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Development of Aluminum Beverage Can Stocks
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Satoshi Suzuki
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Hideki Matsumoto
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Akira Taijiri Toshiki Muramatsu
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Weight reduction of aluminum cans has been achieved, year by year, by means of reducing
can end diameter and improving shell form. This paper deals with the earing control technology of
can body stock corresponding to reduction in can end diameter and the manufacturing technique
of can end stock corresponding to new shell forms with a high buckle resistance. In terms of the
body stock, we have improved our tandem hot finishing mill in the Fukui Works from the three-
stand to the four-stand, in order to obtain a high orientation density of cube in the hot band, and
have developed a low-earing can body stock using this hot rolling line. In terms of the can end
stock, we have developed a high-formability can end stock by controlling the second phase parti-
cles and the final cold rolling reduction. Recently, weight reduction of cans and decreasing of can
stocks thickness are apparently stagnated, but new type aluminum cans have begun to appear in
the Japanese market attaching importance to environmental issues, re-seal function and design.
So, it is anticipated that new characteristics will be needed for these cans.
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Table 1 Chemical composition specifications of alloys

for can body stock. (mass%)
&&%|Si|Fe Cu Mn Mg |Cr|zZn | Ti | Al
3004 |0.3/0.7 0.25 1.0-15| 0.8-1.3 | — [0.25| — | bal.

3104 |0.6/0.8| 0.05-0.25 | 0.8-1.4 | 0.8-1.3 | — [0.25|0.10| bal.
F)BEERL TOEVWEERFHFRRFEERY

®2  ERMOBETIE

Table 2 Typical manufacturing process of can body stock.
TIiE% I
HOT /Ny HRBIEE—/N Y Fheshi—aEEE
[ CAL HREEE—/SEELE—~ CAL—~SRBIEE
HOTCAL A EIE—~ CAL—~/SEEE
Bkt HEEE—SEEE

a-Alp (Fe, Mn);SitlIcERE S &, L &M% m L
S5, TORMMBITILE TSN ZA, HOLES LARED
BAEZOBWBEZFN L CHERSEL720, 20
WERENIERE CTH D, T2, BMEEESMFIC L) B
SRR AL B 720, FOLMERE b B RGN
HETHDb, DL GMrisz LML it L
7o, WHIEEDHE S AURFARE & 7 24%, 2 OBSEH
FEHE D HL ) L % AU L Cesg (bBER & [ %5 720 [MAEIR
A D, SNICLVEZZREEON EAK SN,
COHBTT Y MEIE, VA A NVIEMTRbILS,
2.1.2 FERMHFEOEREFY & B

E ORI 70 2 ORAIK & & TR BT 5 HE

COHRTHRIIFFICEEZZRFEO—2THY, H
AE & B O AR ICE AR Lz, )3
TEEORAZBE O M) I V7 EERELCKRELRL
TR ol b0 F O 2EL b, $72, LTE
I H O imilost €y 4 ANIZIRALE ¥k —
VT 747 (B, w23, FIEETIE,
FEEALIC L D 4 v 7 OB RSN 7 7 » V%
OIFIESDEPRKEL R L72OFIMRE DTSR SN S,

WA H CBESIM O B =312 > THHT %,

TI%x2T

< )]s O 3- M3

HvELY BRY,LZE bUIZT xuxLg T2 T

l

- hyESTER - ER “xyF2IULD

- O AR AP0 - K

“HyTLb AR RLLD I

- Hy TE . 25 - 77 V8N
cFTAT TS UVRIESDE

3 EHROKRTIFREOENXK EMBES
Fig.3 Schematic diagram and problems of the forming
process for can body.
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Fig.4 Relationship between earing of cold rolled sheet
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Fig.6 Relationship between rolling speed in the tandem
hot finishing mill and orientation density of cube in
hot band.
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Table 3 Chemical composition specifications of alloys for
can end and tab stocks. (mass%)

&4%%| Si |Fe|Cu Mn Mg Cr Zn | Ti | Al
5182 |0.20(0.35|0.15/0.20-0.50| 4.0-5.0| 0.10 |0.25/0.10 |bal.
5052 |0.25/0.40|0.10/ 0.10 |2.2-2.8|0.15-0.35|0.10/ — |bal.
5021 |0.40|0.50|0.15/0.10-0.50|2.2-2.8|0.15-0.35|0.15| — |bal.
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Fig.9 Schematic diagram of end forming process.
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Fig.12 Relationship between the number of second
phase particles and bend-stretch strength.
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Fig.13 Relationship between final cold rolling reduction
and bend-stretch strength.
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coatings).
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Fig.15 New bottle can. Fig.16 TD can.

17 TEC200 18 H14vYHhy ME
Fig.17 TECZ200. Fig.18 Diamond cut can.

19 XXM FIE—KRE ®20 FP&
Fig.19 Spiral bead can. Fig.20 FP can.
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Effects of Microstructural Features of Grain Boundary on the Bendability of Al-Mg-Si Alloy Sheets

BE HF M ®mE

Yoshiyuki Himuro Katsumi Koyama

BEE/NXIVAMBE LT, EREM IR TRIEILY 5 Al-Mg-SiREEDIRANIEZ T 5,
Al-Mg-Si R & &ttt ld, BREMNTROMEEBRT 5 LOISBEHMMEEANRIBS h 218, BRI
RN T&ﬁMIéﬂéoZZ“ TR —INXIDBEICE, HIFMIROMENENER S
BERFEND—DOTHB, AMETIZ, BREFDEOHITIMIMEICRIETHRITEN EPFZOTEE
AU 7o RIFUERES, BMERRRICEANDRAEZ S C5KEDRANNIEEZR T I EICL >
THEL 2o BANSEREDET®, BANFUIEEDO LR X, BEANREBRONFEZBIRT
5, ZOFER, HMIFNTORICHMRA CRABEIREEL, ChPBRELE-TENICESZ LD
PH ol Tz, BREVDEOHFEEICRIZTPFZIEOTEEIRBO SNED -k, AARDER,
BN MEOR EICERAMEOIFIN EELFZMD—DTH B Z N DH 57,

Al-Mg-Si alloys are increasingly being used in automotive sheet applications because they
show age hardening during the paint-bake process. The alloy sheets are usually solution-treated
and guenched for good age-hardening performance, natural-aged at room temperature, then press-
formed before paint-bake aging. For outer panels, one of the important requirements for these
alloys is their ability to resist fracture during bending. In this study, the effects of grain bound-
ary precipitates and width of precipitate free zone (PFZ) on the bendability of natural-aged alloy
sheets were investigated. Five types of quenching patterns including step-quenching technique
were experimented after solution treatment to control these microstructural features. A lot of pre-
cipitates, which resulted from slow cooling and step-quenching at high temperatures, facilitated
the initiation of cracks at grain boundaries during bending eventually tending to decrease the
bendability. The influence of the PFZ width on intergranular fractures was quite small in this alloy.
These results suggest that suppressing grain boundary precipitation is one of the key techniques
to improve the bendability.

