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On the Embrittling Phenomenon of Copper
Alloys during Annealing (Rep-d)

Embrittlement of Chromium Copper during Tempering

by Shiro Sato and Yasuo Fukuda

In the previous papers (Rep. 1~3), the results of researchs on the phenomenon of
embrittlement of brass during annealing were reported. This paper reports the result of
investigation on the analogous phenomenon encountered during tempering of chromium
copper rods.

By a detailed inspection of cracked or embrittled rods, the following results were
obtained;

(a) Cracking or embrittlement was due to the presence of voids along the grain boundary.

(b) Internal stress existed in drawn rods.

(¢) Cracks or voids were formed during tempering near the surface of the drawn rod
where residual stress in tension existed.

Isothermal tempering tests of the drawn rod by rapid heating revealed that the cracks
or voids would be formed when the internally stressed rod was kept in the temperature
range from 300°C to 800°C for more than a certain period.

The embrittling test under bending stress was also made to ascertain the effect of
the factors affecting the embrittlement.

From the results of these tests, it was made clear that the following factors were
responsible for the embrittlement;

(a) Existence of high tension stress,

(b) Holding for more than a certain period in the temperature range from 300°C to

800°C at which voids are formed,

(¢) Large grain size.

Tt may be concluded that the embrittling phenomenon of chromium copper during
tempering is essentially consistent with that of &« brass during annealing which is
identified with the cavitation phenomenon of metals in the creep test at elevated
temperature.
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(a) Linear defect at the grain boundary.
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Fig. 1 Distribution of residual stress in drawn rod.
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Fig. 2 Effect of tempering temperature and time on
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Fig. 7 Annealing curve of aluminium brass and
chromium copper.

THELEDTH-T, HIFOBEHGAHREDEHED L D At
EBEOMBE TR —7F, BYEISHIREEA BRI
THIEFET D LD TH T, BEEHINELRWE Dk
TR S TR 72 L, BRI FEE U BRI
VAR T E 22k F AR B A 0O M LE 525 2 LT
Yo THBELIBEERLLZ ENLABNTWA, L
Fo 85T, BER UAVRBICIE (N LA 4T 7 » TEERICIE
PETIETEIE, FRENOEENRE~TEH-THY
VEEURWE AT S ERHRETHAHIETTH S, Z
DL 57z b, 30%miiEo 16mme ORI 1.29%
DM T A ML THBERE LA AT ofcb 5, ¥
vin BOYE void DML BN olz, L, M
y )i RGN ANV Y - d (ab AN & = SR iR B
DOFERI LWL L Tuniz,

Tihbh, 7 v AROBERLUELORNED—DE LT,
BER URTIC B BTN TR ER THD 2 ERbh b,

6. & ¥

7w LB BEND Y vERIBEEORBTOWT, F
TEERHC X D ME L, FEEHOBEHI(EB S L Bk, v v
F 7o sk Rl i e 35 vold IRR$T % LD TH
BEEHEFALNMT Ui, DWT, BEISHEETHEHE
T O ST A AN U e R A R T LB BR A T 7R,
BER UG OED L D MEHTTELURLT W L 2ED

void

foo (1) BHRESPEOBEBEINFEETH &0 Q)
Wb ORR & 75 void dFE4d HIRAME (300°~800°
C) wh b FREINTWE T L, 3) fldbh B
KENWZ &, £UT, RRiRERERE 7 v 28ED 2 Y ~
THEBER L AT ALY, 7w 2 EROBER UK
{LHRZE, FORBICREWT, 7V-7HB K WTH
void LD HI%, $inbb cavitation HEICL % DT
BB EHRLI,

Fir, FOREE UTEMMNTIC L 2 ERIEHOET RN
BHTHAH ZEHBEL, INERRTHEDI

ks, AFROERTCHLY, BEISHONRECRIG
o e TG ER PR IR I L OV R A I < LA Lk
F%

X [y
1 ERE A, 7(1966), 3
2) H=RE K, 7(1966), 143
3) el ARER, 8(1967), 2
4) G. Sacks and K.R. Horn :
(1956), 148
5) R.D. Gifkins : Acta Met., 4(1956), 98
6) C. W. Chen, E.S. Machlin : J. Metals, 9(1957), 829
7) 1z & zid C.W. Chen, E.S. Machlin : Trans. AIME, 218
(1960), 177

IEIEIR, ITIieeE, b



p

i55
Reprinted from SUMITOMO LIGHT METAL TECHNICAL REPORTS vor s no. 3 July 1967

TIG BB L 27 v 3 = v 2 LRSI DOV T O

oW o #®\ O E

PR SR T2k & 4t



TIG BEFBIC L A7 v 3 =9 & LHREHD
BAITOWTORE

¥ W #|m BT

Some Experiments on Joining Aluminum to Mild Steel
by TIG Welding*

by Yoshihiko Sugiyama**

This report deals with some experiments on TIG welding aluminum and its alloys to
mild steel coated with various materials including Al, Al-Si, Al-Cu, Al-Be, Sn, Zn-Al and
so on by a simple hot dipping method.

The results obtained in this study are summarized as follows.

1) Additions of Si, Be and Cu to Al inhibited the formations of an intermetallic
layer between mild steel and Al-base coating, but additions of Mg and Ag did not, and in
the cases of Zn and Zn-Al coatings an intermetallic layer was little observed.

9) The tensile strengths of welded joints were equal to or higher than those of
aluminum parent alloys in 1100 and 3003 alloys, but lower than in 5052, 5083 and 6061 alloys.

3) As tensile testing of heat-treated welds showed reduction of strength, these joints
are not applicable to high temperature services. But there is possibility as for the use of
aluminum alloys.

4) The! definite relation between coating materials and mechanical properties of
welded joints was not observed as far as this study was concerned. But further study
should be necessary to explain this relation, using test panels which have high quality
coating on the steel.

5) As a whole a 4043 filler rod was satisfactory compared with a 5356 filler rod.

It has been confirmed from this study that aluminum can be joined to mild steel by
TIG welding, provided mild steel is suitably coated with proper materials. Mechanical
properties of welded joints, however, depend mainly on the coating quality and welding
technique. Therefore, under the conditions of satisfactory coating quality and skillful
welding technique, further study should be necessary especially regarding the relation
between mechanical properties of weld and an intermetallic layer with metallurgical
consideration of interfacial layers of various coating combinations.
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% %, Tablel TR U 7c4ct-T404355 Nk I & © 848
B Lz, SBHEEULSHEESZMmM OZFE7 VI =V &
SR %, BEM R RS 2R & 4043 % L 153567 N

Table 1 Welding condition.

Welding Argon S
Joint design | Pass no. curgent, flow, Ipm %%:Ctrrg‘gg dil:.m?rl;m
| Square or ‘ . .
single bevel | 1~2 180~220 3 8.2 2.4

Mk D Lis, 20X 5 I8 UTESNEE v
LEERBER T A BRI LT, OB A R,
ORISR @ BOE 3884, B, Btk X OB ER
Bin EDOBE AT I, & Ie—FOBENC DN TUIE R
IR X 2 BT O B O LA T~ T,
CEDM, REEEEY TV IS M LGS DA
BV LT,

T DZEEE R F 7oA 7 B ONC R B B WS
M OEEC B Q2608 ER OB EO A
) DL s Table2 L U831, F B4 OB
HPEE A Table 4 i ZhENRT,

Table 2 Chemical composition of mild steel.

Chemical composition, %

c]Si Mn{P|s cr

0.03 [ <0.005 0.28 | 0.027 ] 0.014 0.01

Table 3 Chemical compositions of filler rods.

Filler Chemical composition, %
rod

Cu 1 Fe si
4043 | 0.00

Mn|Mg Zn ciji[Al

0.23 5.14 0.02 |<0.01 0.04 |<C0.01<0.01| rem.
5356 0.00 0.21 0.15 0.03 5.06/ 0.01 0.15| 0.16| rem.
1260 0.00 0.17 0.07 0.002 |<00.01{=<<0.01 |<0.01}<<0.01| rem.

Table 4 Mechanical properties of parent metals.

Tensile Yield strength .
Parent metal |strength, (0.2% offset), Elon%/atlon,
kg/mm? kg/mm? 2
Mild steel 44.7 33.4 38
Commercial Al 15.7 13.6 12
18.3 17.4 8
3003 14.8 12.9 15
5052 30.2 28.4 7
5083 4.7 40.6 7
6061 33.0 30.2 12
3. £ B # R

31 FRHERBER

Photo.1 @ (1) L0 (2) Wi s #nFn700°C
F L 0680°C o Al IErhic, 104[H%s L o8 1 BERERE L
1B E OB & SR DSRS0 MBS A R L b D
Thb, BRICHELND LS, BRIAGEACE TS
EBATHACEEINT WD, Z0&8&BIOWTItE
ADWENRD Y, fo& 2iE Heumann® 5 id Fe, Al (i
A HETHZ %R, Fi Coburn® 3 OB I
45% d Fe 734+, Al-Fe OIREERIC L, Fe33.5%
BLOA%D & Z AT, ENENFeAl; kLU FeAls
PRI NDETH DL, OB FeAl w3t e
FOFGAL L Vo TWB E LTS, WFNIZ LTS,
COEREBNBBEC L > TED XS WL, ForEl
DEEEE N0 BB TUT T DTk Bl ok 28 b
%, MUK Photo.1® (3) ik (2) wirL7- Al 45
U 7= 8tk A 110054 & I Bise <, 4043kt 4 fv¢ TIG
B LUCBAD, BESE & SO SO EMEEE T
HB, BRI, WEREOBIEERIN-E&BIT
BEC L > TR E A LB, T8 s & &l
AL THESBARRLTHD, BARELETRIFTSH
D ERITEND,

BLEOFERN D, SRl Al AT 28, BiERT
ZHRBULAESNIS, AlPELIHOBRCETHE
B CETHY, 2OBIRETI Lok CTHED
FEMEHEIND S EREBRCENTE DD, Lo
ThEHEEENENESGTE, BT BRI
TIRENNDHDT, WHICOWTETFRE 227,

32 BEMICOWT

gt Al 2T 55155 D W I S iR 0 2
PERELCOWLT Y,  aluminised steel [BEEE 1 T4 < 0)49}
WA RD D, WREEEC LS Al gL T, M
Al WEEIRABRE T 505 T, ko k5 e
KEREGEEIHBENDDT, ZOEEEDIE %
THDEHEADHERE BNT D, ZHRHDPFIT,
fo b Z IXREREPHECE L CA& 4B OMRE 24T %
X HRBEEECL > TP LH I, £BF0 Lo EH
T BHFER, BBk Al-Fe MO A IS5 X 5 7
LA AL 5 NS D, BEOEASIHMAMR L
<HEBNY, Fofh Be 2 Ti in K48 RH D L vbiv
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(1) As hot-dip coated with
Al (700°Cx10 min).

(2) As hot-dip coated with
Al (680°Cx1 hr).

= abed e

s § iyt

(3) Weld between Al-coated
steel (2) and commercially
pure Al made with 4043
filler rod.

Photo. 1 Photomicrographs showing possibility of welding aluminum

to coated mild steel.

TWBYD, FERTCIIEREOFRICER L, Fic ALDST
OE&EBTHMAWETHH BELELLNHDT, AlIUT
AlEA4&OBBOMIE, Zn, Zn-5%Al B LU Sn O
BA BRI, INSOMBHIWT N GBRNEE N R S /e
W, MARBESEELERD, EYAEEERD DD
R ) ORBRAEEST DD T, RERTEAFEMICDOWT
SBRIEEOREYEY, BENMAIMEECEXT, E&
U THHEORS S B LOERRITHEBENICTHE Licas
BLWEBOEI NS, #EMEZBEETDHELLE, B
FORBREBRRBESEY RO, ZOL5RLVTEDN
7o B TE DG & KK & OSERWO—F% Photo.2 1T,
F 2B DIERUCE T LR 4% Table b iIc 2%
&3, Photo. 2 R LA-BEHI TN ENEFEEER X

Table 5 Coating condition in hot-dipping.

Coating material Temperature, °C Time, min
99.99% Al 700~720 5
Al-4.4%Cu 700~720 5
Al1-0.6%Be 720~750 5
Al-129%Si 750~780 10

Zn 480 25
Zn-5%Al 750~780 5~10sec.

U A BT 5 S ONGENTNDHOT, PHERHET
0, BEMLENFN S, Be kL Cu% Alic
TNA B ACI, Biie Al O d B L b D (Photo.
DT, 4&BOREATEEN, Al Mg XU
Ag HFENFNEM LI L DWEFHRDO N L2305,
Ffe Zn ks O Zn-54 AL AYE UicB ek, Zn g
TRHRIHAEE Gy ZIn BEREETLHEK
i, £, 81, Y7 ED Fe-Zn{taWAHmEng) 2D
BB, Zn-5%Al WETIIAEBNIEAERD BN
T2\ 753 SnFRREBMIEELH T, WEMNELA
EARABET H - 1o DT Uice BLEDFERD BAKERIC
B AR O, Al Al-Si, Al-Be, Al-Cu,
In B LV Zn-Al WD Z LT Uiz,

(x100x4/5)

BEDIDIC, WEHIRK & WERE & OBERIBD 7o S 10
AvA vty -2k CHIEL R O—# %
Table 6 wird, FiTLIFAL-Fe &&BIEE ML,
FLTALRSIi LU Cu B Biine s 2 L IE & o TR
MR NIzEa4EL, B Al CHE LABaELE
EBONESHEEDE DR BINZ L%,

Table 6 Hardness distributions of interface
region between steel and coating.

