBTERISE | RBOEE T aEms | W 5T o . W L R
| (kg/mm?) | (kg/mm?) (%) @

(i - (FERE S5 AT SEFT) - (31.3) (15.5) (24) — —
W (i) - (31.0) (16.2) (23) — -
R N H 30.6 15.0 16 98.7 B M
P | RS p 2.0 15.1 13 93.5 e Gl
N 3.4 15.3 20 | 1013 BOH
Wi —mE | R A e 9.4 15.2 14 4.8 e IR

. () JIS Z2201, 5B, 3HOTSE.

%10 5083-0, 4mm i TFTHERFORS D

BEmE | 2umE i W R | SlEEE | BIEBmICOL Lo
(mm) (mm) (mm) (kg) (kg/mmz) (kg/mm®)
4.3 39.8 5460 32.4 >22.4 A 5 60mm
4.2 " 5400 | 32.5 >23.0 ”
4 4.3 39.7 5270 i — 21.6 v e R
43 ” 570 | — 22.0 ”
4.3 ” 5360 - 22.0 "
5.0 39.7 5430 32.3 ~19.2 (LSS S5 20mm
5.1 p 5420 32.2 ~>18.7 #  20mm
5 5.1 P 5450 32.4 >18.8 #  40mm
5.0 39.8 5240 31.0 >18.4 #  30mm
5.1 39.7 5440 32.2 >18.7 v 60mm
5.9 39.8 5470 24 | 163 (4 5 30mm
6.0 39.7 5500 32.7 ~16.2 #  30mm
6 5.8 ” 5360 31.9 16.3 »  80mm
5.9 39.8 5300 31.4 >15.8 »  45mm
5.0 | .7 5400 1 | 81 | v l5mm
B, (1) JIS 73131, 4 5B (2) EHEWRAEL DS M (@) - AREERC TR,

#=11 5083-0, 4 mmi Bl ¥ ARHHT-OMS »

B | %R i B E | BIREES | BRMREC] L W
(mm) (mm) | (mm) (kg) (kg/mm*) | (kg/mm?) | B
41 | 9.6 5500 28 | 2.7 | s 8Smm
4.1 § 39.6 5380 32.0 >232 |~  10mm
4 4.0 ‘ 39.6 5340 31.8 >23.6 #  13mm
42 | 39.6 5420 32.3 >22.8 #  10mm
B 42 | 396 5410 32.2 >22.8 7 10mm
. () JIS Z3131, 2 SEBFT (3) UM & b B (@) Wi A AR ST TR,

%£12 5083-0, 4 mmi {74 HEEFOE AN D

1

BB E | S E Wik W W i B Fligmas® | Blikma® e
(mm) (mm) (mm) t9) | Gg/mmd) | Geg/mmny | POWEE
4.1 39.7 8600 27.0 >>18.5 AT
4.1 39.7 8720 27.4 >18.8 4
4 4.1 39.8 7680 : 24.2 >16.5 ”
4.1 39.8 8590 | 27.0 >18.4 ”
4.1 39.6 8320 26.2 >17.9 ”
() JIS 73132 2 BEG. () BT S b STt @ T AR T