N - Outer panel
T &I ‘p

IAE, HBJHEORE M LA B, K74 80 00 H
L& L7ZHBEISAD TV I = A& S ORI X
PIMLTwd, SNETHEHERT 4 XK VHT WV Inner panel
IZ Y AEEITE, B B 72 5000 5% (AL-MgR) 1 A3 IMTROERE
BEDNLH ST WD, Tl Tl a i s Fig.1 Schematic illustration of hemmed flange.
AL (=2 "= F) 95 6000% (Al-Mg-Si &) &% K

M 258 7> TETWBH D, ALMgSiAE4E7D BT B Z 9o T OBRIZIE, 77 & —/38 )b
AT 730NV E LTHWONEEE, — i, Fg) DFEMWITFTA v F— XA N ZFHRATHLLDO L[ AN
ALV R TEIR T B 72002, T A — 7 THRALBEA UL L EER S T L2 2 h 5 (B1). 6000%
HABEND, SNETLAA—H TR L, & A &IZ5000R2 A& L B L CHIFIM LIS ->TB Y,
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5, KSR D T TSR E T 2 —2DRTFTh 5
LEZbN5b,

— &l MRS B 2HRL TR, M AT (PFZ -
Precipitate Free Zone) DUEASk FaGiE (Z B 5 £ 5
TRFEEZ LTS D10, PRZFEIBIIAIN & K
L TR 720, £ 0sgZBid N LRRIALE % it L C
KN DIREE & E O 72 BN D, —T5, KT 4 75%
WVH ALMgSiAEG4E, BANLE L TrolnFimLIs
N5 FCTOMICERTHARRRIT 2. HARRERHIZIZ 2
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EHRL) SHWEP AT LT, KANIZIZZ 725D
W, RFRERE Y T 28 3 L 72 PRZARDTEI S 1L
TWLIZENRFRREND, 20720, HRFERIKETD
PEZDSRLF BRI TeBE L T B IR IR E T & 7\,

Z ZTAZETIX, Al-Mg-Si& 4t o i s
BTSSR FHBOREZHET LI L2 HWE Lz, #
FURHARIL, RS R BE AL, b St &
Tifi 2 DI CHIBATTRE T 5 A%, ARBFFE TILEALAL
HBEOBEANSH CR I ZRIEHS 22 & & Lz, 7
B, HMICBRAIUSEISE R LE T 57200 TR R L5
2HRLT- D L PRZIROW 7 SRR 22 LT, i 4 @
HF OB THIHRETE 2w e PRI N20, B
ANHETLER (R 7 v 79 H) 12 L AR o I b
Aaiz, I, AT v TEHHIEIC X o TEITK R
B DOBEA BRI 2L LI EE DAL L, KRB PFZ OIEDS
FIHCE AL EZONIDTH D12,

2. RBTGE

RN TALFHL O A GEF I B LR, 24
HE, W RIERE A i L CE S 1.0 mm OB A /EE L,
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HELXHWTREANELIT 720 —#1260002 6 41385
ANBESZ D/ NS DT, KFOIEIMZEETHHAND
fibhTwbd, 22T, BEANEIR2D X512, BB
23 A MROKFZIFZZ T —2REMFTCTEBL, S
SICHBEESCHBERMAZTIHT 2210k ->T, B3I
IR L) HEKEDOBEANM 27, EinF THEAH
WL 72 NQLIM, NQ2# B L UTNQ3# D F-3ge Kl
X, ZhEhdd, 158 L08 K/sTH - 7z (HilimH

=1 E2DILFHK
Table 1 Chemical composition of the alloy. (mass%)

Si Fe Cu Mg A
0.99 0.11 <0.01 0.60 bal.

Sample sheet

Spray gun

F2 X7L-—BAhOERE
Fig.2 Schematic illustration of spray quenching.
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3 H#SHEXTy TAHNDOBEANERE
Fig.3 Normal and step quenching patterns.

MEFRTH)o T72, Low-SQH & High-SQ#11E, NQLAF
EF U E TP, #2237 KB LU
473 KTl 2 il L T L72 (A 7 v T Hb &
T5)o ZO%, FiTT7 dOHEKRKEILILZ T, T4
PEE L7 B, MESRAERITEIANEHICED ST
50 um & ZZFEEFET, WO MIFE KT 5 BT, W'
FHEORZREIC L D HBIERTELLEZ LN,
TAFEM O 5 [5REER & i FHERE, FEEH NI L
TFATO JISS 5B & IV TAT 5 720 HEIH OAMK
LTI, BRI BIOERIVHLUNMISES NS, £
DIz, NI YTIMLEIZTIED &2k~ T 7 Y
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MILAMbsZ e Ed, LzA>T, MIFHERTIX
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AR BSOS R, EARE TS (SEM)
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X4 ho N TR A fi L C T6RREM & L7z 1T, *iL
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3.1 RIFERE
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Wc, BigL7-H#FHN TIREASIH R Fe R 0L & WA
ﬁﬁéﬂ ENHo7ze BEANEEDE HBE O T I
KR FE > Mg-SiRILEW OFAEINS 2 A
ARHENLT LML, TNHIETFITHRAIUGEFIIHTH L
bokEZ5NL, 72, Low-SQM DH R EMg-Si
FALEWIENQLM & FARIZ A % s, BE AR D
BV High-SQ M DR 52 1E Low-SQ A & i L T4 < »
Mg-SiRILEMDB L TV 2O ERS, AN
WV O 5 HN L A *lﬂ%af b, #5473 K25 Otk h

—

.

X4 AT D High-SQ 40 PFZ 81
Fig.4 PFZ structure of artificially-aged High-SQ sample.

‘ =
NQT c!»“ff‘ i :i‘rg,
NQ2
NQ3

Low-SQ

High-SQ

5 T4REROZ/BRANMORTER
Fig.5 Microstructure of grain boundaries of quenched
specimens (T4 condition).

WRLFATIDSEE U B 2 &V h b

T4 50 E A O PFZIEABH B TP uﬁaTé ERTER
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AR L7ze RICIZ A TR AT L7z &z
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FAEL TR, RFGEHIZIE I A EH%
N WPFZAFTET %o PFZOIRIZNQL A TH 60 nm,
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BEAAGE HIHE O T IV PFZIRASIA < 7 2 [\ A3

RO, T2, AT v THHEIL 72 Low-SQ, High-SQ
# O PFZ ORI Z 21490 nm, 80 nmTHh - 77,

F 2 TN ORI O R B 2 R212F L7z, HAE
HBHEF TR, ATy TEHZTH) LI > THA
DFE T b o TR T S e £DOHTY,
NQI# & Low-SQAM % [L# 3 % & FIZPFZ DOIRIZZEDS,
Low-SQ# & High-SQ# % ik % & F IR T i O
BIZEDRD Y, ZNENORFHUIITMALIHIE S 72,

3.2 BIEREFMEEHTINT M

T4 ED K BEANM OF [BRHABRA R ZE 6 127R T,
ﬁﬂ)“%ﬂﬁﬂ“ﬁ&k“(iﬁﬁﬂﬂi‘]‘i HETLHTFTH LY, BE

SR ZTOIRFEZIZE A EEILL o7z,

.7 2, TAFEM OB Wi 27~ BEANE
HHEEOBRANQIM TIREINDIFEALEL TV Wnds, &
HHEESEVWNQ2, NQ3M TIEHINFEAE L7z, 72,
Low-SQ#MF#EINS Z & 2 CHITIILTE 7248, BAN
R EE w5\ High-SQ M TUEEI Ay 54 L 72,
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K2 FUFHER TN TEORIE
Table2 Relationship between microstructual features of
grain boundary and bendability.

NQ1 | NQ2 | NQ3 | Low-SQ |High-SQ

Amount of

precipitates on | small | large | large | small large
grain boundaries

PFZ width (nm) 60 110 | 160 90 80

Bendability good | poor | poor | good poor

300 35
‘_‘_‘\. El ° 1

250} TS

200 |-
= 2
o =
= S
= 150f =
> YS 2
(%) o
= w

100 |

50 |

0 L L L
NQ1 NQ2 NQ3 Low-SQ High-SQ

6 T4AEROZHEANMOEIRNMEE

Fig.6 Mechanical properties of the quenched samples.

Low magpnification High magnification

NQ1

NQ2

NQ3

Low-SQ

High-SQ

7 ETHEEBRA ORTEAER

Fig.7 Cross section micrographs of bent specimens.