Coating Hardness distributions (Hv, 100g)

material Coating In’lc_ggfiﬁﬁe Steel
99.99% A1 33.3, 36.3, 36.5 498, 606 134, 135
Al-129Si 74.8, 80.2, 75.7 468, 592 141, 159
Al-4.4%Cu 101, 110 707, 238 158, 156, 157
Al-2.5%Mg 67.8, 72.4, 40.5 634, 493 138, 148
Al-Ag 47.8, 42.1, 44.7 508, 753 154, 133

3-3 BEREF

3-3-1 BEEL

— BTl T3 REEBIEEORE L £ - C,
TN =Y AL EOBEBEICRTIE, SMEERLL e
FAREELRFNER SR ADENS FTEHARWA, &
THAOWEEBAY 7 — 7 KX o THEBML L Ldbn L
A LR iudis B WO T, BERILD HREE OB
DB Th A, BERENOT —J AFX~TDEENRE o0&
LEETH-T, A&~ FEC—Ic AERBERI < M
ThHE, FOBROEEAMET DI LIEFHUETHS,
BEOBEI  BOEMEEEOBEEC L > ThbRLD X
5C, Zn B LU Zn-5%Al A Lic b ORI
BEBTHoT=M, FOMTIkE ik Al-Cu, Al-Be ¥
JOAL-SI A ERBE L0 < B LTI
HBNTze FHBEBEOREIFHEMRC L > TLHEALD,
BEVEBECRNTUE, TR LD A% L & »72lF
5B LRT W,

R 3.2mm DR IC 40° DR AE & b, FNFRAL
B LU Zn 2458 Li-1Rie, 6061444 & 404385 nbt©ge
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Al-5%5i Al-12255i1 Al-0.6%Be
700°C x5 min 740°C <15 min 700°C <1 min

Al-4.495Cu Al-195Mg-0.6%551 Al-2.5%Mg

700°C x5 min 700°Cx 3 min 670°C x5 min

Zn Zn-59% Al
730°C % 15 min 480° % 20 min 700°C x5 sec

Photo. 2 Photomicrographs of the interface regions between mild steels and various
coating materials. (x100x4/5)

BRI UIcA OB D S8 & i o —4#% Photo. 3 BEHARE L THD0, RRBRBSWTIRE OB THE

R Lize BATh ol

WEBOEX BEEE LS 0lmm FRE LSBT 3-3-2 BEIOEsEEE

H5HEBRDbND, (1) EH O3EE&EEEE

e Andrews® |G RICEHENOHBEE N BHK Table 7 | I#E 3.2mm @ 3003-H16 (B |#EHv 18.3kg/

Bt L, ZODEMERE & BB DR U nhid bivd mm?)&& & [ U RE 3.2mm ORIk R T 5K
ELT, PFLARLLBICY — v FH ALK ST, B Wk, AR LOEREE LT, 40435k &
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Al coated
steel

6061 alloy

I

31331314

i 3%1‘.?31;!1&:&!;;;{2
6':3171318 39141021t |

Photo. 3 Appearances and cross-section of welds.

«- Zn coated
steel

« 6061 alloy

Table 7 Mechanical properties of welds between mild steel and 3003-H16 aluminum alloy.

{

erlssrz;’itr)rg;n Coating material | Joint design mﬁgiser Tensli{lge/tsl;:trréngth, Yield ;t;g‘lgth' \ E1°“§/:‘“°n’ Location of fracture
1 1 11.0 6.5 13 Parent metal
2 Al1-5%Si Square 2 11.2 7.5 15 Parent metal
3 2 11.6 6.8 16 Parent metal
4 1 11.5 8.0 3 Interface
5 1 13.2 8.9 11 Parent metal
6 Al-0.6%Be Square 1 1.1 5.2 12 Parent metal, bead
7 2 13.5 9.6 4 Interface
8 2 12.8 7.8 13 Parent metal
9 2 12.0 7.4 5 Interface
10 Al-4.49Cu Square 2 11.7 6.1 7 Parent metal
11 2 12.6 7.8 15 Parent metal
12 . 1 13.5 10.6 7 Parent metal
13 Zn Smgl(zz()ob)evel 1 13.1 9.2 5 Interface
14 ) 1 11.5 8.6 8 Parent metal
15 Square 1 11.2 7.3 12 Parent metal
16 1 11.5 — 13 Parent metal
17 1 11.1 7.9 3 Interface
18 Zn-59%Al 1 10.7 6.1 5 Interface
19 Single bevel 1 11.7 8.5 3 Interface
20 (40° 2 12.5 7.7 5 Bead, interface
21 2 13.0 7.7 12 Parent metal
22 2 12.9 7.6 11 Parent metal

Note 1) Mechanical properties were calculated on cross-sectional area of 3.2mm thick material.

2) Filler rod : 2.4mm dia. 4043 alloy.

DEREE LA OMFOEMTE (REOF )%
RLILDOTHS, BELOFERYIEWTNRE 3003-0
MR OENRE B, §EERERIC KT AU ERIL 7
VI =y AR R L OEESRE L RO BERBoWTR
WTHoT, BEEIMBRENTHE RPN, TTD
BB OWTBER R R L OB A FBIRE 2 Tt
DT, TELVWEFHIIZ L 2 B 0%, BOEREL BIIEEH O
B, FATEIRE OB R & oMM & fif
Cido & D LcBERARD B,

O REROEEELY BB LT, Ml 40° ofts
&Y, AEOWES CHE Uicic, 4043% L 0535655
HEBNT, FEO7NVI=Y 2540 1 BTRATEE
U, BESOBREEE I, FOMEY Fig. 1~3
s, B LIERSRIC <7 v 2855055, 1100k
FUB0036&D X 5, WEH O ERIEY MR WFHE T,
FEERRIC B\ NTEM CU L2 b O LA BB DR L,
5052, 5083% L 1606144 Tk, b CHIT LARBRF 1T

F ol i, &FEBE UTEERY ORBHEIE, Al-44
% Cu A4 U7~ KERIR & 508344 4 4043kt CraE L
7oA @ 17.0kg/mm? Th 7z, B OBBEICITEES
OEMAOMER B LT SR RI0500 by, Binkt
DOEFCONTHE, &fkE LT, 5356k & b 4043¢%m
ML DBEBEHDOIE 5 ML THRRERI WL D TH S,

BB DT IRE R O —F% Photo. 4 w4,

— I Z DFE D FIE &8 ORI 2 nE Ui Baeid,
ERAB LU CRESBHEEOBEIMTEI NS R, BR
MOGEBENEEOEFFOWREI VI DEREL, M
ETNVE =T AONENT L AWBEELOEN DS, B
OHMRPEEOET A BBREIND, £2C Zn HEL 1Tk
- T HREMAR & 110041 % 404355 bt ic & - CHEE LTI
DWT, BB A150°, 250°k L U350°CEEICTHN
115 B MG nEs U CIE B O B 4 357,
Ir B EERIZ 13 control specimen & LT 73 =v AfG
HRIOCBEOE ZORBMA 2 NA T, Z0i%HR150°Cic
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Parent metal : MR 4043 Filler rod | Parent metal:
2 Commercially pure 3 5356 Filler rod | 3003 (gs: 14.8kg /mm?)
Aluminum (08:15.7kg/mm?)| ¥ Fractured in the
£ parent metal
£
@ 15
L
£
>
g 1ot 3
)
a Sp
fad
()
P
99.9% | Al-4.4 | A1-0. 6 |Al-12%
Al % Cu |%Be Si
Coating material
Fig. 1 Tensile strengths of welds (1).
Parent metal: B 4043 Filler rod | pParent metal:
2015052 (03:30.2kg /mm?) | EJ 5356 Filler rod | 5083 (03 :44.7kg /mm?)
e
3
~
o 15¢F
-~
=
>
(=4
2
@
2
5
[l
(]
2
199.9% [ al-a.4] Al-0.6[al-12%] 7 [Zn-5%
Al %'Cv | % Be Si Al

Coating- material

Fig. 2 Tensile strengths of welds (2).

CISHMIMER LB 7 v 3 = v AR Clil L7z
A%, 350° CcISHmEs Lo ik e R & Wi o5
SREB T Uico S O BRI 2SR O %
% Fig. 4 id, BB O BT OO Z 24 B
OEET b HEABOSELEOMWEIC X - THRRLD
DT, BaOPWHEN A H TR LT, 25 ERE
M A 7 VB2 R BB LI E 205, WThie LT
b Z OFEOMF A SR THERT2OEA T & b
Do LW L7NMI=y 2 EEEBKRIRTINEE A AN
BRIDT, 7V I =7 ARERINTHNLEED
R UTIERTHEE R B 5 H 0

B —EO AT S LT AR~ 2 AT
Vi, SEIOZERHEHCIL, REDDWE E OBERA A il
5 &, BELRRTHLRNT, 7=y Allo#E
B CHTRET HERA b & o 7chs, L THFERR
T o iz,

(2) B OREEEER

Table 8 |3 416% 22mm, HKE 2mm @ 1100 (g
TNMRVEE In BB U RERNE R, e 1260 5 &
V4043 CHEHE Lo OMF 0 3 B 3 L O EHER
DERERLICSDTH D, SRR TR T VI =Y 14

Tensile strength, kg/mm?

L
20t B2

Parent metal: 6061 (g5:.33.0kg /mm?)

4043 Filler rod
5356 Filler rod

Tensile strength, kg/mm?

99.9%
Al

Al-4.4%|A1-0.6% AI-VI2% Zn
Be Si

Zn-5%
Al

Coating material

Fig. 3 Tensile strengths of welds(3).

16
1
14
12
8
[ ]
6
—&— Parent metal
4l |—O—Weld fractured in parent metal
—@—Weld fractored in interface

As welded

Fig. 4 Effect

150X 360 250X 360
Temp.(C) Xhours

of heat treatment on the tensile

350X360

strength of weld between commercially
pure aluminum and Zn-coated steel
made with 4043 filler rod.

Table 8 Mechanical properties of TIG-welded tube
joints between commercial aluminum and
Zn-coated mild steel made with 1260 and
4043 filler rods.

(1) Tensile test
: Breaking | Tensile Elonga- Location
Sgi%rggl Filler rod load, strength, tion, of
kg kg/mm? % fracture
A 1015 8.0 27 Al-tube
B 1260 1030 8.1 18 Al-tube
C 1070 8.5 12 Al-tube
1 1030 8.1 20 Al-tube
2 4043 1030 8.1 17 Al-tube
3 1040 8.1 22 Al-tube
Altube | — | 1m0 | 101 | 16 —
(2) Pressure test
Specimen Fill od l Pressure, Remarks
number pier kg/cm? m;
D 120
1260 Inflated in Al-tube
E 120
4 120
4043 Not inflated
5 120

__6__
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&

Tensile strength,
kg/mm?

11.6

115

9.8

12.2

B B #® July 1967
Al alloy Coating
3003 Al-5%Si
3003 Zn-5%Al
1100 Zn
3003 Al

Photo. 4 Typical tensile specimens after tests (Filler rod : 4043).

TR L, EAMHERBR 7V =y 2 RNERT 58
BEDOENCH UTHBEERA-TIIH2 5 5 2 & ibhoiz,
O RER K O—1F% Photo. 5 &k,

b SRR R O I 0

Photo. 5 TIG-welded tube joints between
commercially pure aluminum and
Zn-coated mild steel made with
1260 and 4043 filler rods after
presssure and tensile tests.