— B —



AE LW,
THIE

U5, BERTHECIEA
ik DR R K& &3 DVEEBT, I
SIRENIHEAMM BE LT A3 EPEE L,

THOTHEBEL

F 7

b

LA

Vol. 23 No. 1, No. 2 TR =Y A GEREROBRE I, Eoiir R (57)
E13 T AGREOBE T VIEEC X A BRI
! ol o e = . l‘ir . .
3 ) - ?49’ }'& %Hl Tr @ 151 [ JJ—{ H ﬁﬁ’; T Q)J ;_%; ) )
BHoMae | WE7 A g | @ LR % “ i 4 40 4t
(kg/mm?) (kg/mm>) (%) i
5183 20.3 10.3 19 85.5 I
5052-H32 & 5052-132 .
5356 21.1 10.7 19 86.0 =l
5183 20.9 11.3 14 85.5 I}
5052-H32 & 5083-H113 )
5356 21.5 12.2 13 88.0 I
5183 20.9 1.1 15 85.5 B
5052-H32 & 5086-H112 ]
5356 21.5 11.9 15 88.0 i
4043 21.0 12.7 12 86.0 B
5052-H32 & 6061-T6 5183 20.8 16.6 16 85.0 B
5356 21.4 11.8 15 88.0 I
5183 30.7 15.3 16 89.5 =
5083-H113 & 5086-1113 ,
5356 28.8 14.7 14 84.0 3
4043 22.7 13.6 3 61.0 K]
5083-H113 & 6061-T6 5183 22.2 13.6 9 65.0 B
5256 22.8 13.9 66.0 =
i 5183 7.4 11.6 22 94.5 B
5086-H113 & 5086-H112 .
5356 97.3 13.2 18 94.0 [
5183 22.5 12.6 1 78.5 £
5086-H112 & 6061-T6 ,
5356 22.5 12.5 15 88.0 el
4043 21.1 12.7 12 67.5 i
6061-T6 & 6061-T6 5154 21.0 9.0 13 67.0 NG|
| 5356 21.3 13.5 13 68.0 i
. () BB OWEE 9.5mm, 3 (60°— VB, SMER x),
2) SR O O 2 T UTHBI LI,
£14 KETGEEICS Y B BATLEE S (ALCANAL) (WA mm)
SR Harber Island Halifax Esquimalt
Moo 14 2 4 5 4F 104 14 24 5AE | 104E 14 24 54 104
5052 H 34 0 0 0 0 0.13 | 0.50 | 0.15 | 0.30 | 0.40 | 0.15 | 0 0.13
5056 0.25 | 0.25 | 0.13 | 0.70 | 0 0 0.25 | 0.60 | 0.50 | 0.03 | 0 0.28
5083 0.40 | 0.33 | 0.15 | 0.25 | 0.10 | 0.58 | 0.40 | 0.55 | 0.73 | 0.95 | 1.18 | 1.38
5154 0.30 | 0.23 | 0.13 — 0 0.30 | 0.38 - 0 0 0.08 —
6061-T4 0 0.33 | 0.05  0.35 | 0.30 | 0.45 | 0.53 | 0.83 | 0.38 | 1.25 | 0.50 | 0.70
6061-T6 0.90 | 0.60 | 1.50 | 2.3 & 0.90 | 1.08 | 1.08 | 1.35 | 0.75 | 0.68 | 2.00 | 2.90
6063-T6 0.75 | 0.33 | 0.35 | 1.45 | 0.70 | 0.85 | 1.65 | 2.38 | 2.33 | 3.15 | 4.13 | 2.63
. 5454 S EOMAEE 5154 AHB L BIERBETH %
WK U E S OFRBES 2R, BBk 3 PN OEEFEEZBOLEE 3RS RCEET 3 0
FLAHEs OHE SR 60, &S JWKER, By, B
FBHEYLEOBICICL S 3DTH %50 wE, WEMEE 3.2 JIRELEHBRIEH
R DB IC o TAMLT IR INBURR A DRESE R ETH BRI NIRRT AR S
CNHDRERFOEEE, xL’ﬁ%T SRR R ﬁU&fﬁf» RED, @MRHAD SR L T, CLH:JAM‘:IOJWUJ