33 EhoRELER

FHNoORLZHO T2 BT, BN OXH
Bl T o720 B8IZ, 15% DR AfF5-&IE NI
180° ML F AN L > NQ3# & Kl 7> & Bi%: L 72SEM &%
Yo 15%DFIROT AEMG3 5 &, fkEICES
BRI DR D720, B8 (@) D & ) IZHUE I IZM
ML, BRERDKANBNDL £z, AR TIE
HHD, ATV DOOENL, SH12180° D
BTN T 2 0 L 7230k 2 R 2 8%t 5 &, X8
(b) D &) KA EDOBUNT T v 7 3G SN, £72

P Tension direction

8 iR L= NQ3MOFEFIERE GRAME) O SEM&
(a) : BI3RZEM%, (b) LV (c) : HITINIIHE

Fig.8 Tension surface morphologies of NQ3 specimen
(a) after tensile deformation, and (b, c) after
bending deformation.
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HERIZIZE AW G L Twb EE 2 b,
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Through-thickness direction

\..

Width direction

oo

9 NQ3MOEFEI N
Fig.9 Fracture surface of NQ3 specimen.
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Fig.10 Shear band structures of various bend specimens.
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Effects of Microstructure and Arrangement of Dislocation Cell Walls on the Yield Stress Anisotropy
in Al-Mg Alloy Sheets

EAE AR R
Takayuki Sakuma Toshio Komatsubara

BIZAE, IV =) LEEMOBEXREIME G, EEABICH L TET, BA, 45°07[E THEHEHD
RE2, DL EHRREIBAMEFEN TV S, — RIS, BAMICIEESEBR(BERANOEHEES)

WREGHBERIZTEEBEINATVS, LAL, FESBEUMERD X -RBERMOBRRTHD
EAMESIZRCTIEEREL

AMRTIE, FEEMEEICZHEINATWSAMgEEIROBRRICHDEAME I /OB c &Mt
IWEEDEFIDE =D SARFT L7z ZORER, B2 LICH I EAMELOETHIISEEEICEL - T
BASNADBROGEM VBN 2 TIEVEEBERIBZENMRAOSPICE >/ LAEF ST, B
RISHDEAMEEFH T 5(C1F, MIHWETI JOBB BN IVEINEREILT S EPRDE
BTH5,

Strength and formability, for example, of rolled aluminum sheets show different values in accor-
dance with the relative angle between the tensile and rolling directions, i.e. parallel, perpendicular
or 45° to the rolling direction. This phenomenon is called anisotropy, and it is generally under-
stood that crystallographic texture has a significant influence on the anisotropy. However, we pre-
viously reported that dislocation structure also caused yield stress anisotropy in non-recrystallized
sheets. In this work, the yield stress anisotropy in Al-Mg alloy sheets popularly used for can end
stock and the like was studied by microstructural observations including arrangement of disloca-
tion cell walls. As a result, it was found that the change in anisotropy by annealing was strongly
affected by the type of initial dislocation cell arrangement introduced by cold rolling. Therefore, in
order to control the yield stress anisotropy, optimization of the microstructure and the dislocation
cell arrangement with appropriate thermomechanical treatment is the most important issue.
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L, S B R VEE X § R ZRAOIEIIAKE <, L7203 o> T, SEETERTMEOECEN LIV 3%
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DB 2T B 05, BRI TT 55 P30 [ Ik
DEF LITEL S,

Db Z bid, k4 R VRO IREE TRERIG T
BEUNRKRELEDLLZERRBE LTS, Lzt
T, WAL VIR O RS & RIS ST 571 O B AR 2 Rt
B, I 8 EoRIEsSETE %,
Z 2T, EiiED Al-Mg, Al-Mg-Mn, AlMgFe&&%
VT3 7 ol & A VORISR GO BR T 8
L, WS HEIEER & BEZ £ UKD IR B % MeET
L729,

RBFFE TR OMENEIIM 2, & BEIER O BE
HELICK 280 v VA D2 AL & & 8 E T B R
(TEM) THBI%E LT, INTALKR & R 2 & © R T
T ORI BT % BIZHRET L 72,

2. KBRFE

2.1 HFEMITHNE

FEHAILMg &L IERIZIE, FEFAIHE L8
fitv, AW, HASEWEZORDIZEETS
Deformation Zone, & SN EAFHET b0 FE
HE SRS EZBET T 5720, R1IIRT 3FEHD
AlMg & &2 FEBREODCHEM THEL, 2071
£ 2 T03 mm/EDEHEERZFR L 72,

IV UMM ORI A RE CER D720, BET 8
BIFEHERT O EAL & NBILEE, S 5 I1ZI3EEHRY. 9 D%A
ERULSAAIBERE LIREARE S ICE 272 B
JEMEHT OBSLIEECH I D53 2 fIE L, HhHBEZR F L
TILFAE SR 4 A& GI L 720 g, s oz

*1 Bk S10X a=2ln )
Table 1 Chemical composition of specimens.  (mass%)

Alloy designation | Mg Fe Mn Si Al
4.5Mg— (F,C) 4.51 0.06 - 0.03 bal.
4.5Mg + 0.5Fe 4.51 0.53 - 0.04 bal.
4.5Mg+1.0Mn 4.51 0.07 | 098 | 0.03 bal.

45Mg—F, 45Mg—C, 45Mg+05Fe, 45Mg+10Mn &
WEFR L, FR3IZI 7 DAL OB T A O H 1208
LR L7z

45Mg— (F, O) & B L AT i 3470 <, i BEZe
F L CIIFRE A A X2, WHEEROE AR
DEEEZZ, 22T, F, CRFNENERSRT A X
WHEWEELEREWEEERD T, BT 1RSI
EHERIGELLoTT NIy AP ADMEEFe (X
B BH, Al-Fe2 LA 4 Tl Fe OREERAWE { Pk
FETIII AR 005 mass% T T LPREVATE 2\, 45Mg
+05Fe D& 121E, COEBEREKE (B TFe %2k
L, &R AlFe-(SD RO % % i S €72,
45Mg+1.0Mn i3 Mn A3500C 3 5 O i E e K OH7
ARTIZEEZFAL, AlsMnd L < IIAH Fe, Si %
&t a -Al (Fe, Mn) Si % #A[ HE HERG 0O BUILEE THT H X
726

2.2 INBSLIBEONFIABEEHER EEEFe, MNED

HIE

HIOWE /A DWGF 5@ E 20 ) LT,z
B 0 & W & 0T ) 0 53 A %O AE B 8 (OM) THR
L7270 20C X 1 mind/N—F — LB 2, 50T D 10%
HsPO4 i H 123 mini B ZRIEL T2y F ¥ 7 %175
720 F7z, BYLE MBI O Fe, Mn=id OM 8
KRB L ZZF LGF AL Z DL, 27 o

%2 B O THANIE
Table 2 Thermomechanical treatments of specimens.

4.5M
State 9 | 45Mg+ | 4.5Mg+
F| C 0.5Fe 1.0Mn
Homogenization
(C—5h) 500 450 500
Pre-heating
(C—2h) 530 450 500
Hot rolling 70— 4 (mm)
Cold rolling 4— 2 (mm)
I?termed!ate annealing 400 | 550 550 550
(C—1 min)
Cold rolling 2—0.3 (mm) <85%CR>
Final annealing
(C—1h) 120, 160, 200, 240

3  HH0I 7 0EBNEE

Table 3 Microstructural characteristics of specimens.