4. BRICHY B

B EOfERN S OB OB#ERT L AT L TED
PORMBEERBTF BN D,

A1 BERBREONSTYL

BERRED <7 v 2 QRN E LT, R0 &5
BB L ChHBEDRMAETH DT, BEHIONE
NI LB bOOMIE, BEERORERO$EAIEN BT S
N, EEBHOZENRREVWLDEFZLZBND, SHEHOD
AT, 7S =y s LS OBEORRER A TRE 3
Bl DOHIRTFR L LT, EMEN BB EE R L UR
HCHBE LT ol Ch BN, —HRBEEERY Y 5
o, F TR S A TR D S &ML Y
LAY TH B, L LASERRIC L »C, A MM
THE TIG Bk v 7 v 3=y 2 a2 BAELY 5
ZEDER T X T,

42 w&£E

S OB YEZ I HER AT e B R, D
ELHEUTHL O, BESEE—SEERIVA4E8E—

WD FNFNOBER LD WNEEEBLOLODMHE I &
HH0EENG, 2 TH R 1 AU R
B O EDESICHIN T 5 A BB & H R This,
% o—f#il% Photo. 6 w3, EEDOEEHIAITHE L
TS A 60614 4x & 298, 4043 CTHEE LA DT
HBHM, TR WT, (1)Tik Al-Fe &4
BaifoT, $/-(2)TIiéseBLBERBEORERTEL
TWD X HIEHEBND, ol 5 RO BRSNS
I, AEEBOMNCEE Y5 2 54O % A
Wy, MEFOFBMICITE A BN &0, 3
BRI ESETOLOONEOEEL VI, e LAE4
B LB ESBOER ORI EEINTWDH LA END,
L LZDEEDOWTH, SEORBRMREROLNBIZ - &
D U7ofEamid S Y, O IR e LT RE
WENBRINT D Z LR R L BT, EREIT/RD
RS B

43 B

—fgic Al-Mg R4E&DEE AL-Si R OB ME % 68
T5HE, BEGERPIC MESI BEREN, ZOkbicik
DI D DT, RERTIH4043%s 1 OB3568 Nt %
FANTITDS, FH L7 v =Y 248803~ T1I
DN, L TL043E I DIE 5 23 AN EE B v,
Andrews® & Al-8.5%Mg &4 & EREKIC L D FNF
PoSn BEO Zn BHE Uil & 4, Al-59% Sigintt
CHEE LBEOMFOTER®R 1, BigT 0.81 ~1.25
ton/in? (§71.28~1.97 kg/mm?), #:#C 0.93~0.97 ton/in?
(#71.46~1.53 kg/mm?), #-FEBETENENAL &
LUV Zn BE U SR & Al-3.5%Mg 445 Al-59Mg
T T Lo A OO B IR, BT 112~
13.2 ton/in2(§417.6~20 8 kg/mm?), 3% C6.8~8.4 ton/
in?(#710.7~13.2 kg/ mm?) & #&E L, Al-5%Si &hnttic &
BHIEFEDF R Y 2MENDIE, X e MgSt o9
Th5HELTWA, L UARERTIZD A4 U /il
A 4043 PEhnHE % B~ C 50523 L Of 5083 44 & i L
BAOHFOFEERIZENEN 11 L0716 kg/mm? ¢
BHoTC, WIh 5356 BIIAIIC & BB L DB EE
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TIG R L 3 70 3 20 A EBEOEA DV T OB

(167)

ey (2

Photomicrographs showing the interface
regions fractured under the tensile load
(taken from the weld between 6061 alloy
and Al-coated mild steel made with 4043

Photo. 6

filler rod). (x100x4/5)

R L7,

VESEMED S B 15356 & H 404378 bt DI 5 39 < T
WAL HRHBBNADT, i Al-Mg Re& L #EHL
OEBI\WNTIE, BESEPO MgSI, fEEcES<
BEBO R D D L EEBOREC S 2 %m0 E
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HBETHLERDS D,

44 BEC—-FOBRK

WF O HMER R L CAESR & ik & D
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30034 4Tk, FEERBICKE W CRHMTOHT5BE TS
~72h3, 5052, 5083% L Ur6061-4 4TI DREICED
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Ty RAMERIN TN HEEDRE A L CILATBE
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EHEEH O & WFEORE L ORMICIZ - & D LicERn
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Lot
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AlZn-Mg 440 G.P. zone JBITH LIE TURIITEIR O 8™
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On the Aging Phenomena and Lattice Defects in

Aluminium Alloys Rep. 9

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

by Yoshio Baba

Experiments were carried out to investigate the influence of additions of 0.01 at% to
0.2 at9, Li, Be, Si, Ca, Ti, V, Cr, Mn(0.3 at%), Fe, Co, Ni, Cu(0.5 at9;), Ge, Zr, Mo, Ag(0.5
at9), Cd, In, Sn, Sb, Pb or Bi on the formation of G.P. zone in Al-2.5at% Zn-2at% Mg
alloy.

The

Al &4 ORRhELEEER B 92 Al-Zn-Mg

4

results are as follows:

(1) Cr, Zr, V, Mo, Mn, Ti, Ca, Fe, Co or Ni does not interact with G.P. zones of Zn
and Mg atoms, but decreases the rate of formation of the G.P. zones. This effect
is similar to that in Al-Zn binary alloy, and it can be reasonably explained in
terms of the increase in density of dislocations and in boundary area by the
grain refining and especially the existence of these insoluble compounds which
could act as effective sinks to cause the decrease in the concentration of quenched-
in vacancies.

Si, Ge or Sn does not interact with Zn atoms but forms solute-vacancy complexes
with Mg atoms alone. Therefore, these elements reduce the density of G.P. zones
of Zn and Mg atoms, leading to the decrease in the pre-precipitation hardening.
Ag, Cu, Be, Cd, Li-or In participates in the G.P. zones of Zn and Mg atoms and
increases their density. In the particular, more than 0.03 at% Ag also enhances
the rate of formation of the G.P. zones, and this phenomenon is explained by
the faster clustering rate of Ag atoms than that of Zn and Mg atoms during
quenching and the subsequent aging.

It seems that Sb, Pb or Bi has little effect on the formation of the G.P. zones of
Zn and Mg atoms.
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0.2 at9(Mn 1t 0.3at%, Ag kLo Cui 0.5at% % ©)
MLz DT, THNHIRMITHED HIHER%Z 7 v — 775
. Table 1127k Uizo 0 U7ciid:1399.998% Al, 99.999
%Zn, 99.9% Mg ks LUK BEMESE T, oMk
P Zn &4 58136.03£0.16wt9, Mg4f 813 1.81-0.03
wt% CARfE & LT Fe, Si s L0 Cu id #4741 0.001
~0.004wt% O B - 7z,

Table T Chemical compositions of additional elements
to Al-2.5 at%Zn-2 at%Mg alloys.

Groups eléme'nts Compositions, wt%
Ca 0.016 | 0.042] 0.073| 0.13 | 0.28 | — | —
Ti 0.021| 0.048| 0.088| 0.18 | 0.36 | — | —
v 0.019 | 0.058 | 0.093 | 0.17 | 0.20 | — | —
Cr 0.020 | 0.060 | 0.095| 0.17 | 6.37 | — | —

. Mn 0.021 | 0.067| 0.12 | 0.22 | 0.42 | 0.63| —
Fe 0.021 | 0.064 | 0.10 | 0.21 | 0.40 | — | —
Co 0.020 | 0.060| 0.11 | 0.20 | 041 | — | —
Ni 0.021 | 0.059| 0.14 | 0.2 | 0.46 | — | —
Zr 0.035| 0.10 | 0.16 | 0.33 | 0.52 | — | —
Mo 0.038| 0.10 | 0.17 | 0.37 | 0.60 | —

Si 0.015 | 0.037 | 0.085] 0.11 | 021 | — | —

1 Ge 0.020 | 0.080] 0.16 | 0.20 | 0.5 | — | —
Sn 0.040| 013 | 0.16 | 0.38 | 0.80 | — | —
Li 0.002] 0.005| o0.0t0] 0.021] c.045] — | —
Be 0.004 | 0.011 | 0.016 | 0.031| 0.063 | —

I Cu 0.021| 0.060| 0.13 | 0.25 | 0.47 | — | 1.12
Ag 0.030| 0.10 | 0.18 | 0.37 | 0.78 | — |1.92
cd 0.041 | 0.13 | 0.21 | 0.43 | 0.81 | — | —
In 0.051 | 0.12 | 0.24 | 0.48 S (N
Sh 0.030] 0.11 | 010 | 042 | 081 | — | —

¥ Pb 0.072 ] 0.20 | 0.36 | 072 | — | — | —
Bi 0.071] 0.22 | 038 | 0.74 | — | — | —

Nominal value, at%| 0.01 | 0.03 ] 0.05 ' 0.1 | o2 | 03] 05

Zn : 6.03+0.16wt9
Mg : 1.814:0.03 wtg
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Fig. 1 Influence of Cr, Zr and V on the isothermal
aging at 30, 45, 60 and 75°C for Al-25 at% Zn-2
at% Mg alloys quenched from 465°C,
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Fig. 2 Influence of Cr on the isothermal aging at 90°C
for Al-25 at% Zn-2at9% Mg alloys quenched
from 465°C.
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Fig. 3 Semilogarithmic plot of the time required for
maximum resistivity versus the reciprocal of
the absolute aging temperature for Al-25 at%
Zn-2 at% Mg alloy qucnched from 465°C.
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Fig. 4 Influence of Si, Ge and Sn on the isothermal
aging at 30°C for Al-2.5 at%Zn-2at% Mg alloys
quenched from 465°C.
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Fig. 5 Influence of In, Be, Cd and Li on the isothermal
aging at 30°C for Al-25 at%Zn-2at% Mg alloys
quenchedfrom 465°C.
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Fig. 6 Influence of some additional elements on the
isothermal aging at 90°C for Al-2.5 at% Zn-2 at%
Mg alloys quenched from 465°C.
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Fig. 7 Influence of the additional elements and pre-
anneal on the time required for maximum
resistivity at 90°C for Al-25 at% Zn-2 at% Mg
alloys quenched from 465°C.
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Fig. 8 Influence of Cu, Ag, Ge and Si on the age-har-

dening at 90°C for Al-25at% Zn-2at% Mg
alloys quenched from 465°C.
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Fig. 9 Influence of Cr, Zr and Mo on the age-hardening
at  90°C for Al-25at% Zn-2at% Mg alloys
quenched from 465°C.
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Fig. 10 Influence of the additional elcments on the
hardness of Al-2.5 at% Zn-2 at% Mg alloys as-
quenched from 465°C and aged at 30°C for 30
days.
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grain size of Al-25at% Zn-2at%Mg alloys
quenched from 456°C. (Specimens containing
Zr more than 0.05 at% are not completely
recrystallized.)
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Photo. 1 Influence of Zr and Cr on the micro-structres of Al-2.5 at%Zn-2 at%Mg alloys quenched

from 465°C. (x<100)
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Photo. 2 Influence of Zr, Cr and Mo on the electron micro-structures of Al-2.5 at% Zn-2 at%Mg
alloys quenched from 465°C. Note the insoluble compounds formed by these additional
elements.
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Fig. 12 Influence of some additional elements and the

quenching temperatures on the specific
resistivity of Al-25 at% Zn-2 at% Mg alloys.
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LB R ETBERCEEE2DHDT, ERED
MEC L CHEERY BT 5,
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HERY 7 o

BAR ik B fr BB E

5-1-2 BHREZER

HRAF O—HHKPICEEINTWBEE, KABHS
ERWTHETUVWEEZETAHZ N5, ZORRTE
WA EDIKEIG A — B D ENRETH D,
IBAREL-2 OWH & FATEIC & 08 BRER T O F 5RIEE
X o CHET BRI %\,
HoRESRRO—HICSHRES D 5, BARBDO/NE%
0w CHEHBORBIE L 5B TH~D LD CRIE
DOl E RN,

5:1-3 ZTEEEAR
EEFENEE L ERA KT X 5 A =B O
RECRNTUELERS T BNAN, OGS DHE
EHREEEL, OFRRERERR T D, CORRIIER
LEROBE B UBRCRB Y A/ EOER % 5155
T D BERROMHEERE LT EEAFETELDL, 20
BE, WHRBLIINCER SRk & O, BBl 7o E 8
FBRTELTHEZDBND, FEHESBr4+2 ASTM
O ARSI ORI E24FEDO 2 & T, AREERHEM)
Eh SR OB AL RO 58S, BREKEALYR<D
WBHBLTHD, LL, SOEMIIHELRS—FITC, Hig
iR, BESRE LTOBESRE I TS THY, &
BOHHBMCESA BHEL W, REBEEOFEEEY L
TRELLDOLEBMAF A LTEEDL0EH5H0, BHED
FR—HE T Do WFENDOEE T LR OTE LHE
W UTCERERIMAE L, SR &I T EB i Sk
THMNE, BEXTOHNE L DREROFHMCER LT
EEAET 5,

BE24K SHBEEOY A 7 VEE
@i A | ¥ min | @@ min | 1947w, min
A 0.5 | o525 | 1~3
B 12 ' 24 | 3~6

5-1-4 MEFER

R A EAROBERICERRETAEREE, BokX
K, L CEREMFCOARC L HIBERELEHRLLS
EEBILDTH BN, HENER P TREBEL i
TAHDIMEERED L2 LTLEETH S,
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WOKEHE R ESRWBI, BRI L o TIHEOEE L
hH7ebT LA RN TEHEZI LSRR LTHI T %,
Lisl, ZORBREE SEMOMRE LT LY X HE
Lis\wicd, BIFETCHSERBRE L THBMEOSE Wb RE
BrerHEE LTRHEBECED TN D,
EHEHRC BT 2RTFIIBENORE, BowsE, ik
B O EES R EC, BESBRRTCEEGE LS
FBEREINT WA, JIS BB CURBECTRT L5 hflEn
EDHNTEY. ZOHBICE L HRER S B3N T

W
BE265% MR AR (JIS Z2371-1955)
HUKFREEC v 57K ‘ ZWEjEs  <200ppm
, 7 i JIS K 8150 1 #Rsiifiay
W B DR O R 35:£2°C
TE W 0.5~80 mi/8em?/hr
rx i i i1 %
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A OHREIC AT B A 15~80° whids
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LT, BEECE OO0l L 5, »—+H, BilEH -4
vy 77y ENANBNS,
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2725 U%ERERAERA & L, BECIIRET 8% v
T, B E 20A/dm? T 3~5min T 5 . Z DFFEEIX
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1) 5%wE (B