23 JIS OB/ AE 205, Ch b DIEHES T
BEELUT, ML TL.EBEMES
SRR I E D o BRAITE, W (BRE) H 24/13

NTW3, g2,



: (1) JIS H 4000-1978 i X % Higde
(2 JIS &R ACOOOP, # A5052P~00
3y fi$73/1.50

(58) B E & ¢4 B B B April 1982
=15 WM ORI EFFEIGT
7 i AR (K 2 S R o € EDRED
o sel omom " . SIS (Kefmm) | SESEIENT s e )
(mm) Bl & fiid 73 (kg/mm?2) (kg/mm?)
o 4 ik (75 M) | 18 6.5 4.3
H12, H32 | v (12 BF) 22 16 10.7
5052 H14, H34 v r ) 24 18 12 4.3
4 ML 13 BF 20 11 7.3
HI112 ] -
1B EEA T5 UK 18 | 6.5 4.3
5454 0 i (50 BIF) 22 8.5 5.7 5.7
0 | 0.5 BHA 40 B 28 13 8.7
H32 2.9 A 12 U a1 22 ‘ 14.7
5083 : o | 8.7
(| 4Bl 6.5 WF 29 | 13 8.7
H112 -
U] 6.5 %#a 40 MTF 28 13 8.7
0 4 ~F (50 BTF) 25 3 10 6.7
H32 y(12 B 28 20 13.3
5086 H34 v o) 31 | 24 16 6.7 ‘
4 PL 13 UTF 25 13 8.7
H112 . -
13 #@A 25 T 25 11 7.3
P al s =Y yES
061 T4 45 3k (8 BITF) 21 11 7.3 Ly
T6 v o) 30 | 25 16.7

(4) ASME Boiler and pressure Vessel Cord, Sec. VI, Div. L 1T X %,

=16 HRHUEH OHNREL® & FPEIGT)

1

| AB IO S 5 i | (kg/mm?) e i o] O SGO
P AT g T anrz”'J Rt . g/ }mulﬁmb e
(mm) (cm?) | BlamE it A j (kg/mm?) (kg/mm?)
H112 — — { 18 | 6.5 | 4.3
5052 N | 4.3
0 - — (2587F) | 6.5 4.3
H112 120 LLUF 200 YT | 22 8.5 5.7
5054 v 5.7
0 % % % " 8.5 5.7
H112 130 BT 200 MF 28 11 7.3
5083 o { 38 LT % ” 12 8 7.3
38 %A 130 TF ” " 1 7.3
T4 - 18 8.5 5.7
6061 ) 4.2®
T6 (4sfEk) - 27 25 16.7
i s | 12 UF 16 11 7.3 }
6063 || 12 iz 25 T — 15 ” ”
E L T6 25 R — 21 18 12 3.0

PE. (D JIS H 4100-1978 & %o
@ JIS #ik AOOOOS, i A5052S-H112,
(8 4$)1/1.50
@ 215,
%5 & O R 0 He 21,000/7,200 O EIE 2 T 5 BED
3") ;DZ) <]
FAS Bk, TG oWV T JIS kiR (3
BE) BRI & AT % 2 N ENRT . Al-Mg RE Gk
FOHAENREEOMEAN S OE, 3.1HD THHET

filn 7z & 5z, HIES 0@ die & - THRES LU
TOTh, EHEROAMCL > THF ORI PSS LS
NBiHTHD, Al-Mg-Si REHD T4, T5 T6 L&
DI b FRICEPS 2R, ASME ARG
TEOEOIIRBEL TV B,