State Before cold rolling 85% cold rolled state
Characteristics Grain size Shear band (D(;%?E;iﬂtiziie) Fine precipitate
4.5Mg—F fine few few few
45Mg—C coarse many few few
4.5Mg + 0.5Fe fine few many medium
4.5Mg + 1.0Mn fine few medium many
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J = VISR BT 10 THlE L7z,

2.3 85UAEMRDE AN, REMOTHMBEE

B AR 12 120C ORSIFHCT7 dBULIE LT, f#H
7 & D AL-Mg AT A % & AR ISR 1D, 12
HTOMTHEIZE L7, 25C D 10%H3PO4 % #1230 min
AERREL Ty F 7 Lz, SO AiidELR
F BB (SEM) TBIZE L7z 2bH 3”\er77—[5]
Wrim CTEIEE L 72,

24 TEMEZE

FIRLI 7 oM OB A ERE L, 85% i
WEBER T Lo VLR E 77 L 1 g%
TEM CHIZ 720 R X T/RT45Mg + 1.0Mn I3 EIE
FIANARR L 7zdmfir b )by & e & L CE&fikic 2 b L7
TV A V%, 45Mg + 05Feld S B E ) OMEAE
b i Blig L7z,

25 5IREER

85% I HEM & A% £ LA S, JEIET ISR LT
0, 45, 90°HIANZHEAE 2 ) ML, JIS5 ikl % /Fi
LT, OFAHEE6T X 10-3/s THIIRABRZ 1T o720 =
HET O R R B IR BUE 12 £ B AW NERO N TR O
= B *H?ch@ffﬁﬂj £ 2RI, 19 D 5 % 1R
TI#F 5720, FEREHA2, 3dUMICIIEIRRE 2 T L
72

3. EREREEER

3.1 &HFOOM, SEMiE#E & EEFe, MnE
B 1 1N E L % it L 72 853 o0 S R W & AT W O 45 A
ZRTOMEBEREYL, RA4IZEHT =) — )VAHHETHEL

4.5Me—(F, C) 15Mg+0.5Fe |
M ﬁ'*’J e
L i ;
]4’f § “. 1 5‘( Tizi 3.

. / R ’ "" o = (8
8 i £ | -fz L .‘\..r "f" -

s0um
K1 AISALIEEDERO S HY & AFEY DS T ’
Fig.1 Optical micrographs showing distribution of coarse
particles and fine precipitates after pre-heating.

x4 T 1/ —IVBRARANE TRITE L -85 & hnst
MIBEDEBFe, MNE

Table 4 Solute Fe and Mn concentration of as DC cast
and after pre-heating in specimens measured by
phenol extraction method.

State As DC cast After pre-heating
Solute element Mn Fe Mn Fe
(mass%) | (ppm) | (mass%) | (ppm)
45Mg—F
- 54 - 45
45Mg—C
4.5Mg + 0.5Fe - 212 — 15
4.5Mg + 1.0Mn 0.687 53 0.236 1

785 & MBULIR O Fe, MnE %R T,

45Mg—(F, CO) IR Fe, SiowZET, WA LI
13 Al-Fe-(Si) Mg Si & # 2 65 a8, kKNI
FENRSHEYWoOZ Yy F ¥y b TRIZEOLN
%o 45Mg+05Fe iZE A Fe =2 DA E»SH S 227 &
IS, RINL72Fe®90% 2B B 12 L7z £ <1
AlFe-(SH & EEZEZ NS,

45Mg+1.0Mn ® 83 O [E 7 Mn = 1 0.687 mass% T
Hote L7205 T, #9503 mass% D~ > H > HSk[E
R L7222 &2 B0 HIZ, INEVILELE O 7 Mn &
130236 mass% F TILF L7zo 24 £ IE /T O iV 2
T045 massBT L DR AL EFE 2L 5N 5,
TD7®, KMNIZIZHE <D AMn b L < it a -Al (Fe,

Mn) Si OFF P AFRD S5 .

R21285% i IEAL D& A WT & d ) O 534 & 7R o
F7o, FHICRAEL um ML Eo S O b Lk
L7z 45Mg — CidHh B £ L CHFIHRER 85 um D
R 2 A AL SR S 72 20728, 85%
HECIIHR R A2 BT 2~ 7 08 AW A% 158 E
L7215, Mo Tid, TSR LEOFEREL
10~20 um & /NS 22 L KL, 45Mg - F
120 pm, 45Mg + 05Feld19 um, 45Mg + 1.0Mn i
12 umDFRARII R o720 D720, IHK % Eil5
Ao agAWETIE, 45Mg-CO L HIZITEEL %
o725,

i 13 45Mg + 05Fe Tl b £ { Ao 51, 45Mg
+ 10Mn, 45Mg —(F, C)DNEIZA 7% o7z LD
HETOEEETHC R Z S AlLFe £ 7213 Al-Mn A D
16 25K & o TB Y, B S MgSiod
161X LB 70 o 72

32 BMAEFUICKBBRRICHERFHDOEIL

RBIZERES AR L Colak % 0, 45, 90° 1A
BRIGEOREZ T LICX BBRIET (YS) oZE L% R

45Mg—F [ 45Mg—C 4.5Mg+0.5Fe | 4.5Mg+1.0Mn

Shear
band

Coarse
particle

1oum

X2 85%4&iERDE AR EREHDAH

Fig.2 Optical and SEM micrographs showing distribution
of shear bands and coarse particles in 85% cold
rolled specimens. Area fraction of coarse particles
(Acp.) larger than 1 um is also shown in the column
under the micrographs.
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45Mg—F 4.5Mg—C
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o
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200 L1 L L L L
600
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500 o ——— 85%CR ---- AYS
35

annealed
at120C

il L L L L L
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3  85%ALR & EIERL % LIRDESIIRA R DR

Y]

Fig.3 Yield stress of 85% cold rolled and recovery
annealed sheets with different tensile direction.
Yield stress anisotropy, AYS, was estimated by
subtracting minimum yield stress from maximum
yield stress.

o~ \
160C °
200C 240C

To F72, KEHMTORKERIE) & e/ MERIG T D7
(AYS) % BFIHICREH L 720

AL o T 7 DRI KR E SRR 75,
HIEHEAR O BEARIS AT o8 TH 0, 90° Al
TASHMMR e F 72, WERDOAYSIZIBR T % B #
TAH~ 7 ug AR, S ST v
45Mg = F 25| b/ Sy,

BT LA L BRISIIIET 34525, #Kkiboz
B & ICTR Y, TOME, BELE LEEICL ST
AYSIEZAL L7zo 72, AYSOZALIZKE L 20D 7 )V —
TNz, 45Mg — F & 45Mg + 1.0Mn &, & %%
% LiRE T CIIBRIS ORISR D05, B
WBEZ F LIRER BF S & I BmAHIIRE oz,
—7J7, 45Mg— C & 45Mg + 05Feld 7% £ LiRIED
LB BIZONAYSIIINE L B o7z,

E41285% AR DBEZ: F LI & 5AYSDZEALE 00 &
45°J511), 90° & 45°JF D # (AYS (- 450, AYS g0 450) THE
ML, BT LIREDRE %5 LAY Sy - g5 ld/hE <
508, WIZAYSey-45ld KRE o720 ZOFER, X3
TRL72EI12, HDBER T LIRETAYSASR/Z 2 -
720 2L, 45Mg - F, 45Mg + 1.0Mn 3 K DOHT
0 DIALAE L, RWTA5° AT, 90° A b
BWZ L2k b, —J, 45Mg—-C, 45Mg + 05Fe it
oD N T A5 IO TR b B, Z D720,
Be F LIREDE K R DI DAY Spe— 450 & AY Sgpe— 45013
INEL 2o Tz,

40 T
i 4.5Mg—F
o
30}-O
[2]
<
20 E AYS 450

AYS (MPa)

103_,//-5——9"‘5;@

45Mg+0.5Fe o

AYS (MPa)

[an
-0
[2]
<

i

0 L L L 1 : 1 L 1 L
0 50 100 150 200 250 O 50 100 150 200 250
Annealing temp. ('C) Annealing temp. ('C)

B4 85%AHEMDEEL F LICL B AYS (AYSo -5,
AYSgpe—45 ) DEAE

Fig.4 Variation in AYSg:-— 45°and AY Sgg-— 450 With tempera-
ture of recovery annealing for 1h starting from 85%
cold rolled states.