2) Wmm B0%LT)

3) WY 5% v AR

4) 5yl
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7 4% v nfE+10%y »# (80°C, 10min)
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X o TR A ERECIIET S Z LMRTE %,
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26K THYES A OFIRIE
(@) Wl ([deeROBEERT)

B | m 7 | o /Y0 SR
g/m?/hr gmh 0.00416 x8.76/d
g/m?/day gmd 0.1 x0.365/d
mg/dm?2/day mdd 1 % 0.0365/d
g/m?/yr gmy 36.5 % 0.001/d
mg/m2/day mmd 100 % 0.000365/d

® 7 & B
B s B oo
in/hr 0.0393
mm/month 0.0833
mm/yr 1
mil/month 3.27
mil/yr 39.3
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Gigba -t
O
i
K
W
I —
SR z\-//
B0 [ AT R 3 o0 J AR [
B21E H#HEAEBROME & EMN (V)
Hg/Hg:Cle () KCI1(HF) 0.2490—0.00065¢t -20) (16~40°C)
7 KCI(IN) 0.2822+0.00065(t-25)
7 KC1(0.1N) 0.3351-0.0008(t-25)
Ag/AgCl(tiwfn) KCL (fafn) 0.196 (25°C)
z KCI(IN) 0.234 C7)
” KCI1(0.1N) 0.288 C7)
Cu/CuSO4(fufi) 0.316-0.0009(t-25)
ti|E °C

Tnb, FRERATE R EER 5 C o DB e 1o o B

CHWBIND BEIF I LB ST L,

A ORI S N BELEN TR ERE
EELAOHEC & - CUREHRE L DMREMA A5 75
DThotr, ZOIRDEEED L WEISEEENEEX N,
¥ BARAERERE L OBHNECATERICERE Vi e
b, FIMBME ORI EIETERM ol B DI
AT A EAMEREER TS D LS N, LnL,
B EVELEMR O TH S, ER/FOIHE X
TV BARERE N & B AU & ORI — 5N e BRI ST
Linte 97nbb BAREEEANF UFAE 2 LT,
BAEENHAILEE L LETEHEALLD, BEER L
B OWOEMIIEEBENRADL L W5 2L ThD, BE
B MNIERRT b UL B AREREN & R EORIR

2 EAEEMHIIIIE LMD ZENTELDTH B,

Pt CHREEOBMOEERCER I 5 L EMEE
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2=y ABARTCIIER R IR & o TRAHENHE
B RIEERI I s T LED 2 ENRD B, Tod 21E HNOg-
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IKER A D BARAERE AL, 100Q O AN OEEEE
KrEHT 13 —0.42V (S SR ERRLE) BETH DA, 107Q
DASEHO O CRIETEImMVEEER TS, RU
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L FIUE EBEENENL D Th b o TATEIET
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KM EEt & v /3~ B o 1T AT/ R L »T7
Vvi=v A OBEREREMYH 245 L1k, pHA~8D
HH IO A RETH D, IMEFEMFE GBS AT
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WRIEHE LRI b o1E BE8SEAME LN T B 23 MAZE
TERWE S BIESSE R 6AKS R OZEREEETY
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BO7Y s FiZy ry P e R PEE Y v IEREAT L
CTHFDOEEE Y ) I VT D),
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FLDZ & b550CHURMERCHBRNHE L, —i
i
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ML AW A E A U, BT I Al
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AT AL IR A B R U S 8 (L AU B A B
MY B,

B HRBNFEKOFM OB X 5 BARBEEESOE T
DA VEIES AR E D BN A 7R,

T3 =Y A TSRO IE 2 LB S EIIO R ERE
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5-4-2 SEHBOBRIE

HECHEER E 2 IREEREY 5 2 TRREE L'
DREER, Thabb il Ak T, FORBOEAKE
PEEEEDOKIEERD LD ETHHETHD,

S OBRECIR 53, — bbb Aassd iz -oun
THA D &3 BEEARITIVES A B 24 7n gk (excitation)
2 ToeH LR &R ED L 5 s (responce)
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SRl OEE R B WNT, FEEREER E 7 EALOR T
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LB OV FEIC 3 BB O Y b impedance
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TEEND L5 7o R ISR O M D T L < o
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CD XA FEXOBLBENEEEENAREE LD
B MBIEHL LR IBE L exp(—¢[T) DY TH
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CHIEATT 5 pvic & 0 Hikosiin s (SLHE & ORE
AR E ORISR S TH DD, FHEER RO 7 v
1=y ADOHBHETHBEC L > TR H1EST
BAMNS ) BEFSY WMEC T84 3 1 8T step
function #7-ix pulse #FIAT5 (b o & bEERESR
TIHHBOWECR WCE B B IXEEET, 772 step
function = pulse DREFHEMNIEFFICAZINE NI T D
BTH D)o

F ok & UCHER A VD A E A0 OME
Hh, LCHER T EANBOBRNRENTHD, T
CHATRBAVNE WA, F ik E W TR O Rk
BHEIARELRAYD, B THBENSG L S Th
%)51)0

L EOB S BENEEE BT HERDE I TS,

o (R
E N m{
2 &{
Sy ERIFE R
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PR AR
{step function ¥ %fE

EREL L5 2ERENEERY ZIRCRL, B8
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Wiz B\ T h step function L2 @EEMEIC L -
T, WHEHEEKBD7 VI =y A DRAXEBIPL ZNKNZ
BB Clm A a4 v O AT~ 08D, BEAEEERECX
HHBOVFEPKIEXFOAESLOMEFEN L TnD,

SRR D EFIC O W TIHEEOINS CHIRE TS
DT, ZIZTREESTLN, SBRIOFEOUTEILL - &
HEEINBRETHAH, (HE<D

X ik

55) JIS H8601-1955
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FAEOHEBEL D LESRECEA Y X, XY E LDk
LD TH 5,
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2. BEERICKBEIR

A L AEHIE, NIRRT 5 5% v
7O L (v ER, Ty AFELE)
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DEKEE (TrT 7y 7 EE BRIBE, Xa7w-
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& E MR DA E Y

& F oEFET O A B OARY
= v rp—iad) bEKOBERICLHFER L - THEB
END, T, THVIZT AESTEMEERO Y ) v
VY e T4~ BN DERS Y, T - B
CREXDHIENED, (LFIHEBEOEE @RI 7V
=Y REE), 7 7NME (BRES) hEWLIOED
WEERDZ L85, &K, EFEBCH - TULTD
BEORENREL-12), BEHESIHEEN TS HEE1%
WO THEERBEL T2,

3. BEERCHT RIS

F 2=y L ESEB CHARR TR A THARE
MIEFCE NS, S—NihfgOE X HRERK107 22 2
BHE LIRS, UL, BEEHFTIEDOX
S ABAAREZT BNT, —IRCERA SRR
th, 7vIz= v aAE 100 [HE ) SEREE RO T
DN TEFBEOETRARbLNG, F2=v ARLUFD
BETIGENK, BEKBIUCAEKPTHIBAEN LS
WEE DR,

31 BEARORE

AR T E T — R IKIEK E ok 3 R KF DS
COWTHIEIN TR D, K, WEEK FkrEck
BHEBRLHD, T =Y AASEEKEBRKE CITS
EHBEDENMTEAERWD, HI0&&DFEHRE (108
[, 5000rpm) (kikzk, #ike & b k£ 6.5kg/mm? ¢
B, EEKBTIE 94kg/mm? Th o729, Fiz, K#E
Ao WK EEARKERERTA L, M7=y,
Al-Mn 440, v.5r3vD, AlMg 44 (B1M2
FE® L0 Al-Mg,ST &40 1212 H5DIE 5 EBE LY
1~2kg/mm? B\ ESRELYRL, HE4 LELER
% Do

24
k&S AEART R 3% Ak
O EEms
1700rpm 5083
16 5056 ]
phbeid S -
5052 ] ]

N
I

BosaR(107 ) , kg/mm®
[22]

4

o s
ELC
HEE  {gg
® o #®




(182) E R 8 2B 8 B July 1967
RS S B LB AERIERICR D, BARYHRE ot o
ENEIA R, 4
SR B0 10 L E L BB FHEBEOVTORR B OUIE R, /oy .
> N o o . 0. . . 15
R, < ARSI TRRSLIOBIC I L e e e
66.7°C 0 3 ZlEDERRAAT e b T B 2%, EEES 10° fétmwwﬂ%#:?:ﬁﬁ*;?;””%mmi
. = 40 =

£ TROTEAOPEISTNTEND, Al-Mg L0 2 e i
Al-Mg-Zn &4i% 90~95°C OBk TRIFREER %?2 ER0re 100006
SECPANLES SV 2 N = s0 oo o 1 0.1

3-2 #WiRIEH, BEEE, BERBOXE

B 75 @SR ERIC Fo v 5 IS A0 55 R B L i BOH B W TE LE Al
FB, Fir, HEEEENEUSAERERESHENE EXR
XAWELXRTD,

RIS, R, #REScs X OHRRR OB MR
McAdam Jr. 78 =y 7 19, Ex A 019, REFHE
S, 7=y REED, Yo 73y I Al
1.39 Mn 4 & ©o\WT 2 B CTHE Uiz, $7nbb,
s 1 BRI E T AR R T, IS, MREE, R
AR 2 CIRAEYRRETR, £ 2 BTN E AR
R E A —E (1450rpm) & U TIROTME %R i,
SR UCHE U A B A S BB O KRR P OF
seam e L BT 2 BRI A ESTRE R T N L D15%
ETFTT584%FCRHELTRY, —fle LTE2RIT
3= RERCOWTOREREDE IR, B 1 BREOIET
SriEDHEAR LERARDDH EEIRDL S,
LVEBEBND,

R=CS™ (1
]07_ T { T T 7TV T 3R R N W
3 | 19 L I R 7 N
LN 1 ML T 7 i
Q®Q & & NL)Z/ >— ”?‘tgr?
— S RSy P )
N QQ’\/ & 23
‘~\"?‘/\ 2/1 ! 1@)(
7/\\‘ -7 1 2
e : 94 O
108 &% me /|
'6,4 TS & W
o4 LN ) Q any
= \/b”)? \Q‘
— e lkg
z s Mmez
. ~ X
= A
= 35 Ty
§L§ 10554 '.U(g/f”rne‘ =
f:; a \
8 tao £ S
£a '
% _kQ/mm_z % \?3 |
—- — SN S
® ;‘& /‘§< ' Qfo’\Q
104 W/ b
N A :
- E15% X :
L S BRI BT B N T
L 2R 2N
/%wm /| A
10° { . Y
0.1 1 10 10%

F1BPEOE RN, day

B2l 7oy AEHOREISS REL 3 BEEY (B18
B ORSH, HHREE, WEENES & CRHOBE 9

FVERB O AR, day

IR 7=y AHHOWEIBL REL HHR
99355 (55 1 EBES) G)) & ROBIER

#2721, C & ni3bhEoBames 5ttt LU
EEER L BERTHY, 15%0WELEL D n ORIIEE
=y MBI, 'R AAEHN28, TV =y LERN
45, 7rIi=v rA&F30THD Y,

fr¥s, Cra4E i 7075-T6 BHicouT 1 %EEkedh
I BIERE SRR % RIS HIE TIT o IeiERIC &
B, EEOBATL YA 7 hOEEH M & ISR
RS AT E A NS &, L bBEDIED 2ETE
L0 LEERAZ N BERENED ol & ISR
R DRI & BBAHIBREIIE, ISR, BISTIR
OB MTBEES HEL R S5,

3-3 AfEHFoRE

EAESREIIATREC I s TLEEYRT S, 2k
21E, ¥ a7 I v ORKPRRT B EIGR LT E
B REOHIL B 1 HRT L5 1: 08 THHA,
3 YAEKFTIZFDENAE BV, FHEIE 4
B b5 L 5 EAKHERT 5546 & ARRPEz X
TP E L LTEZZRNA D,

E1% EYHmEDOH (2200cpm)i?

W% W OB, kg/mm?
P ¢ A OK W 3 9% & oK H
miEny |rmms| b | mEes ey
vazwiv| 146 \(10.&?4‘2)} 0.85 | 5.4 41 | 0.7
Me29%A1 106 ‘ 6.20.5) \ 0.8 | 2:6 1.6 | 0.62

EWRELY 2 7V 3 v HSEED } 107, Mg-2.5% A4 i R EH0T O LR T

O s j:ﬁqj
® » 3% fxEAkp
Mg-2.5%Al&2(107H)

R, kg/mm?