— B8 —
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T, (Ulnax‘“dxnin)/z

— 59 —

TR =Y LA GRBIMOBIRE =, ZoOBRIFER (59)
FIT RS & RBEROLME (ALCOARL)
PR B 'éi 58 fm‘ € A NTYCTEERY O E B R®
ES I | (kg/mm?) | (kg/mm®) | (kg/mm?) (kg/mm?*) 5 5
IR Fra S = - ’ci‘/uiﬁf “@‘}bﬁ‘ﬁ T iy i v C
(mm) SURERS W@ 0| D ™s g w6 /) Ce/mm®) (ke/mm?)
5052-0 0.15~7.62 | 17.6 | 6.7 6.7 | 11.2 | 3.9 | 35.2 | 13.4 7.3 0.028 | 159
5052-H112 | 6.4 ~12.7 | 19.7 | 11.2 10.5 | 11.2 | 6.3 | 39.4 | 19.0 11.8 0.058 | 124
5052-H112 | 12.7~76.2 | 17.6 | 6.7 6.7 | 11.2 | 3.9 | 3.2 | 11.2 7.3 0.028 | 159
5052-H32 | 0.43~50.8 | 21.8 | 16.2 14.8 | 13.4 . 9.1 | 43.6 | 274 16.9 0.099 | 107
5052-H34 | 0.23~25.4 | 23.9 | 18.3 | 16.9 | 14.1 | 10.5 | 47.8 | 30.9 19.5 0.123 | 100
| 5083-0 1.3 ~50.8 | 28.1 | 12.7 | 12.7 | 17.6 | 7.0 | 56.2 | 25.3 14.3 0.078 | 121
5083-H113 | 3.2 ~50.8 | 30.9 | 21.8 | 204 | 18.3 | 12.7 | 56.2 | 35.2 23.8 0.167 91
5083-H321 | 3.2 ~50.8 | 30.9 | 21.8 | 20.4 | 18.3 | 12.7 | 56.2 | 35.2 23.8 0.167 91
5083-H32 | 1.3 ~6.3 | 31.6 | 23.9 | 22.5 | 18.3 | 14.1 | 59.8 | 38.0 26.5 0.195 86
6061-T4 | 0.25~76.2 | 21.1 | 11.2 1.2 | 4.1 | 6.3 | 4.3 | 18.3 12.7 0.065 | 128
6061-T6 % 29.5 | 24.6 | 246 | 19.0 | 14.1 | 61.9 | 40.8 28.1 0.185 68
5083-0 | & I k| 2.7 | 11.2 | — -] - - - — -
5083-H112 % 28.1 | 16.9 - — — — — - —
spupy | 061 T4 & < Bk 183 | 112 9.8 | 11.2 | 6.3 | 38.7 | 18.3 11.0 0.052 | 128
ARERE
W 4 6061-T6 ” 26.7 | 24.6 | 24.6 | 16.9 | 14.1 | 56.2 | 39.4 26.9 0.142 63
6063-T5 | 12.780F | 155 | 11.2 | 11.2 9.1 . 6.3 | 32.3 | 17.6 12.3 0.053 | 103
6063-T6 | 3.1 T | 21.1 | 17.6 | 17.6 | 13.3 = 9.8 | 44.3 | 28.1 19.7 0.109 81
6063-T6 | 3.2~12.7 | 21.1 | 17.6 | 17.6 | 13.4 | 9.8 | 44.3 | 238.1 19.7 0.109 81
L) X7 CTIEN Oy BXE AT L SOTh G U ¢t FEE 4 WE P, JLOERR § Ldhig,
Ob =P/dt, & =9/d
TEOEND BHOTH2BRECH AT Y v IS RN7 Y U IR, wR (W) 127 ) v Vs End,
(9 BEMEEIENEA 4 7 —TED R BN AL, W, T4abb, 447 e O%E GER 1=C) £ ToMR
671 KA TED TS S,
Oe=B—D2
I, O BERISITHY, 2520 £TIX Ocr=00:LF 5,
#£18 T2y AGei (FE 12mm) OETTENRS
TR ! B o3 © (kg/mm?)
BB amms | @ e T S R
| SliRigs | W gy O W0 | 2x10°E | 10°E | 2x10°f
(kg/mm?®) | (kg/mm?) (%) )
R=-1 e 15.2 11.5 10.4
32.2 16.1 25 =—0.5 13.0 11.9 9.7 9.1
5083-0 8
(28~36) | (13~20) | (>16) R=0 10.0 8.9 7.2 6.
On=10kg ” 8.4 6.5 6.2
- R=—1 14.2 12.6 9.8 9.1
26.0 20.8 26 R=~0.5 13.5 12.0 8.8 7.8
6061- T4
' 21 C-11) (>16) R=0 - 9.7 6.9 5.9
O »=10kg/mm? — 9.6 ’ 6.2 5.3
R=—1 — 14.7 11.0 9.9
33.1 30.9 20 =-0.5 15.1 13.0 8.9 7.7
6061-T6
(>>30) (>25) 10 R=0 — 9.6 7.1 6.2
O »n=10kg/mm? — 9.5 6.1 5.2
B0 () PIE JIS H4000 QM 2R 12700, 6061 A 6mm L EOMEN TN O TEEL T
0.5~6mm HDHEFRTo
(2 R=0min/Cmax, 72720, RiJGHIL, Omaxt BKIGH, Ominl f/0NET]
0n1:<0n1ax+f7min>/2 Om: S[;ﬁjbil\:\jj
(8) w—w Ly E RIS (500 cpm), FRERTIR S0mm (LR ERTSEFNCERIY, JEIMHRE 0. TRT,