5=y NI

5 85%/&MEL L =5 4.5Mg + 1.0Mn DEFEAE IS
ER U 28 L

Fig.5 TEM micrograph showing dislocation cells elongat-
ed to the rolling direction of 85% cold rolled 4.5Mg
+ 1.0Mn specimen.

3.3 85% A & B4 E UIRD TEM 4845
Bee T L CAYSOBBIRE RENHAN KTV —T
DAL VHKRO R Z MR L7z B S 101%, AR
KT & WOE 2 5 0 TEM B TIE, #gEft VIR
WEZ% D LG L Tw5b, RESCTo TEM AR IR
AP OBE L b DTH S,

52138 %2F L35 &EAYSHIE /N & 7% 5 45Mg
+ 1.0Mn ® 85% & HEAR O TEM Mk % 7R 97 £ HEJ71A]
W E LM 2 VPR TH L, 72, T
45Mg - FCH A TH - 72,

X612 240C THEZ L 72 4.5Mg + 1.0Mn @ TEM #Li
TR M5 TR LAEES IME LR vidid
EALERELTBLTY, &fRMICEMRT T 7L A
EHIRREfLL T b, RHBOREITRLY T 7L A v
Wi, BEER OB CHH L7z L E 2 5B
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f:f; - _-_n,,L 1 f&ls 2pm
X6 240°CT1hDkEL*E bﬂi@%ﬁ’ﬁ L 7=&¥ 4.5Mg

+ 1.0Mn O 38 #& S AR 4%
Fig.6 TEM micrograph showing subgrain structures of
4.5Mg + 1.0Mn specimen annealed at 240°C for 1h.

- =
l7iﬁ%ﬁﬁEthmﬂ4am+05%®AW@ﬂt
RFEVICEEL et
Fig.7 TEM micrograph showing dislocation cells devel-
oped around Al-Fe coarse particles in 85% cold
rolled 4.5Mg+0.5Fe specimen.
(D Deformation zone @ Dislocation cells elongated
to the rolling direction ® Al-Fe coarse particle

RRPHEIRD AlgMn £ 7213 a -Al (Fe, Mn) SiASiiod 5 1L
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K7TO® L L2200 Al Fef B 1383 umTH
D, ZORBIZIZ Deformation Zone (D)2 ST
W5, Deformation Zone NDEE L4 Xix, @D
FIAN O IV A XX b/ S, LA > T,
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2R o @O TG M EE CRE SN2+

l8 24OC’( 1 hDBis £ UAIE % ik l,t_iit#-M 5Mg
+ 0.5Fe ® TEM #2#%

Fig.8 TEM micrograph showing 4.5Mg + 0.5Fe specimen
annealed at 240°C for 1h.
(D Deformation zone before annealing @ Dis-
location cells elongated to the rolling direction
® Al-Fe coarse particle
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Effect of Annealing Conditions of Brazing Sheet on Erosion during Brazing

= — . =
BEX HE +tA RE
Atsushi Fukumoto Takeyoshi Doko

BEERAMTHIBEIEICA DML > TRES N, ZTORICERLAEA5 P 0MERRETS IO
TarhRETEIENHB, IO—TValPRETHIETL-IV 2T — FOMBENET TS/
®, IO—2a3 > 2WlH U AMBEEZRIEEh TS, IO0-2a3 2T 301, 220867
BEFCOMOBREREPTET LTWVWARIENVETHD, TD®H, HREMP —MKICALNSNBH,
BENRT T 2REI H 5, TL—2 27> — bOREBRIIOERLESIF (CAL) EHW3 2 £ T,
BN BREREBEET T 2WMTHEHNOBEEZ/NE L, TORR, 2 5FBFOIO—- 324
FUCDBELGMIEZ/NSC L, RV ERLET S ENTE 7

Automotive heat exchangers are mainly manufactured by brazing process. Erosion that is a
phenomenon whereby core alloy is penetrated by molten filler alloy can occur during brazing.
Because the performance of a brazing sheet is degraded when erosion occurs, there is a strong
demand for materials research to inhibit erosion. Inhibition of erosion requires that the core alloy
be completely recrystallized at the melting temperature of the filler alloy. Although H-temper mate-
rials are generally used to inhibit erosion, the formability of the brazing sheet is degraded. In this
study, the density of fine precipitates that retard recrystallization of the core alloy is decreased
by means of annealing using Continuous Annealing Line (CAL). As a result, the deformation level
required to inhibit erosion is decreased, thus improving the formability of brazing sheets.

1. 12L& WM THAGEICTO—Y 3 UH5ETLEEDRATY
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RIPTO—2 3y ThHhb, TU—TarPEETLE, By TRIONRL =5 D 77k & Tl LWl LS
TV—=V 7y — FOBEE, a5 MEMETL, REN, FHTLTL—Y 7Y — MIIZOREM (B
BRI OMRBETICORDEEB—NDEDH L, ZD720, ERFLICLDROBS DVIREEIZ 2 o 7240R) 123w
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SE T FTIIN LMD TRAT 3 2 W5 & R0 U O Fid SRS T2 EIFEELV,

Furukawa-Sky Review No.1 2005 21



BIRMMBBEDSSRBEBICRIETIL—I 2T — FOBRUEZGORE

E1 EWIScsrdIO0-—T3>
Fig.1 Erosion in lightly deformed area.
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2. RBRIGE

2.1 gEEH

R 21279 & 91204 (3003) DR A 9 #F (4343) %
10% 27 v FLEKRE043 mmdTL—3 v 7T — b
EERL L 7o O, B OB OILFER G 2RI T, T
3, DCHEIZ L DM, AIMOFHFEHEERL, LMD
A EACIL 2 AT o 720 M OMIHEIZZ 7 v FE10%
THHIMEMAEDLET, BHMEETESRL, S5IE
MELETHE04L3 mmE CHIELZ, ZOTL—T 7
¥ — MIBESE A ATV, OFHEM & L7,

ITEE o -V a3 YEOBBRERNL 20, O
BMoTL—-Y 73— 821, 2, 3,4, 5, 10, 20, 30,
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Table 1 Chemical composition of core and filler alloy.

(mass%)
Si Fe Cu Mn Al
LM 13003 025 | 065 | 0.15 | 1.15 bal.
% DH 14343 7.5 0.2 0.05 - bal.

0.43 mm . B
| (4343)

X2 HEMOERK
Fig.2 Construction of specimen.

®2  BEEEM

Table 2 Annealing conditions of brazing sheet.
FREE RFEFRE X B RERRE
HRFREsE 25C/s 520°C x 10s iy
Ny FBSE 40°C/h 370°C X 2h 40C/n

40% DML % L7z > T IVEERE L7z, 1~5% 0T
1, BIRRBERIC X 22 MLy FIITE MV, 10~40%
OINLIE, WHELEIZ X V17572,

2.2 Hsihk

BALBESTIC I, TERPD T IV =T AR EOBESICH
WHNL Ny FRBEL L, AR Ny F BRI
NTIFITHEL, POEIRTORFERR S R AL
L BB A e B L 72 BES S A R 2107 T,
2.3 454 ETE
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Fig.3 Microstructures of core alloy (L-LT section).
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Table 3 Particle diameter and density of eutectic prod-
ucts in core alloy.
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Fig.4 Size distribution of eutectic products in core alloy.
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Fig.10 Relationship between deformation level varied from
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Change in the Brazeability of Brazing Sheets with Different Si Particle Size in Al-Si Filler Alloy Layer
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Brazing sheet is an aluminum alloy sheet for brazing at around 600°C that has an Al-Si alloy
filler layer on the surface, and it is widely used for manufacturing heat exchangers of automobiles.
In order to investigate the effect of silicon particle size in the filler alloy of brazing sheets on the
brazeability during controlled atmosphere brazing, brazing sheets with different silicon particle
size were prepared by different casting methods, and these brazing sheets were brazed. It was
found that the temperature range in which molten filler flowed became lower in the brazing sheet
that had fine and dense silicon particles. To control the distribution of Si particle is thought to be

an effective way to control the brazeablility.
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Table 1 Chemical compositions of filler alloy. (mass%)
Si Fe Al
Al 11.5 mass%Si 115 0.3 bal.
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Al 7.5 mass%Si 7.5 0.3 bal.
Al 11.5 mass%Si 11.7 0.2 bal.
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Numerical Simulation of Butt Curl Phenomena during Aluminum DC Casting