EHIGTI, kg /mm?
EAR WABERR (2200cpm) 1B

__._2___
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3-4 ABEMI, #NIE, BBEORE

REF BT HEFEETSRIMT, BYLE, Mgk y
DEEEZIT LN, BEREY OB IMEERNE D
&, FORENMIEAEENR . bbb, HESEE
MM BEDMAERIT L 5 C, £z, RBED KN
LV a+B HHOSHR LI X - TRE R DRI D375
DEBON, EILATE N THRISHE E Uiz b0 L iE
DR ER S EE QRARE 22 BEEKT) Oz=ENNZ
LAERLD, Cu-NiR&EE AR AE AL DD, *
toy Y a3y, DTDES3 &4, Al-MgiH~20%s L 1x
Al-Mg,Si £&™ LM L oE ¥, BT, SmAHt
OHEENBRESRE (T LT3 gakKkd) ©rigd
PFEINE L, —flL LT606144 0 S—N a5
it

4. BEIRGIRE

4-1 P LUHE—— v rLEE

TSR E Dk ks L O &K R0 5 fE 5558 & (103(E)
8~ 9kg/mm? T, AKHOELABRES L EE
TR ZHEARIC X A2GHWER DD EZ 2 BhD,
PR &SR EASR NS,

o B & % (183)
18R k
N 1T
rebd D h Al
. 1700rpm
An el ‘
14 R o ‘
% \‘0\ \ \*\'\\\ \\
e 12 b 2 T4 orll
=~ ] T t
< ol I _\\?\\ | H\"“n:‘:i |
- o g won £
= \ T \\\ o )\ﬂ.qj
™~ 4 O]
s 8 NN i
12 O \\3:\ T6 o ;
6, B T
o ™~ H
\\Q\\%\%:t o i
4 ~ PR ~ 3951
) | &\ gtk
3X104 108 10° 107 108

H5R 6061 Mt ALHRL B T 3 BAKIKHDS-Niflig 2

DB AT COWTIEATR D DERERID 10,20~ 3%,
D, B2RCIBEFEHHREY, 5F6~8HKS—Nihis
TNENRT,

HORNI Zn BE 7ok Zn M8 L FEHREOBEERAERL
72EDTHY, Zn ENERAVIDNERERSRED
ETOEEINE WA, Zn@n20% %225 EFE L

Ho BEAMREMMEINLZn HBEOL L DIE EHARFYE

2R Hib X OCBEMOEME (Minghs )2

3w R BEOFHRAE CLOS D), kg/mm?
" H 313 i :
Lokt LR K& %ok 3% RHkeh
# e 400°C g 2.5 55 8.7 - 8.4
FHAL095Z0)20) 450°C s 27.4 56 10.0 - 0.8
s ] 11.3 10.9 10.9%
B 282°C g% o 3.3 21
FHR(15%Z0)20) . T ExiTm) (2 LD (@10
480°C 1 46 2.5 5 10.9 @ @nlorm
400°C 35 33.3 64 13.2 - 12.3
- e 932°C 158450 10.5 9:8*
INES N i 232°C Hegt 40.8 a1 B TH @ @10
593°C #e4e® 32.0 62 i - 9.8¢
450°C 20> 3.2 67 15.2 - 9.0
= — 9.5 6.3¢
IS :225°C 15470 53.7 19 i - i
1 :232° C B2 0> 41.2 a1 B 107> - i
450°C 20> %.9 62 15.9 — 7.5
249990 ;12 0 6.1 8.4
2327 C B2 0> 3.0 13 xSivmn . -
- . 12.0 8.4 _
65/35 4 " 29 4.9 2 @ ioem) (5107
A E20) 53.0 15 ; 8.4*
649°C 320> 30.5 78 s _ O
" JEI) 2.0 7 S _ .
) (107> - abrm)
400°C 329 1.4 48 21.8 - 8.0
A om %o
17.6 12.0¢
—20) 40.0 48 A, - T
7H S =Y WD 430°Cpi 10.7 60 1.7 - 1.3
TNT Ty ) EE £00°C g8 45.9 51 18.8 - 10.6
7K 7Y 4 WD 400°C 458 87.0 68 15.4 - 12.9

* BEK OO/ s D FHEKo
29) OFRERVI SR 1700r pm,
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EAMEWERND D, Ak, HEIRERTFLTVI=Y A
FIE T NT T v 7 A& DRGSR E LT E
TEEHUT & A E TS, SERETH S AR A A LRI
S—NigadRT LA T VT T v 7 EE&EDHNEESL
oL N EERED L BB, BIEAE2ERIU3ED 3
95 frtok ch EYREE (107E], 1700rpm) (k22 1%
o 1l5kg/mm? Th b, K& L D25%IF LK,
T3 = AEERIDLINI 2 LRI I, XY Y
v LRI W, FOMOFRAOEAEYRES 3 R
R, T3 =y AEEORSEE, Ak SEonTi
=+ 7= McKeown H0OEBRW ckbE, Cu-9% Al B
F U0 -109 Al Ni & Fe %4 5 %M L7c b D DARKF
22

Tt LT
20 KEHL | 11700rpm |
8 i SHRIEKE
o u i
é 16} =St ™ S 4
A0
< N —
.L :::g\ ‘\\
5 12 $05, 400°CH4EH R
B ol ax 58 STCARI | \I\\~J:_\“
v v 3R, 400CHEsLH T
8 T 11 LAY H!
oL L LT T |
16 10° 10° 107
He R I B

HOR s, SR, ATHEOKRRPL S M 3%
AR OS-Niififg 2

34
™ @ﬁiﬁﬂ‘f
30 s 1700rpm {11}
| N T kG

NE 26 SN ‘\\ N V]

£ s M T

2 2 L T N ‘"%L\\-

R 1 ~f:_b\\i*s;«: /

3 Se-bIH#H, 450 CIESEH \f:f«%:a_\_c_
141 2 & 65 /35548, uoc&%ﬁ \\Q§ e
Lol 7SI, 400 G RN

I i
6 mm T ]
104 10° 10° 107 10

3R 5 #
B/ BEOKGAL 5 e 3 %Rk O S-Nihig 2
* T I 7
a3t b
30 ~~ 4 A 1700rpm|
N e

o 26 M 'l

£ 22 T, P TRl

o \\“v o4l ] —_

[T~ M d T
;18 s MRk

R OOT N T = LHHM, 430 CHEbH T

@ 1487 N7 Ty rEE, 400CHIH T
JolZ Y7 ¥ 27y 7 4 H, 400CHIEH TR

LI TOT T TR
6 T
10 10° 108 107 108

# B | &

R BUKBEMES (B OXREALLIR
3 ke S-N ghig 2

July 1967
24
L]
o o Vv Cu-Zn
20 !
O A v Zn¥it /</
E 16
£ ° Sttt
: il
S R
5 e \
B L\
bl
R g
ﬁ ’%é——/‘
. KAE
{';)/T\*K(a“ga'
4
@ﬁ%v
108
0 |
0 10 20 30 40 50

InF3Znksf, %

B BEO Zn B 1 Zn Wk & YR OME 2

34 T T T T T <7 oee 1
’ AN I i, m | EEm HM
30 At AT 3500cpm
S| S dmmiR, 400 cm;@i»
26}- = ! N !
% Sl L \;q\\
2 | Sl
- 18 L ™.
R oe ¥ 7
1o 1482 TV I = LHE
A 7’/&77/7{?@
T
AL
10° 10° 108

BB E

FI0R ATHEMB X EAREAES ) oR&H
% 5 e 3 Btk S-N ihig 2

ofEsmE (5107, 2400 rpm) 1XENEN 283 K&
U 29.9kg/mm? ThHA, 3%AaHEKBTE 14.2 Fizik
15.7kg/mm? & 72 Y, ZOMIEFE—S M THE LIS
DB AFESTRE X D&,

=y 7 VREBEDBEFESTRED O~ 135 4RI
Fl, S—NpfrBll~13icidiz, UM NI &
Ly (10%E) OBIROMM A RT, EARIME
1 Ni Eofsne & bREET 50, %ﬁ‘?—“@ﬂ@?ﬂi%i
7 Ni BT0% SR BEERS 0, 3 %akKkP T NiE
M30% A 25 LIBAFEIRE IR —EBEE LD Z £
b, ¥, EFVEETOWT McAdam, Jr. 2377
o T HERD Tk AR KR & D 2 kg/mm? i3 LK
WESRE A oM, Bl OREPOIC L B L KEKFDIE
5 h3 9% fakdh L b 1~2kg/mm? @&\,

BlEofr, 7rya=TRETHER (1:40) Pkl
LHIBAEHRENAMER, >~ OVES, Y FHFICD
WTERHBNTED, BRIZ7VE=T7REL S>THED

m4ﬂ



Vol. 8 No. 3 Eo#® & B M B o B & W W (185)

E3x HHOMIAL (REiy) 200,80, %)

g1 ¥ % # oL ke/mm?

o i g .

S | My xom o Bk 91k

TR =y L FET.5%A140.29Fe)2 63.5 35 26.7(6>107@) 16.2(5x 107[7) —
TvE =Y LFFEB.9%A1)%9 56.2 37 22.5(5x107[@) — 15.4(5x 107 [@*
TN E =g LTFE9.9%A14-3.1%Fe)2® 61.9 12 29.5(2x107@) 23.2(5x 107[@) 20.3(2x 107ED
7 M E =9 WP (9%A1+ NI Fes5%)80 81.4 11 35.8(5x107[=) - 23.0(5:< 107ED*
T3 =y AHFH0.6% A1+ NI Fe#5%)%0 5.7 25 25.2(107@) - 18.6¢107@D*
AR (4.2%Sn)80 43.5 33 15.4(5<107ED - 20.0(5x 107(a)*
A X% Sn) 88 57.3 25 16.2(1.5x 109[@) 15.5(2%107@) —
A R (5%Sn)85) 44.3 38 19.0(4 < 107[@) 16.2(5x 107m) -
APJuavx 45.1 65 25.6(107[ED - 24.7(107E)%
Y Y v AHEH2.5%Be) 65.8 23 25.7(5% 107@) — 27.4(5x 107@H¥

* 3 %Ak,
30) D FEB TR B 2200rpm, 34421700 pim,

BAR -2y vReEGOETRIE (D)0~

3o ot W W % @ E(0E),, Kg/mm?
B 7
3R, mov . - A
kg/mm? % S BOKF ) apkomenl/s)
109 % = T2 = 5 o7 15 30% i mT 48.7 16 15.0 - 9.0¢
(102 Ni+1%Fe) 650°Cha 31.5 1 12.0 - 1.1x
209 % 5 Fa =y 1 13O 3095t T 43.3 13 15.0 - 11.0%
20%N1 650°C bat 30.3 49 12.1 - 10.1*
EHRTAE204° C BE8l 13.9 23 18.3 16.9 14.8
219 Ni-Cu™
760°C be gt 33.2 50 12.0 12.3 12.3
5% Wl INT. 48.9 21 16.1 - 15.5
30% % o Tua= v s o i
A AT S 700°C e 2.4 35 15.0 - 12.1%
700°C i 41.0 49 i7.0 - 14.5+
(FEOEE) 60.4 35 26.0 15.5 19.0
489 Ni-Cu™
760° C b 54.9 46 22.4 (15.5) (18.3)
R AeD SRITH427°C begt 89.5 21 36.5 18.2 20.4
(67.59Ni-+1.8%Fe) 760°C 8l 57.5 19 25.3 (18.2) 19.7
e B35 BT #630° C begl 70.0 28 30.2 16.2% 14.2¢
(66,7510, 95 e 1950 815°C 2 54.0 48 21.9 1.6+ 10.2¢
BT %316°C begk 92.7 1 35.8 18.2 16.2
=y ™
760°C B 54.5 49 23.2 16.9 (15.5)
* 8%tk (1700rpm), fhik#EHIE1450rpm,
*Ekiizk A (1700rpm),
28 38 x
T T LT T T
24 TR L Ll 34 =] KE ; [z o
“ 5 o 1700rem . BV T T 1700rpm
g 20 Eat T E
£ \\A\\q R)\\‘G§\ | £ /\‘L“\\
2 TR 1 2 2 X 39 etk
- AN - R e S U AT D\ :
R 12 K =y R 22 ol i
‘ ansly e/
@ gl © °30%HiH : { i 2 18| o e 25% ik T
N o s A ; 6 4 o 1] Fafry
4 & ?%H(é&) CB&&M{) /3% R3EIK | 4l a8 ¥KTT(700°C esH) oA %
0 N ol | LI LT |
10t 10° 10° 107 10° 10* 10° 10° 107 10
R E # #oR (A ¥
SIE 0%+ 70 - =7 vDkkrh IR 0% % o 70 - = b AVDKREH
g 6 N B AikeR @ S-N il 3D £ 5 e 8 BEHIKAHD S-N g 3
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6 =0, HEAHMED S —Ndiiak FIRKCEnT