(60)

EFRE £ B

¥ W April 1982

TR D b, 6061-T4, T6 MiEHMT O R/ADIRR & &
16.9 kg/mm?*, 6063-T6 # ® % iz 12.0 kg/mm*T, fR{))
BEZEINTWE L, ARG FNnFn 4280030
kg/mm*EED 6Tk b, FIG~16 I DEEZRAL
1o

FEGHHE (it BBIBOFNLFRAELRU TH 345,
ITHEALH B & RS D — B TE P OENH B, FIT
WKE ALCOAH ORI T, /NEHT I 25 iR &
HIFE U2,

ks, RITE, BAMGIR JoEANTRS, N7V
VAT X R T ) v SR, SR OEHICK T
FEFRES S BEER LT, B DERIT OV TREITOMEE
PHRIBINTIN,

3.3 B h

ToUI 2 U AR E B D FENRESFEIEL LV
EAEANTVEH, S-N o x d#E L N=10°
BCADEDP KT LD, COfmEE Al-Mg &
SEWBMITEOTELYL, FENHRIEN=10" D2 H

WAOHKHETH D, BE TR INVEMOEN AT
WA HDELTHDN TS,

FAQL AR BT O EEN RS P RER LIS DT,
COBSIBEERI I RE - THRENRS ZRONIL
Vo TGN P oV CRBHTRT A, ME LD
BRI SR (6,600 cpm) Tz, HAEEE 15RER
EBTEDBEE L,

PSP EEE O BT RN IR X 13 5083-0O 41 % 220", 5086-
OFt # |21 KZENZFNRT, REOD 3HEOHENM
I I RBOBRIBIBET I, BIZEMO0%TH D,
JIS X #5E BT ABINEA~CHD T o —F — Ll
PR X BT A, AR T 8RB R
LIBEI WA B, ENMI M O60% A, &R
ZHIERT 5 L80% IR E L2, IBTIALIRE S BBV I
NS CRIZTHEPRIVOTEELLEE T,

& 3~4 12 TS SRR 0., BRENTSEHET) on 2 &
b, F19~21DfE%2HCTERU TTENRERR TS 5,
¥ 7, EINLHKE ALCANH OB MRS WEREE T

N

®19 v =v &R (5 6~6.5mm) OBITFEEIR S
CIR SO < o s @ (kg/mm?)
H o Toimmes | wWon | W o | BOEEC 1 H {0
(kg/mm?) (kg/mm?) (%) ) B
R=—1 12.6 12.0 .
5454-0 24.2 11.2 o7 R=0 L 75 7.2 ﬁ;
(§7F: 6.5mm) (22~29) (>8.5) (>>18) ' ' )
Gr=12 kg/mm? 6.0 5.6 5.0
R=—1 14.1 13. )
5083-0 30.6 15.7 25 R=0 3.5 Zi f;
(§75 6.5mm) (28~36) (13~20) (>16) ) ' '
om=12 kg/mm? 7.5 7.2 6.6
R=—1 ) ) )
5086-0 25.8 13.5 30 R0 fg fz fo
(B 6mm) (25~31) (>10) (>>18) . ' ' -
om=12 kg/mm?* 6.6 5.9 5.2

P (1) RIBOBIESN,
(2) /N4 F o7 7 EEIAEE (6,600 cpm), ABRFIE 25mm (5086 HOAEMEFFICES, I TFIRTERIO, IS RIR
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