Al B

Nobuhito Ishikawa

TL— IRy — R AMIDOTIVI Z) LEEEEMEEET B(C1E, T DC#E (Direct Chill
Casting) ICL > TR A EET I VLEN H 21, ZTOHEWMPMTRET 2Ny bH—IL SEREZSD
RO EF))IERAPERIENOBER E LV EEEREBETEIETVWE, COREXAH XL %R
T37:-010, BEVTHEROTAEBRBEICKFTIHICHETNVERE LA, 2hiZky, 427
FEEDB RIS HIC L BEMEIELE)DE—X> MADP Ny NH—ILEEICEETHBZ L 508
SMC U7z EERU K, 2RAHKIPHRAIBICERT 2D 5/Ny MH—IPBEREL, ZD
BHREBYSHBMET 2 EICLVERRP LT 2B EEELICBRT LN TE L,

For the production of aluminum plates and sheet coils, sound ingots need to be produced in
the Direct Chill (DC) casting firstly. In the early stage of the casting, however, butt curl appears
tending to decrease productivity through fatal defects such as metal bleeding and hot cracking.
In order to investigate the mechanism of butt curl growth, a thermo-mechanical model has been
developed, in which solidification shrinkage is handled to be definitely different from thermal
strain. It is revealed that a torque moment due to tensile stresses along sump profile is important
as a driving force of butt curl. The model can also reproduce the butt curl growth in real casting
well, in which butt curl grows drastically as soon as the peripheral surface of the bottom shell is
quenched by secondary cooling, and after some withdrawal its growth rate decreases due to the
increase of flexural rigidity.
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Table 1 Casting condition and physical properties.

Density (kg/m°) 2500
Heat capacitance (J/kg/K) 1146
Liquidus line ('C) 648
Solidus line ('C) 635
Heat conductivity (W/m/K) 218
Latent heat (J/kg) 3.9x10°

Thermal expansion coef. (1/°C) 25x10°
Solidification shrinkage ratio 0.07
Slab thickness (m) 0.6
Slab width (m) 1.65
Pouring temperature (C) 700
Casting speed (mm/min) 60
Secondary coolant flow rate (I/cm/min) 3
Heat transfer coefficient in mold region
hm=1400 Wm?K™", b=0.4, c=0.5
Heat transfer coefficient of secondary cooling
Correlation from hot block quenching test
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Fig.4 Stress-strain curves of AA3004 aluminum alloy
obtained by hot tensile test.
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Fig.6 Calculated temperature distributions at the rapid
growth and saturated stages of butt curl.
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|:|i J:I Before growing period
Torque moment is weak because
of shallow sump profile.
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J:I Rapid growing period
4 Torque moment is strong enough
to cause butt curl motion.
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’ Butt curl motion is suppressed
by hardening of bottom shell.
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Fig.8 Proposed mechanism of butt curl development:
torque moment due to tensile stresses distributing
along sump profile bend the solidified bottom shell
in the early stage of casting process.
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Table 2 Casting condition and butt curl measurement.
aoys Picknss i | U0 | POUKG | st
(mm/min)| (°C) (mm)
1xxX 600 1750 50 700 35
1xxX 600 1750 50 700 40
1xxX 600 1280 50 700 22
1XXX 600 1600 63 700 32
3xxx 600 1140 48 690 40
3XxxX 600 1140 48 690 35
3Xxx 600 1340 60 700 20
3xxx 600 1650 60 700 32
5xxx 600 1920 50 700 30
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Fig.9 Comparison of predicted butt curls with
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Fig.10 Relationship between slab width and butt curl.
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Aluminum Materials for HONDA LEGEND
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Fig.1 Conceptual diagram of technology development.
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Fig.3 Conceptual image of blow forming. Forming is car-

ied out at approximately 500°C in several minutes.
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Fig.2 Three automotive parts made of aluminum alloy for blow forming.
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Table 1 Chemical composition of JIS 5182 alloy. (mass%)
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Fig.4 Relationship between metallographic structure and
mechanical properties.
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Fig.6 Formed components for sub-frame members.

g2  HEMNIROMHORRIEE

Table 2 Typical material properties after hot forming.
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Aluminum Heatsink “Hi SINK Series”
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Table 1 Product lineup of aluminum heatsink

“Hi SINK Series”.

No HiEE EAEE HiEa (17
1 Hi>>7-+-CM BT+

2| Hiv>7- LT BFHT 1>

3| Hi¥>7-HP E— b THRENXN—X

4| Hiv>%7:-PP INT—TL— hX—=2

5 Hi>7-LB 774 >EyFLEB* 7 1 >
6 Hi~>7-CR D 2 el N

7 Hi>>7-0S 7€y T2

8 Hi>> 7PN =

9 Hi>>7-SP i RNl

10 Hi>>7-FC TJ7A EyFANST - T2
11 Hi~>7-HE E—RIVXFzTv—

* LEB:Laminated Exudation Brazing DH#&

K1 BENT-TL— bX—XDOERM]
Fig.1 Hi SINK PP with planar heat pipe for the base plate.

E2 NNT-TL—bERWEGEDRBER
Fig.2 Calculated temperature distribution with planar
heat pipe.

B3 INT—TL— rEAWED - ZIEEDHBERER
Fig.3 Calculated temperature distribution without planar
heat pipe.
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Highly Adhesive Aluminum Sheet “KO Processing Sheet”

New

Products
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Table 1 Chemical composition of KO and sulphuric acid
anodic oxide coating.

KRR % (mol%)
Al o) Z D1t
KO SLIER7 fE 40.7 58.2 1.1
TRERFSIBER L FZ IE 32.0 64.0 4.0
AlLO3 (FEER1E) 40.0 60.0 0.0

(4) EREMEEFELTVET
KO MR 13 250 nm LT & D TH Wz, TV 3
Y LAEM OB CBREE ARV E T A

3. Wmftix

KOMHER DR AALARIL, R2IIRTLEBY T, 2
DHFPH &2 LMW LT, Hld SRR 228 v
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12, Ry FANV I RF VIEERITOTE - ViRELY
RLFETo KOMEMIZ, L by MLEE (121T) 12 & %)
R TOEGVA/NE VI L, ftlks L O') AR

X1 KO#RLIER &EDKTE TEM &
Fig.1 TEM image of the KO processing film.

%2 KO fLE24R 0> 84 S {4k
Table 2 Specification of KO processing sheets.

1000 % (A1100P-H24 %)
3000 % (A3003-H18%)
5000 % (A5052P-H34 %)

TIVE =y LM

FiS iR &A1050 mm#A&
wRE 0.5~5.0 mm
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Fig.3 90° peeling strength of KO and other surface
treatments for acrylic adhesives.
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Fig.5 Results of filiform corrosion test of KO and other
surface treatments.

12 T

E 1ok T T
(\8)10:
Z 8L
N F
& of
I
wr
o 2f
o s
0

0 15 30 90 180

HEEARE (d)

X6 KOAMIBHRD 90° I+ < BTEE DIRAFEAL
Fig.6 Change in 90° peeling strength of KO processing
sheets over exposure time in humid atmosphere.