52 N ; T eeds
48 \ - | ‘ ” %%O[r'p‘:ln - 2’1/7?%';‘0
» s .. BeE 719 ALHED 3 BRHUKHOEIHRED
40 BT | IRER A ms
s 38 ‘ NP P B I R
L
2 1100-0 | i 2.5 8.0 49 2.9 <1.4
o 28 1100-H (25030 9.5 10.2 29 4.2 <2.2
w 24 2017-T4] 3ot 33.4 49.4 19 16.5 5.5
2 2024-T4| 374t 38.1 56.1 16 19.2 5.8
\ / 3003-O | Hifi 6.3 12.8 36 4.8 0.4
16 CTh NN T 3003-H 309%hih|  16.4 17.2 17 6.8 1.3
™~
12 SNit 5005-O | il 3.7 11.8 37 6.6 2.0
]804 L L L 158 5050-O | il 6.7 13.9 36 8.2 2.0
5052-F | 1 1.4 19.6 33 10.6 2.6
#eOR Bl B 5052-O | i 8.4 19.7 %2 11.2 2.8
B3 = vV~ EFHGOARRHL S T 5052-0 | i | 13.5 92.1 2 10.6 2.7
3 Rtk S-N g 5056-F | it 13.8 28.7 30 14.5 2.9
40 I . ; 5056-0 | i 11.5 28.7 33 14.2 2.8
R (435 ) . i 5083-F | i 23.7 35.5 16 15.5 41
—— 5083 O | it 20.1 34.9 16 15.0 3.6
T ] 5083-O | i 20.3 34.3 22 14.1 4.1
£ e o T RAH 5086-O | s 13.5 29.1 28 14.2 2.5
> f 5154- O | #ilh 12.1 25.6 32 12.5 4.2
:"\, o 5254-0 | it 10.8 24.2 3 1.0 3.3
I 5357-0 | i 5.5 12.8 38 7.3 2.8
2 5:54-0 | aif 9.4 2.1 £ 12.8 2.8
% ° 9/ 5456-0 | st 4.5 33.5 31 15.7 2.9
g 16 s —\ 4 5457-0 | ifo 4.2 1.7 40 6.6 2.4
i % Mfifﬂ‘i?)‘* 5652-0 | i 7.9 19.7 3 111 2.5
g ;/”A"‘“_““‘\A \ 5061-0 | it 7.8 15.1 2 1.8 3.3
g : 1 5061-T4| 47 12.6 23.6 30 10.6 4.5
0 20 40 60 80 100 6051-T6 s 28.1 31.0 18 1.7 4.0
Nigt, % 5062-T6| M 27.2 30.9 18 11.1 4.4
SR = vy VRAEO Ni i &R OB& 6063-O | il 3.6 9.8 41 5.8 1.2
5063-T4] ims 7.7 18.1 36 9.2 2.0
OWEERRT DD, Fiz, KREBEE O, Thbb, 6063-T5| s | 13.0 18.2 % 9.8 15
7w H AL LIS A DESRE XS S BVTRT, b= 5063-T'5| mits 18.5 21.3 18 8.2 2.2
BWENL 7~V F B LI L 5 TES5 7 vk AR x, R 6063-T6 it 21.1 25.3 22 10.1 2.5
%\:%ﬁ”i B *E%%ﬂ%ﬂé@@‘%o 6066-T6 41.8 45.1 12 16.6 6.2
5151-T6| s 27.3 32.4 21 10.2 4.0
BEE 7w H AL B E OEIHREY 7001-T6 i | 69.8 73.2 7 2.2 7.1
e (107, kg/mm? 7002-T6 it 13.6 52.4 14 18.9 5.7
" H * o At X706 | 50.9 53.3 13 16.6 5.4
7039-T6| $ 50.3 54.4 11 17.7 5.1
b A 94 7.0 7075-T6 K 58.5 64.8 12 19.0 6.4
PSS o %% 18.9 12.6 7075-T6| 53.7 59.4 13 19.0 7.2
- @ om 14.2 11.0 7076-T6| 3t 57.6 58.6 1 18.9 7.3
Culysn® | w  m 17.3 17.5 7076-T6, 485 8.3 53.2 18 16.3 7.0
Cu07%Cdm| W ® 14. 14.9 7079-T6| imi 55.8 60.6 10 21.0 6.0
7079-T6| 4% 45.4 53.3 16 18.2 6.9
1) D A - msm by YR D 7178-T6| s 64.9 68.5 9 20.1 6.5
42 TLIZYLES ZRAL g | 475 51.6 14 16.7 5.9
. 2G4 | | 6.2 49.3 14 15.2 5.3
TNy RAED 3 BEREKPIC T B ESME (107 -
E, 1700rpm) 335k % 7 kg/mm? HFTH D 9, & Yol 54.7 57.4 12 17.3 6.8

SHEOEDOI0~40%TER X Flh & Wb Tnb, EFHBE ) EEE», 1700rpm,
— 6 —
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32 —— 32
)|l n] [0, T T Tl
28 NS 1700rpm g B ya s s ol 3500cem
‘“\\ oavOsee kA H Y (ESDT) O0BavO L
ik 04000 307 frix k th L 2 —T‘“ 4V 3% sriEAks
il 2 Pt g 707516 o 24 "N \ l
E ' z N | 2024:74 £ 3 NDK
= 508 = N . < 20 > B =:3“7O
S & 2 TN %@ 2 \ N N[Z57s AU
= :~.A,, e X1 - - 16 o % N LT LS (%S,B{f)l i
. N N _\“—J:——:%P ard = ™ e S
i N LT _ - = N N e b e
N \E)\ "'~=hy.\_,\ . 59516| iol 12 \,'\ \“\\.,_\ ZE)7~;—"T6
. e SN n 6061476 = N N2l
) N R 0> Fel2x 2 = AT~ = = gy e =
N S. 30241 ] >< [t ] h H Yo I
8 %052 O TR 2T 8 PPt & L Gnck)
T N d i T
’ RPN SR SLie)” -
~ & T
0 o 17T EREE I s)f a
10% 10° 10¢ 107 108 104 10° 10¢ 107 10®
g B PR
B 7 i =T AHEHEOKKHRL S K BI6E @E7 V=T LAEEBOKKAH

3 P ariikeh o S-N Y 40

BHTNNI=Y A ESFMOME L BRNTHARIE
EOETOEEHE L\ ¥ 2T V3 2 iE3 %BEHEKRT
¥k # 5kg/mm? (107E) D\ 1 40, FiEigkF T 6.7kg/
mm? D, ke ek 7.7kg/mm? O T Y, 7075 B LU0
DTD683 &4:1% 3 %Ak T & &% 6 kg/mm? gD,
0, 40,40 ChB, DEEL, HEBHTNI=Y AEERON
AMAHBRT S0, HEMD L WEeEHEicaeH
OFETRE (KEF) 13 & < BRT30 ~ 509 (i
1) fm L 21, 7075-T6k ¢ ix15~18kg/mm? (107[F], E
M7 O bOan7T s 5y F 7075-T6 #DE & 8~11
kg/mm? & /B, ZIUTAEIROBRESFH L DRI HVE
Wbtk & ARET, MAFASERERS I RS &
WFOEINE N, 3 BRFEIRPOREITFREILE 7 RTR
L, =0 S—Niifo %44 #1168 B o, BARY®
B 3kg/mm? g TH D, A wiRDIE D 23R &
L DETENMEE LD, ks, YT vOBEMEE R

H R T5rpm CHEAT LR B 5.5% &k iz 15min
& 1min B-SO8E LBE LLERD KHD, &t
B0 BT C LB Ry 23 F DIET LAWL 5 TH
%5,

BETHR BTV o9 AHGEROREIRED S
% (10T ), kg/mm®
+ 7 HERGIE Moy g Y
o | e | M M| A e
YaTAI A | kK - — 10.4% 6.6%
(H144 42 Ak — - 3.3% 4.6%
BT a2 g i i K& 13.4 7.5 12.2 7.8
(SD) 3 o4 ik 2.2 2.8 2.5 2.4
Fa N S L] K& 11.3 6.7 10.0 7.5
(SDR) 3% ik 2.7 3.4 1.7 3.0
14)

favaspis | KA R | 158 7.8 13.0 7.0
(ESDT) 3 % fasiakR 9.4 2.9 5.6 3.8

* WEAESARY, BHH(On/0a=)0.55
44) OHREMLFHE 7 (3500cpm),

706 Ne 3 B RIEKADS-NEE

Al-Mg,Si RiffE 71 3=y 244D 3 % Kb OF
Saa (107E], 1700rpm) 1460614 &% 4 kg/mm?, 6063
e 2kg/mm? BETHHW, Al-MgRea&0 Mg 4
HELEEEOBRIISITEICR LY, KK & Ol
Mg EO#RIE-oNTH LT 5 28 AR TlL-£ O3RN

53w Mg &EE 35S BIUV T %I/NED Mn 245mL
FBED, i, MgaBER 8 %BORBERW L Lnhdh

HE, Mgb~8%%a&a Lz AlI-Mg &40 3 % &HEK
S mE (103E) 1tk kF 3 ~4kg/mm? TH5,
Al-Mg & & WIS E&RIEY L VB REIEL,
Tz, B H 2B N EEREERT,

18

Bl #0 //
1700r
o P K
/ 3N
o0
]4 < PN @l ] )
/ v /
o]
3]
Y
w12
£
~ A
_3’ / A‘i o
- 10 L2
= !
> }
Z B ° !
fad {
& /4;//‘
i) o
O
)/'
éf/ P 3%k
4 S P B R ¢ 2
¢
;‘/ @ v ]
2 ,&v o iﬁi—/‘v’_’ﬁ_ﬁ_m——-———'
R
/C)/
0 |
0 1 2 3 4 5 6 7
Mg, %
o Mg?) & 4 Mn<0.1%
s Mn<0.13% o }CrO 09 ¥ Mn 0. 290/0 33%
v Mn 0.4~0.6% 64
» Mn>0.61% 0.23% § ot mn

BITR Al-Mg @0 Mg & &35 HEOBG ®
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N PN :
ks, B HhUDERE Ak & TROIHEDHE 48 o kWHWBWTw@@MW
SFREILY 2 7 v 3 ¥ 0 6061-T4 £, NP5/6&4: 44 N i s saserosis LI SE2ET
(REET) D I EE DWW TRD BN TND, LT, 0 LT LU T EA%%@%P
AR % b-52024-T3 Js L U8 7075-T6 #ikt iz T0, s | ‘_ SN “%gmﬂw BT
8.4 ¥ L0 2lkg/mm? DIEHEAKICE S LURET 05 % *¢ T
o E 3201 : o
~ 4 AERADN o, Y ERBRE BN T o e KR b b ° K& (5
h, %t HISEI5083- 0 A KRB LOKIEK Gl < TR
Bzl B LU 24X B LIsBOAKF BT S S—Nill o 2
o gord,  FEYRE (L0ED OREHE R HED R 20 e
16 m ’ T ‘jb 'ﬁ‘“‘\*ﬁ“‘ &
y il bl 2 T et
04 ! DGR & 1700rpm 1 10° 104 108 10° 10°
o / | g R WM
E 20 E
£ \7\ \\\L:‘\ZKD\ l E J 19 SN £ oY LOKE 4, St pl
216 PSNA - H o~ Bt | B9 TRMMTF 2 =y LAOREH, AGHEKH
S TRRERS A T e T e 705 ONT 3 B RIAHD SN (g 45
2 ST e ] N
=] N::\ = i H‘LL %gﬁ ?{‘ta Ry B 1 STy /\HﬂL@mﬁ//\ﬁ&&
8 I S=u L (RIS 359
4 2 LK 4 ’
0 i ABREE, kg/mm?
o | il # 7 il R
104 10° 108 107 108 K& & . KB
b RS B4 900 38.7 47.1
- N , RC-555%) 1800 40.1 47.1
HISE > 5 U HEA RSz 5083-0 4D S-N dhig 9 (T1>99.0%)
10000 31.6 48.2
mmmqnﬁéB%ﬁﬁm¢mmaﬁﬁﬁbk%Aﬁ%%,
50HMT40%™, T6 b4 L FMZRT 5 &L F 40% T oot A
BHOW, Tz, VT3 v EREEKCORME BT LD TiTspee ‘ '
i>99.0%
213409 T 5D A 2017-T4 ¥ L 0°2024-Tdh % 3 % fath 1800 35.2 37.7
KT 1 AERAE B Uiz & X IEFNFENBT%E 121345% T 10000 5.2 2.2
ST DR ERBLLE, BARKIAEFBREDKET R C-150A55) 1800 52.0 52.0
R N IIC R &5 2 L bk, T, KAREA (Ti-89%Mn) 10000 50.6 53.4
L AENBREOETIREMNO LEMcEL, chblks RC-130B56) 10000 53.8 5.2
(Ti—4A1-4Mn) . .
BLTHEARTARE BB LY, BHFGTD
~BE, T075-T6 4575 1/4, 2024-T3 kA 1/85 L7 b, CTi-150A55) 1800 5.4 56.2
(Ti~15Fe—2.7Cr) 10000 56.2 56.2
HISHOBRIIEAEFE LR NE D THDEY,
43 FHI-ILEE CLGALLY | 750°CHs 1700 48.5 49.0%
FR=Y AL EOAREAEK, K, AEACHT Peal wecE'R | W | s | @5

BIHEMENRZ DO TEFBTH D, EAERKTCIHHPETL
l/\o ‘j‘fib%! \—-/}/L%@ngi‘ﬁf‘qu&ﬁuﬁ%ﬁbfi) JY'}J?
EMETEY, KEHPICkT %0 L BRCHARELSEHN
6 34), 54)»/61)o

FEIIRNTHiF 2 =y 2D S—Niifg s34 29 9, Vi
FHEKHEK T HOW 3 %AaEKP TARPF L VEWEY b
b, GRFEAKEAE, KEPELET S—NE##rERT,
SEYBHE ASKGE R & O 3 % AHKTR CARF L DEWIRA
WL A b D DIEHERIC X B TH D, IR
D L5 CIETIER RS B ESTFREEND I b H
BB, T 4=V AESIIFBIMEIIn D, Ei
1, Hotcd LTEFORENLT Mz, REH LK
K E kAR BMAREDZENSE D a\,

s 8 FITIOHEIKE #21d 8 BB KRB HIHARE 4R
o

* B 9% fiikep

i 2 = v 2 OREF IV B A TRE LR B D8
IO TEETF L5080, 7 1 3 = v G EPe&E s X
WOBER A -0, ZAUFAREEE O BN 5 B
W OFEMENLE L DD THY, OTLEEILD b
DTN, FKEKP T 8 ik d & 5 1800rpm
L 10000rpm ki ATHABREDZENRSEE D it dy, L
CIEBEBOHRETE . 1k, F0BIIEI AR & KE
K R B 5T R DB R A 77359,

DX, FE=Y RMIFORRENDER, R, V>
W7 & DI £ A SR BRI 4 B B A R DT DO SRR

VB TH BN, AFEINLERMNNTE A E TR THEAM
F 2=y MFELIENC S—Ni# A RTZ 8 < S BB LT

0% HERP CIIHERDE DN A THLN, S %BL
O 10% Rk d (2 ~ 5 co/min) TirxEY#HE (107H, 1700

_..,8.._.
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rpm) HMRENFNIS0 Fiopd 5.5kg/mm? L WHEELD
%%,

60 T T T I
| [ 5 i 1
o RC-55(900rpm)
R a RC-55(10000rpm) ]
v Ti-75A{10000rpm)
@ RC-130A(10000rpm)
50k a RC-130B(10000rpm)
v Ti-150A(1800rpm)
NE
£ 40
2
! \ :
=
;,( 7.
%30
2 \\ \\\\
| \\\\h §§§§E
! ! |
Tob— 5 3 %
ok 2 Boax
B HiFr2-vsBLTFZ0EED
FRGEIKART 3513 B EE9 R 59
34
I TTII T
39 \g 150~300cc /n]'\irxw
g \\ A
30 N GHHL 1Y (150~300cc /min)
% NN T 1 i
£ 28 ’ @
w
- 26 3 f\a
R me || N
@ 2471700rpm 1
pol 2 s%HCI ﬁ\\z Iy o |
10%HClI )
" v v 10% o~ 5cc fmin K&
. LI |
107 10° 104 10° 10°¢ 107 10°
# R BB
2R TRMAMT £ = 4 (ST-40) OS-N i 5
4-4 HaE®

RO — T VEIRENC X > CRFBEN R Z 0, &
NEARIC L BABAEZT T 5, Tibb, MIBOAR
R OESRE (3 X10TE) % 0.27kg/mm? TH5H A5 H
zeeh (10-*mmHg) <% 0.6kg/mm? TH H, High,
Pb-0.1595Cd 35 J 0 Pb-0.0759%Bi & &% ¥ & O\
TEHBRT B & ZOFMIARKPLIEL DY, Lz
MoT, RECRBEEBEL DT DONREE LN, 7

¥, Pb-0.05%Fe, Pb-1.5%Sb, Pb-9.49%Sb &&icou
T38YHEETE T LB a& OBARFORBR DL H 5,

5. FHSOF

Pl Cork& B OB & 70 E O & b ~o ks, AR
FOREFFRR S HECW 2 BEER YT Cn5, T4k
b, BIRCRLND T L BEPIRIT 5 HETTRET
KEFEFARBE, & ULJEETEND ™, Gough »
EASKROR, Tr ) s EORmITRSEE R E
L, BRBLOBEISEET D LE L. TORK,
EREROEFFMEIBEIERC L 5 TED, LinbikE
KOFIEL L o TEDRENELLADB™, Mivvi=y
PATIKBEENR G N EIEFFRBEN LD, KKFHOR
KOBLBERTHZEAEBN LR o121, BS.L6S X
U'DTD683 44D AK A, EZd, Ny O, Hy 3k 00K
KRBT HEFERCBATHEFFMCL - £ b F
HhRIZTOUKERTH o727,

FT T, Bennet S J - TBKOEEN MR DAL
NI o7 T30 28 2024-T4, 6061-T6 3 k¢
AZBIA A& DO WT B KOL D HNEHRECRIETEE
R T. BRITEFOWMBEBCEREE LW, Z08
BERWT, BEERBEOTL L ) BmOBL IR
gEan, FilgEneRBms KER L OILEIGIX »TKkE
HARFEEL, FOBRDONOETEESNEEE Y XIE
TLH5TH5B,

34, IBRRERR OAVIREA, 5%
] bl 5/01')\
o N 6061-T6 ouiﬁ‘fwo%uﬂ
: \ N
o {§x\ |
& 22 AZSTADI T
N TN P P
PR = = AR T i i
9 “*Q‘L\\‘s LTl t
‘104 10° 10 107 10°

BRE 7LIZvAREBIICTRLT AL
SHOREMICH T B S-N i, ™

Foahie, 2024-T3 3 L O7075-T6 & v iR & &4 # B+
TESERT S &, 2024-T3 4 AR LD $ DIXER
ERT5 LD SEFFGOEINBKTHY, &2fidElH
IO SAEBEOEENV R NEWIER LB D, T,
FZedhC 2014-T6 D % BURL Bl E % 8 ~16cpm THI
1L, 8X10-*mmHg (16hr $kR) F THEREENRBZGWIE
EREOMERENRKE T LD, IHEHEEETIIHIT
HL o TLTX10"mmHg (161hr#ks) insd & kK&K rh
ERTHEEERECET DLW,

SER, DEOFHEKOEE LMBE L TERILEhEE
OEEPREFHEINT WD, F7Fr7ra—n, FFyw
TN~ FFYAVT IV, AT7EFYNVTIVRED
F vk y 7¥E% Cu-1.75% Be &4, 6061 &4 (HIK
), AZ63-H24 Hic i+ 5 L EHFFANHEBIND W~

__._9__
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BOE EWHREICRITTAKE AR 2,7
L N o
\ W% M B RAETEERY, $x107ED,
" a B3Ry, (@W*KE ;f,i;llgv@ )e 8 kg/mm?
kg/mm? “ ”
B 570 oo K & b * & P o 5 9y
S K& @ ,(m“% h%dﬂﬁmﬂ@ & 7
# " 22.7 - — 6.8 - — 7.7 —
# @ - - - 7.0 7.6 7.1 7.8 -
EC=S - - | 31.2 — — 11.4 — _— 14.3 11.1
b= B O# — - - 1.9 12.5 1.7 14.6 -
Cu-209%Ni 35.4 - - 14.3 - - 14.3 1.4
S oavm iy 4.4 14.6 18.8 10.6~14.2 - - 13.0 9.4~12.6
Mg-2.5% Al 25.8 10.6 1.4 8.2~9.5 - - 8.2~9.5 8.2~9.5

35), SEOSRICIBITL X A A VRE v 7 EOEIRRER
MRL2L EBHIE BRI RARAE BN, bNOETELYE
BEELEKEHDKS FOMOIERXEIET S &FE
2BNTWh, Linl, HMEOREEBOER LKL,
Ti-75A /x & CRABEMIL . Fio, EBEEHHE (@-~F
SFh Y, ¥y, Nr¥Ey) RERUTLEFFGN
PEI N,

ek, VY vETEEOMOEBEHD, T/ VViRE
OB, Fizy AY ¥ FAMMGRIT B EFHED KR
RO & i LSRR & 5 5,

10
— AZ63
<& oa=8.8kg /mm?| \o\
&lE 5
s /
e /0
Ui 3
—)—: Cu-Be —_| e
Il y ga=8.1kg /mm®
~— (9 RH)
A .
& 4340@/
& 1———0a=70kg /mm? /“JL\ o
R 1 0a=21.1kg /mm?
B V.l -
5061-T6
0.5 i
0 4 8 12 16 20
Ok R FE R

$23 ALk y v WEOBREH
FHHEMICRIE TS

6. BEEHDLL

% OEE, bIWIBELNLREL, fdkP il
(BHE2ZR) THMR ALOEELICHOAREILL
TRREHETTHE L DD, V27 V3 VIidEEOKE
T % B B &R dRL R A oV B LY, SR b G AR
BEEMObhEELSD, Al-8%Mg &&0OMBEELT
ONOFELELBE U IMER T, brudfdiRckE 5
MEDHETE & behiNERB L 5, Al-Zn-Mg &
SIIHEERAR LI ORAOBEEINDFREL, TOMEEE
EITRIESRE I N T DA, KRFEBTHEE6 L FE
B FEIE R WX 5 TH O D, &z, 3 %REKFT

LT OEICR - TH ADFERBEINT WD,
ks, W73 = v n BRI L OB 2 D%
AOKEKF I BES HNOEEL Gough hizk -
TRt T b,

Fa

BE2 ERKEEOHAENT L (SE100x7/o)

1. BEEDICXNT HBh#R

MLk 7 v =y na&EAER I X DEY
BMECETHRELWOT, REAELHT ZENEE L,

#1031 DTD5054 4489, 224 H10 449120
THREAENEEESREC T TEEYRT, 7 v s
BTE Y BERERFE(AERL 7 v TERTERETS
LESHMEMET T, BATEERy / Vv Il
DOWE L EDRNRSBMHEHEL D 555,

77 A XM FEERBECE L0 CRREISIIIC X
S Thhed <, ARPOESBREXETELOLHDTE
OESRMEY L BN, BEEF T TIHREIETS S,
HI0&4084, BARALTIRT 7 £4 2 BEKE L
H, 3%AHEKTCIIES v 282V HILAETLOL N
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kA THY, BEAEAY LRWEDEL BT ) REF
TR AETAND N, F103k0 DTDH05444 % 7076 44
IWDEMIWAFEIRER TG EFEEIN TRV, &
¥, Y29 viryeClREIyZn -2 LEBADOES
BEHOERDLH D,

B0k Yl XX T RELIEOME (R,
3000rpm) 89

TR
# " #£ W O # H B A& m | (0ED,
kg/mm?
. K& H 18.9
LMY (FESERLEL) 3 %ﬁy“iﬁy_kq: 5.0
R RAREACE T X A-F IR PN/
Bisersy 777" 12.3
DT D5054 59 v vy »(DTDE63) 10.4
A1) | Al-2%Zakfer BBBHARE g0
R =TGR b (TIF) 8.2
R B (DTDILB) 6.5
W B RE AL AL (DT DY30) 7.1
FMEABET (PR 4.4
RS LM E(DTDIR B Y v 7 7 18.9
7~ ¢ FHESE(DTDILB) Uitk b :
1 (DTD8AT)
.y 5754 <~(DTDT) 18.6
IV?‘?’?/{Vﬂ“@ﬁﬁéIﬂ‘:#"Vﬁ“Eﬁ: 18.0
b CigRi{e®, DT D5555) -
zyFFILw~, TRXVEIBRTH <
DTDN | Spiess ko (RER{D, DT |3#RKH 176
(R 2) D5555)
7w/ —NMHRY =X G 14.3
BER LA (DTDIIOB) #ikT 11.3
®H LU L% (DTD235)
7 vy v s 41200(DTDI00/4413) 8.7
Al/Znpist 6.6
Yay bE—=vImL 8.2
16
C k% 22 kg BOSIR ik
14| == HE K B s waiakd
A E#zd 4, 5000rpm
121
e
é —
o
¢ 101
@
2 gl
B
=
RO
-
4 . -
2 i

. N——

L

Fx PR WEET 54X,

) e (E 7 v oy ) HILLHE)
WEET s 74 X,
(IR EHLALEE)

E2AR HI0 4@ ORMATELEI IR TES ©

Yavlt o=y S MTRBERGREDORETHET
OEERD DO D, —PlEFREICRT, %/, DTD

5054440 3 % &HKFDOBARY ki) 5 BT S
BERARASLERDC LD, RRAFBEMIETS &
FHEMHEVD BRSO EE T L, SEIETn
KREL B L EESBDOMEITBL T %o

32
NN ST~ = ot (#3208 1
28 N s a7y 54 il
>’J>. =N SevaviE—=vr
24 T-?-' \\;,/s/ L H/ a7/ l\ E-‘:—‘/y&
e i\ eI T AT Y EE Ry -
£ 20 <2 e Y
_? "[Z:é "s/ : ARNI }jc%it?“
'R' 1 @é‘ s %;7:?: <
M > I NI
@ 12 - " /},.1’?_ - \:\;} * S
NECERAY 230 P T \s%a
P24 0.010°A: BRir: $EAR
A= 200% .
i ; b I
AENIE
10 10° 108 107 10t
# o5 E