BEVEDESR

BRI B
T 1300013 HEHEHXER1TH2HF L5
T b TN 200
TEL: (03) 5611-2410 FAX: (03) 5611-2412

Furukawa-Sky Review No.1 2005 45



#h o kB I

New

Products

BWEEM I I =Y LBEM [7J7XO—-be D) =X]

Pre-Coated Functional Aluminum Sheet “FUSCOAT Series”

1. FLC&IC

TIVIZ T ANDOBER, Bk TIVI=TaFzMmE
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LTwE L7z, LaL, f4E, DREM, Hil, EAET
W0z O5 T CoE A, Hanotkig, I X b
HEhX—T7— Fe 3 HEOMIE HIYE L7
VI = ABEM PRI TWET,

CSOL)BIRIT, BHIIFRAENE T OV I = 2B EEH
[77 23— b)) =X |%BFELE L7z, B1IZRIEAE
B, RUVICHEE—ELRLE3, EEMBIITEREEMN
EED) AN, BIREBICRE AR L2 LI2 X
D, BERTIIR L 2 b o 72 Ebkie b Ek 5 2 &8
TEF L7

IR, ERETHSRSE T, BiRo/N L, Btk
LA, T3 = 2AOBEME, EEYEYE, &Y
A7 VHENRE S, BEREET )V I =7 ABEHM~OH]
FREFEABLTVET,

Z2T, Shl, BREFRESTE Y —7 v MK
L2 oHS], 20 ZAF V2OV THRAL T3,
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TIVIZILEER

094
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Fig.1 Structure of FUSCOAT.

2. 77AXA3—PFHS

77 Aa— MHSIE, FIMEORBET B L ORIz E R
ToMENT, RIS 2 T2 2 EIZX D MEP L)
I B O USSR NEBOIREE EA- 2 3H L £ 5,

R 2 12 RS RO — Bl 2R L3, RRBrIL,
WERIZERN Ty Y IV R —=F 2L DmE L, 7
RO 2 WE L 72b D TY,

LT 7V I =7 28 & T B L APEHRE 1A
FI10C I S, WO EDTRD SN FE L7z,

=1 J7AXaA— b —XHE—E
Table 1 Product list of FUSCOAT Series.
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Fig.2 Heat radiation performance.

3 PDP/Ny 7 H/IN—
Fig.3 PDP back cover panel using FUSCOAT HS.

x2 SR EHIERE
Table 2 Light reflection performance.

3. Z7RA—F7URZI

., SRIVRERET
b H
¥TN R 24 hi%
SUZREILS 96.1% 95.8%
TS 100.0% 82.0%
R
g
5y
&8 PET . .
S A 96.4% 52.1%

T7AT—= ) AZ VI, SEPCHE R B
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BRI A L TV E T,

K227 7 AT = 7Y AZ VSO E O — B
R LET. WM LRI 24 hiR BT 2R
550 nm Q&AM E IR L F 3L, 77 23—
N7 RAYIVSIE, IO ICBURE DS B T ik 2 45
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27TV IL94

Ha S>7U7L9%
Fig.4 Lamp reflector.
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Sound Absorbing Material with Sintered Aluminum Fiber “FULL POROUS”

1. FL&IC

HAE, WEMIZFICT I AT — VMR SN TWET,
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2. Bk
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OFFEEZUTIORLET,
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BULEHETAOFETD Y T A
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TV I =7 AUIHIRRAE 2 BERS LT BT, T
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Fig.1 Appearance of “FULL POROUS”.
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3. Wmftix

TNER—F AL, TNy AEEDE LM% 5
YE LY T L2tk AR LT E T, R212
KM EWHOILKREE AR L ET. 7V I =7 AfED
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TV I = AT UIHIAE O R T B IR E LT
BY, BB LD EBRHER L OB E L TV ET,

TIVR— 5 ZDIBHEMLH
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“fEE #9600 mm X 1000 mm, £ E 1 mm
& 1500 g/m?2

B !

&
= AW
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Fig.2 Magnified images of “FULL POROUS”.
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4. f4EE

RBIZTNAR— T ADKRBEFWEREZRLE T, K
TR, WHRELE 100 mm B4 315~ 1250 HzT0.7
Dib&y, BB EHELTFio TS, 72, 1
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TR =T AL, BEREHIC LD #HEE OB NSRS LT
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O EDORIL T
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BER TSI OHH V72T £,

oMU, (EE, EEYE, WEvE BRSOV R
T, AEESELER LIRS AV ET,
E512, WeEME L CLERMAERH LS 2R £

K
1.0
0.9 el
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08 » 2T
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[ig
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i 05 /u 'Y
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K3 7TIKR—5ADREELRZER
Fig.3 Sound absorption coefficient in a reverberation room
of “FULL POROUS”.

=1 TILR—5 2D
Table 1 Physical properties of “FULL POROUS”

BIEIEE BIESEM AIEE By
G 20°C 0.139 cal/ (cm+s-K)
80°C 0.836
100°C 0.847
FeE 120°C 0.858 J/(g-K)
140°C 0.853
160°C 0.866
50~100C | 2.45x10-5
i sRER 50~150C | 2.38x10~5 1/C
50~200C | 2.40x10-5
BRzER 20°C 14.13 % IACS

*2 TIVKR— S5 ZDE MR BER
Table 2 Formability test results of “FULL POROUS”.

1EH AES AERER
55RABRIE 5laRiE & 11 N/mm2
B A ERE 180° &N LT i (F BT B8
o FEREE It HEREV 5.18 mm
&R V) &8k LDR 1.63 (FBHIfT)

i
[
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Fig.4 Samples after deep drawability test.

K5 TIR—-ZZOERM (THATIEHERARY )
Fig.5 Application examples of “FULL POROUS”.
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High-Performance Aluminum Foil “PACAL21®"

1. FL&IC
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555 [PACAL2]1 (Aluminium foil for the package. A
useful new-alloy in the 21st century) | ZBIF LT L7z,
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M1 BECSIRMEE, B2 R —ILEDRE
Fig.1 Tensile strength and the number of pinhole versus
foil thickness.

PACAL21

e s

X2 SEREAREOS - FTHMSH

Fig.2 Distribution of precipitated particles along cross section direction.
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o

PACAL21

X LEHEE

3 MEENZEEOXELEOMMIK
Fig.3 Grain size and matte surface.

=1 1B 5

Table 1 Chemical composition. (mass%)
) Z DAt
(S JS& & Si Fe Cu Mn Mg Zn - Al
18 = &t
PACAL21 8021 0.15UF | 1.2~1.7 | 0.05AF - - - 0.05UF | 0.15LUF bal.
(he 3 v 1N30 Si+Fe0.7LUF 01LF | 0.05UF | 0.05UF | O1LLF | 0.03LUT | 0.15UTF | 99.3 Lt

22 Erk—I
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3. Wtk
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EN28021 64 TT . TOLFEWM T EERIIIRLET,
BEFAr & 0 3% WFeim b o TV E T,
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15000-Ton Forging Press

#Fix T15 15000 h8&ET LA —

1. FL&IC

MG BFEETHER L X, BUSRTMES
15000 b ¥ D7V I =7 A G IS H O KB 7
LAZEAL, WEF (20044F) 10 H L h BB 2 Fta L
L7,

HFROKREEE T L ZADORENERINIRLET, KH
DEFE FEo 7o KT L A1 LT, SHTHEALLT
L 2 AR KO E T L 212y, #ETHHE
WCABBAMOFERET VALY £,

REMOFANL, B LHAHEROWE T L A (1000~
5000 h ) EEREL, BwmHo, BEENE BREYAET
BTV = AEE N A AR S 2 TTHW M2 1
FESE, AIRRA, T R OV - AL B R RE 3 D KB R
AND ZERICBIBATHLDTH ) o RikfEA
&Y, SHINSENEREEDFERIZKCIZEHEKL
TWwE T,

2. 15000 k> 7°L R {45

15000 b ¥ 7L 2RO EEAAFEE DTSR L E T,

=S ‘M B I3 m, BTFH8 m

e :85m

P i ‘45 m

N 2000~ 15000 bk >~ (147MN)
F—=7 A 13300 mm

Abta—7 : 2500 mm

T—=7IWVH A X 4mXx3m

MEAE—=F  :1~21 mm/s (15000 b > HIHER)

1~63 mm/s (5000 b >~ HNHERE)
V=% 3K

3. 7LADEE

15000 b > 7L AL, DIHEALERE BE & DN I O &
VB E 3 2 AERIATHE &, SlEER L T E 2 LT
HHMEBED, HT 5 7L 2A0REE oM
DENWTLAELE L7,

CAUFBEEREE— MIC, BTERGE, BHHEHEDO K]

1 15000 k> $EETL X
Fig.1 15000-ton forging press.

x1 HADBERBEET L X
Table 1 Large-scale hydraulic forging presses in the world.