A5 7076-T6 BLEHOKREH % & Fic
3 ko S-N fhig

8. #& ES

LB HOBAETREL DWTE LD, Bi
FES R E AR E S & R X o TED B S—Nifl
BMOMIRICEE TS Z LML ETH D, iz, BEOME
PED LD OARBEFEIFCENTAD LEELRN. — &
CIBARY OBBERA X o TEALBEL, Fhid
RELUTERTALEZLDDLITLY, BEEFTHAD
BN RIES I SR NBRAL BNDY, WM Tida®
f1D15~20% % T EIBADOFEITIT L A EFELT,
Fe SIS DVEA DB X o CXENBETTHE WD E
2FMYB B, LL, URS LIEEHENTHEED
BT, WEHOSEEEXRENTHL Z LEWI LT
bin<, FNRBESICA LTRSS RERE bOonED
IIEE & T2 B D TILARND D I '

X ik
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1. 13 L & IZ

Al-Zn-MgHR A&\, B, HElh & oREE
BEe ik DERINR AL R motc, ZZRBND
ZRKAL G358 g e BiFe Ui st b, Al
-4.1%7Zn-2.19%Mg H&&mE TEY 2, 3H/ML, B
ANV SO A ST A 2 & {, BRIV LSS
WAE VAL LD THD, Lk, HHE &EEEN
ZGA3E &V L BATEN TN S,

BB RN ZKAL 8D TEMLUEEE S L O AR
YA E DL DTH D, RPIIHM, R L OW
MW THTR o 72,

2. BMBRMES KSOEHRVRETE

EERERIIHEE M T — % - ¥~ & UTREBTIRR
To CNHORRAYENTHLOZDLD THD,

(1) ZK41 A6 0BHRE I BIT 4 R E ORRZ M
ZG43 & L D ETHBE TH HH, Cr watefho Al-Zn-
Mg #as, bHWIZQS0EENTL BB L, Tz
BRI R B BRI T B T O BB i
HIRE DT, BEANE S AMBERRICKE LD b
b E LA AOMEE L,

(@) ARENLEMOMEEITE 1 RRT, & OEITARSE
BRIz BT A, HHERS IO OEEELY & 5/cb D
Thh, ZGA3EE L D LIREIE W,

(38) EIRIESSRE 1D Al-Zn-Mg %444 < BT
BWERRE DY o Fio, UREBEREITE LN L
i F>T6>TA DR A% <, & DERITOAl-Zn-
Mg ZAEB T HREETH B,

STV =
% 3 4+ B W A B OE
H fh I AV E &5 & B
I ) R

fods, IREERF O S —Nh#id g1 Rd L 5 i
EEB10~108 OFIITHEADL L D0H YD, FREDE
FERU DFHIKAE N, ZO L5 Pk 2024-T44t 70 &
T RZT BN, MEMHEEORRZTHD 2

4) FYEENT R BEE iR v 1k Tangent modulus
theory 1wk » CTHEE Lo & 287 0 X~ %,

5) ERiinEvED T o R 100°0C 2 Z 2 5%
LAMEETL, Filo T4 S EMRERE b0
100°CHHE CHHIBE(L TR R A B 27

6) BRI A EREIZREMEL A5 ONTHA
B, ~75°C CREOEENEEDHFEL RV,

(M {ERERF5 Tear test OERRMEIL IREIMES
AR ONTHEMT S, ENONRFETLHOKLETS TR
WMEWIITIBEAE—ETHY, ENOMMBEHITHDI
B 3 X Wy 3 ENONRELFEE T o TADE
X AVNE N,

3. & o

BERER 7 v 2 =Y 248 ZKA OBATEE & #i
PIFEMEE 2 BA B 0E Lic, KA ZG43 44 X D sREEH
KT, BEEMENTWEONBEETHY, RERSCE
B35 LEWThD, ks, MANERHRE7 vIi=Y A&
A&E 400D L FEhs LT D,

X 53
1 ¥, M Ak, 6-3, (1965-7), 209
2y FFF, W, W, B 0 KRk, 7-2, (1966-4), 114
3 e, W, I B, R
4) B, YT BEIERES, 61-479, (1958-12), 1467
5) C. Panseri, L. Mori : Alluminio, 31-2, (1962-2), 61

g1 &2 REMLBBOEHR
T vy oan | v BRsME (07, kg/mm?
BO® 4 : v
oWl w o | smmey, | e | w o os | 7 F T gy | mE oy | TEEY (Vevs®)
2 2 e
kg/mm kg/mm % kg/mm? 10/500/80 kg-m/cm? (NERY RO & R,
T4 28 41 16 97 6 16 11.7 14
7250
T6 42 48 15 128 5 17 13.4 15

*OPRE TEEEA
iR i
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465C X Th # 5 150C & T or- o
35— HEIE, WEE TG, — §
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© 24hr K5 NS D)
> i 120°C X 48hr 284 a5 6
Y ) u
£ 30 A \ =
) | 3giis 7 € 30—
Né < ol /
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2% - 25— P
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5 X & A
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é 20| i 1 : 20: —
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15 —
—
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, ki 002 0.1 1 10 100
0 30 60 90 120 150 180 WA B K
465°CH 5 150°C F TOHHFTERR, min
%1 BIEMEE Ik JIE AR O FEIR CFEEEhR (20°C)
45 I 50
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s N S § i
4 M’W’H 45 N 7
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© I S -
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=
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“ - " Taocs ey 20 i 0 avI60T Hb &L —
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T3 = AA4 ZKAL o ek e
2) BlEREME,

hey, HEE yRBRAAHFE

£ 2 % 3 ¥ B A
El 3 P BT
¥ B # ] ;
& i G m ® s O, | slman, D, | M0 e, ls v, w0
kg/mm? | kg/mm? | kg/mm? % % kg/mm?
F FHAER120 B AR 34.8 49.0 56.6 12 13 7170
B 7 A T4 460°C x Thr k@50 B RIRRD 31.5 47.2 54.8 i2 15 7170
T6 | 460°CxI1hr %, 3 MR 475 51.6 69.0 14 35 7110
120°C x 48hr 224
20mm ¢ HiHikE
F P45 E IR 32.8 46.1 52.6 13 14 —
= ¥ B T4 460°C < Thr K& 45 H MR 29.2 44.9 52.7 12 15 —
T6 460°Cx 1hr 7k, 3 H WA 47.2 51.1 65.2 13 30 -
120°C48hr z2%
F $ 660 F IR 31.9 45.1 50.8 10 13 7300
sbmmeiit | ® M C T4 | 460°Cx Thr KHrd0 F i) 31.8 46.2 52.8 11 14 7350
T6 460°Cx Thr ki, 3 B3 48.6 51.9 67.9 13 34 7340
120°C x 48hr Z¢#%
WL A 28.9 43.5 51.6 15 16 7400
FALE B T4 460°C < Thr 7K# 50 0 % 24.1 41.0 — 17 — -
B C 24.6 41.9 — 16 - 7350
TRIHIB S
W AE A 460°C x 1hr %, 3 B 45.4 49.3 62.2 14 30 7270
WAL E B T6 . R . 40.2 46.2 — 15 —_ 7290
Wk C WAh:120°C x 48hr 2z 42.1 £8.2 o 14 — 7210
FEFEICTAT |y | 46000 Thr sfs 30 5 1S 29.2 37.8 - 15 - 7230
EHEH RN A 27.8 37.5 — 18 — 7360
4 mmFIER
FERE N SEAT T6 460°Cx Thr k&, 3 R 42.0 47.3 - 14 — 7200
R i i Ay EEsh#120°C x 48hr 224 41.3 46.4 — 14 — 7210
ERBEISET | 1y | 460°Cx Ihr k60 F L) .5 5.2 - 16 - 7240
FESE A 1T £ 25.4 38.3 — 20 — 7300
12mmEER
EESET A I SPAT T6 460°Cx 1hr x#, 3 BH 39.8 44.2 — 15 — 7200
FEFEDS MU R eh120°C < d8hr 22 40.8 46.6 — 14 — 7240
EERRFICTT | pg | 4600 Thr k60 A IR 23.8 5.3 - 1 - 790
FESE 5 i i fa 24.2 38.0 — 24 e 7280
25mmE HEH
FERE 5 i S 4T T6 460°Cx1hr #, 3 HE 37.5 44.9 — 17 —_— 7190
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TV = v A E& ZKAL OEERR MR
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T B8 47 WY B # OR o B
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T4 97 m 58 —
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ToU s = v AHE ZK4 @%Wﬁ’ﬂ'f“’ﬁ

# 4 3k 12mmFERT 4 Homue
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°C A ] B i C 1 D /
|
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U R,
T B W T4 x & & 22.8 16.5 13.4 0.31
Ey 3mm, P A i ol =
T6 25.7 19.2 14.9 0.30
W o
vavrH | e | 23.7 17.4 15.1 0.40
T4 FERETF 18 i AT P
(ocom) - EROE . 22.9 14.9 1.7 0.51
dmm FE E K
R 25.2 20.2 17.6 0.37
T6 EEH AT x & #
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S = v afE ZKAL OBk e
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TV = AE4 ZKAD oM HE

B 7 F 20mme FNHMED KIS HIED

MREON T, | W BN W % i B, kg/mm?

P, #® %, F % T 4 # T 6 #

mm G 105[m 1005 107 105[ 1007 107 105[ 1005 107w
(o0) @ (24.3) ar.mn (13.5) (24.6) (19.9) (17.6) (28.0) (19.6) (16.7)
1 1.9 17.7 12.0 9.8 20.0 15.3 1.1 18.0 14.0 11.8
0.5 2.4 17.6 12.6 8.2 22.0 14.5 10.1 17.5 13.0 10.5
0.25 3.2 19.1 10.0 6.7 22.6 14.5 10.4 19.7 1.7 9.2
0.125 4.1 18.8 10.5 6.1 19.0 12.8 10.5 18.5 10.8 9.2
0.06 5.8 19.2 11.6 6.2 23.7 12.4 10.5 14.4 10.3 8.6
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(8-3.8)

7ou 3 = v a5 4 ZKA1 oS E

5 iR, KEICHSH5RMEE SEHEE

# 8 x=  20mme IHFEGIMB)DEES & ERICT 5 A RIEEO
= B lhr ## ¥ 100 hr  # 500 hr # ¥ 1000 hr & #%
noa e W, | BEEM, | Moo, | m o, BUEEERY, | Mo, | @ U, | By, | #h ¥, W U1, | Bl | v

°C kg/mm? | kg/mm? % kg/mm? | kg/mm?® % kg/mm?® | kg/mm? % kg/mm? | kg/mm? %
—196 40.1 60.6 12 - — — — - — — — -
-~ 75 34.0 48.4 14 — — — - - - — - —
O (32.8) (46.1) (13) — — — - - — — — -
100 28.2 40.1 14 44.1 49.2 16 48.3 50.8 16 47.0 49.8 17
F 150 34.6 37.4 23 32.8 34.5 24 26.8 28.8 22 24.5 26.8 24
200 23.7 25.2 29 16.5 18.2 38 13.3 14.8 46 12.6 15.0 7
250 14.3 14.8 39 9.9 11.4 57 8.8 10.6 - 8.8 10.6 68
300 8.2 9.3 66 7.5 8.6 86 7.0 8.6 82 6.4 8.0 88
350 4.6 6.1 108 4.6 6.0 119 4.8 6.2 112 4.4 5.8 115
—196 38.9 60.3 12 - — — — - — - — -
-~ 75 33.7 47.5 13 - — - — — — — - -
W R (29.2) (44.9) (12 — — — — — _ _ _ .
100 25.2 38.2 21 41.4 47.5 18 47.5 51.0 17 47.0 50.1 17
T4 150 32.8 37.0 29 31.6 33.6 27 26.4 28.7 24 24.2 27.0 25
200 23.0 24.8 33 14.9 17.1 38 12.6 15.2 45 11.8 14.7 48
250 13.7 14.7 42 9.8 11.6 65 9.0 10.7 70 8.7 10.3 78
300 8.2 9.1 77 6.8 8.4 88 6.8 8.5 87 6.6 8.4 72
350 4.4 5.8 112 4.6 5.5 122 4.8 5.9 142 4.4 5.8 110
~196 57.1 65.2 15 — - — — — - — —
~ 75 48.0 51.8 15 — - - — — — — — -
R S ) (1.1 13) - - - - - - - — -
100 43.3 46.4 18 44.7 47.8 16 45.8 48.3 16 45.1 47.7 17
T6 150 36.5 38.8 25 32.1 34.3 21 26.1 29.1 22 23.8 26.7 23
200 21.8 23.4 33 15.0 17.0 40 12.7 15.5 42 11.8 14.8 45
250 13.2 14.3 40 9.7 11.3 60 8.8 10.5 67 8.5 10.3 68
300 7.8 8.9 75 7.5 8.4 82 7.0 8.3 — 6.8 8.3 82
350 4.8 6.2 107 4.7 6.1 102 4.6 5.9 135 4.5 5.9 113

1) AERERN CETRI 6.4mme, B (2) —75°C % L 08—196°C OfFFFHMIE 10min,

B 9 F  4dmm FEROEES L OERIRE Y 25[EHHE®

2* m T4 T6
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