E# A BN (L)
a>7 VSMPO 75000
772X Interforge 65000
KE 50000
Wyman Gordon ——
35000
Wyman Gordon 35000
(Gameron) 29000
Ladish 15000
Alcoa 50000
Webermetal 38000
%E Wyman Gordon 30000
(Gameron)
[=FS HRAIZAA 15000

BIRE ATV, 7L AR, FEBIE-F, FHBE-F
HENE— FE2BEINTE, @Y RIMEEREDTREL T L A
ELTwETY, FHBE— FEIL, LN—8E3feEE
ATV E TS, BBIEER SRR 3G T & 2 EAHH
AL E— FTY. HEIE— FIZ 7L A1 7 VENE
DEGMNEA YTy VT AHAZET[FHE>AT—F 1~
—IIE— R~ LA |2 B TIT 2 9725 UL - fREF0

52 Furukawa-Sky Review No.1 2005



$BT#H— 15000 b & T L X—

WERUC, ~ENLE 2 BT 5 RSB E BT 50
DFERPTE TS

4. 1B - HlE

15000 k>~ 7L 2 OHfE - flH R B 2 LT IR L £
T
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7T ANy NI A FHEEIL, BUAERDIIR %2 B
T4, [AHA FHEEZ .
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RS B R 2 B

5) 7 T0ANy FREHEEIZ, HHEBEICEMNZT A
TR ZRA L, BRI % 5o

6) BT S OBUH 2 v 7 77 M % L5 TER - A
I,

DEAv—7—% ZAEL, HHHEE®DOHEEENE
A b,

QR AR b L, /My bRV TDAD
RE)TEAR Y TEEE L BT A EEA
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Table 2 Available handling capacity of products.

Bk 181 A% (mm)
[ 950
ERBIDES
£ 4000
B
. . % 1000
B S
& 1500
[ 3500
B i
=& 11000
B s MR & 4000
" 23 2500
M
R 5000

5. IoE

KEMBLIOR2ICRINY ) v FRHOY =T L —
FOEANZLY, MGG A ZIR2ITRTEBY, K
MRICHER L E Lze SOBEF A XL LB, KRBTV
AT =TI AR L7 S QBN T, # D 12 DRI
UFETT . 2B, B3~ 513 KA i O/MERBI T3

F2 EERMNCRYCTHY=ZTL—4%
Fig. 2 Manipulator for forged material handling.

o HAEE6000 kg

4
F3 KB IRER (BER)
Fig.3 Large-scale ring forging (for spacecraft).

P —

4 KXEEHEEESR (MZREMAE)
Fig.4 Large-scale free forging (for aircraft).

X5 AIEHHREES (RREER)
Fig.5 Large-scale free forging (for LCD).
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High-Precision Conform Extrusion Technology
—Extruded Tube for the Next-Generation Heat Exchanger—

1. FL&IC
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W, Fa—THEBTDI000RT7 VI =T AEEND,
LV HEEDOREOVHEANDOLEEIRO LN TED 3,

BACHER T 2 — T3 BHIEMEEIR TH ), MBS
L0 FEMPE A ERIREFEPFLEL, RabhIEH 12
WEETHY £ L7,

LAtz a7 — AL E T, 100055 7V R
SULGEET AT REELTVETH, MEmE 5
A AREHET OWEIZ L D, 1000264 £V HBEORE W
3000 R A 4ET 2 — 7 OREFHAMHENKI L F L7z,

2. BEHEDRHREXEHDHR

21 aAX 74— LEEH
Riicary7r—2sfiligolEz R L $d, £72,
TRICZDOHFEZBRRE T,
O E o7z, —EETOMEATRETT . b
BOREEIENE T,
QO THOEmVEGEER I A Vsl T, 12—
TOAEWEIEL 2D T3,

a1 =>50-Jb

E1 327+ — LHEEOES
Fig.1 Structure of continuous extrusion forming machine.

22 HEF1 X
H21 25 A ADEEEZRLE T, FATRICKHE
Tk E

O & A 20E, A AT E X AR5 743 ) EAE 2
Pt R ES,

@3000 2 EE~O}EE K D720, T—T 14 ¥ T8
DFASEIC LD 7 A REREZ ARG LTk e &
Hy L7,

2.3 LR

K3icay 7+ — 2B O—BEZRLE T,

RS A & T L, WStk & 51 AR R#E{L%

Y, SR E IR & B~k og etz T Lz,

2.3.1 RAMKOLEL

R4 2RI & AEMBEROUEG ZRLE T,

PERGAFTIX, MEDTRER R X 2O FKH B

FEA L TAE 9§25, BAZESM T BRI 2 R mEPER A
BohTHuET,

E2 #HHEL1IOEE
Fig.2 Structure of extrusion die.
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]
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K3 O 7% —LiRHEEEN
Fig.3 Simulation results of extrusion.
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BB 7+ — LRHFEN — KRB ATRERF 21— T —

TR

TeAR R

X4 FcEHEDWESH
Fig.4 Improvement of surface quality.

TEREMN FREM
X5 MrE-HEDOWES
Fig.5 Improvement of cross-sectional geometry.
232 ®ATEOREL
AP & B T OUEf 2R L E 7.
EREMHTIE, PHIML 22 ABEDL CRELT
WE L2, BRESHTIERE 2RSS Ty
QSRS

ZEIRED EPH&"B HIRED

3. #HEH

3.1 PREFAR

K6 ICHIEFIOWTHO—EB 2R L £§ . T2 Ml
Exl~xFd,
D30002FEMTH,

ng,

@gsE/NUITRIS L7, BRI IRAT ST RE T,
3.2 BBIIMECSERME

R1AEBI OB L ZERMMEEZ R L E T,
PERAT (1050) DI LAE DT IIRIREX AL T E T,

B & i e S A RAIRD R 5
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HE 36g/m|
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Fig.6 Product section shape.

=1 AYEBOMMAEE ESERNE
Table 1 Mechanical properties of the developed product.

AR MEE

PO 5 |ERAERE 0.2%ff 71 (RN
- (MPa) (MPa) (%)
3003 108 48 38
1050 80 45 42
A% (mass%)
Si Fe Cu Mn Ti Al

3003 0.04 0.52 0.1 1.04 0.02 bal.
1050 | 0.05 0.25 0.01 0.00 0.01 bal.

4, BHUIC

LHTIE, S4B BEHO=—XIBIEZ L7k
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2004%
BEESFRG - Y—EXW

(BREERMBAR)

—BRERBEZSOLTIVIZVLEE [ERKFA5000%]—
Receiving a Nikkei Sangyo Shinbun Award, the Nikkei Superiority Award for Excellent Products and Services in 2004

—Aluminum Alloy with Improved Forming Precision "5000-Alloy for High-Temperature Blow Forming”"—
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